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1 Executive summary

Atmospheric Motion Vector (AMV) observations are assitt@thoperationally in the ECMWF 4D-Var
system from five geostationary (Meteosat-7, Meteosat-IDE&-13, GOES-15, MTSAT-2) and five
polar orbiting (Aqua, NOAA-15, NOAA-16, NOAA-18, NOAA-19atellites. In addition, AMVs from
five other satellites (FY-2D, FY-2E, Terra, METOP-A, MET@®-are currently passively monitored.
Tablel summarises the monitored and used AMVs. The main resultsfesearch work and the changes
in the operational use of the AMVs in the ECMWF system durif@2are discussed in this report.

The work on situation dependent observation errors andirgythe quality control has reached maturity
for operational implementation. The changes are includéde ECMWF integrated forecasting system
(IFS) cycle 40r1 which has been the operational ECMWF systieice 19th November 2013. The aim
of the changes is to ensure effective and realistic use of AlM\ata assimilation in order to improve
their impact on model analyses and forecasts. A summanyeathtinges is presented in Sectin

For situation dependent observation errors, the heightehave been estimated based on model best-fit
pressure statistics. The benefit of the model best-fit predsithat under certain constraints it allows
to estimate uncertainties in the height assignment evesgavivhere AMVs are available. The model
best-fit pressure includes contributions from the erroithénmodel background wind field. The impact
of these errors has been estimated based on ensemble ofdetélaions (EDA) experiment, and the
results are discussed in Secti@n

The operational changes include changeover from Metépgateteosat-10. The parallel monitoring
period covered nearly three months. The monitoring siegistere very similar for both satellites and
the changeover in the operational system was done withaotltefuexperimentation. A short summary
of the monitoring is presented in Sectién

EUMETSAT changed their AMV processing in September 2012e iftroduction of the Cross-Cor-
relation Contribution (CCC) method improved the AMV qualitt high and mid levels but some degra-
dation was seen for low level IR and VIS AMVs. After furthevastigations, EUMETSAT re-introduced
the pre-CCC inversion correction to improve the quality luf tow level AMVs. Sectiorb discusses

Table 1: Overview of the use of AMV data in the ECMWF systenoireiber 2013.

IR Cloudy WV | Clear WV | VIS

Meteosat-7 used used monitored | used
Meteosat-10 used used monitored | used
GOES-13 used used monitored | used
GOES-15 used used monitored | used
MTSAT-2 (31 October - 19 December 2013

replaced by MTSAT-1R) used used monitored | used
CMA FY-2D monitored | monitored | monitored| -
CMA FY-2E monitored | monitored | monitored| -
MODIS AMVs from Aqua used used used -
MODIS AMVs from Terra monitored | monitored | monitored| -
AVHRR AMVs from NOAA-15, -16, -18 and -19 used - - -
AVHRR AMVs from METOP-A and METOP-B | monitored | - - -
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briefly the experimentation with the Meteosat-10 AMVs after fix.

NESDIS is going to disseminate hourly AMVs from GOES-13 ar@@ES-15 satellites in the near future.
Currently 3-hourly AMVs are disseminated. The hourly wirrdguct contains also some algorithm im-
provements related to low level winds. The ECMWF systemépared for the change. Experimentation
with the hourly winds is discussed in SectiénThe results indicate improved AMV quality at mid and
low levels which leads to some positive impacts over usiegctirrent operational GOES AMVs patrtic-
ularly over the tropical east Pacific where mixed impacts b5 were previously observed. However,
using the new data 3-hourly instead of hourly seems to be bereficial in the current ECMWF system.

The status of the use of polar AMVs in the ECMWF system is dised in Sectiorr. Activation of
the AVHRR AMVs from NOAA satellites has increased the use ofap winds by ca. 75% in the
ECMWEF system. Experimentation with the AVHRR and MODIS AMiéseals that the positive impact
obtained by using AVHRR AMVs alone is rather similar to thatrfi the use of MODIS AMVs. This is
encouraging as at some point the AVHRR AMVs will be the maiarse of polar AMVs. METOP-A
and METOP-B AMVs are currently monitored in the ECMWEF systerhe monitoring statistics show
some improvements in the high level AMV quality after theetimprovements in the EUMETSAT
polar AMV processing. Further investigations are ongoing.

Work on alternative interpretations of AMVs is also ongoing typical interpretation for an AMV
is a single-level point estimate of wind at the assigned HieigComparison to radiosonde and lidar
observations as well as investigations in a simulation &a&ork indicate some benefits from interpreting
AMVs as layer averages, or as single-level wind estimatésviihin the cloud instead of cloud-top or
cloud base which are typically assumed to be representagights for high and mid level clouds and
for low level clouds, respectively. The status of the worfrigsented in sectio®

Finally, in Sectior® some additional ongoing activities are shortly listed.

2 General revision of the AMV usage

The use of AMVs in the ECMWEF system has been revised. The aifmeofhanges is to ensure effective
and realistic use of AMVs in data assimilation in order to ioye their impact on model analyses and
forecasts. The main amendment is the introduction of sttmadependent observation errors. This is
done to ensure that the errors assigned in the data asgmitegtter account for height assignment errors
of the observations. The use of situation dependent olsamvarrors allowed a notable simplifications
to the AMV quality control. The modifications are operatibmathe ECMWF IFS cycle 40rl. In the
following a summary of the changes is given, more details lwarfiound fromSalonen and Bormann
(2013.

2.1 Situation dependent observation errors and revised qugy control

Errors in AMVs originate mainly from two sources. Namely,ags in the height assignment and errors
in the wind vector tracking. The impact of errors in heighgigesment is highly situation dependent. It
can be very significant in areas where wind shear is strongibibe other hand it is less relevant in
areas where there is not much variation in wind speed withhtefForsythe and Saundef20083 have
introduced an approach to estimate situation dependeenaion errors for AMVs and this method
has been investigated in the ECMWF system.
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In practice, the observation errors are estimated in twtspan the ECMWF system the height errors
have been estimated based on model best-fit pressureictatistodel best-fit pressure is the height
where the observed wind agrees best with the model wind. €lghherrors have been estimated sep-
arately for all satellites, channels and height assignmethods. Comparison of the best-fit pressure
statistics with Met Office has shown that the statistics &my gimilar for both systems and it was con-
cluded that the best-fit pressure can be considered as bleetizethod to estimate the height errors
(Salonen et al., 2012b). Typically the height error estasatary from around 70 hPa at high levels to
100 - 120 hPa at mid and low levels over areas where AMVs aretippally used. The height error is
converted to wind error following thEorsythe and Saundef20089 approach.

The tracking errors have been estimated from observationsrbackground (OmB) statistics from cases
where the wind error due to error in height assignment islsmibg tracking errors have been estimated
separately for geostationary and for polar winds and they fram 2 to 3.2 ms?* depending on height.
Finally, the error due to error in the height assignment dredttacking error are combined to form a
highly situation dependent observation error for each AMV.

Introduction of the situation dependent observation ergives an opportunity to re-evaluate also the
quality control for AMVs. The quality control consists ofdaklisting where observations are rejected
based on information from long-term monitoring of the guabf the data. This part of the quality
control process has not been modified at this point. The skequality control step is to compare the
observation to the model counterpart and if the observat®nates more than a predefined limit the
observation will be rejected. Traditionally the first gueb®ck has been very strict for AMVs. For
example if the observed wind has been slower than the modhal thie observation has been rejected
more easily. This feature has been implemented to avoidAkis slow down extra tropical jets. The
situation dependent observation errors allow a reductiadhe weight given to observations where wind
shear is strong, and the error in height assignment can hdvastic impact such as the extra tropical
jets. The revised first guess check is symmetric and the sgj@etion limits are applied everywhere. It
allows more observations to enter the model analysis. Oiipgron height and location up to 10%, and
on average 4%, more observations are accepted in the rdirstagliess check.

A new quality control criterion has been investigated ad.wighe criterion limits the magnitude of the
observation error due to error in height assignment to bdlenthan four times the tracking error. The
value four is based on trial and error. The new quality cdrariberion is motivated by the fact that the
height assignment errors are likely to be more correlatedialy and such correlations are currently
neglected in assimilations. The criterion rejects on ayerko of the AMVs on top of the revised first
guess check.

2.2 Impact assessment

The impact of using the situation dependent AMV observagoors and the revised quality control
described above has been investigated for two 3-monthdseribhe winter period covers 1st January
to 31st March 2012, and the summer period 1st June to 31stsA@fi2. The ECMWF IFS cycle
38r2 at a T511 resolution, 137 levels, and 12-hour 4D-Varbeen applied in the experiments. All
operationally assimilated conventional and satelliteeokrtions are used. In the control experiments
AMVs are treated as in the operational system prior to thedde 40rl, and in the test experiments
the revised system is used.

The revised assimilation of AMVs leads to a significant pesiforecast impact below 500 hPa espe-
cially in the tropics but also at higher latitudes. Figarshows zonal plots of the normalised difference
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Figure 1: Zonal plot of the normalized difference (test ekpent - control) in RMS error for 48-hour (left) and
72-hour (right) wind forecasts. Verification is done agairach experiments own analysis. The period is 1.6
31.8.2012.

in the RMS error for 48- and 72-hour wind forecasts for the suamperiod. The difference is calculated
as test experiment minus the control experiment, i.e blagdehindicate positive impact and green and
red shades negative impact. The verification has been daiesagach experiments own analysis. The
results are similar for the winter period. Verification agsiobservations also shows positive impact
especially over the northern hemisphere extra-tropicts ghown). Overall the use of the situation de-
pendent observation errors and the revised first guess dbealy improves the use of AMVs in the
ECMWEF system with a positive impact on the model forecasts.

3 Impact of short-term forecast errors on the best-fit pressuve statistics

In the context of the situation dependent observation grtbe height errors have been estimated based
on the best-fit pressure statistics as described in Se2t&rd in more details isalonen et al(2012).

The model best-fit pressure allows us to study the unceeaiit the AMV height assignment compre-
hensively in space and in time. However, care must be takemm\iHe results are interpreted. It is not
always possible to define an unambiguous best-fit pressutieha model best-fit pressure includes also
contributions from the errors in the model background wiettfii.e. in the short-term forecast.

The impact of short-term forecast errors on the best-fitquiesstatistics has been estimated based on a
25 member ensemble of data assimilations (EB&navita et al.2012) experiment performed with the
ECMWEF IFS cycle 38r2 at a T511 resolution, 91 levels, and a2rHD-Var. In an EDA experiment

an ensemble of independent 4D-Var data assimilations fenpeed. The main analysis error sources
are represented by perturbing observations, the forecadélnand sea surface temperature according to
their estimated accuracy. The performed EDA experimentiges 26 estimates, including the control
run, of the best-fit pressure for each AMV. In the operatid@@MWF system an EDA is used to estimate
background errors, based on the spread of the ensemble.

Figure2 shows the mean standard deviation of the best-fit presstimeadss resulting from the spread of
the enseble as a function of pressure for the southern heerspxtratropics (left panel), tropics (middle
panel), and northern hemisphere extratropics (right paridle grey bars indicate the number of cases
at each level. The spread of the best-fit pressures is of ther of 15 hPa throughout the troposphere.
Calibration of the EDA suggests that it is usually underdisive in the extratropics typically by a factor
of 1.5-2. This suggests that the uncertainty in the bestdidgure due to errors in the short-term forecasts
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Figure 2: The mean standard deviation of the best-fit pressgtimates from the 25 member EDA experiment as
a function of pressure for the southern hemisphere extpateo(left panel), tropics (middle panel), and northern
hemisphere extratropics (right panel). The grey bars iatBdthe number of cases at each level.

is of the order of 20-30 hPa. A typical value for standard d#éwn of the assigned observation height
and best-fit pressure difference is around 70 hPa at higltslemereasing to 100 - 120 hPa or slightly
larger at mid and low levels over areas where AMVs are opmraliy used in NWP.

4 Changeover from Meteosat-9 to Meteosat-10

Parallel monitoring of Meteosat-10 AMVs began at ECMWF oth3Dctober 2012, while the Meteosat-
9 AMVs were used actively in the operational system. Moirigstatistics for observation minus model
background (OmB) bias and root mean square vector differéRMSVD) indicated that Meteosat-9 and
Meteosat-10 AMVs were generally consistent with each other

Figure 3 shows the timeseries for OmB bias (upper panel), RMSVD (tigiéinel), and the number
of observations (lower panel) for WV 7u8n AMVs at high levels in the tropics as an example of the
results. The black line indicates Meteosat-9 AMVs and thitlirre Meteosat-10 AMVs respectively.
Some small differences were seen for high level IR AMVs in 8withern hemisphere midlatitudes
where the negative bias was slightly smaller for the Metet®2AMVs (not shown). For mid and low
level AMVs the statistics were very similar for both satel.

Based on the monitoring statistics it was decided to switehedsat-9 AMVs to Meteosat-10 AMVs in
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Figure 3: Timeseries of the OmB bias (upper panel), RMSVOdipanel), and number of observations (lower
panel) for WV 7.3um Meteosat-9 (black), and Meteosat-10 (red) AMVs in thei¢ceopetween 100 and 400 hPa.
The considered time period is 30st October - 3rd Decembe2 201

the ECMWF system on 24 January 2013 without further experiaton.

5 Meteosat-10 low level AMVs

EUMETSAT upgraded their AMV processing algorithm to use@ness-Correlation Contribution (CCC)
method on 5th September 2012. The new data were tested inGNBAE system and the results are
reported inSalonen and Borman{2012. The quality of the high and mid level AMVs was clearly im-
proved but for low level IR and VIS AMVs the quality was somewlklegraded when compared to the
model background. The investigations showed that with tleeGCC algorithm the low level AMVs
were in general assigned to lower heights than with the CQarighm.

The changes in the low level AMV heights mainly appear in wagiwhere the atmospheric temper-
ature profile has an inversio®gutriaux Boucher and Carranz2013. In the pre-CCC algorithm, an
inversion correction was applied over these areas. The dgiCitam uses direct outputs from the EU-
METSAT Cloud Analysis (CLA) product to get the height of thalividual selected pixels. The CLA
applies an inversion correction, and to avoid double ctioedt was originally decided not to do the
inversion correction in the CCC algorithm. However, the wilagy inversion correction is applied differs
between CLA and pre-CCC algorithms, and the differencetaexwhy the AMVs are assigned to lower
levels with the pre-CCC than with the CCC algorithm.

On 16th April 2013 EUMETSAT re-introduced the pre-CCC irsien correction as a solution to the
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Figure 4: Timeseries of the OmB bias (upper panel), RMSV@ddipanel), and number of observations (lower
panel) for IR Meteosat-10 AMVs before the low level fix (blaakd and after the low level fix (red) in the tropics
between 700 and 1100 hPa. The considered time period is 2(ii8.

degraded low level IR and VIS AMV quality. After the fix, an asged equivalent black body temper-
ature (EBBT) is computed for the pixels selected by the CQ©rithm if an atmospheric temperature
inversion occurs in the forecast background profile. In #eovhere the calculated EBBT temperature
is warmer than the forecast temperature at the base of teesion, the assigned height for the AMV
will be the level of best agreement between the EBBT tempezand the forecast temperature. If the
EBBT temperature is colder than the forecast temperatuheditase of the inversion, the assigned AMV
height will be the height of the base of the inversi@o(triaux Boucher and CarranZz013).

Figure4 shows the timeseries for OmB bias (upper panel), OmB stdrifariation (middle panel), and
the number of observations (lower panel) for low level IR ABIM the tropics during April 2013. After
the re-introduction of the inversion correction there iseacdrop in the magnitude of the OmB bias. In
the extra tropics the time series show similar statistiéereeand after the change (not shown).

8 Research Report No. 32



AMV observations in the ECMWF system: Third year report ECMWF

5.1 Impact assessment

When the CCC method was introduced, Meteosat-9 low levehilR\MS AMV's were blacklisted in the
ECMWEF system. To investigate what is the impact of the loveléMVs on model analysis and fore-
casts after the inversion correction has been re-intratitige sets of data assimilation experiments have
been performed over a four-month long period 17.4-16.8204 the first pair, the ECMWF IFS cycle
38r2 at a T511 resolution, 137 vertical levels, and 12-hd\Var has been applied in the experiments.
In the second pair the IFS cycle 38r2 but with situation delpahobservation errors and a revised quality
control for AMVs have been used, for details see Sec2ioAll operationally assimilated conventional
and satellite observations are used. The experiment pairs a

e Control: Low level Meteosat-10 AMVs not used

e Experiment: Low level Meteosat-10 AMVs used

In the following we focus on the experiment pair with sitoatdependent observation errors and the re-
vised quality control. Figuré shows the normalised change in the OmB and observation raimalgsis
(OmA) standard deviation calculated against radiosongiést, aircraft and wind profiler observations
in the tropics. The reference is the control run where lovelléteteosat-10 AMVs are not used. Thus,
values below 100% indicate improvements in the observditistatistics while values above 100% indi-
cate degradation. The horizontal bars indicate 90% cordalesnge. At 700 hPa level and below some
improvements in the OmB statistics can be seen. This ireditat the other wind observations fit better
the model first guess when the low level AMVs are used. Howelierimprovements are not statisti-
cally significant within the 90% confidence range. In the expent pair where the situation dependent
observation errors are not used, the results are more héustashown).

Scatterometer winds allow an independent cross-validaifdhe changes to the mean wind analysis at
low levels over sea. First guess departures for the scatetsy winds indicate that over the Meteosat-10
coverage area there are areas where the magnitude of thguiest departures has decreased but also
areas where the magnitude has increased when the low levelsfeve used. On average the impact is
neutral. This is the case in both experiment pairs.

Verification against each experiment’'s own analysis irtdiedso rather neutral impact. Figusshows a
map of the normalised RMS difference between the experiargthe control for 48-hour wind forecast
at 850 hPa level. Blue shades indicate positive impact aedngand red shades negative impact from
using the low level IR and VIS AMVs. When all forecast lengtre considered, the impact over the
tropics is on average neutral to slightly positive when titeasion dependent observation errors and
revised quality contol are used. For the clean 38r2 expetirpair the impact is neutral to slightly
negative.

Based on the results it can be concluded that there is norre¢adalacklist the low level IR and VIS
AMVs, and their use has mainly a neutral impact on model @aslyand forecasts. The Meteosat-10 low
level AMVs are currently active in the ECMWF system.

6 Experimentation with GOES hourly AMVs

NESDIS is making preparations to disseminate hourly AM\sifrGOES-13 and GOES-15 satellites.
Currently 3-hourly AMVs are disseminated. The new hourlyEBwind product contains an additional
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Figure 5. The normalised change in standard deviation oflgsia (left panel) and background (right panel)
differences from radiosonde, pilot, aircraft and wind pl@fiu-component wind observations with respect to the
control experiment in the tropics. Values less than 100%cate beneficial impacts from the use of low level IR
and VIS Meteosat-10 AMVs. The horizontal bars indicate 96#didence range.
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Figure 6: Map of the normalised RMS difference between tperaxent and control for 48-hour wind forecast at
850 hPa level. Blue shades indicate positive impact andrgaeel red shades negative impact from using the low
level IR and VIS Meteosat-10 AMVs. In the experiment paiasitn dependent observation errors and revised
quality control has been used.
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quality indicator the Expected Error (EE), and the actuahdme time to each satellite wind observation.
In addition, a correction to the low level heights in areasrovcean where a low level temperature
inversion exists has been implemented. This includes usiagased number of vertical levels for
temperature obtained from the GFS (The Global Forecase8y$sX\WP model.

The hourly wind product is available for testin§antek(2011) studied the monitoring statistics for the
ECMWEF system from experiments where GOES AMVs are not ustdkg i.e. the current operational
GOES AMVs and the new hourly AMVs have been evaluated ag#iestame short-term forecast. The
overall conclusion from the study was that at high and mielethe departure statistics for the two
GOES AMV datasets are fairly similar, except for a markedease in the number of available winds.
In low-level inversion regions considerable improvememse seen for the quality of the hourly GOES
AMVs.

The new hourly wind data has been processed operationaltfC ®tWF since 23rd May 2012. In this
study, four experiments covering 23rd May - 22nd July 202&Heeen performed to study the impact of
the new hourly AMVs compared to the current operational Gelyowinds. The ECMWEF IFS cycle 38rl
at a T511 resolution, 91 vertical levels, and 12-hour 4D-Nas been applied in the experiments. All
operationally assimilated conventional and satelliteeolrtions are used. The following experiments
have been performed:

No GOESNo AMVs from GOES-13/15.

GOES operational Current operational GOES-13/15 3-hourly AMVs used.

GOES new hourly The new hourly GOES-13/15 AMVs used.

GOES new 3-hourly The new GOES-13/15 AMVs used 3-hourly.

6.1 Monitoring statistics

The monitoring statistics shown here are from @G®ES operational and theGOES new hourly ex-
periments, i.e. GOES AMVs have been used in the analysiss, Tha evaluation of the data sets is not
done against the same short-term forecast like it was doBarntek(2011).

6.1.1 IRand VIS

Figures7 and 8 show the zonal plots of the number of observations (uppeelpa®mB speed bias
(middle panel) and RMSVD (lower panel) for the operatioralAMVs (left panels) and the new hourly
IR AMVs (right panels). The number of available AMVs is tegl for the hourly AMVs, as can be
expected. In terms of wind speed bias and RMSVD some impreugsrare seen for mid and low level
winds. The positive wind speed bias seen in the tropics bdlswhPa is decreased for the new wind
product. Also the negative speed bias in the extratropiesdeareased over the Northern hemisphere.
Over the Southern hemisphere extratropics the magnitutieedbias is slightly increased between 600
and 750 hPa. The magnitude of the RMSVD is generally sligii¢igreased. Conclusions are valid both
for GOES-13 and GOES-15 AMVs.

Figure9 shows the OmB speed bias maps for the low level IR operatidivi¥'s (left panel) and the
new hourly AMVs (right panel), GOES-13 is shown in the uppangl, and GOES-15 in the lower panel,
respectively. For the operational AMVs a positive speed Eaeen over sea off the west coast of South
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Figure 7: Zonal plots of the number of observations (uppergdp speed bias (middle panel) and RMSVD (lower
panel) for the operational GOES-13 AMVs (left panels) aredrtéw hourly GOES-13 AMVs (right panels). AMVs
have forecast dependent QI80.

America (GOES-13) and over the Eastern Pacific Ocean nedo@& and Mexico (GOES-15). This
fast bias has been reported in the NWP SAF monitoring repamtsit has been noted that GOES AMVs
in these stratocumulus inversion regions are being ags$igeights much higher in the atmosphere than
the model preferred position (eFprsythe and Saunderd008h Cotton 2012. This could be due to
lack of vertical resolution in the temperature profile usethie height assignment process, meaning that
the true depth of the inversion is not properly represerfed the new hourly wind product, a correction
to the low level heights in areas over ocean where a low lemlptrature inversion exists has been
implemented. Left panels of Fi® clearly indicate that the magnitude of the fast bias hasedeed.
Also the slow bias seen north of 30ver the North Pacific Ocean has notably decreased.

Low level VIS AMVs share similar characteristics with the M1Vs (not shown). Also for the hourly
VIS AMVs the magnitude of the bias and RMSVD is decreased @ewbto the current operational
AMVs. Implementation of the correction to the low level heig in areas over ocean with a low level
temperature inversion has improved the observation gustinificantly.
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Figure 8: Same as Figr but for GOES-15 AMVs.

6.1.2 Cloudy WV

For WV AMVs the zonal plots do not reveal any drastic changaw/ben operational AMVs and the new
hourly AMVs except in the number of available observatiohle magnitude of the bias and RMSVD
seems to be slightly decreased for the new wind product ahd0enPa. The decrease is consistent in
time as seen in FiglOwhich shows the timeseries for number of observations (upaeel), OmB speed
bias (middle panel), and RMSVD (lower panel) for the operai GOES-15 WV AMVs (blue) and the
new hourly AMVs (red) at high levels at the Northern hemisghmidlatitudes. Similar improvements
but smaller in magnitude are seen also for the statisticBarSouthern hemisphere midlatitudes and in
the Tropics (not shown).
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Figure 9: The OmB speed bias maps for the low level IR opearatiaMVs (left panel) and the new hourly AMVs

(right panel), GOES-13 is shown in the upper panel, and GQES8t the lower panel, respectively. AMVs have
forecast dependent Q4 80.
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Figure 10: Timeseries for number of observations (uppergharOmB speed bias (middle panel), and RMSVD
(lower panel) for the operational GOES-15 WV AMVs (blue) ranew hourly AMVs (red) at high levels at the
Northern hemisphere midlatitudes. AMVs have forecastmiigre QI> 80.
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6.2 Impact assessment
6.2.1 Impact on the mean wind analysis

Using AMVs from GOES satellites has a significant impact anrtiean wind analysis over their cover-
age area. Figurél shows the mean wind analysis at 200 hPa (upper panel) andRBb(dwer panel)
levels for theNo GOES experiment, whereas Figl2 shows the vector difference of the mean wind
analysis between th@ OES operationalandNo GOES experiments. At 200 hPa level the use of the
GOES AMVs tends to weaken the mean wind and at 850 hPa levei¢ha wind is stregthened. Similar
features are seen also for tBOES new hourlyandGOES new 3-hourly experimentsBechtold et al.
(2012 have investigated the impact of GOES-13 AMVs over EastfRafdr the period September -
November 2011, and concluded that the use of the AMVs amléylow-level convergence across the
Equator. This is the case also for this studied period 23 M&&/3uly 2012 (lower panel of Fid.2).

To investigate how the mean wind analysis changes when théoerly wind product is used, Fid.3
shows the same as Fifj2 but between th&OES new hourly and theGOES operationalexperiments.
The differences in the mean wind analysis are seen mainlyeiasawhere the bias characteristics have
changed (e.g. Fid). The changes indicate that the amplification of the lowllegavergence across the
Equator is not as strong when the new hourly AMVs are used aosafto the operational GOES AMVs.
The GOES new 3-hourly experiment shows similar differences in the same regiohsheumagnitude

of the changes is slightly smaller than for @®ES new hourly experiment (not shown).

In Bechtold et al(2012) it is discussed that at low levels the model overshootsspaese to the large
analysis increments caused by assimilation of AMVs, anddhecast adjustment processes produce a
temporary flow reversal up to 3-day forecasts. A similar kandlow reversal is seen also in ti&OES
operational experiment. The new hourly AMVs agree better with the modst §juess and consequently
in the GOES new hourlyand theGOES new 3-hourlyexperiments the analysis increments are smaller.
As aresult also the flow reversal is somewhat smaller in ntadai

Scatterometer winds allow a validation of the changes tartean wind analysis at low levels over sea.
The upper panel of Figl4 shows a map of the mean first guess departure for used soattierowinds

in the GOES operational experiment. The largest departures are seen over the saae a8 for the
low level AMVs (left panels of Fig.9). The lower panel of Fig.14 shows the first guess departure
difference between th&OES operational and theGOES new hourly experiments. The first guess
departures are smaller in magnitude in @®ES new hourly experiment North from the Equator. Thus,
the scatterometer winds agree better with the model firssgudien the new hourly AMVs are used.
However, over the South Pacific near Ecuador and Peru theswaeter wind first guess departures are
increased when the new wind product is used.

6.2.2 Observation fit statistics

Departure statistics from radiosonde winds suggest a datiom of the short-range forecasts when the
new GOES winds are used hourly. Figure shows the normalised change in standard deviation (left
panels) and the OmB and OmA bias (right panels) for radiosavidd u-component observations over
the GOES area. For tteOES new hourly experiment the OmB and OmA standard deviation, as well
as the bias, are larger than for thi®e GOES experiment. They are also larger than for BOES
operational and theGOES new 3-hourlyexperiments indicating that the radiosonde wind obseymati
have better agreement with the model background in the impets where GOES AMVs are used 3-
hourly, or not used at all. Similar features are seen als®foB and OmA statistics against pilot wind
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Figure 11: The mean wind analysis for they GOES experiment at 200 hPa (upper panel) and 850 hPa (lower
panel).

observations (not shown).

16 Research Report No. 32



AMV observations in the ECMWF system: Third year report ECMWF

Vector difference of mean wind analysis, Exps fpjo-fpjn
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Figure 12: The vector difference of the mean wind analysisvben theGOES operationaland No GOES
experiments at 200 hPa (upper panel) and 850 hPa (lower panel

6.2.3 Forecast verification

Forecast verification has been done against observatiahagainst each experiment’s own analysis.
The general impression of the results is that using GOES ARR&mainly a positive or neutral impact

on the forecasts. Here the focus is on what is the impact ofubkie new hourly wind product compared
to using the current operational AMVSs.
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Vector difference of mean wind analysis, Exps fsc4-fpjo
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Figure 13: The same as Fid.2 but between th&OES new hourly and theGOES operationalexperiments.

Figures16 and 17 show the normalised difference of the wind forecast RMSreaa function of
the forecast range at 200 hPa and 850 hPa levels, respgctivet verification has been done against
observations, and the difference is calculatedS&ES operational minus GOES new hourly (left
panel) andGOES operational minus GOES new 3-hourly (right panel), i.e. positive values indicate
positive impact from using the new wind product. Both tBOES new hourly and theGOES new
3-hourly experiments show mainly neutral impact within the 95% canfak intervals compared to the
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Figure 14: A map of the mean first guess departure for usedesoateter winds in th&sOES operational
experiment (upper panel), and the first guess departurerdiite between tH@OES operationaland theGOES
new hourly experiments (lower panel).

GOES operationalexperiment. However, th@OES new 3-hourlyexperiment has some indications of
positive impact whereas t@OES new hourly experiment is more on the negative side.

Verification against each experiment’s own analysis supperresults seen in the observation verifica-
tion. Results indicate mainly neutral impact within the 98®#fidence intervals from using the new
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Figure 15: Left panels: The normalised change in standandaten of the background (solid line) and analysis
(dashed line) differences for radiosonde wind observati@ncomponent) foGOES operational (upper panel),
the GOES new hourly (middle panel), and th&OES new 3-hourly (lower panel) experiments with respect to
theNo GOESexperiment over the GOES area. Values less than 100% imdiEateficial impacts from using the
GOES AMVs. Right panels: The OmB (solid line) and OmA (dakhepbias. The black line indicates tiido
GOES experiment and the red line ti&OES operational (upper panel), th&OES new hourly (middle panel),
and theGOES new 3-hourly (lower panel) experiments, respectively.

wind product compared to the current operational AMVs bet@GOES new 3-hourly experiment has
systematically better scores than BOES new hourly experiment. Figurd8 shows maps of the nor-
malised difference of the 72-h wind forecast RMS error at BB@ level as an example of the results.

20 Research Report No. 32



AMV observations in the ECMWF system: Third year report ECMWF

The GOES new 3-hourly experiment shows positive impact over the GOES coverage aspecially
over locations where the bias characteristics of the AMMgelzhanged. For th&OES new hourly
experiment the impact is more mixed.

The main findings from the impact assessment are:

e \rification against own analysis indicates postivive ictpliom using the new GOES AMVs
3-hourly at low levels.

e For hourly winds the impact is more mixed.

e \erification against radiosonde observations shows ndoipact.

As discussed in e.gdernandez-Carrascal et €012 andBormann et al(2012 assimilation of more
frequent AMVs is not necessarily beneficial. This is becaarsers in AMVs are likely to be correlated
in time, and these error correlations are currently negteat the ECMWF data assimilation system.
Neglecting the error correlations can lead to overfittingerftain aspects of the AMVs, and hence to a
degradation compared to using the data less frequently.

6.3 Conclusions

NESDIS is making preparations to disseminate hourly AM\@sifrGOES-13 and GOES-15 satellites.
The new wind product contains some improvements, one of thet Mmportant ones being a correction
to the low level heights in areas over ocean where a low |leveperature inversion exists.

The number of available AMVs is tripled for the hourly AMVs ean be expected. Monitoring statistics
indicate improvements in the data quality, especially fod and low level winds. Data assimilation
experiments show that using GOES-13/15 AMVs (current djmral AMVs or the new hourly wind
product) has in general a neutral to positive impact on theckst quality. Data assimilation experiments
also reveal that using the new wind product has some pogitigacts over using the current operational
GOES AMVs. However, it seems that with the current systemguttie new wind product 3-hourly is
more beneficial than 1-hourly. This is in contrast to the elgmee with MTSAT AMVs, and the reasons
for that are not clear.

7 Latest activities with polar AMVs

Polar AMVs are derived from the MODIS instrument on-boare Agua and Terra satellites and from
the AVHRR instrument on-board the NOAA-15, -16, -18, -19, MEP-A, and METOP-B satellites.
Visible Infrared Imaging Radiometer Suite (VIIRS) AMVs frothe Suomi NPP satellite are expected to
be available in late 2013. In July 2013 NESDIS decided to sndmperational production of MODIS
Terra WV AMVs until further notice due to increased stripisgen on water vapor channels. In the
ECMWEF system also Terra IR AMVs were blacklisted as a precauds the problems may affect the
height assignment of the IR AMVSs. It is a known fact that tlietime of MODIS AMVs is approaching
to its end. Thus, the use of AVHRR AMVs in operations is begggore and more important.

Results from experiments using AVHRR AMVs from NOAA-15, ;J#hd -18 in the ECMWF system
are discussed iBalonen and Bormanf2012. The conslusions are that the data has mainly a neutral
impact on model analysis and forecasts when used on top di@RIS AMVs. AVHRR AMVs from
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Figure 16: Normalised difference of the 200 hPa RMS winddas¢ error as a function of the forecast range for
the Northern hemisphere extra tropics (upper panel), teimiddle panel), and the Southern hemisphere extra
tropics (lower panel). Verification has been done againsasbations, and the difference is calculated®3ES
operational minusGOES new hourly (left panel) andGOES operational minusGOES new 3-hourly (right
panel).

NOAA-15, -16, and -18 have been used in active mode in the EGMystem since 19th November
2012, and they increased the number of used polar winds b§%a €omplementary experiments have
been performed to assess the impact of AVHRR AMVs when MODIB/A are absent. The results are
summarised in subsectiahl

AMVs from NOAA-19 have been added to operational monitoiimgassive mode at 20th March 2013.
The monitoring statistics indicate that the quality is $&mio other NOAA AVHRR AMVs. Experiments

to investigate the impact of using the data have been pedmmd the results are presented in section
7.2

METOP-B was launched 17th September 2012, and the first AldMiigta set was provided by Eumetsat
for the second half of January. METOP-B AVHRR AMVs have begtleal to the operational monitoring
in passive mode at 14th May 2013. SectibBgives a summary of the monitoring results so far.
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Figure 17: The same as Fid.6 but for the 850 hPa wind forecasts.

7.1 Impact of the AVHRR AMVs in the absence of MODIS AMVs

The summer (1st June - 31st July 2011) and winter (1st Dece®idd - 31st January 2012) season ex-
periments investigating the impact of using NOAA-16, -1&] al9 AVHRR AMVs on top of the MODIS
AMVs (Salonen and Borman2012 have been complemented by additional experiments whdag po
AMVs are not used at all, or AVHRR AMVs are used without the MISDAMVs. The ECMWF IFS
cycle 38rl at a T511 resolution, 91 vertical levels, and @@rD-Var has been applied in the experi-
ments. All operationally assimilated conventional anekig¢ observations are used. Next results from
the following experiments are compared:

e Control: No polar AMVs used.
e MODIS: MODIS AMVs used, AVHRR AMVs not.
e AVHRR: AVHRR AMVs used, MODIS AMVs not.
e MODIS + AVHRR : AVHRR and MODIS AMVs used.
AVHRR and MODIS winds are thinned together, when they aré lactively used. The blacklist ap-

plied for the AVHRR AMVs is similar to the MODIS IR AMV blackditing in the ECMWF system and
excludes the following observations:
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Figure 18: Map of the normalised RMS difference betweeG®&S new hourlyand GOES operationalexper-
iments (upper panel) and tl&@OES new 3-hourlyand GOES operationalexperiments (lower panel) for 72-hour
wind forecast at 850 hPa level. Blue shades indicate pe@sitiypact and green and red shades negative impact
from using the new wind product.

All winds equatorwards of 60atitude

All winds over land below 400 hPa.

All winds over sea or sea-ice below 700 hPa.

All winds below 1000 hPa or above 100 hPa.

All experiments indicate positive impact from using polaviXs, especially at high latitudes, as seen in
Fig. 19 which shows zonal plots of the normalised difference (expent minus control) of the RMS
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wind error for the 48-hour (left panel) and 72-hour (righheh forecasts for the MODIS (upper panel),
MODIS+AVHRR (middle panel), and AVHRR experiments (lowemgl). Comparison of the upper and
middle panel shows that using AVHRR AMVs on top of the MODIS XBhas mainly a neutral impact,
as was concluded also 8alonen and Borman{2012. However, the positive impact gained from using
only the AVHRR AMVs (lower panel) is very similar to the pdsé impact obtained from using the
MODIS AMVs. Results are similar for both considered seasdrtse result is very encouraging as at
some point the AVHRR AMVs will be the main source for polar AV

7.2 Experimentation with NOAA-19 AVHRR AMVs

NOAA-19 AVHRR AMVs have been added to the operational maimigpin passive mode at 20th March
2013. The monitoring statistics indicate that the qualfyN®@AA-19 AVHRR AMVs is very similar
to the quality of actively used NOAA AVHRR AMVs. Figur20 shows a timeseries of the OmB bias,
RMSVD, and the number of available observations as an exaaiphe monitoring statistics for NOAA-
15, -16, -18, and -19 AVHRR AMVs at the Northern hemisphersveen 100 and 400 hPa.

It is not always evident that adding new data similar to whatlready actively used in the system will
result in a positive or even neutral impact. Thus, the immdaising NOAA-19 AVHRR AMVs on
model analysis and forecasts has been investigated. ECNR&EYcle 38r2 at a T511 resolution, 137
vertical levels, and 12-hour 4D-Var has been applied in #peements. All operationally assimilated
conventional and satellite observations are used. Thewolly four experiments covering 17th April -
16th June 2013 have been performed:

e Control, operational: AMV usage similar to the IFS cycle 38r2 operational setup.
e NOAA-19, operational: Like related control but NOAA-19 AVHRR AMVs are used.

e Control, revised AMV usage Situation dependent observation errors and revisedtyuwalntrol
used for AMVs (operational in IFS cycle 40r1 onwards).

e NOAA-19, revised AMV usage Like related Control but NOAA-19 AVHRR AMVs are used.

In the first pair of the experiments AMVs are used like in th& Eycle 38r2 operational setup. In the
second pair of the experiments situation dependent olsarverrors and a revised quality control are
applied for AMVs. These improvements in the AMV usage areraf@nal from cycle 40rl onwards

(Salonen and Bormann, 2013). Conclusions from both exmarimairs are similar and thus in the
following only results from the revised AMV usage are shown.

The observation fit statistics against radiosonde and pilotl observations are very similar between
the Control and the NOAA-19 experiments at Northern and I8suat hemisphere midlatitudes and in
particular over the polar regions as shown in FigRiefor the Northern hemisphere polar cap. This
indicates overall consistency between NOAA-19 AVHRR AMVsldahe other wind observations.

The impact of using NOAA-19 AVHRR AMVs in addition to the addy used AVHRR AMVs is neutral
as seen in Fig22 which shows zonal plots of the normalised difference (NOBRexperiment minus
Control) of the RMS wind error for the 48-hour (left paneldaf2-hour (right panel) forecasts. Verifica-
tion has been done against each experiment’s own analyaigicetion against observations shows also
neutral impact (not shown). Based on the results it was dddid activate NOAA-19 AVHRR AMVs in
the ECMWEF system on 27th August 2013. This increased the euwfused polar AMVs by further
10%.
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Figure 19: Zonal plots of the normalised difference (expemt minus control) of the RMS wind error for the
48-hour (left panel) and 72-hour (right panel) forecasts e MODIS (upper panel), MODIS+AVHRR (middle
panel), and AVHRR experiments (lower panel).

7.3 Monitoring of METOP-B AMVs

METOP-A AVHRR AMVs produced by EUMETSAT have been passivelgnitored in the ECMWF

system for several years. The monitoring statistics haesvsHarger values for bias and RMSVD for
METOP-A AMVs than for the NOAA AVHRR AMVs. This is the resultf different processing algo-
rithms used at EUMETSAT and NOAA/NESDIS. Thus, the METOP-&adwere not included in the

26 Research Report No. 32



AMV observations in the ECMWF system: Third year report ECMWF

5 L] L] L] L] L] L] L] L] L] L] L] L] L]
P : —— NOAA-15
'n NOAA-164
E ——NOAA-18
= — NOAA-19;
_10l i i i i i i i i i i i i
17.4 224 274 25 7.5 125 175 225 275 16 6.6 11.6 16.6
Date
—~ 8 I L] L] I L] L] L] L] L] L] L] L] L]
T(n § : ——NOAA-15
Esel NOAA-164
= E ——NOAA-18
3 4t .| —— NOAA-19}
= |: : : : : : : : : : : :
x L i i i i i i i i i i i i
17.4 224 274 25 7.5 125 175 225 275 16 6.6 11.6 16.6
Date
1500 T T T T T T T T T T T T
- - - - - - - - - - - —— NOAA-15
1000} - NOAA-16H
g : : : : : : R : : : : : —NOAA-18

017.4 224 274 25 75 125 175 225 275 16 6.6 11.6 16.6
Date

Figure 20: Timeseries of the OmB bias (upper panel), RMSViDdla panel), and number of observations (lower
panel) for NOAA-15 (blue), NOAA-16 (green), NOAA-18 (red)y NOAA-19 (black) AVHRR AMVs for Northern
hemisphere between 100 and 400 hPa. The considered tinmdperl 7th April - 16th June 2013. All data after

blacklisting is shown.
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Figure 21: OmB (solid line) and OmA (dashed line) standardliatgon (left panel) and bias (right panel) for
radiosonde wind observation u-component over the Northemisphere polar cap. The Control run is indicated
with black and the NOAA-19 experiment with red. The consiiperiod is 17th April - 16th June 2013.

study discussed above.

METOP-B was launched 17th September 2012, and the first édatsibt was provided by EUMET-
SAT for the second half of January. Monitoring statisticstfte test data indicate that METOP-A and
METOP-B share similar characteristics, small or zero On&s lait high levels but increased positive bias
below 450 hPa over Southern hemisphere and below 650 hPaloviiern hemisphere. The METOP-A
test data have been compared also to the METOP-A AMVs fronopleeational stream. The quality of
the test data was slightly better compared to the operatstresam. This is due to changes introduced to
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Figure 22: OmB (solid line) and OmA (dashed line) standardiatgon (left panel) and bias (right panel) for
radiosonde wind observation u-component over the Northemisphere polar cap. The Control run is indicated
with black and the NOAA-19 experiment with red. The coneidiperiod is 17th April - 16th June 2013.

the polar AMV processing.

METOP-B AMVs became available operationally in spring 2@h@ have been added to the ECMWF
operational monitoring in May 2013. On 25th June 2013 somthdn improvements and changes were
introduced to the EUMETSAT polar wind processing. The clsngcluded

e Tropopause determination
e Temperature inversion determination
e Coverage extended from 58 50 latitude

e Stronger test to use IASI CTH to set the altitude

Figure23 shows timeseries of the OmB bias, RMSVD and number of ob8engafor METOP-A (solid
line) and METOP-B (dashed line) AMVs over Northern hemigphat high levels (100 - 400 hPa) for
June - July 2013. A decrease in the magnitude of the bias isatdgigh levels after the changes were
implemented on 25th June. At mid and low levels the positias bf one to two meters is still present
(not shown).

The investigations are now continuing with more detailedligts where the improvements in the bias
take place, and by performing impact studies with the highlIMETOP AVHRR AMVSs.

8 Alternative interpretations of AMVs

Work on alternative interpretations of AMVs has recentlyrtgd. In this section some very preliminary
results are discussed. Typically, AMVs are interpretediregies-layer observations even though it is ev-
ident that clouds that are used in the AMV tracking have wartextent, or in the case of tracking clear
sky features the radiances represent contribution of dedjra&l layer. Comparison to sonde observa-
tions (e.g.Velden and Bedka2009 Weissmann et gl2013, and results from a simulation framework
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Figure 23: Timeseries of the OmB bias (upper panel), RMSViDdi@ panel) and number of observations (lower
panel) for METOP-A (solid line) and METOP-B (dashed line)¥dvbver Northern hemisphere at high levels (100
- 400 hPa) for June - July 2013.

(e.g.Hernandez-Carrascal and Borma@012 suggest some benefits from layer averaging in terms of
departure statistics.

In the following, three types of observation operators amsaered:
e Single-level observation operator
e Boxcar layer averaging, layer below the observation height

e Boxcar layer averaging, layer centered at the observatdaghh

A single-level observation operator is used in the ECMWHFrajpenal system, and it is the most com-
monly used approach also in other NWP systems. Layer aveydmlow the assigned AMV height
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Figure 24: The OmB wind speed bias (upper panel) and RMSMBefigpanel) with varying layer depths for
Meteosat-9 IR AMVs after blacklisting at high levels. Sbiié indicates observation operator with layer averag-
ing below the assigned observation height, and dashedaiyer laveraging centered at the assigned observation
height.

is a realistic approach if the assigned height represestsltiud top height. On the other hand, if the
assigned height is interpreted as a representative levatieied averaging would be more justifiable.

To begin with, the OmB statistics have been studied for layamraging observation operators with
different layer depths. The passive monitoring experimérave been done with IFS cycle 38r1, T511,
and 91 levels. The studied period covers 1 January - 29 FgbAtd2. Figure24 shows the OmB
wind speed bias and RMSVD for Meteosat-9 IR AMVs after blatkig at high levels. The solid line
indicates observation operator with layer averaging belmvassigned observation height, and dashed
line shows layer averaging centered at the assigned oliserteeight, respectively. The minimum bias
is seen with 80 hPa layer depth below and 200 hPa centeredhamdinimum RMSVD with 80 hPa
layer depth below and 160 hPa centered. Thus, there is saivation that layer averaging could have
some benefit over the single-level observation operatomweder, it is yet unclear if similar benefits
could be obtained by re-assigning the observation heidWitslel best-fit pressure bias statistics could
provide some information for re-assignment or positiordfighe layer used in the observation operator.
Also, the characteristics differ between different sétsland processing algorithms. These issues are
under investigations and at this point it is too early to deawy conclusions.

Layer averaging will affect how the AMV information is sptemn vertical during the assimilation. At
the same time, the background error covariances also defimgHe information from observations is
spread in the model analysis. To investigate these aspratsihgle observation experiments have been
performed with the ECMWF IFS cycle 40rl at a T511 resoluti®By levels, and 12-hour 4D-Var. In the
experiments four different versions of the observatiorrajpe have been used:

¢ Single-level observation operator

e Boxcar layer averaging, 80 hPa layer centered at the oligmrJzeight
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Figure 25: Vertical analysis increment for the single-laydservation operator (blue line), boxcar layer aver-
aging 80 hPa centerd at the observation height (black satid)| boxcar layer averaging 160 hPa centerd at the
observation height (black dashed line), and boxcar lay@raging 80 hPa below the observation height (red line),
respectively. The observation heightis 370 hPa. The firesgdeparture is the same in all three cases.

e Boxcar layer averaging, 160 hPa layer centered at the aitsmmheight

e Boxcar layer averaging, 80 hPa layer below the observaiighih

In each experiment only one AMV observation enters the gysfehe experiments have been designed
so that the first guess departure is the same in all four cabesassigned observation height is 370 hPa.

Figure25 shows the vertical analysis increment for the four obs@wmaiperators. Using the centered av-
eraging instead of single-level interpretation spreadotiservation information slightly more in vertical
and the magnitude of the maximum analysis increment at #igreed observation height decreases, the
more the greater is the layer depth. Layer averaging belevasbigned observation height also shifts the
level of the maximum analysis increment lower in the atmesphThus, it is evident that the choice of
the observation operator will have an impact on the regulimalysis and consequently on the forecasts
in addition to changes to the innovation statistics. Ingesions on these issues continue.
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9 Other ongoing activities

The next significant change in the operational use of AMV3 bél the dissemination of the hourly
GOES AMVs. The ECMWEF system is prepared for the change. Walaceexpecting the first test data
from Suomi NPP VIIRS and from METOP-A/B tandem AMVs in the n&gure to investigate the data
quality and impact on model analyses and forecasts. liga&ins with the METOP-A and METOP-B
AMVs are also ongoing as discussed in Secliah

The use of AMVs in the ECMWF system has changed significantithé IFS cycle 40rl. In the light
of all the changes it is justified to carefully revise the gapdical and QI-dependent blacklisting for
AMVs aiming possibly to increase the use of AMVs in the system

Introduction of the situation dependent observation srtothe ECMWF system will have an impact on

reanalysis activities as well. Height errors have been ddfiar the satellites that are currently in use but
not for satellite, channel, and height assignment comioingiprior to 2006. Currently, a default value of

80 hPais used in all cases where the height error estimatehbsen defined. Experimentation is ongo-
ing to investigate how much impact the use of the defaultevaistead of the more sophisticated height
error estimates will have on the analyses and forecastdielfmpacts are significant, one possibility

would be to define different default values for differentgiegs.
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