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1 Executive summary

Atmospheric Motion Vector (AMV) observations are assirt@thoperationally in the ECMWF 4D-Var
system from five geostationary (Meteosat-7, Meteosat-E&Q@3, GOES-15, MTSAT-2) and five polar
orbiting (Aqua, Terra, NOAA-15, NOAA-16, NOAA-18) satdtis. In addition, AMVs from four other
satellites (Meteosat-10, FY-2D, FY-2E, METOP-A) are caothe passively monitored. Tablg sum-
marises the monitored and used AMVs. The recent changee ioghrational use of the AMVs in the
ECMWEF system, and the main results from research work chaig during 2012 are discussed in this
report.

One of the research highlights of the year was to take pattér2hd international AMV impact inter-
comparison exercise which was coordinated by the intematiwinds working group. In total 7 NWP
centres reported results from AMV denial experiments peréa over two 1.5 month long periods. The
ECMWEF results indicate that AMVs have a positive impact eglly at high levels in the tropics. The
results are consistent with results obtained earlier, &andas to results from other contributing NWP
centres. An overview of the work is given in SectidnThe results of the intercomparison study give a
good context to the results discussed in other sectionseakgbort.

There have been some significant changes in the operatiarsat AMVs during the year. First, GOES-
15 replaced GOES-11 on 6th December 2011 in operationsivBeassnitoring of the GOES-15 AMVs
revealed that the quality was mainly similar to GOES-11 AMBbfst there were some differences in the
bias characteristics for IR and WV AMVs at high levels in thepics. Data assimilation experiments
have been performed to study if there is a need to blacklestdtita with the degraded quality in the
tropics. The results indicate that this is not necessantlaadnpact is more positive if the data is used.
Based on the results GOES-15 AMVs were activated in latel Apetails of the work are discussed in
Section3.

Another significant change is that EUMETSAT changed theinAptocessing on 5th September 2012.
The new AMV processing uses the cross correlation contaby(CCC) method which has been intro-

Table 1: Overview of the use of AMV data in the ECMWF systenoireiber 2012.

IR Cloudy WV | Clear WV | VIS

Meteosat-7 used used monitored | used
Meteosat-9 used used monitored | monitored
Meteosat-10 monitored | monitored | monitored| monitored
GOES-13 used used monitored | used
GOES-15 used used monitored | used
MTSAT-2 used used monitored | used
CMA FY-2D monitored | monitored | monitored| -

CMA FY-2E monitored | monitored | monitored| -

MODIS AMVs from Aqua and Terra used used used -

AVHRR AMVs from NOAA-15, 16, and 18 used - - -

AVHRR AMVs from METOP-A monitored | - - -
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duced to improve the height assignment of the AMVs @ogde and Oyam&008. CCC test data was
disseminated in parallel with the operational AMVs since ehMay, and monitoring the data quality
started immediately at ECMWEF. Monitoring results indictitat the quality of high and mid level AMVs
is clearly improved. However, for the low level IR and VIS AM\the quality is somewhat degraded.
EUMETSAT is planning to implement the so-called inversiaigit assignment to improve the quality
of the low level winds in early 2013. The current impact stésdshow neutral to positive forecast impact
at midlatitudes and neutral or slightly negative forecagtact in the tropics. Results of the monitoring
and experimentation with the CCC AMVs are presented in Bedti

Preparations for operational use of AVHRR (Advanced VergtHRresolution Radiometer) polar AMVs
from NOAA-15, -16, and -18 satellites in the ECMWF systeméné&een done. The quality of the
AVHRR AMVs from NOAA satellites is comparable to MODIS IR wie from Aqgua and Terra which
have been used operationally in the ECMWF system since 2008act studies with AVHRR AMVs
have been performed for a summer and winter period. Thetsesulicate a neutral impact for both
studied seasons. AVHRR AMVs from NOAA-15, -16, and -18 wertedduced to the ECMWF system
in active mode on 19th November 2012. Sectsummarises the results.

The work on situation dependent observation errors for AM¥s continued. In the new approach the
observation error is divided into two parts, one origindtem the wind tracking and the other from the
error in height assignment. The latter is significant esgdlgcivhen there is strong wind shear in the
vertical. In the 1-year report the estimation of the erroeswescribedSalonen and Borman2011).
Now the focus has been on investigating the use of the new\aigm errors. A set of data assimilation
experiments with different configurations has been peréatmOne main goal has been to simplify the
current operational first guess check. Based on the resdéeims that removing the asymmetric part
from the first guess check is possible without degrading dhechst quality. However, that requires that
rejection limits remain relatively tight. Investigatio® using a criterion to reject observations with
high error in wind due to error in the height assignment hdse bheen done. The criterion seems to
be beneficial but it should not be too tight to avoid rejectiiggood quality observations. The overall
impression of the results is that the use of situation depeindbservation errors, the simplified first
guess check and the criterion for the magnitude of the ewertd error in height has positive impact
on the forecast, especially below 400 hPa level. Ongoingkwstesting the modifications with new
model cycle, and for a winter and summer season. If the exjeatis show similar results the work is
approaching maturity for operational implementation. $teus of the work is reported in Sectién

Finally, in Section7 some additional ongoing activities are shortly listed.

2 2'international AMVs impact intercomparison exercise

2.1 Background

ECMWF participated to the™ international AMV and scatterometer impact intercompariexercise
coordinated by the International Winds Working Group. Itatd NWP centres reported results from
AMYV and scatterometer denial experiments performed overlits month long periods. The participat-
ing centres were ECMWF, Met Office, Météo France, DWD, NBRUA and KMA. Here, the emphasis
is on ECMWEF results related to AMVs. More details on the iotenparison study can be found from
Payan and Cotto(2012.

The two periods cover the 2010 North Atlantic hurricane seg®eriod 1), and the 2010/11 Northern
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hemisphere winter season (Period 2).

e Period 1: 15 August 2010 30 September 2010.
e Period 2: 1 December 2010 - 15 January 2011.

For both periods AMV denial experiments have been perforaretithe results are compared to a refer-
ence suite which closely matches the operational foregattrs. For period 2 also a polar winds denial
experiment has been done excluding only MODIS AMVs from Agud Terra satellites but including
AMVs from geostationary satellites. The ECMWF Integratenideasting System cycle 37r2 at a T799
resolution, 91 vertical levels, and 12-hour 4D-Var has beggplied in the experiments. All operationally
assimilated conventional and satellite observations see.u

2.2 AMV impact
2.2.1 Mean wind analysis

The AMVs have a strong impact on the tropical mean wind amalygoughthe troposphere. The upper
panel of Fig.1 shows the vector difference of the mean wind analysis at 3@ hPa for the period 1
for the ECMWEF system. The most significant impact is seenéntithpics where the difference reaches
values as high as 2.5 m/s. In the midlatitudes the magnittiteeachanges is typically less than 0.5 m/s.
The use of AMVs has a tendency to weaken the mean wind. The josvee! of Fig.1 shows the vector
difference for the Japanese Meteorological Agency (JMA}eaw. In contrast to the ECMWF results,
the use of AMVs has a tendency to strengthen the mean windatR2a level.

The different impact on the mean tropical wind analysis heenhinvestigated in more detail by com-
paring mean wind analyses from JMA and ECMWF directly. Fégiishows that the differences in the
tropical regions between the two centres are overall sagmifly smaller in the experiments where AMVs
are used (upper panel) than in the denial experiments (lpaeel). The use of AMVs tends to bring
the two systems in better agreement. The differences in ¥ denials are likely due to differences in
the climatology of the forecast models of the centres. Nedtlparticipated NWP centres found a fairly
significant impact from AMVs on the tropical mean wind an#@yia the upper troposphere.

2.2.2 Forecast verification

Observation minus model background (OmB) statistics agaadiosonde wind observations show an
improvement in the standard deviation as well as in bias énttbpics when AMVs are used in the
ECMWEF analysis (Fig.3). The main impact is between 500 and 100 hPa. This indichtssthe
changes seen in the mean wind analysis are supported byatiges, and there is a positive impact on
the short-term forecast around the radiosonde locations.

Figure4 shows the normalised RMS error difference for 200 hPa ECMWieorecasts verified against
radiosounding observations for combined periods 1 and 2e réBults show statistically significant
positive impact up to 2 day forecast range in the Northernisignere extratropics and in the tropics. For
longer forecast ranges and in the Southern hemisphererepics the impact is mainly neutral.

Verification of the vector wind forecasts against each drpamt's own analysis shows statistically sig-
nificant positive impact at high levels in the tropics forfaltecast lengths and in the extratropics up to
2-3 day forecast range (Fi§). This is also the case for both periods 1 and 2 separately.
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Figure 1: Difference in the mean wind analysis at 200 hPa leetwthe AMV denial experiment and the Control
for the ECMWF system (upper panel) and for the JMA systene(lpanel). Shading indicates the difference in
mean wind speed [m/s]. The considered period is 15 AugusSepember 2010.

For the low levels in the tropics, the apparent forecast shdapends on the choice of the verification
up to the day 3 forecast range. The AMVs appear to have a sprasitive forecast impact when verified
against the operational analysis. However, each expetivegified against its own analysis suggests a
significant negative impact, and verification against olzgéns indicates a neutral forecast impact (not
shown). The results for the verification against analysesttileely reflect differences in the variability
characteristics between the AMVs and the forecast mode .vEhfication against the operational analy-
sis, which includes AMVs, favours the experiments with AMK shis respect. However, the experiment
with AMVs gets penalised due to this in the AMV denial. Theifreation against observations does not
suffer from these problems and is hence considered moableli However, this verification measure
suffers instead from poor geographical sampling. At lowels\n the tropics, the forecast impact of
AMVs therefore remains unclear.

Also at the other NWP centres the largest impact is seen oghthi-range wind forecasts in the trop-
ics at high level, consistent with the analysis differenc&gnerally, the variance of the forecast fit to
radiosonde winds is improved when AMVs are added to the dssiom system, with DWD and KMA
the centres showing the biggest differences in model backgt departuresP@ayan and Cottqr2012).
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Figure 2: Vector and wind speed analysis differences bettlee analyses from JMA and ECMWF for period 1 at
200 hPa. Control result with AMV assimilation (upper paretd AMV denial result (lower panel).
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Figure 3: OmB bias (left panel) and standard deviation (tigpanel) for radiosonde wind observation u-component

in the tropics. The AMV denial experiment is shown in blatleneas the Control is shown in red. The standard de-

viations have been normalised to 1 for the Control experimene considered period is 15 August - 30 September
2010.
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Figure 4: Normalised difference of the RMS wind error as acfion of forecast range at 200 hPa level in the
Northern hemisphere extratropics (upper panel), in theite (middle panel), and in the Southern hemisphere ex-
tratropics. Positive difference indicate benefit from askiting AMVs. Verification is done against radiosounding
observations. The considered period is 15 August - 30 Sé&etie2010, and 1 December 2010 - 15 January 2011

(93 cases).
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Figure 5: Sames as Fig4 but the verification is done against each experiment’s owalyais. The considered
period is 15 August - 30 September 2010, and 1 December 2038nuary 2011 (77 cases).
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Figure 6: Left panel: contribution [%] to the total FSO frorhe various observing systems indicated, for period 1
(15 August - 29 September 2010). Negative values indicatsiéiye influence in terms of forecast error reduction
from the observations. Right panel: percentage of the numbebserved values per observing system over the
same period.

2.2.3 Forecast sensitivity to observations

Adjoint-based diagnostics to estimate the forecast geitgito individual observations (e.Gardinalj
2009 have been calculated for both periods. These give an dstiohiow each observation contributed
to reducing the 24-hour forecast error, measured using ¢othl/energy norm that includes the whole
vertical range of the atmosphere.

Figure 6 shows an overview of the contributions from all observingtegns used in the above experi-
ments in terms of the total FSO. The temperature soundirigmeels from AMSU-A stand out as the

most beneficial observing system, followed by high-spécésolution infrared sounders such as AIRS
and IASI. The combination of all AMVs gives a similar total 8&s IASI for the period in question, and

the measure is also comparable to that of wind observations &ircrafts. The influence of the AMVs

is slightly larger than what is typical for other periodspisally around 7%), whereas AIRS and IASI

usually contribute in a similar way, typically around 10%heveas for the period in question the IASI
contribution is a little lower. Period 2 is more typical inghespect (not shown).

All assimilated wind types contribute towards a forecasbrereduction as estimated by FSO, and the
size of the contribution largely reflects the number of wiadsimilated for each combination. Per ob-
servation, the MTSAT and GOES-11 cloudy WV AMVs show thesgy@st contribution in the ECMWF
system, whereas Meteosat-9 VIS winds show the smalless(rootn).

Compared to other centres, ECMWF and the Met Office are densign showing a FSO contribution
of around 7-8% towards reducing 24-hour forecast errorjlaino that of aircraft winds. The Meteo
France FSO statistics for period 2 show a slightly higher Abbnhtribution of around 11%. The FSO
results for NRL are markedly different from the other NWPtces as the geostationary AMVs provide
the largest error reduction contribution at around 23%. el@v, NRL shows much lower impacts for
AMSU-A, IASI and AIRS Payan and Cottqr2012).
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2.3 MODIS AMVs impact

The impact of the MODIS winds has been investigated throudhta denial experiment for period 2.
Overall, the analysis and forecast impact of the MODIS wisdsainly confined to the polar regions over
this period, whereas elsewhere, the impact on mean anafitsesother observations, and the forecast
impact are neutral. The changes on the mean wind analysggeaezally below 0.5 m/s, and therefore
much smaller than what has been found when MODIS winds westarfiroduced in the ECMWF system
(Bormann and Thépau2004). This may be a reflection of improved model biases, or a resuhore
satellite sounding data being assimilated in some of thesesa

Observation fit statistics against radiosondes suggesstime of the systematic changes to the wind
analysis are not necessarily supported by other obsengatas the bias of the model background as
well as the analysis is degraded slightly around 400 hPah&se observations, both over the Southern
as well as the Northern polar region, e.g Fig.However, the differences in bias are very small, and in
terms of standard deviations, departures against radiesan these regions are not significantly altered,
suggesting a more neutral impact on the short-term forezasind the radiosondes locations.

background departure o-b(ref)
exp:MODISout (black) v. CTL 2010120100-2011011512(1 2} background departure o-b
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Figure 7: OmB (solid line) and OmA (dashed line) standardialieon (left panel) and bias (right panel) for
radiosonde wind observation u-component over the nortamegion (north of 65N). The MODIS denial exper-
iment is shown in black, whereas the Control is shown in red.

The forecast impact of the MODIS winds over the polar regismsggnificantly positive when the Control
and the MODIS denial experiment are both verified against thven analyses, Fig8. However, the
forecast impact is mainly confined to an area north dfi\6@nd south of 685, up to a forecast range
of 4 days. An examination of time-series of forecast scoesgals that the observed forecast impact
is primarily the net-result of relatively small improventemr degradations for individual cases, and no
particular event stands out with very strong improvementegradations (not shown).

2.4 Conclusions

The impact of satellite-derived AMVs has been investigatétlin the global NWP assimilation systems
for 7 different centres. Two trial seasons of 1.5 months tikmawere used: the 2010 North Atlantic
hurricane season and the 2010/11 Northern hemisphererwigdson. In general the ECMWF results
are consistent with earlier ones and similar to those of ratistr contributing NWP centres. In the
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Figure 8: Zonal plot of the normalised difference (the MODBhial experiment - the Control) in RMS error for
24-hour (left) and 48-hour (right) wind forecasts. Each esment is verified against its own analysis. Positive
values suggest an improvement from using the MODIS windsp&hod is 1 December 2010 13 January 2011.

tropics and the polar regions the use of AMVs has a positiyeatchon wind forecasts up to 2-3 day
forecast range, especially at high levels, whereas fordofayecast ranges and in the midlatitudes the
impact is mainly neutral.

3 Experimentation with GOES-15 AMVs

3.1 Motivation

On 6th December 2011 GOES-15 replaced GOES-11 as the GOESey&rational spacecraft. The
ECMWEF system was prepared for the change, and operatioratariag of the GOES-15 AMVs begun
immediately when GOES-15 data was available.

Passive monitoring of the data reveals that the quality oES@Q5 AMVs is mostly similar to the quality
of GOES-11 AMVs. However, in the tropics GOES-15 IR and WMudg winds at levels O - 400 hPa
have a negative bias which is not present in the GOES-11 dratpre 9 shows the timeseries of the
observation minus background (OmB) mean difference for GQE IR AMVs in the tropics at 0 - 400
hPa levels for 6th December 2011 - 5th February 2012. The ituggnof the bias is typically around
-1.5 ms1. Based on the monitoring results it was decided to perforta dasimilation experiments
before introducing GOES-15 AMVs in active mode to the system

3.2 Data assimilation experiments

Three experiments (6th December 2011 - 5th February 2042 been performed in order to study
the impact of GOES-15 AMVs on model analyses and forecagte. ECMWF Integrated Forecasting
System cycle 37r3 at a T511 resolution, 91 vertical leveis, B2-hour 4D-Var has been applied in the
experiments. All operationally assimilated conventioaatl satellite observations are used, only the
amount of GOES-15 AMVs is varied. The following experimenéve been performed:

10 Research Report No. 28
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Figure 9: OmB timeseries for GOES-15 IR winds at levels O -HR® in the tropics. Criteria Q> 80 has been
applied to the data.

e Control: No AMVs from GOES-15 used.

e GOES-15all: All GOES-15 AMVs used with similar blacklisting that waserationally used for
GOES-11 AMVs.

e GOES-15TR_blacklisted: GOES-15 AMVs used with similar blacklisting that was openaally
used for GOES-11 AMVs, additionally GOES-15 AMVs are blastied in the tropics.

The blacklist applied for GOES-11 AMVs in the ECMWF systenclages the following observations:

e All VIS winds at 700 hPa and above.
o All WV winds below 400 hPa.

e All AMVs over land below 500 hPa, and additionally all AMVs@&vland west of 20W and north
of 35N.

e Zenith angle> 60°.

3.3 Results
3.3.1 Observation fit statistics

In general the OmB and OmA (observation minus analysisjstitt against radiosonde, pilot and airep
wind observations are rather similar for all three expentae Some differences can be seen in the
Southern hemisphere extratropics where the GOESRBblacklisted experiment shows small increase
in the OmB standard deviation against these observatiagstyphe increase in the standard deviation
is seen mainly between 350 and 200 hPa levels. FigQrehows the observation fit statistics against
radiosonde wind observation u-component in the Southemidpdere extratropics as an example of the
results. The left panel is for the control (black line) and GOES-15all experiment (red line), and the
right panel for the control (black line) and the GOES-TR_blacklisted experiment (red line).
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Figure 10: OmB (solid line) and OmA (dashed line) standardialton for radiosonde wind observation u-
component in the Southern hemisphere extratropics. Cbnirois indicated with black, and the GOES-a8
experiment (left panel) and GOES-TR blacklisted experiment (right panel) with red.

3.3.2 Impact

Figure11 shows the vector difference of the mean wind analysis at 0@ hPa between the GOES-
15 all and the control experiment. The most significant chargeseen in the GOES-15 coverage area
in the tropics where the difference reaches values as highras 1. At 200 hPa level the use of GOES-
15 AMVs tends to weaken the mean wind field. Also at 700 hPd Eygaificant changes are seen in
the GOES-15 coverage area, at the equator the mean windsfislebikened and 5-2R/S strengthened.
The largest differences in the mean wind field are2.5 ms®. At other levels both weakening and
strengthening is seen but the magnitude of the changes iegma ms ! or less. In the midlatitudes the
magnitude of the changes is typically less than 0.5'malso for GOES-15TR_blacklisted experiment
some weakening of the mean wind field is seen at 200 hPa ledesiiown), on other levels the changes
are mainly less than 0.5 m&

Figure12 shows the normalised difference of the RMS wind error as etion of forecast range for the
Northern hemisphere extratropics (left panel), tropicslthe panel), and the Southern hemisphere extra-
tropics (right panel) at different pressure levels. Théedénce is calculated as experiment minus control,
i.e. negative difference indicates positive impact. \Vesifion has been done against the own analysis.
The black line indicates the GOES-8H experiment, and the red line the GOES-TR blacklisted ex-
periment. The general impression from the statistics istti@ause of GOES-15 AMVs has mainly a
positive impact. On average, scores for the GOESLBxperiment are slightly better. However, a clear
exception is seen in the 700 hPa level in the tropics wher&MES-15all experiment shows a negative
impact up to the day 5 forecast. Verification against the atgmral analysis (not shown) indicates also
a negative impact but only up to 2-day forecast range, dfi@rthe impact is neutral, and after day 6
positive.

As discussed in SectioB, the forecast impact depends on the choice of the verifitaticerification
against analyses reflects differences in the variabiligratteristics between the AMVs and the forecast
model, and the experiment with AMVs may get penalised dukitocompared to the AMV denial. Dur-
ing the experiment period, no AMVs from the GOES-11/15 aresewised in the operational analysis.
To mimic the operational AMV usage when GOES-11 AMVs wer# atiailable, the verification can
be done against the GOES-a8 analysis. Figurd3 shows the same as Fif2 but verified against the
GOES-15all analysis. Overall, the impact is mainly neutral for foast range of 2 days and longer, and
there is no negative impact at 700 hPa level.
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Vector difference of mean wind analysis, Exps fmpqg-fmps
LEV=200, 20111206 to 20120205
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Figure 11: Difference in the mean wind analysis at 200 hPaveen the GOES-1all experiment and the Control.
Shading indicates the difference in mean wind speed [mlg.cbnsidered period is 6 December 2011 - 5 February
2012.

Figure 14 shows the normalised difference of the RMS wind error as atfon of forecast range for
the 700 hPa level in the tropics when verification has beerm @gainst observations. The difference is
calculated between the GOES-ab and the control experiment. The impact is mainly neuralightly
positive.

3.4 Conclusion and actions taken

GOES-15replaced GOES-11 on 6th December 2011. Passivéomiogiof the data revealed that GOES-
15 IR and cloudy WV AMVs have a negative bias in the tropics at400 hPa levels which was not
present in the GOES-11 AMVs. Otherwise the quality of the tiaba sources was found to be very
similar.

Three 2-month experiments have been performed. The résditate:

e Blacklisting of GOES-15 AMVs in the tropics slightly degesithe observation fit statistics against
radiosonde, pilot and airep wind observations in the Santhemisphere between 350 and 200
hPa levels.

e Use of GOES-15 AMVs has mainly a positive impact on the fasexaThe experiment using all
GOES-15 AMVs performs on average slightly better than erpemt were GOES-15 AMVs were
blacklisted in the tropics.

e Forthe experiment using all GOES-15 AMVs, verification agathe own analysis and against the
operational analysis indicates negative impact at 700 &R in the tropics. This may be more a
consequence of the chosen verification than a real degoadatthe forecast quality. Verification
against observations and against the GOESdlLBxperiment analysis shows neutral, or slightly
positive impact.
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6-Dec-2011 to 5-Feb-2012 from 54 to 62 samples. Confidence range 95%. Verified against own-analysis.
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Figure 12: Normalised difference of the RMS wind error as raction of forecast range for the Northern hemi-
sphere (left panel), tropics (middle panel), and the Sauthemisphere (right panel) at different pressure levels.
Black line indicates the GOES-Hl experiment, and red line the GOES-TR blacklisted experiment. Verifica-
tion is done against the own analysis, and the differencalsutated as experiment minus control.

Based on the results it was decided to activate GOES-15 AMV2504.2012, applying similar black-
listing than for GOES-11 AMVs.

4 Experimentation with Meteosat-9 CCC AMVs

4.1 Introduction

EUMETSAT updated the AMV processing algorithm on 5th Seften2012. The updated algorithm

uses the Cross-Correlation Contribution (CCC) method sess which pixels contribute most to the
vector tracking Borde and Oyama2008. This information is used to derive the final height of the
AMVs. Parallel dissemination of AMVs processed using theQd@ethod started on 29th May 2012 to
enable monitoring of the data quality, and studying the ichpathe CCC AMVs on model analyses and
forecasts. Processing of the test data started immedt&8ZMWF.
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CCECMWF
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Figure 13: Same as Figl2 but verification is done against the GOES-dlbanalysis.

Figure 14: Normalised difference of the RMS wind error as iacfion of forecast range for the tropics 700 hPa

mean-normalised fmpg minus fmps

700hPa vector wind
Root mean square error

TIOPICS (at 20010200,Ion 180010 180.0)
Date: 20111206 00UTC to 20120205 00UTC

00UTC | Confidence: 95.0 | Population: 62

level. Verification is done against observations, and tifiedince is calculated as GOES-48 experiment minus

control.
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Figure 15: Histograms of the number of observations for W&/j.6n AMVs with Qb 80. Left panel shows North-
ern hemisphere midlatitudes, middle panel tropics, antizanel Southern hemisphere midlatitudes, respectively.
Black bars indicate the operational data set, and grey baes@CC test data set.

Here the new CCC AMVs and the old operationally dissemin&@btl/s are compared to the model
background field, and results from an impact study coveriig Weeks are discussed. The ECMWF
Integrated Forecasting System cycle 38r1 at a T511 resoluéil vertical levels, and 12-hour 4D-Var
has been applied in the experiments. The studied data setsc®¥st June - 3rd September 2012. There
was a gap in the processing of the CCC data at ECMWF 15th - 20 2012. Thus, data prior to 21st
June is not considered here. The following experiments baea performed in the first place:

e Control: Similar to operational ECMWF setup, i.e. using the “old” tdesat-9 AMVs.

e CCC: AMVs utilising the CCC method from Meteosat-9 used.

4.2 Comparison to the model background field
4.2.1 Cloudy WV, 6.2 and 7/8m

Figures15 and 16 show histograms of the number of observations as a functigmessure level for
WV 6.2 um and 7.3um AMVs, respectively. Black bars indicate the operatiorathdset, and grey bars
the CCC test data set. The distribution of observationsfegrdit heights has altered. The number of
available AMVs has significantly increased at mid-leveléQ4 700 hPa) in the CCC data set, while
at high levels (above 400 hPa) the number of available AM\&imewhat decreased especially in the
midlatitudes. A small number of low level (below 700 hPa) Aslare present only in the CCC data set.
It is unlikely to track real winds at low levels at WV channeBBUMETSAT is considering alternatives
to deal with this feature. Low level WV AMVs are blacklisted NWP models, thus, this data has no
impact on the model analyses or forecasts.

Figure17 shows the zonal plots of the number of observations (uppeglpaspeed bias (middle panel)
and RMSVD (lower panel) for WV 7.3tm AMVs with QI > 80. The magnitude of the negative bias
seen at high levels in the Southern hemisphere midlatithdesclearly decreased for the CCC AMVs
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Meteosat-9, WV 7.3 um, QI > 80, NH Meteosat-9, WV 7.3 um, QI > 80, TR Meteosat-9, WV 7.3 um, QI > 80, SH
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Figure 16: Same as Fidl5 but for WV 7.3um AMVs with Q> 80.

compared to the operational AMVs. Decrease in the RSMVDgs aliident in the same area. This is a
significant improvement in the AMV quality as the majoritytbe WV AMVs originate from the high
levels.

The positive bias seen below 300 hPa over the tropics andah&n hemisphere, and below 350 hPa
over the Northern hemisphere has increased for the CCC Alsllgs,the RMSVD in the same areas has
increased. Comparison to the distribution of observat{opper panel of Figl7) reveals that at these
areas there are more AMVs in the CCC data set than in the ap&ahtThis is the case also for 6.2n
WV channel AMVs (not shown).

Currently most of the WV AMVs are blacklisted below 400 hPaghg only WV 7.3 um channel
AMVs are used operationally at mid-levels, above 600 hPd,atmidlatitudes only. Figur&8 shows
the timeseries for bias (upper panel), RMSVD (middle paralyl number of observations (lower panel)
for the operational data (black) and for the CCC test da@d) @ethe Northern hemisphere midlatitudes
for active WV 7.3um AMVs. The statistics are on the same level for both datg setsthe quality of
the used data at mid-levels is similar in the operationaliartde CCC data sets, but the number of used
winds has almost doubled.

422 IR

The upper panel of Figl9 shows the zonal plots of the number of observations for-G0. At high
levels (above 400 hPa) at the Northern and Southern hennesphidlatitudes there are slightly less CCC
AMVs available than operational AMVs. In the tropics the opjte is true. At mid levels (400 - 700
hPa) the number of CCC AMVs is significantly larger than thenber of operational AMVs. At low
levels (below 700 hPa) the AMVs in the operational data st te be assigned to lower heights than in
the CCC data set.

The middle and lower panel of Fig9 show the zonal plots of the OmB speed bias and RMSVD, respec-
tively. Most significant changes are again seen at high deathe Southern hemisphere midlatitudes
where the negative speed bias is clearly reduced for the Ck@ZsAicompared to the operational AMVs.
The reduction in the magnitude of the bias, and also in RMS¥DBonsistent in time (not shown). The
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No. of observations, WV cloudy 7.3pum, operational data, gi > 80
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Figure 17: Zonal plot of number of observations (upper pangbeed bias (middle panel) and RMSVD (lower
panel) for WV 7.3um AMVs with QI> 80. Left panel shows the operational data set, and right pareeCCC
test data set, respectively.

middle panel of Figl9 indicates a slight increase in the speed bias at 300 - 500evebs ifor the CCC
AMVs in the tropics. However, the increase in the bias is seemn area where the number of available
AMVs is relatively low.

Figure 20 shows maps of the low level speed bias. Over the North Afrazaminent the positive bias

is somewhat decreased for the CCC AMVs compared to the épesbtAMVs. However, over sea
between 0 and 303 positive speed bias is increased, while the operatiorialsteow zero or slightly
negative bias. Also north of 30Nand south of 30Ssome areas of negative bias are seen in the CCC
data while the operational data show slightly positive bidke same regions. These changes are related
to the general shift in the height assignment for low level dvhoted earlier (upper panel of Fi9),
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Meteosat-9 WV 7.3um, 400 - 700 hPa, active, NH
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Figure 18: Timeseries for OmB speed bias (upper panel), RM@8wddle panel), and number of observations
(lower panel) for the operational data (black) and for the C&st data (red) at the Northern hemisphere midlat-
itudes for active WV 7.8m AMVSs.

and appear to be strongest in the inversion regions.

4.2.3 VIS
Low level AMVs (700 - 1100 hPa)

Figure21shows the zonal plots of the number of observations for VISMn the operational data set
observations tend to be assigned to lower heights than i€@@ data set. A similar feature was seen
for the low level IR AMVs (Fig.19).

Statistics show similar changes for the VIS AMVs than for ke level IR AMVs. Over the North
African continent the positive bias is decreased for the @B4/s compared to the operational AMVs.
However, over sea between 0 and 3@positive speed bias is increased, indicating that therobde
wind is stronger than the model wind. North of 30&hd south of 30Ssome increase in negative bias
is seen (not shown).

Figure22 shows the zonal plot of the mean difference (bias) betweeotiginally assigned height and
the best-fit pressure. The left panel is for the operatioatd det, and the right panel the CCC test data
set. A negative bias indicates that the assigned obsenvagimht is higher in the atmosphere than the
model best-fit pressure. There is an increase in the nedaéisdor the CCC data set above the 850 hPa
level. This suggests that the shift to higher levels is nppsuted by the best-fit pressure statistics, and
instead better agreement with the short-term forecastdvoeilachieved at lower heights.
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Figure 19: Zonal plot of the number of observations (uppengla OmB speed bias (middle panel) and RMSVD
(lower panel) for IR AMVs with Q¥ 80. Left panel shows the operational data set, and right ptireeCCC test
data set, respectively.

4.2.4 Summary

Summary of the monitoring statistics is as follows. The gyalf AMVs is generally improved at high
levels, and at midlatitude mid-levels in the CCC data setpamed to the old operational AMVs. At mid-
levels the number of available AMVs has significantly inae@d whereas at high levels the number of
AMVs has somewhat decreased. At low levels there is a geslifain the height assignment for IR and
VIS AMVs, the CCC AMVs are assigned to higher altitudes tHamald operational AMVs. The OmB
statistics indicate that at low levels the old operationM\5s agree better with the model background
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Figure 20: Map of the OmB speed bias for IR AMVs with>80. Upper panel shows the operational data set,
and lower panel the CCC test data set, respectively.
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Figure 21: Zonal plot of the number of observations for VISVAMvith QI> 80. Left panel shows the operational
data set, and right panel the CCC test data set, respectively
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Figure 22: Zonal plot of the mean difference between theinaigy assingned height and the best-fit pressure. Left
panel is for the operational data set, and right panel the €81 data set, respectively.

than the CCC AMVSs.
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4.3 Impact assessment
4.3.1 Mean wind analysis and observation fit statistics

Comparison of the mean wind analysis between the CCC anddh&dl experiment reveals that above
500 hPa level the magnitude of the differences is mainly ikas 0.5 ms®. However, at lower levels
more significant changes are seen. FiggBeshows the vector difference of the mean wind analysis at
level 850 hPa between the CCC and the control experimentnibisé significant changes are seen in the
Meteosat-9 coverage area in the tropics over sea whereftaredice reaches values as high as 1.5'ms
At 850 hPa level the use of the CCC AMVs tends to strengthemtben wind field. At the 700 hPa
level both weakening and strengthening of the mean wind iedéen but the magnitude of the changes
is smaller than at the 850 hPa level. The changes in the maahamialysis are at the same regions as
the increase in positive bias for IR and VIS AMVs in the CCCadat

In terms of the observation fit statistics for radiosondednabservations the statistics are rather similar
for both experiments. Figur24 shows the OmB (solid line) and OmA (dashed line) standardaeev
tion (left panel) and bias (right panel) for radiosonde windomponent over the Meteosat-9 coverage
area. Experiment with operational data is shown with blackd experiment with CCC data with red,
respectively. The differences in the statistics are minor.
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Figure 23: Difference in the mean wind analysis at 850 hPavieeh the CCC experiment and the Control. Shading
indicates the difference in mean wind speed [m/s]. The densd period is 21 June - 3 September 2012.
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Figure 24: OmB (solid line) and OmA (dashed line) standardliatgon (left panel) and bias (right panel) for
radiosonde wind observation u-component over the Meteédsatverage area. Control run is indicated with
black, and the CCC experiment with red.

4.3.2 Forecast verification

The forecasts have been verified against observations,gaidsa each experiment’s own analysis. Fig-
ures25 and 26 show the normalised difference of the RMS wind error as atfanof forecast range
for the Northern hemisphere extratropics (upper panelpi¢s (middle panel), and Southern hemisphere
extratropics (lower panel) at 200 hPa and 850 hPa levelsectisely, verified against observations. The
difference is calculated as CCC minus Control, so negatiees indicate a reduction in forecast error
from using the CCC AMVs. The grey error bars indicate the 9%8f#tfidence range. Verification shows
mainly neutral impact at Northern and Southern hemisphdrateopics at both levels, and in the tropics
at 200 hPa level. At 850 hPa level there is indication of sljghegative impact in the tropics.

Figure27 shows the map of the normalised rms difference between tt@ &@eriment and the Control
for the 48-hour wind forecast at the 850 hPa level verifiedresfahe own analyses. Blue shades indicate
positive impact and green and red shades negative impaut tiging the CCC AMVs. Verification
against own analyses shows a degradation in the forecasycatdow levels over the region where the
OmB bias of the CCC IR and VIS AMVs is increased compared toofherational AMVs. Elsewhere
and at high levels the impact is mainly neutral.

4.3.3 Complementary experiments

Based on the results discussed in the previous subsectaanibe concluded that at high levels the
impact of using the CCC AMVs is similar to the operational ABI\However, at low levels in the tropics
and Southern hemisphere midlatitudes the forecast quslggmewhat degraded. The open question is

whether some benefit is still gained from using the low lelRahd VIS AMVs. To answer the question
it was decided to perform the following additional expenitse

e Similar to CCC experiment but low level IR and VIS CCC AMVs blacklisted.

e Similar to CCC experiment but low level IR and VIS CCC AMVs blacklisted irettropics.
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Figure 25: Normalised difference of the RMS wind error as raction of forecast range for the Northern hemi-
sphere extratropics (upper panel), tropics (middle panetld Southern hemisphere extratropics (lower panel) at
200 hPa level. Verification is done against observations| e difference is calculated as CCC minus Control.
Thus, negative values indicate a reduction in forecastrefrmm using the CCC AMVs.
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Figure 26: Same as Fig25 but at 850 hPa level.

Scatterometer winds allow an independent cross-validadfothe changes to the mean wind analysis
at low levels. The upper panel of Figg8 shows a map of the mean first guess departure for used
scatterometer winds in the CCC experiment. The lower paifgigo 28 shows the first guess departure
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Figure 27: Map of the normalised rms difference between t8€ @xperiment and the Control for 48-hour wind
forecast at 850 hPa level. Blue shades indicate positiveaghpnd green and red shades negative impact from
using the CCC AMVs.

difference between the experiment where low level IR and ®8C AMVs are blacklisted and the CCC
experiment. At the South Atlantic Ocean over the area whHeesignificant changes in the mean wind
analysis are seen the first guess departures are largeraérpgbément where CCC AMVs are used. This
is the case also over the Gulf of Guinea. This indicates teastatterometer winds agree better with the
model background if the low level AMVs are blacklisted ingbareas. However, north from the equator
there is also an area where the magnitude of the first guesstdegs is increased in the blacklisting
experiment.

Verification against observations indicates that blathkigsof low level IR and VIS CCC winds has neu-
tral or slightly positive impact on wind forecasts at Northhbemisphere midlatitudes. This is the case for
both blacklisting experiments. At Southern hemispherdatitddes both positive and negative impacts
are seen. However, typically impacts are not statisticsiiyificant. Figure29 shows the normalised
difference in RMS error for 850 hPa wind forecasts as a fonotif forecast range in the tropics for the
experiment where low level IR and VIS CCC AMVs are blackiis(eipper panel), and are blacklisted
only in the tropics (lower panel). Blacklisting all low leviiR and VIS winds indicate mainly neutral
impact, and blacklisting low level winds only in the tropiesutral or slightly positive impact. Unfor-
tunately, there are very few radiosounding or pilot windeslations available from the area over sea
where the CCC winds lead to largest differences and it iscdiffto draw definite conclusions.

Based on the results it seems that blacklisting the low |&Rednd VIS AMVs slightly improves the
forecast quality. It is not evident that either of the blastikhg experiments would perform better than the
other. The degradation in the forecast quality is mainlynsaehe tropics but the deficiencies in the low
level wind height assignment are the same also at midlatutt has been decided to blacklist all low
level IR and VIS CCC AMVs for the time being in the ECMWF systehtere are ongoing activities at
EUMETSAT to improve the low level wind height assignmentd dime blacklisting decisions will be re-
evaluated once the changes have been implemented. Inyeri@JMETSAT investigates the so-called
inversion height assignment which places low level AMVshatinversion if an inversion is found in the
short term forecast. This has been shown to lead to a beitgrtltassignment in the past.
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Figure 28: A map of the mean first guess departure for usedesoateter winds in the CCC experiment (upper
panel), and the first guess departure difference betweeextheriment where low level IR and VIS CCC AMVs are
blacklisted and the CCC experiment (lower panel).
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Figure 29: The normalised difference in RMS error for 850 hiad forecasts as a function of forecast range
in the tropics for the experiment where low level IR and VISCCAMVs are blacklisted (upper panel), and are
blacklisted only in the tropics (lower panel).

4.4 Conclusions

The general impression from the comparison is that at higgidehe quality of the CCC AMVs is signifi-
cantly improved compared to the operational AMVs, espBc#ithe Southern hemisphere midlatitudes.
At mid-levels there are notably more AMVs available in the@@ata set than in the operational data
set. At mid-levels the quality of CCC AMVs is similar or sligyhimproved compared to the operational
AMVs. At low levels a degradation is seen in the quality of IRdlaVIS AMVs when compared to the
model background.

Results from the impact studies indicate that at high leedsmpact of using the CCC AMVs is similar
to the impact of using the operational AMVs. Below 700 hPalewtable differences in the mean
wind analysis are seen over the Meteosat-9 coverage areaameprimarily in the tropical region. The
changes in the mean wind analysis are at the same regione thiegncrease in positive OmB bias is seen
for IR and VIS AMVs in the CCC data set. These are areas wher®g\bdte known to have significant
impact on the mean wind analysis. Verification against owalyees indicates negative impact over this

28 Research Report No. 28



AMYV observations in the ECMWF system: Second year report ECMWF

area, and also verification against observations suggdagitysdegraded forecast quality in the tropics.
Unfortunately, the coverage of radiosounding/pilot oliatons is poor over sea and reliable verification
against observations can not be done over that area. Scagtar winds do not support the changes in
the low level mean wind analysis. Given the current resEt$METSAT is doing some further analysis
of the height assignment in these areas. The blacklistiogsidas will be re-evaluated once the changes
are implemented.

5 Experimentation with AVHRR polar AMVs

5.1 Motivation and background

Polar AMVs are derived from the Moderate Resolution Imadpgctroradiometer (MODIS) instrument
on-board the Terra and Aqua satellites and from Advancey Magh Resolution Radiometer (AVHRR)
on-board the NOAA-15, -16, -18, and Metop-A satellites. ARRIAMVs from Metop-B are expected to
be available early 2013, as well as the Visible Infrared limgdradiometer Suite (VIIRS) AMVs from
the Suomi NPP satellite. The lifetime of MODIS AMVs is appebing its end. Thus, the use of AVHRR
AMVs in operations is desirable. AVHRR AMVs are also inteiag for reanalysis purposes. This study
investigates the impact of using AVHRR AMVs in the ECMWF &yst

The MODIS IR and WV (both cloudy and clear sky) AMVs have besadiin the ECMWF system
operationally since January 2003. There is no WV channehenA&/HRR instrument, and only IR
AMVs with infrared window (IRW) height assignment are awshie. WV AMVs provide two thirds of

the number of MODIS winds. Thus, the lack of a WV channel on RRimeans fewer winds with
poorer quality because the advanced height assignmenbdsetine not applicable. The AVHRR AMVs
have been passively monitored in the ECMWF system since 200&

AVHRR AMVs are available from the Cooperative Institute kbeteorological Satellite Studies (CIMSS)
and from The National Environmental Satellite, Data, anfdrination Service (NESDIS). Figurg0
shows a timeseries of the observation minus background (iaB, RMSVD (root mean square vector
difference), and number of observations for NOAA-16 AVHRRI¥s from CIMSS (green) and NES-
DIS (blue) at the Northern hemisphere between 100 and 400THfeconsidered time period is 1st June
- 31st July 2011. There are notably more observations in tMSS data set than in the NESDIS data
set, and the OmB statistics are noisier for the NESDIS AMMige monitoring indicate similar features
for other levels and for the Southern hemisphere as wellrds@®AA-15 and NOAA-18. Until now the
AVHRR AMVs processed at CIMSS have been operationally neoait in the ECMWF system, and in
this study it is the CIMSS AVHRR winds that are used.

Figure 31 shows the timeseries of the OmB bias, RMSVD, and number ofrgbions for MODIS
IR AMVs from Terra (blue), AVHRR AMVs from NOAA-16 (green),na from Metop-A (red) for the
Northern hemisphere between 100 and 400 hPa as an examb&robnitoring statistics. Passive mon-
itoring indicates that the quality of AVHRR AMVs from NOAAE] -16, -18 is comparable to MODIS
AMVs from the IR channel in terms of observation minus backgd (OmB) bias and RMSVD. The
Metop-A AVHRR AMVs show larger values for bias and RMSVD ar@ #éhus not included in this
study. The considered NOAA AMVs are processed at CIMSS aad/istop-A AMVs at EUMETSAT.
The processing methods are different and can explain tfereliices in the monitoring statistics.
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Figure 30: Timeseries of the OmB bias (upper panel), RMSViDdi® panel), and number of observations (lower
panel) for NOAA-16 AVHRR AMVs from CIMSS (green), and NESIL®) for Northern hemisphere between
100 and 400 hPa. The considered time period is 1st June - 8ls2011.
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Figure 31: Timeseries of the OmB bias (upper panel), RMSVibdia panel), and number of observations (lower
panel) for MODIS IR AMVs from Terra (blue), AVHRR AMVs fromA¥GL6 (green), and from Metop-A (red) for
Northern hemisphere between 100 and 400 hPa. The consitieregberiod is 1st June - 31st July 2011.
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5.2 Data assimilation experiments

Experiments for a summer and a winter season have been mpedadn order to study the impact of
AVHRR AMVs on model analyses and forecasts. The ECMWF lmattegh Forecasting System cycle
38rl at a T511 resolution, 91 vertical levels, and 12-houfV&Dhas been applied in the experiments.
All operationally assimilated conventional and satelibservations are used. The following experiments
have been performed:

e Control, summer: 1st June - 31st July 2011, no AVHRR AMVs used.

AVHRR, summer: AVHRR AMVs from NOAA satellites used with similar blacktiag that is
operationally used for MODIS IR AMVs.

Control, winter : 1st December 2011 - 31st January 2012, no AVHRR AMVs used.

AVHRR, winter : AVHRR AMVs from NOAA satellites used with similar blacktiag that is
operationally used for MODIS IR AMVs.

The blacklist applied for MODIS IR AMVs in the ECMWF systematixdes the following observations:

e All winds equatorwards of 60 latitude
e All winds over land below 400 hPa.
e All winds over sea or sea-ice below 700 hPa.

e All winds below 1000 hPa or above 100 hPa.

AVHRR winds are thinned together with the MODIS AMVs.

5.3 Impact assessment
5.3.1 Observation fit statistics

The observation fit statistics against radiosounding alod wind observations are very similar between
the Control and AVHRR experiments for both periods at Naritend Southern hemisphere midlatitudes
and in particular the polar regions, indicating overallsistency between the AVHRR AMVs and these
other observations. Figu@? shows the OmB and OmA standard deviation (left panel) ansl (ight
panel) for radiosonde wind observation u-component overSbuthern hemisphere polar cap. The
control run is indicated with red, and the AVHRR experimerithvblack. The considered period is
1st June - 31st July 2011. The observation fit statisticsnagdODIS AMVs are also very similar
between the Control and the AVHRR experiments (not shown).

Figure 33 shows the OmB and OmA standard deviation (left panel) and @ight panel) for AMV
wind observation u-component over the Arctic. The contunl is indicated with red, and the AVHRR
experiment with black. The considered period is 1st Decer2bél - 31st January 2012. In terms
of standard deviation the agreement of used AMVs with theehbdckground and analysis is rather
similar for both experiments. In terms of bias there are ndifferences but mainly at heights where the
number of observations is relatively low. Statistics irdécgeneral consistency between the MODIS and
AVHRR polar AMVs. Results are similar over the Antarcticdaior the summer period as well.
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Figure 32: OmB (solid line) and OmA (dashed line) standardiatéon (left panel) and bias (right panel) for
radiosonde wind observation u-component over the Southemisphere polar cap. The control run is indicated
with red, and the AVHRR experiment with black. The consitieegiod is 1st June - 31st July 2011.
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Figure 33: OmB (solid line) and OmA (dashed line) standardalgon (left panel) and bias (right panel) for AMV
wind observation u-component over the Arctic. Control reimdicated with red, and the AVHRR experiment with
black. The considered period is 1st December 2011 - 31staigr012.

5.3.2 Mean wind analysis

Differences in the mean wind analysis are small between WdRR and the Control experiments.
For both experiment periods the magnitude of the differsrisemainly less thar-0.5 ms*, and be-
low 700 hPa height hardly any difference is seen. The meaar paghd analysis is not changed sig-
nificantly unlike when the MODIS AMVs were introduced to th€MWF system in the first place
(Bormann and Thépau2004). However, the impact is consistent with current MODIS itpdiscussed
in Section2. AVHRR AMVs support the information provided already by MGEAMVS, and increase
the number of used polar winds by ca. 60%.

5.3.3 Forecast verification

Forecast verification has been done against each expelsnosvi analysis, and against observations.
Figure34 shows the zonal plots for the normalised difference in theRdihd error between the AVHRR
and Control summer experiments for two to five day forecaBisie areas indicate that the AVHRR
experiment has lower RMS errors than the control and gredryalfow areas the opposite. Verification
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has been done against the own analysis. Generally the uséHiRR AMVs has a neutral impact on
the forecasts with indications of slight positive impachfioed to the northern polar area. Conclusions
based on verification against own analyses are similar éoniihter experiments.

T+48 T+72
@ 200 @ 200F
o a
= =
5 400 G 400F
3 =1
a2 600 2 6o00f
< 2
o goof . o 800F
1000 1000 g
-90 -60 -30 0 30 60 90 -90 -60 -30 0 30 60 90 £
Latitude Latitude 5
:
T+96 T+120 H
g
H
o 200 s 200
o a
L =
g 40oF 1 g 400f
3 3 >
& 600f 2  e00f
2 o
o 800 o 800F
1000 1000
-90 -80 -30 0 30 60 90 -90 -80 -30 8] 30 60 90
Latitude Latitude o0

Figure 34: Zonal plots of the normalised difference of the Rind error between the AVHRR and Control
summer experiments for two (upper left panel), three (upipét panel), four (lower left panel), and five (lower
right panel) day forecasts. Verification has been done agdime own analysis. Blue areas indicate that the
AVHRR experiment has lower RMS errors than the control ardryand yellow areas the opposite.

Verification against observations shows also mainly néutrpact at all levels from using the AVHRR
AMVs for both experiment periods. Figus shows the normalised difference of the RMS wind error
as a function of forecast range for the Northern hemisphetrateopics (upper panel), tropics (middle
panel), and Southern hemisphere extratropics (lower pae200 hPa level combining the summer
and winter periods (122 cases). The difference is calall&¥#HRR minus Control experiment. Thus,
negative values indicate reduction in forecast error frangithe AVHRR AMVSs, and positive values
increase, respectively. In the Southern hemisphere egiat some negative impact is seen for day 6,
and in the tropics for day 3, otherwise the impact is neutitiliwthe 95% confidence intervals.

5.4 Conclusion and actions taken

Passive monitoring indicates that the quality of AVHRR AMivem NOAA-15, -16, -18 is comparable
to MODIS IR AMVs in terms of OmB mean difference and RMSVD. histstudy the impact of using
the AVHRR AMVs in the ECMWEF system has been investigated owerperiods, 1st June - 31st July
2011 and 1st December 2011 - 31st January 2012. Observatstatifstics are very similar between the
Control and AVHRR experiments for both periods. Forecasfigation indicates mainly neutral impact.
Operational assimilation of AVHRR AMVs has been activated1®th November 2012. Additional
experiments will be conducted to assess the impact of AVHRR/8when MODIS AMVs are absent.
This is to further characterise to what extent the AVHRR wiodn compensate for the loss of MODIS
winds expected in the near future.
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Figure 35: Normalised difference of the RMS wind error as raction of forecast range for the Northern hemi-
sphere extratropics (upper panel), tropics (middle panetld Southern hemisphere extratropics (lower panel) at
200 hPa level. Verification is done against observations, the difference is calculated as AVHRR minus Control.
Thus, negative values indicate a reduction in forecastrdrmm using the AVHRR AMVs. The considered period
is 1st June - 31st July 2011 and 1st December 2011 - 31st Jara@dr2 (122 cases).

6 Status of investigations on situation dependent observain errors
6.1 Background

The Met Office has introduced an approach to estimate situdiépendent observation errors for AMVs
(Forsythe and Saunde2008. The observation error is divided into two parts, one o&ging from the
AMV tracking and one originating from the error in the heigtg#signment. As a result, the assumed
observation errors for AMVs are larger in areas with strorigdsshear, where height assignment errors
are more relevant. The new method has been investigated iBE@MWF system. Estimation of the
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height errors and the tracking errors have been reportégkit-tyear report together with the first results
on assessment of the erro&ajonen and Bormang0117).

During the past year the emphasis of the work related to teetithe situation dependent AMV obser-
vation errors has been on answering the following questions

e Can the model first guess check for AMVs be simplified?

e Can the observation error due to the error in height be useddiade suspicious observations?

e What is the impact of using the new observation errors on irentiyses and forecasts?
In order to find the answers a set of model experiments for-JAlygust 2010 have been performed with
the ECMWEF Integrated Forecasting System cycle 37r2 at T&MD (km) resolution, 91 vertical levels
and 12 hour 4D-Var. All operationally assimilated convenél and satellite observations have been
used. The control run is similar to the current operatignafied setup, i.e. the AMV observation errors

vary only with height. In the experiments the new observagoors are used, and several revisions of
the quality control are considered, as discussed below.

6.2 Revised quality control

The model first guess check compares observatianish the model background informatidthx,

(Hxp —y)?
O+ 0%

2" of+0%

Jut] Jv) <L 1)
Observations which deviate from the background more thare-algfined limitL are rejected. In eql
ag anda? are the background and observation error variances, rasggc

Traditionally the first guess check has been very strict f\Aobservations in the ECMWF system.

Tight rejection limits are applied, typically is by factor\/10 smaller for AMV observations compared

to limits used for conventional wind observations. In aiddit the first guess check is asymmetric, i.e.
an additional penalty is applied to AMV observations thademreport wind speed when compared with
the first guess field. There are also some geographical depeied in the rejection limits, the first guess
check is slightly relaxed for the low level winds, and in thapics.

The new situation dependent observation errors allow tondaeight observations in areas where wind
shear is strong and the error in the height assignment canadvastic impact. Thus, it is important to
revise the first guess check and carefully consider how itdce simplified and possibly relaxed.

Experiments have been conducted to investigate removigshimmetric part of the first guess check,
and other adhoc geographical adjustments to the rejeétiits| In addition variations of the rejection
limit L have been tested to allow more AMV observations to pass stefiess check than in the current
operational system.

Results from the model experiments indicate that it is fbsdio remove the asymmetric part of the
first guess check, and the geographical dependencies igjgmtion limits without degrading the quality
of the model analyses and forecasts. This allows a signifisiamplification of the first guess check.
However, tight rejection limits need to be retained. Reaigxihe rejection limits results in degraded
forecast quality at high levels, and over high latitudegtfnérom 80N and south from 805) for short
forecast ranges at all levels.
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Figure 36: Demonstration of the operation of the model first guess ch&bk left panel shows Meteosat-9 WV
AMVs at 100 - 400 hPa heights after blacklisting. The uppghtrpanel displays the AMVs after applying the first
guess check used in the operational system, and the lowelterpdnel the after the modified first guess which is
under investigations. The lower right panel shows AMVsradigplying the criterion to limit the magnitude of the
observation error due to height error to be smaller thantioes the tracking error.

Furthermore, a new quality control criterion has been itigated. Criterior2 limits the magnitude of
the observation error due to error in heighg,, to be smaller than times the tracking errog;.

Ooh < N0Ogp} (2)

Experimenting with criterior2 using varying values fan indicates that it is an effective tool to detect and
reject suspicious observations. However, a too tightroiteresults in rejecting too many good quality
observations, and this leads to negative forecast impacrire areas in the tropics at high levels. In the
current configuration which is under further testimgs set to 4. This allows AMVs with an observation
error of up to 8 - 13 mst, depending on height of the AMV.

Figure 36 illustrates how the first guess check and the crite@larperate. In the left, a scatter plot of
observed wind speed versus first guess wind speed is showfefensat-9 WV AMVs at 100 - 400 hPa
heights. The upper panel shows the scatter plot for AMVs whiave been accepted by the first guess
check used in the current operational system. Outliers haga removed very effectively, and also the
impact of the asymmetric check is clearly seen. The loweepitnstrates the new simplified first guess
check that is under investigation. In the new first guessicliee asymmetric part has been removed,
and the same rejection limits are used independent of thgrgplical location of the AMV observation.
The modified first guess check rejects outliers as well. Theaspin the scatter plot is notably wider
compared to the operational first guess check. The effecsiofyuthe criterion2 is illustrated in the
lower right panel of Fig.36. Excluding AMVs with large errors due to errors in heightigement is
motivated by the fact that the height assignment errorskety to be more correlated spatially, and such
correlations are currently neglected.
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Figure 37: The relative change (percentage) in the number of used AMdéfations compared to the control
experiment for the northern hemisphere extratropics faftel), tropics (middle panel), and southern hemisphere
extratropics (right panel).

6.3 Impact assessment

Based on the above investigations, the following configoindtas been chosen for further evaluation: the
situation dependent observation errors, the above descnitodified first guess check, and the criterion
to limit the magnitude of the observation error due to heigtior to be smaller than four times the
tracking error. The control run is similar to the current gtional setup.

Figure37 shows the relative change (percentage) in the number ofAlgBobservations compared to
the control experiment for the northern hemisphere exipids (left panel), tropics (middle panel), and
southern hemisphere extratropics (right panel), respgti At the northern and southern hemisphere
extratropics the number of used AMVs is the same or increasatpared to the control experiment at
all levels. The increase is more pronounced at the southamisiphere. Also in the tropics the number
of used AMVs has slightly increased below 500 hPa but at hagiels the number of used AMVs is
somewhat decreased. This is due to the criterion to limitntlagnitude of the observation error due
to height error to be smaller than four times the trackingreriFigure38 shows the OmB and OmA
observation fit statistics for AMVs in the tropics. Red liriadicate the experiment where the criterion
is used and black the experiment without the criterion. Tth#stics show that the set of AMVs used
in the experiment with the criterion have a better fit to thedeldoackground and analysis both in terms
of bias and standard deviation, indicating that the adutti@riterion indeed removes AMVs that agree
more poorly with the model background or the analysis.

Figure39 shows the vector difference between the experiment andbtiteat for the mean wind analysis
at level 200 hPa. In the midlatitudes the magnitude of th@ges is less than 0.5 ms This is a positive
result, as it supports that the asymmetric part of the firssgiwcheck can be removed without slowing
down the extratropical jets. The most significant impace&sin the tropics where the maximum values
for the difference are 1.5 ms. The vector difference is mainly positive, i.e. the meandaimstronger
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Figure 38: The OmB and OmA observation fit statistics for used AMVs in tiopics. Red line indicates the
experiment where the criterion to limit the magnitude ofdbservation error due to height error to be smaller than
four times the tracking error is used, and black line exasitlyilar experiment setup but without the criterion.
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Figure 39: Difference in the mean wind analysis at 200 hPa between thergwrent using situation dependent
observation errors and the control. Shading indicatesifferehce in mean wind speed (m9. The considered
period is 1 July - 31 August 2010.

in the experiment than in the control. At 300 hPa level the ifications tested in the experiment tend to
weaken the mean wind field in the tropics, the highest diffees being 1 ms' (not shown). At lower
levels the differences in the mean wind analysis are tylyitess thart=0.5 ms* also in the tropics.

Verifying against the own analysis indicates mainly pagévforecast impact from using the situation
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Figure 40: Zonal plot of the normalised difference (experiment - cohtin RMS error for 48-hour (left) and
72-hour (right) wind forecasts. Verification is done agathe own analysis.

dependent observation errors, and the criterion to lingtriragnitude of the observation error due to
error in height. Figuré0 shows a zonal plot of the normalised difference in RMS emo#B-hour and
72-hour wind forecasts as an example of the results. Therdifte is calculated as experiment minus
control, i.e. blue shades indicate positive impact andrgesel red shades negative impact. Verification
against observations shows mainly neutral results. Figlirghows the normalised difference (experi-
ment minus control) in RMS error for 200 hPa (upper panel) &5@ hPa (lower panel) wind forecasts
as a function of forecast range in the tropics. There is gyatie indication of positive forecast impact at
200 hPa level, however the impact is not statistically gigaint within 95% confidence intervals. At 850
hPa level the impact in wind forecasts is neutral but for thepptential statistically significant positive
forecast impact is seen up to day 4 (not shown).

6.3.1 Ongoing work

The results discussed above are considered positive anglan&urrently similar experiment setup us-
ing the situation dependent observation errors for AMVs ttodified first guess check, and the criterion
to limit the magnitude of the observation error due to heaghtr to be smaller than four times the track-
ing error is tested with a newer cycle 38r1 for a summer andewiperiods to confirm the conclusions.
Observing system experiments similar to Sectaare also planned to be conducted with the new ob-
servation errors. If the results from the new experimengsrabust, the operational implementation is
planned.

7 Other ongoing activities

The next significant change in the operational use of AMV$bélthe replacement of Meteosat-9 with
Meteosat-10 in December-January 2012/2013. The ECMWIEys prepared for the change, and the
Meteosat-10 data has been processed and passively mdratdeE€ MWF since 30th October 2012.

An upcoming change related to GOES AMVs is the planned dissgian of hourly AMVs, now they
are disseminating 3-hourly AMVs. Experimentation with treurly GOES winds is ongoing.
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Figure 41: Normalised difference of the RMS wind error as a functionareétast range in the tropics at 200 hPa
level (upper panel) and 850 hPa level (lower level). Verifarais done against observations, and the difference is
calculated as experiment minus Control. The consideradgbex 1st July - 31st August 2010 (62 cases).

Hernandez-Carrascal and Bormd@012) have studied the characteristics and origin of the AMV i&rro
using a simulation framework. Alternative interpretasamf AMVs as vertical as well as spatial averages,
and the reassigning of AMVs have been considered. Testinidgsiapproaches in the ECMWF system
with real AMVs has started.
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