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Wind tracing with ozone-sensitive radiances from SEVIRI ECMWF

Abstract

Ozone-sensitive radiances from SEVIRI have been recendiuated within the ECMWF opera-
tional system, both in terms of possibility of wind extractifrom the 4D-Var assimilation and in
terms of impact on analysis and forecast. To illustrate ffexeof ozone feature tracing in the 4D-
Var, experiments have been performed at ECMWF where thendigadlink between the ozone and
the rest of the system has been deliberately enabled orlelisabhe findings of this investigation
show that, if the dynamical link between the ozone and thieofethe system is enabled, the 4D-Var
has the freedom to change the temperature and wind fieldglbasithe ozone field itself in order to
improve the fit to observed ozone concentrations. SEVIRhezgensitive observations, via passive
tracing, provide a potentially useful constraint upon thalgsis of wind, particularly in the upper
troposphere and lower stratosphere. When added to an aliserdepleted baseline experiments,
SEVIRI ozone-sensitive radiances changed the ozone amalysind 150 hPa and this improved the
fit to MLS ozone data. The wind analyses scores are improveaarl50 hPa, but the improvement
is small when compared with the wind analysis scores fromitiityasensitive clear-sky radiances.
When added to the full observing system, SEVIRI ozone-tgasiadiances slightly improves the
fit to other infrared ozone-sensitive radiances, but theravgment is not visible in the fit to MLS.
The wind analysis and forecast impact results do not sudpgestfit on improving the ECMWF wind
field.

1 Introduction

In recent years, a number of studies have investigated the w&assimilating ozone-sensitive infrared
(IR) radiances from high spectral resolution infrared stara (Han and McNally, 2010; Dragani and Mc-
Nally, 2013). At ECMWF, Han and McNally (2010) showed that #ssimilation of IASI ozone-sensitive
radiances improve the agreement between the ozone analyd@sdependent data from MLS and son-
des, particularly in the upper troposphere and lower stpditere and at high latitudes in the Southern
Hemisphere winter. Dragani and McNally, (2013) investgithe assimilation of the IR ozone-sensitive
radiances from AIRS (flying onboard the NASA EOS Aqua sa&®lliASI (EUMETSAT MetOp-A plat-
form) and HIRS (flying onboard of the NOAA-17, NOAA-19 and EWEVISAT MetOp-A satellite) in
combination with BUV data (from SBUV, OMI and SCIAMACHY). Relts from this study have shown
that the additional use of the IR ozone-sensitive chanrads improve the ozone analyses compared to
an assimilation based solely on BUV data. At ECMWF ozonesisiga IR radiances from AIRS, IASI,
and HIRS have been assimilated in the operational Intedjfedeecasting System (IFS) since November,
2011.

Observations sensitive to temperature and moisture (IR&4Wllite radiances) can produce wind incre-
ments through the dynamic response to temperature andumistrements in 4D-Var. Experience has
already been gained in understanding the wind tracing digtyadf SEVIRI water vapour radiances in
the 4D-Var. It has been demonstrated that in a 4D-Var datailasion system, wind information can be
derived from radiance observations, even though the redgare not directly sensitive to tropospheric
wind. Peubey and McNally (2009) showed that assimilatiohwhidity-sensitive clear-sky geostation-
ary radiances from Meteosat-9 improve the 4D-Var wind asesythroughout the troposphere, with the
strongest signal in the middle and upper troposphere. Awitbesl in Peubey and McNally, (2009) the
most important mechanism through which the assimilatiocl@ér-sky radiances constrains the anal-
ysis is the humidity tracer advectionduced by 4D-Var, which dominate over the effects of badéanc
constraints imposed on the analysis and model cycling. lammuMcNally (2012) extended this study
by demonstrating the effect of humidity-tracer advectiovolved in the production of wind increments
from the cloud-affected Meteosat-9 SEVIRI observations.
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An important benefit from the succesful extraction of ozarferimation from IR radiances is the possi-
bility of constrainig the wind analysis field via the 4D-Vaating. In particular, application of the 4D-Var
methodology to time varying ozone-sensitive radiancessomea by instruments on EUMETSAT geosta-
tionary satellites may provide unigue information to coaist the wind analysis in the stratosphere. The
SEVIRI imager, onboard Meteosat-9/-10 in geostationabjtonas one channel (channel 8, centered in
the 9.7um band) in the infrared spectral region that is sensitivééodzone. Figur& shows the weight-
ing functions for SEVIRI channels 4 to 11, for a satellite inadew (Schmetzet al.,2003. SEVIRI
ozone channel is sensitive to the atmospheric temperatafiep lower tropospheric water vapour, and
the surface skin temperature and emissivity. Extractimgvimformation from SEVIRI ozone-sensitive
radiances is an attractive and challenging prospect,cpéatly in the lower stratosphere, where few
other observations of wind exist. The information lacksdyoertical resolution. However, it is hoped
that the very high temporal sampling of geostationary racha will allow the motion of ozone features
to be tracked to provide wind information.

Standard Mid—Latitude Summer Nadir
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Figure 1: Weighting functions for SEVIRI channels 4 to 11 d®atellite nadir view for a standard midlatitude
summer reference profile. Figure courtesy of EUMETSAT, 8thet al., 2002 .

This study intends to present preliminary answers to tHeviahg questions:

e Can ozone feature tracing information be extracted from IREWzone-sensitive radiances with a
view to providing information to constrain the wind anafy8i the stratosphere ?

e Can we succesfully exploit SEVIRI 0zone-sensitive radisnto improve the ECMWF wind anal-
ysis field?

Although in theory ozone-sensitive radiances from s#égslimeasurements may contain useful dynami-
cal information (Daley, 1995; Peudt al, 2000; Semanet al,, 2009), the overall aim of this study is to
examine the wind tracing with SEVIRI ozone-sensitive rad&s in an operational NWP context.
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2 lllustrating wind tracing with SEVIRI ozone channel

In the current operational version of the ECMWF 4D-Var, azds analysed simultaneously with all
the other analysis variables, but there is no dynamicalllowypetween ozone and other meteorological
variables (Dethof and H6lm, 2004). That is to say ozone &@yaed univariately: the background error
covariances have no cross-correlations with ozone whidmmthat there are no ozone increments from
the analysis of the dynamical fields. In addition, the adsition of ozone observations cannot modify the
wind field in 4D-Var through the adjoint calculations. Thisgwas taken to prevent large erroneus wind
and temperature adjustements in the stratosphere aggbuidh the assimilation of biased ultra violet
observations under certain conditions (Dragani, 2011)e fHader is refered to Dragani and McNally
(2013) for details on the current ozone analysis system M\EE.

The aim of this section is to illustrate how 4D-Var accomedabbserved local changes in ozone con-
centration by modifying the flow. To further illustrate theome-wind extraction in 4D-Var, two single
cycle experiments on 1 June 2010 at 12 UTC have been ruringtfmdm a depleted observing system
baseline assimilating no observations other than coraegtiobservations, scatterometer data and data
from six GPS-RO sensors. Both experiments add SEVIRI oszensitive radiances from channel 8 on
top of that baseline, one with the ozone tracing enabled ardagth the ozone tracing disabled. These
experiments were performed with model cycle CY36R2 of thedrated Forecasting System (IFS) at a
reduced horizontal resolution T511 wavenumber truncaéd@nkm), and 91 vertical levels with a model
top level pressure of 0.01 hPa.

Figure2 shows the mean observed minus background radiance depm@8EVIRI clear-sky radiances
(CSR) in channel 8 in a single assimilation cycle on 1 Jun®2fdm 9 UTC to 18 UTC. Two regions
are marked in the picture: one with negative departure® (dashed oval), where the background calcu-
lated radiances are warmer than the observations thatiedibat the background is deficient in ozone
concentration and one with positive departures (red dastall that indicate the opposite.
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MEAN FIRST GUESS DEPARTURE (OBS-FG) (Used)
ta Period = 2010-06-01 09 - 2010-06-01 18 , HOURS = 09,10,11,12,13,14,15,16,17
EXP = fok8, Channel = IR9.7
Min: -4.647 Max: 3.013 Mean: 0.023
60°W 45°W 30°W 15°W 0°E 15°E 30°E 45°E 60°E
= - T =5 3.01
60°N |~ g ; A5 60° 1.82
I 7 = 1.62
450 N it - _- ) < 5T Lo g 45° 1.42
Y i > ¥ 1.22
1.01

20°N =4 Ry T 30 081
’1'\ ,-; ' - | P 081
15°N / 'ﬁi- { N 150 041
& 3 | | e

0°N - ! - 0°N ?
: & \ - -0.00
4 :_ ¥ L -0.20
15°8 1 ’ 15 -0.41
\ | -061
30°s / ¢ LE. — 30°% -081
b > — 101
45°S ot a5 122
-~ 4 B 142
B 1 — -162
60°S . . smt 182
d | 465

60°W 45°W  30°W 15°W 0°E 15°E  30°E 45°E  60°E

Figure 2: Mean observed-minus-background radiance depest(K) for SEVIRI CSR in channel 8 from 9 UTC to
18 UTC during the first assimilation cycle on 1 June 2010.

Research Report No. 31 3



ECMWF Wind tracing with ozone-sensitive radiances from SEVIRI

By assimilating SEVIRI data, the 4D-Var has, in principlee freedom to change any aspect of the model
initial state (e.g., temperature, wind fields, ozone fietelf) in order to improve the fit to observed
radiances later in the assimilation window. When the oz@aufe tracing is disabled by explicitly
zeroing any gradient of the ozone data fit with respect to gbsiin the initial wind field, the 4D-Var
produce ozone increments only.

Figure3 shows SEVIRI analyzed ozone mass mixing ratio and wind merdgs differences at 150 hPa
generated by the assimilation of Meteosat-9 SEVIRI CSR febiamnnel 8 with respect to the BASE in
a single 4D-Var cycle, on 1 June 2010 at 18 UTC as obtained ffmrexperiment where the ozone
feature tracing was disabled or enabled, zoomed in on arrdgitween about“@nd 30N latitude and
30°W to 60°W longitude. It can be seen that by activating the ozone fedtacing, wind increments
are generated by the 4D-Var to accomodate the differendegeber the ozone model background and
the observations. There is clear evidence that the fittirogohe-sensitive radiances within the 4D-Var
analysis can be achieved by instigating ozone advecting wicrements, suggesting there is potential
for these data to provide useful information on the wind fielthe stratosphere.

ECMWF Analysis VT:Tuesday 1June 2010 18UTC 150hPa **Ozone mass mixing ratio/ V velocity ECMWF Analysis VT:Tuesday 1June 2010 18UTC 150hPa **Ozone mass mixing ratio/ V velocity
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Figure 3: 150 hPa SEVIRI analyzed ozone mass mixing ratferdifices (mgkg') and wind increment differences
(ms1) between the experiment assimilating SEVIRI CSR from @iahand the baseline on 1 June 2010 at 18
UTC: experiment with tracing disabled (left side) and expent with tracing enabled (righ side).

3 Assessing the impact of SEVIRI ozone channel in a depletedbserving
system

Having demonstrated the potential for ozone tracing we mwestigate the influence of SEVIRI ozone-
sensitive radiances in ECMWEF data assimilation system. rAmon methodology used to emphasise
the impact of adding a single instrument or channel in theralsgion system is to conduct experiments
in an observation depleted-system. In such a system, wettdute any changes directly to the new
added observations.

The following experiments with the ozone tracing effecti®@ad, have been run over the period 1 May
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2010 - 1 July 2010:

e BASE: includes a depleted observing system in which no radiandeAdfVs data from geosta-
tionary or polar-orbiting instruments has been assinidlafessimilated observations are therefore
only conventional observations, scatterometer data arfli@#o occultation data.

e METOWYV: As BASE, but with SEVIRI CSR from Meteosat-9 water-vapougmhels 5 and 6
added.

e MET903: As BASE, but with SEVIRI O3 sensitive radiances from Metaédisahannel 8 added.
e METO9WV+0O3: As BASE, but with SEVIRI CSR from Meteosat-9 channels 5, 6 &rdided.

e BUV: As BASE, but with BUV data added (total column ozone from thea®OMI and ENVISAT
SCIAMACHI instruments, partial columns retrieved from N@A 7 and NOAA-18 SBUV/2).

¢ BUV+MET903: As BASE, but with BUV and SEVIRI channel 8 ozone-sensitivdiaaces
added.

3.1 Fitto ozone estimates from Aura MLS

Figure4 shows the impact of MET903, BUV and BUV+MET903 on ozone imtgiof zonally averaged
mean analysis differences with respect to BASE. When SEXd&hances from channel 8 are assimilated,
changes in the ozone analyses are found in the Tropics, yriaialregion between 10 hPa and 100 hPa
and in the Southern Hemisphere midlatitudes in a layer iw®0 hPa and 200 hPa (Figutetop
panel). The use of BUV data (and similar BUV+MET903) prodtichanges in the Tropics above 50
hPa and in the higher latitudes in both hemispheres arouddPa to 200 hPa.

To assess if the changes introduced by each observing sgsteespond to an improvement or degrada-
tion of the ozone analyses, we look at how these changesnicfiube fit of the resulting ozone analyses
to ozone estimates from the MLS. Figlsshows the comparison of the ozone analyses with the repro-
cessed MLS ozone profiles in terms of their zonal mean diffes and their standard deviations. The
main findings are:

¢ In the Tropics, the BASE system displays a strong underasitom of ozone in a deep layer be-
tween 10 hPa and 100 hPa. The Meteosat-9 ozone-sensitiaacad are sensitive to the under-
stimation and correct accordingly. The use of BUV data atkb@one around 30 hPa improving
the fit to MLS.

¢ In the Southern Hemisphere midlatitudes the BASE systepiajisan overestimation of ozone at
10 hPa and an underestimation a few levels below at 30 hPausehef MET9O3 slightly improve
the fit to MLS below 50 hPa but fail to improve the fit to MLS abd@hPa. The BUV data add
ozone around 30 hPa that degrade the MLS fit.

¢ In the Northern Hemisphere midlatitudes, the comparisoBASE with MLS indicates an over-
estimation of ozone centered around 20 hPa and an undeaéstinabove and below. The BUV
data add ozone around 30 hPa that degrade the MLS fit. The lstloBUV+MET903 data do
a very similar job compared to BUV data alone over all regions
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Cross section of the mean analysis difference between ffgs and flvd
Par=03(mPa), Date=20100502-20100630

Cross section of the mean analysis difference between ffgs and ffgu
Par=03(mPa), Date=20100502-20100630

Cross section of the mean analysis difference between ffgs and fljx
Par=03(mPa), Date=20100502-20100630
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Figure 4: Latitude-pressure cross-section of ozone ansjifferences computed between BASE and each of the ex-
periments MET903, BUV and BUV+MET903. The differences anepuited over May-June 2010 period. Dashed
lines denote negative values (i.e. the experiment havedarglues than the BASE). Ozone data are in mPa.
Contours are plotted with intervals of 0.4 mPa.

6 Research Report No. 31



<CECMWF

Wind tracing with ozone-sensitive radiances from SEVIRI

T
15 20
] 10
] 15
© E o
a " E 05 a
= =
g g
E ° @
ﬁ ] 00 5 ﬁ 10%
8 ] = 8 :
a -] a
E -05
05
1 -1.0
- .
-15 0.0
1 ' I 15 20
[ ] 1.0
o ] 15
o E - g
= o E 05 [
g g
L E o By
é | = il L | 00 % é 10%
[ & ] = 4 s
E e 3 -0.5
wr e, @ 7 0s
- < -
L . 1o L
F —— 4 - — e — i,
) " L " " . . ; .
-90 -60 -30 0 30 60 9 -15 -90 -60 -30 0 30 60 90 00
Latitude Latitude
T
15 20
] 10
] 15
© E o
a E 05 a
= =
g g
E ° @
ﬁ ] 00 B ﬁ 10%
4 B : 4 :
a E a
E -05
05
1 -1.0
I .
-15 0.0
15 20
1.0
15
& &
[ 05 [
g g
o By
é 005 é 10%
4 : 4 s
a a
-0.5
05
10 L
L 1 _ - 1
-15 -90 -60 -30 30 60 90 00

0 0
Latitude Latitude

Figure 5: Mean (left panels) and standard deviation (rigtgnels) difference between the MLS ozone pro-
files and the co-located ozone analyses computed for BARE WET903 (second row), BUV (third row) and
BUV+MET903 (bottom) averaged over the periods 1 May -1 JO/® Data are in mass mixing ratio (ppmm).
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3.2 Wind analysis increments

We display the analysis impact of different ozone obseowatin terms of the root-mean-square (RMS)
wind increments difference with respect to the BASE assitioih (Fig. 6). Changes to the RMS wind
increments are shown as vertical profiles on pressure lbeglgeen 100 hPa and 10 hPa averaged inside
Meteosat-9 disc area. For reference METOWYV is also shownexfected from previous studies, WV
CSR have the maximum impact on the wind analysis in the tygpare at 500 hPa. MET903 data have
a small impact on the wind analyses when compared with hiyréeinsitive CSR, showing a main peak
in the upper troposphere. When MET903 are assimilated iitiaddo WV CSR or BUV ozone data,
the additional impact on wind analyses in the upper tropespls very small.
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Figure 6: RMS of wind speed increment differences betweeh eathe experiments and the BASE: a) MET903
(black line), METOWYV (blue line), METOWV+O3 (red line); b)ENI903 (black line), BUV (blue line) and
BUV+MET903 (red line).

Figure7 shows the vector difference of the mean wind analysis at Pa0detween MET903 experiment
and the BASE. Small wind changes are seeen in the Tropicsewherdifferences in the mean field are
less than 1 m/s. In the midlatitudes the magnitude of thegdais typically less than 0.5 m/s.

3.3 Wind analyses scores

Wind analyses scores measure ability to reproduce opeetisind analysis (considered as the best
available estimate of the true wind field) using reduced clag®ns.

In the following, wind analysis scores are calculated fotheexperiment inside Meteosat-9 disc by
averaging over alin assimilation cycles (Peubey and McNally, 2009) :

zﬁﬂRMSQ—RMSEX

ARMSE=
g;RMSQ

(1)

whereRMSE andRMSI‘;b are the wind analysis error for experiment and for the basgliespectively.
For every cyclej, wind analysis errors are calculated as departures frore@MWF operational anal-
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Figure 7: Difference in the mean wind analysis at 150 hPa lketwMET903 experiment and BASE. Shadding
indicate the difference in mean wind speed [m/s]. The camsitiperiod is 1 May 2010 -1 July 2010.

ysis that runs at T1279 resolution and assimilate the eoliserving system as:

RMSE = \/% i(ui —u)2+ (v — V)2, 2)

RMSE - \/ LS w0 ®

wherey; andy; (W’ and?) are the analysis values of the zonal and meridional windpmrents at

a grid pointi for the experiment (baseline)i andVi are the corresponding values from the ECMWF
operations and is the number of grid points inside the considered area {fiodg within 50 W-50°E,
latitude within 20N-50°N for the Northern Hemisphere, 28-20°'N for the Tropics and 50-20°S for
the Southern Hemisphere).

When a data set is added to the baseline the resulting anddysiways expected to perform better
when compared to this baseline. A zero value of the analgsisesneans no improvement over the low
resolution (T511) baseline while a 100% value correspoaa@tanalysis that has no error with respect
to the high resolution (T1279) operational analysis. Thednanalysis scores are here limited by the
use of the T511 resolution and can never reach 100%. The besibfe scores obtained by running
the operational suite at T511 are around 60% in the Northemmisphere and Tropics and 80% in the
Southern Hemisphere (Peubey and McNally, 2009).

Figure 8 shows the wind speed scores for all experiments describéueiprevious section. Vertical
error bars superimposed upon the plot indicate 95% confederterval for wind analysis scores and
were calculated using the t-test distribution as in PeubeyNcNally (2009).

Consistent with previous studies (Peubey and McNally, 2008u and McNally, 2012), the best scores
for WV CSR are found at 300 hPa and 500 hPa, which correspatie tmaxima of the two WV channel
weighting functions (not shown). At levels above 250 hPanl@SR have little direct sensitivity, the
METOWYV scores are still positive. The MET903 data only meably improve the wind analysis at
150 hPa in the Tropics, but even here the impact is small (2B@wecompared with the impact of WV
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Figure 8: Wind analysis scores calculated inside Mete®salisc in the Northern Hemisphere [20-5(°N],
Tropics [20°S-20N] and in the Southern Hemisphere [8-2@S]. Top: MET9WV (black), MET903 (white),
METOWV+03 (dark grey); Bottom: BUV ozone products (totduom ozone from the Aura OMI and ENVISAT
SCIAMACHI instruments and partial columns retrieved fro@A\-17 and NOAA-18 SBUV/2) (black), MET903
(white) and both BUV+MET903 (dark grey). In all experimetiie ozone feature tracing was enabled. Each
pannel refer to a given tropospheric pression level.

CSR. Ozone BUV data appear to have their maximum impact od amalysis up to 10% much higher
in the middle stratosphere (around 10 hPa).

3.4 Forecast impact

To investigate if METO3 have any impact on the NWP forecastress are calculated as normalised
difference in root mean square errors between the eachastrexperiment (e.g., MET903) and the
coresponding reference forecast experiment (e.g., BAB )eriments are verified against operational
analysis. Figur® show the effect on RMS forecast scores for vector wind ovedtaday experimental
period. SEVIRI channel 8 assimilation makes small but $icgit degradation at T+12 to T+48 in the
Tropics in the lower troposphere at 700 hPa, counterbathhgesmall significant improvement at T+12
in the Tropics at 500 hPa. In the extra-tropics, the foreicagact from the assimilation of MET903 data
is overall neutral.

The comparison with an observation depleted observingsy$e.g., BASE) does not give a realistic
representation of the forecast improvements to be expedted ozone-sensitive SEVIRI radiances are
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added to a full observing system. To further characterigeftinecast impact of SEVIRI channel 8
radiances, the next section discusses results from adalitssimilation experiments conducted in a full
observing system where the analysis error are small.

4 Assessing the impact of the SEVIRI ozone channels in a fulbserving
system

Previous experiments showed the impact of METO3 data in &tépobserving system. We now
evaluate the value of assimilating ozone-sensitive irft@adiances from Meteosat-9 in a full operational
observing system environment.

In the following, experiments were carried out with a recestsion of ECMWF model cycle 38R2,
implemented operationally on 25 June 2013 (Baeieal, 2013). Experiments were conducted over a
period covering 1 June - 31 August 2012 and use ECMWF 12-h dbsystem, with a spatial model
resolution of T511 (horizontal resolution roughly 40 kmyalB7 vertical levels with the model top at
0.01 hPa. Ten-day forecasts were calculated from each O@lgsism The experiments use the full op-
erational observing system assimilated operationallyGiE/F at the time. This includes conventional
observations, polar orbiting satellite measurements [(JATRRS, ATMS, AMSU-A, AMSU-B, MHS,
SSMIS, TMI, ASCAT), geostationary radiances and wind vecémd bending angles from the COSMIC
constellation, METOP-A and TERRA-SAR-X. Note that in thimfiguration SEVIRI all-sky radiances
are assimilated that now includes clear and overcast cdsemg in two water vapour channels (Lupu
and McNally, 2012). Ozone data from a number of instrumergsabso assimilated in the ECMWF sys-
tem. This include level 2 ozone data from three SBUV/2 imatents (on board NOAA-17, NOAA-18
and NOAA-19) in the form of partial column over six verticalkrs, and total column ozone retrieved
from SCIAMACHY and OMI. Ozone-sensitive IR channels fromI2&| channels, 19 AIRS channels
and one HIRS channel are also operational assimilated siogember 2012. Two of these channels
(i.e., AIRS channel 1088 and IASI channel 1585) are used ¢b@rthe ozone bias correction, together
with SBUV/2 partial ozone columns (Dragani and McNally, 31

The following experiments have been performed:

e CTRL: use the full observing system assimilated operationalFGIMWF at the time.
e CTRL ON: As CTRL experiment except that ozone feature tracing wabkleda

e MET9ch5: As CTRL, but additionally include SEVIRI ozone-sensitiagiances from channel 8
over ocean surfaces excluding CSR observations havingcemeage of cloudy pixels more than
30 %, as well as CSR over high terrain and with satellite hesitgles larger than 60 SEVIRI
ozone channel is bias corrected with a flat global offset (2804). A value of 2 K has been
assigned to the observation error standard deviation srctiennel.

e MET9ch5_ON: As MET9ch5 experiment except that ozone feature tracingemabled.

4.1 Changes to the ozone analysis

We now compare the various ozone analyses to independesdsiarilated ozone observations from
MLS. Figure10 shows the comparison to MLS ozone profiles in terms of thewakmean differences
and their standard deviations. It can be seen from CTRL arlLCON experiments that, enabling the
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Wind tracing with ozone-sensitive radiances from SEVIRI

Change in error in VW (MET903-BASE), 2-May-2010 to 30-Jun-2010

From 51 to 60 samples. Cross—hatching indicates 95% confidence. Verified against 0001.
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Figure 9: Normalised change in the RMS of vector wind foreea®r between the MET903 experiment and the
BASE. Verification is against the operational analysis acarss are based on a two month period, May to June
2010. Cross-hatched areas show changes that are signifataimé 95% confidence interval. A beneficial impactis
one that results in a reduction in forecast error,i.e.a nidganormalised change. This is indicated by blue colours.
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ozone tracing, doesn’t impact the quality of the ozone a®sywith existing ozone observations. In
addition, results from CTRION and MET9ch50N experiments show that in the full system experi-
ments with many existing ozone observations, the assionlaif SEVIRI channel 8 does not have any
additional impact on ozone analysis.

0.01 [ T T T T T ] 0.01 [ T T T T T 20

Pressure, hPa
Pressure, hPa

20

Pressure, hPa
Pressure, hPa

20

Pressure, hPa
Pressure, hPa

0 0
Latitude Latitude

Figure 10: Mean (left panels) and standard deviation (rigiainels) difference between the MLS ozone profiles
and the co-located ozone analyses computed for CTRL (toifRLEON (second row), MET9ch®N (bottom)
averaged over the periods 1 June - 31 August 2012. Data ar@ssmixing ratio (ppmm).

Fits to the ozone-sensitive channel 9 of HIRS and ozoneitsenshannels of IASI also have been exam-
inated. Figurell shows the normalised standard deviation of departureslébabHIRS observations
from NOAA-19 and Metop-A. The MET9ch®N and MET9ch5 experiments reduce the standard devi-
ation of first-guess (FG) departure in HIRS ozone channelrbyrad 0.8 % indicating improved ozone
fields. The improvements are present in both tropics an@sdpics, and are largest in the tropics (not
shown). In the analysis, fits to HIRS o0zone channel are imgatdoy around 2.2% and 1.7%, respectively
and are statistically significant. The CTRRN experiment sligtly increases the standard deviation of
FG departure by up to 0.2%, while in the analysis, it is irgéng that fit to HIRS ozone channel are
improved by up to 0.2%.

Similar results are seen in the fits to ozone-sensitive atlarof IASI, though these improvements are
smaller and are not statistically significant (not shown).
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Instrument(s): noaa-19 metop-a - HIRS  Area(s): N.Hemis S.Hemis Tropics
From 00Z 1-Jun-2012 to 12Z 31-Aug-2012
b
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Figure 11: Normalised change in standard deviation of as&\(left) and first-guess (right) forecast departures
for global HIRS observations from NOAA-19 and Metop-A. 8&ath deviations are normalised by those of the
control experiment. Error bars indicate the 95% confidemterival. Numbers less than 100% indicate beneficial
impact.

4.2 Changes to the wind analysis

The experiment CTRION tests the impact of enabling the ozone tracing with thetigxj observation
network, while MET9ch50N and MET9ch5 respectivelly, test the impact of the add#@locSEVIRI
channel 8 radiances with the tracing enabled or disabledwiM/aow compare each of the experiments
with the CTRL to characterise the changes in wind analysis.

Comparison of the mean wind analysis between each of theopieexperiments and CTRL reveals
some changes in the upper troposphere on levels betweenPE)artd 200 hPa, where the magnitude
of the differences is mainly less than 0.5 m/s (not shown)alPbther levels, there are no measurable
changes in the mean wind field.

Figure12 shows the normalized standard deviation of departuresciorentional observations of wind
over the globe. CTRION and MET9ch50N reduce the standard deviation of FG in the upper-tropargph
between 100 hPa and 150 hPa, while MET9ch5 increase theasthddviation of FG at 200 hPa by
around 0.4%. In the analysis changes are not statisticgihjfieant.

Figs. 13 and 14 show the normalized changes in RMS errors in vector wind ametibn of latitude
and pressure as obtained from the experiments CORLand MET9chS50N. Results suggest that both
experiments slightly decrease the RMS error at shorteregrimt the changes are not statistically signif-
icant meaning that enabling the ozone tracing in 4D-Var moll results in improvements to the quality
of wind forecasts at shorter ranges. Though for CTRN experiment in longer ranges, the overall
impression is that the RMS wind error increase.
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Instrument(s): AIREP AMprofiler EUprofiler JPprofiler PILOT TEMP - Vwind
Area(s): Europe Japan N.Amer N.Hemis S.Hemis Tropics
From 00Z 1-Jun-2012 to 1%2 31-Aug-2012
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Figure 12: Normalised change in standard deviation of as&)left) and first-guess (right) forecast departures
for radiosonde, aircraft and pilot v-wind observationsa&dard deviations are normalised by those of the control
experiment. Error bars indicate the 95% confidence interMaimbers less than 100% indicate beneficial impact.

4.3 Forecast verification

Figure 15 show the normalised difference in geopotential RMS errotie CTRLON, MET9ch50N
and MET9ch5 experiments. The experiment CTRN isolates the impact of ozone feature tracing,
suggesting that coupling ozone with dynamics degradesotieedst scores, particularly in the Northern
Hemisphere after the day 3 range. Comparing MET9GIiNb and MET9ch5 with CTRL isolates the
impact of SEVIRI channel 8 with and without ozone tracingeeffenabled. The impact on the 500
hPa geopotential is neutral to positive for the Southern idghere and Northern Hemisphere in a short
range, and neutral to negative in the Northern Hemisphendicplarly after the day 6 range. Overall,
it appears that there are no further benefits in terms of &mtexkills from the additional assimilation of
ozone-sensitive SEVIRI observations.

5 Conclusions

This study reports on the first experiments at ECMWF with SE\dzone-sensitive radiances, both in
terms of possibility of wind extraction from the 4D-Var asdation and in terms of impact on analysis
and forecast.

In the first part of the study, we have illustrated the effdcbzone feature tracing in the 4D-Var. We
have highlighted that, if the dynamical link between therszand the rest of the system is enabled, the
4D-Var has the freedom to change the temperature and wirts fiak well as the ozone field itself in
order to improve the fit to observed ozone concentrationss;Tozone observations, via passive tracing,
provide a potentially useful constraint upon the analy$iwiod, particularly in the upper troposphere
and lower stratosphere.

The impact of SEVIRI radiances from channel 8 has been etaluaoth in terms of the impact on a
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Change in error in VW (CTRL_ON-CTRL), 1-Jun-2012 to 31-Aug-2012

From 82 to 92 samples. Cross—hatching indicates 95% confidence. Verified against own-analysis.
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Figure 13: Zonal mean of normalized differences in the roeamsquare forecast error for the vector wind between
CTRLON experiment and the CTRL control. Blue areas indicatecediRMS forecast errors and hence improved
forecasts; green/yellow/red areas indicate the oppositess hatching indicates a statistically significant chang
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CCECMWF

Change in error in VW (Met9ch5_ON-CTRL), 1-Jun-2012 to 31-Aug-2012

From 82 to 92 samples. Cross—hatching indicates 95% confidence. Verified against own-analysis.
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Figure 14: As Fig.13 but for Met9ch50N and the CTRL experiments.

Difference in RMS error normalised by RMS error of control
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1-Jun-2012 to 31-Aug-2012 from 82 to 92 samples. Confidence range 95%. Verified against own-analysis.
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depleted observing system as well as the impact in a fullrelvae system. The results in a depleted
observing system are encouranging and demonstrate that:

¢ In the absence of radiances data and AMVs from geostatiarahpolar orbiting satellites and of
other ozone data, SEVIRI ozone-sensitive radiances clathgeozone analysis around 150 hPa
and this improved the fit to MLS ozone data.

e SEVIRI channel 8 data improved the wind analyses scoresdrd&0 hPa, but the improvement
is small when compared with the wind analysis scores fromitiitlyrsensitive CSR.

e The changes in the ozone and wind analysis are much smaeetuivalent for BUV data.

For the experiments in the full observing system, the amfulitif SEVIRI channel 8 ozone-sensitive radi-
ances has to be viewed in the context of the many other oza®\@iions from a number of instruments
already assimilated in the ECMWEF system. The results hgbhlihat:

e SEVIRI channel 8 slightly improves the fit to other IR ozondad@mproved ozone) but the im-
provement is not visible in the fit to MLS.

e The wind analysis and forecast impact is neutral. There isigible or significantly positive
impact on improving the ECMWF wind field.

Since the results of the assimilation of SEVIRI ozone-damsradiances does not show significant im-
provements in the forecast scores, we do not suggest artiopatahange at ECMWF. As NWP systems
improve it is becoming harder to demonstrate the benefitiphct of a single instrument or channel.

The use of SEVIRI data at ECMWF has been recently extendeddiondate overcast radiances in
addition to CSR from WV channels (Lupu and McNally, 2012).n@auous effors are made at ECMWF
to fully understand the behaviour of infrared instrumentshie assimilation and to try to optimise their
impact on forecast accuracy.
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APPENDIX: Accronyms and abbreviations

4D-Var Four-dimensional variational data assimilation

AIRS Atmospheric InfraRed Sounder

BUV Backscatter Ultraviolet

CSR Clear Sky Radiances

ASR All Sky Radiances

ECMWF European Centre for Medium Range Weather Forecast

EUMETSAT European Organisation for the Exploitation of Bl@logical Satellites
FG First-guess

HIRS High Resolution Infrared Radiation Sounder
IASI Infrared Atmospheric Sounding Interferometer
IFS Integrated Forecasting System

IR Infrared

MLS Microwave Limb Sounder

MW Microwaves

NWP Numerical Weather Prediction

SBUV/2 Solar Backscatter Ultraviolet Radiometer
SEVIRI Spinning Enhanced Visible and Infrared Imager
Y Water vapour
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