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1 Executive summary

Atmospheric Motion Vector (AMV) observations are assirt@th operationally in the ECMWF 4D-Var sys-
tem from five geostationary (Meteosat-7, Meteosat-9, GQESSOES-13, MTSAT-2) and two polar orbiting
(Aqua, Terra) satellites. In addition, AMVs from seven otkatellites (FY-2D, FY-2E, NOAA-15, NOAA-
16, NOAA-17, NOAA-18, METOP-A) are passively monitored.bl@al summarises the monitored and used
AMVs. The changes in the operational use of the AMVs, and theamesults from research work carried out
between October 2010 and September 2011 are discussed ieftbit.

A significant change in the operationally used AMVs has béan the Meteorologial Satellite Center of the
Japan Meteorological Agency (JMA/MSC) started to disseteimourly-derived IR, WV, and VIS AMVs from
MTSAT-2. Earlier the AMVs were disseminated every 3-hounglee northern hemisphere and every 6-hours
on the southern hemisphere. Also the image intervals uségeifMV derivation were changed. Results
on monitoring the quality of the new 1-hourly AMVs, and on iagp studies are presented here. It can be
concluded that the quality of the 1-hourly MTSAT-2 AMVs isrmaparable to the quality of the old MTSAT-2
AMVs. Impact studies indicate improvements in the forecagten MTSAT-2 AMVs are used in general, and
when 1-hourly AMVs are used in particular.

The research work towards a general enhancement of theilasigimof AMVs in the ECMWF system is
ongoing. This includes detailed studies on the observaioor characteristics, and how to better take them
into account in the assigned observation errors. Consdguéme NWP model quality control procedures,
such as the first guess check, will be revised. The two mairceswf AMV observation errors are errors
in the wind vector derivation, and errors in the height assignt of the tracers. Currently, the observation
errors applied in the operational ECMWEF system for AMVs vanly with height. Forsythe and Saunders
(20083 have introduced an approach to estimate situation depeddV observation errors. The method
is investigated in the ECMWF system. Situation dependestfation errors have been derived, and their
impact on model analysis and forecasts is now carefullyidensd. The new approach allows to down-weight
observations in regions with high vertical wind shear wharers in height assignment are problematic, and
observations in regions where the height assignment esri@ss critical can get larger weight in the model
analysis. Preliminary results are encouraging.

Table 1: Overview of the use of AMV data in the ECMWF systerejtegnber 2011.

IR Cloudy WV | Clear WV | VIS
Meteosat-7 used used monitored | used
Meteosat-9 used used monitored | used
GOES-11 used used monitored | used
GOES-13 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 METOP-A, NOAA-15, 16, 17, and 18 monitored | - - -
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In order to estimate the AMV observation error due to errohéight assignment, a height error estimate is
required. Comparison of the assigned pressure to the medélfib pressure is one option to estimate the
magnitude of the height error. In the context of estimating situation dependent observation errors for
AMVs used in the ECMWF system, the model best-fit pressutestts have been compared between the Met
Office and ECMWEF global assimilation systems. The resultainobd from the best-fit pressure comparison

study show that the statistics are generally very similabfith systems in terms of systematic differences and
standard deviation. The results are also in good agreemitimtearlier findings about the characteristics of

height assignment methods, and quality of the observatiBased on the results it can be concluded that the
model best-fit pressure is a useful quantity for the AMV heigtcertainty estimation.

More detailed discussion on the above introduced subjegisesented in the following sections. The report is
organised as follows. Sectidhdescribes the changes in the dissemination of MTSAT-2 AMMs aresents
results on the data monitoring and impact studies. Se&iprovides background information for the work
towards using situation dependent observation errors fd¥WAbservations in the ECMWF system. Section
4 reports the results from the best-fit pressure comparisaty sione together with Met Office. Secti@n
describes the estimation of the situation dependent ofiéenverrors for AMVs in the ECMWF system, and
shows preliminary results from impact studies. Finallycti® 6 discusses some ongoing activities.

2 MTSAT-2 hourly winds

2.1 Motivation

The Meteorologial Satellite Center of the Japan MeteockigAgency (JMA/MSC) started to disseminate
hourly-derived IR, WV, and VIS AMVs from MTSAT-2 on 28th Mat2011 at 03 UTC. Earlier the AMVs
were disseminated every 3-hours on the northern hemisgmer@very 6-hours on the southern hemisphere.
At the same time the image intervals used in the AMV derivati@re also changed. Talfesummarises the
old and the new data sets.

The changes in the disseminated data were significant. Tthuas decided to blacklist all MTSAT-2 AMVs
in the ECMWEF system until the quality of the new data had bdemoughly verified. This was done by
passive monitoring of the observations against their modehterparts, and by performing data assimilation
experiments to study the impact on model analysis and fetecal he results are reported in the following
subsections.

2.2 Monitoring the data quality

The AMV data quality is routinely monitored with observationinus background (OmB) and observation
minus analysis (OmA) statistics. Based on the long term todng, decisions on which data is used and
which data is blacklisted are made. MTSAT-2 AMVs from thddeling areas are blacklisted:

e All VIS winds at 700 hPa and above.
e WV winds below 400 hPa.
e IR winds north of 20N.

e All winds over land below 500 hPa and additionally all windeoland (any height) North of 20! in
any region that is east of 108.
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Table 2: MTSAT-2 AMV products. Shaded lines show the dadésstminated before 28th March 2011 03 UTC. These
were incremented with the newly disseminated AMVs (unshatss).

AMV type Time Image Sector Image Interval (min)
IR 10.8um 00, 06, 12, 18 Full disk 15
03, 09, 15, 21 Northern Hemispherd 30
02, 04, 05, 08, 10, 11, 14, 16, 17, 20, 22, 2Blorthern Hemisphere 30
01, 07, 13, 19 Northern Hemisphere 60
01, 02, 03, 04, 05, 07, 08, 09, 10, 11, Southern Hemisphere 60
13, 14, 15, 16, 17, 19, 20, 21, 22, 23
WV 6.8um | 00, 06, 12, 18 Full disk 15
03, 09, 15, 21 Northern Hemispherqd 30
02, 04, 05, 08, 10, 11, 14, 16, 17, 20, 22, 2Blorthern Hemisphere 30
01, 07, 13, 19 Northern Hemisphere 60
01, 02, 03, 04, 05, 07, 08, 09, 10, 11, Southern Hemisphere 60
13, 14, 15, 16, 17, 19, 20, 21, 22, 23
VIS 0.63um | 00, 06 Full disk 15

03, 09, 21 Northern Hemispherqd 30
02, 04, 05, 08, 22, 23 Northern Hemisphere 30
01, 07 Northern Hemisphere 60

01, 02, 03, 04, 05, 07, 08, 21, 22, 23 Southern Hemisphere 60

Time series of the monitoring statistics are an effectivg teadetect if there are any changes in the data quality.
Figure 1 shows the mean wind speed (upper panel), mean differeneedetthe observation and the model
background and analysis (second panel), standard deviztthe OmB and OmA (third panel), and number of
observations (lower panel) for IR AMVs between 0 and 400 mPthé tropics (20S - 20°N). There is a clear
change in the number of available observations at 28th Matam the dissemination of the 1-hourly winds
started, otherwise the statistics stay on the same levelftitahe old data. Results for the other channels are
similar.

Figure 2 shows the wind speed bias (top), RMS error for the vector wliffdrence (middle), and the number
of available winds (bottom) for used WV AMVs between 100 afd 4Pa as a function of the hour of the
day. The statistics are shown separately for the southemispiere, tropics, and the northern hemisphere.
The considered period is September 2011. There is posii@gibdicating that the observed wind speed is
stronger than the model background wind. The magnitudeeobias is similar to that seen in the old data. A
striking feature is that at 00, 06, 12, and 18 UTC there is & re¢he number of observations in the southern
hemisphere. This is a result of the MTSAT-2 scan schedulethéossouthern hemisphere wind derivation is not
possible in the hour preceding the synoptic hours, but 2aei8/Vs are available for the next hour.

Based on the monitoring statistics it can be concluded tieageneral quality of the hourly AMVs is on the
same level than the quality of the old data.

2.3 Data assimilation experiments

Four experiments (4 April 2011 - 3 June 2011) have been paddrin order to study the impact of AMVs
from MTSAT-2 on model analyses and forecasts. The ECMWHFhated Forecasting System cycle 37r2 at a
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Statistics for windspeed from MTSAT-2/AMV_IR
Level =0.00 - 400.00 hPa, QI_GE_80 data [ time step = 6 hours ]
Area: lon_w= 0.0, lon_e= 360.0, lat_s=-20.0, lat_n= 20.0 (over All_surfaces)
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Figure 1: Upper panel: Time series of mean wind speed. Gremnihdicates observed, blue line first guess, and red
line analysis, respectively. Second and third panel: Tierées of first guess and analysis departure statistics. Bhee
indicates observation minus background, red line indisatileservation minus analysis, and green line in the thirdgban
shows the standard deviation of the observations. Loweepdme series of the number of available observationseBlu
line indicates all available observations, green line thenber of used observations. The considered area9S 2@0N,

0 - 400 hPa. Observations are filtered applying a QI threstadl80%.
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Figure 2: Wind speed bias (top), RMS error for the vector wilifierence (middle), and number of available AMVs
(bottom) for used WV AMVs between 100 and 400 hPa as a funatitimee hour of the day. Considered period is

September 2011.

T511 resolution, 91 vertical levels and 12 hour 4D-Var haanb&pplied in the experiments. All operationally
assimilated conventional and satellite observations seel,uonly the amount of MTSAT-2 AMVs is varied.

The following experiments have been performed:

e Control: No AMVs from MTSAT-2 used.

e Experiment 1: 6-hourly MTSAT-2 AMVs used (00, 06, 12, 18).

e Experiment 2: 3-hourly MTSAT-2 AMVs used (00, 03, 06, 09, 13, 18, 21).

e Experiment 3: 1-hourly MTSAT-2 AMVs used.
Figure 3 shows the OmB (solid line) and OmA (dashed line) standardaten (left panel) and bias (right
panel) as a function of height far component of the radiosonde wind observations at the MTSA&ata
coverage area. Black lines indicate the control experineamd red lines experiment with 1-hourly MTSAT-2

AMVs. The standard deviation is decreased for the expetiméh 1-hourly MTSAT-2 AMVs compared to
the control experiment. This indicates that the obsermatiit better the model background when MTSAT-2
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Figure 3: OmB (solid line) and OmA (dashed line) standardialtian (left panel) and bias (right panel) for radiosonde
wind observation u-component at the MTSAT-2 data coversgge &ontrol run is indicated with black, and the experi-
ment with 1-hourly MTSAT-2 AMVs is indicated with red.
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Figure 4: Normalised RMS difference (experiment - contimlb00 hPa geopotential as a function of forecast range
(days). Black line indicates the experiment with 1-howey line 3-hourly, and green line 6-hourly MTSAT-2 AMVSs,
respectively.

AMVs are used. Changes in the bias are small. Similar impnarés in the observation fit statistics can be
seen in all experiments, and also outside the MTSAT-2 datarege area. However, largest improvements are
found when the 1-hourly MTSAT-2 AMVs are used.

The impact of using MTSAT-2 AMVs on forecasts has been irgattd by verifying the experiments against
their own analysis, and against the operational ECMWF aimlyigure4 shows the normalised RMS differ-
ence between the experiments and the control for 500 hPatgwjal. In Fig.4 the verification has been done
against the own analysis. The error bars indicate 95% corf@@tervals. In general, the normalised RMS
scores indicate that the use of MTSAT-2 AMVs has a positivpdot on the 500 hPa geopotential forecasts,
and that the impact is statistically significant. The latgessitive impact is seen for the experiment utilis-
ing 1-hourly MTSAT-2 AMVs. Similar impacts can be seen onestlevels as well. Verification against the
operational ECMWF analysis support these conclusions.
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Figure 5: Normalised difference (experiment - control) iIM& error for 48-hour wind forecasts at 200 hPa level

Figure5 shows the normalised difference in the RMS error for 48-hveind forecasts at 200 hPa level verified
against the own analysis. The difference is calculated psrarent minus control. Thus, blue shades indicate
positive impact and green and red shades negative impaut dging the 1-hourly MTSAT-2 AMVs in the
model analysis. A positive impact is seen especially at ti&SKT-2 data coverage area. Improvements can be
seen also on other levels, and forecast ranges.

2.4 Actions taken

Passive monitoring of the 1-hourly disseminated MTSAT-2 Ydvhas indicated that the quality of the new
MTSAT-2 AMVs is similar to the old ones. Data assimilatiorpeximents show positive impact. Based on the
monitoring statistics and the results obtained from theadanstudies, use of 1-hourly MTSAT-2 AMVs has

been activated on 23rd August 2011 in the operational ECMygtem.

3 Motivation and background: situation dependence in the AM/ observation
errors

A good forecast requires that the initial state of the atrhesp is known accurately, and that the NWP model
is a realistic representation of the atmosphere. Data daton methods are used to produce initial condi-
tions for NWP models. The NWP model background field, typycal short-range forecast, is updated with
observations in a statistically optimal way. A correct sfieation of background and observation errors, and
error correlations is essential as they determine to whahexhe model background field is corrected to fit the
observations.

One of the largest error sources for AMVs is the height ass@rt of the tracers (e.dgNieman et al. 1993
Jung et al.2010. Several height assignment methods are in operational lEaeh of them have their own
assumptions and error characteristics. The magnitudecoAlV observation error due to error in the height
assignment is highly situation dependent. It can be venyifsignt in regions where wind shear is strong, but
is less relevant in areas where there is not much variatiovirid speed with height. Another important source
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of error for AMVs is the tracking error, i.e. errors in the winector derivation. Currently, the observation
errors applied in the operational ECMWF system for AMVs vanyy with height. Thus, observation errors
are independent of satellite, channel, and height assighmethod as well as the prevailing atmospheric
conditions.

There are two main approaches to take into account theisitudépendence in the AMV observations errors
discussed in the literature. The statistically-based egueerror (EELe Marshall et al.2004) estimates the
total error in each AMV based on regressions between AMV adibsonde wind observation differences,
and a set of predictors, including the vertical wind shedenaperature lapse rate, and the components of the
forecast-dependent quality indicator. Thersythe and Saunde(@0083 approach is more physically-based,
and aims to identify and quantify the error sources in the Adbgervations. The main focus in this work has
been on the latter approach.

TheForsythe and Saundegf20083 approach devides the AMV observation error into two pan®, originating
from the AMV tracking and one originating from the error iretheight assignment.

[total u/v errol? = [Tracking error in ui? + [Error in u/v due to error in height assignmgnt (1)

The advantage of the approach is that it allows to down-wi@gkervations in regions with high vertical wind
shear where errors in height assignment are problematicgiae greater weight for observations on regions
where the height assignment error is less critical. Otheremay also contribute to the total AMV observation
error, e.g. errors of representativeness, but these aexplititly modelled here.

In this work, the height errors are estimated based on maxtifti pressure statistics. The model best-fit pres-
sure is defined as the height where the vector differencedastthe observed and the model background wind
is the smallest. Another option would be to use producerigealestimates for the height errors. However,
these are not yet operationally available. The height estimate Ey, is converted to a wind error due to the
error in height using equatior&sand3 in each caseHorsythe and Saundei20083

AV IW(V —Vp)?
EVp - ZVVl ) (2)
where ( )2
_ Pi — Pn «

In equation® and3i is the model levely; is the wind component on model levely, is the wind component at
the observation locatiorg; is the pressure on model levelp,, is the pressure assigned to the AMV, aifel is

the layer thickness. The formulation assumes a Gaussitiibdt®n of height error, ané&, defines the width

of the weighting function. In the ECMWF implementation, goper limit for the weighting function is set to
the height of the model tropopause. It is assumed that tlierecaclouds or water vapour features suitable for
AMV tracking above that height.

The following sections document the work done so far towasilsg situation dependent observation errors for
AMVs in the ECMWF system.

4 Best-fit pressure comparison study for Met Office and ECMWF gstems

In order to get an impression of the usability of the modeltfiepressure in characterising the height as-
signment error, the best-fit pressure statistics have beempared from the Met Office and ECMWF global
assimilation systems. The statistics have been calculatéeebruary - March 2010. The data has been filtered

8 Research Report No. 23



AMV observations in the ECMWF system: 1-year report ECMWF

Table 3: Satellite, channel and height assignment methatbawations studied for February — March 2010. Unknown
height assignment means that the information is not pralidéhe disseminated data.

Satellite Channel Height assignment methods
Meteosat-7 | IR unknown
VIS unknown
Cloudy WV unknown
Meteosat-9| IR 10.8 CO2 slicing, BO intercept, EBBT
HRVIS CO2 slicing, EBBT
VIS 0.8 CO2 slicing, EBBT

Cloudy WV 6.2 | CO2 slicing, BO intercept, EBBT
Cloudy WV 7.3 | CO2 slicing, BO intercept, EBBT

MTSAT-1R | IR H,O intercept, EBBT
VIS EBBT
Cloudy WV H,O intercept
GOES-11 | IR10.7 H,O intercept, EBBT, cloud base
IR 3.8 EBBT, cloud base
VIS EBBT, cloud base
Cloudy WV H,O intercept, EBBT
GOES-12 | IR 10.7 CO2 slicing, BO intercept, EBBT, cloud basg
IR 3.8 EBBT, cloud base
VIS EBBT, cloud base
Cloudy WV CO2 slicing, BO intercept, EBBT
TERRA IR H,O intercept, EBBT, cloud base

Cloudy WV H,O intercept, EBBT

Clear Sky WV | EBBT

AQUA IR H,O intercept, EBBT, cloud base
Cloudy WV H,O intercept, EBBT

Clear Sky WV | EBBT

applying a QI threshold of 80% to all geostationary AMVs ar@lahreshold of 60% to all polar AMVs. The

Ql used is the EUMETSAT quality indicator without first gues®ck. The best-fit pressure statistics have been
considered separately according to satellite, channaghthassignment method, and surface type (land/sea).
Table 3 summarises the data sets. The total amount of AMV obsenafiollfilling the QI criteria for the
studied period is ca. 37 000 000.

4.1 Commonly used height assignment methods and their typat error characteristics

Most commonly used height assignment methods are the éeplivialack-body temperature (EBBT), carbon
dioxide (CQ) slicing, water vapour (kD) intercept, and cloud base techniqudang et al. 2010. AMV
observations utilising these height assignment methods ieen used also in this study.

The EBBT technique is based on comparing measured brighteesperatures to forecast temperature pro-
files. The level of best agreement is chosen for the observéigight. The method works best for opaque
clouds. For semitransparent and small clouds the methddsgign the observation too low in the atmosphere
(Nieman et al.1993.
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The CQ slicing techniqueNlenzel et al.1983 combines IR longwave-window channel data with aDsorp-

tion channel data to specify a cloud height. The height isrd@ned from the ratio of the difference between
the true cloud affected radiance and the estimate of theldi@e radiance for the two different spectral chan-
nels. The method fails when the difference between the wbdend clear radiances is less than the instrument
noise in any of the channels. Typical situations are e.g.doyken clouds, or thin cirrus clouds. The method
has also difficulties in situations where clouds are in twmore layers. In this case the G@&licing technique
assigns the observation height somewhere in between thd legers.

The H0 intercept techniqueSzejwach 1982 is based on the fact that radiances in the WV channel oliggrvi
a single cloud layer vary nearly linearly with the radiané®sn IR channel as a function of cloud amount
in a field of view. The radiance measurements are used tageitteradiative transfer calculations for both
spectral channels. The intersection of the measured aodlatd radiances will occur at clear sky and opaque
cloud radiances. The cloud height is extracted from theccladliance intersection. The WV radiances origi-
nate primarily from the upper troposphere, thus the heighdrdhinations below 600 hPa height are typically
rejected.

In the cloud base height assignment method a histogram diripletness temperatures is derived in the target
area e Marshall et al.1994). The cloud base temperature is estimated using Hermiympuwlials fitted to the
histograms. The obtained cloud base temperature is theparech with forecasted temperature to determine
the cloud base height. The cloud base height assignmenbdhistlused for low level clouds only.

4.2 Characteristics of the model best-fit pressure calculan

The calculation of model best-fit pressure consists of twpsst First the model level with the smallest vector
difference between the observation and the model backdratind is found. Second, the true minimum is
calculated by using a parabolic fit to the vector differeraetiiis model level and the two neighbouring levels.
The model best-fit pressure is calculated only if the follogveriteria are fulfilled:

1. The vector difference between the observed and the madkfbound wind is less than 4 m's

2. The vector difference is greater than the minimum difieee+2 ms* outside of thet-100 hPa from the
best-fit pressure.

The former criterion is designed to exclude cases where tiseno good agreement between the AMV wind
observation and the model wind at any level. The latter oiteexcludes cases where there is a secondary, or
a very broad minimum. Both ECMWF and Met Office systems usendai approach to calculate the model
best-fit pressure. A minor difference in the calculatiorhitin the ECMWF approach the minimum closest to
the assigned observation height is chosen, whereas in th®flee approach the actual minimum is chosen.

Figure 6 shows examples of vector wind difference profiles and theehbest-fit pressure calculation. The
left panel of Fig.6 illustrates a case where the model best-fit pressure islagdu The originally assigned
observation height is 260 hPa (dashed line) and the modefibpsessure is 160 hPa (solid line) where there
is a clear minimum in the vector wind difference profile. Thieldte panel of Fig6 illustrates a case where the
vector difference is greater than 4 msat all heights. The originally assigned observation heigt®50 hPa.
There is a minimum in the vector difference profile at the obs#on height but as the minimum is 5.9 ms

it is considered that there is no good agreement betweerbenaed and the model background wind and the
best-fit pressure is not calculated. Finally, the right pafh&ig. 6 gives an example of a case where there is a
broad minimum in the vector difference profile. Thus, ci&e? is not fulfilled and the best-fit pressure is not
calculated.
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Figure 6: Examples of vector wind difference profiles as afiom of pressure. Criteria for best-fit pressure calcubati
fulfilled (left panel), vector wind difference greater théms * (middle panel), and broad minimum (right panel). Dashed
horizontal line indicates the observation height, anddadlorizontal line the calculated model best-fit pressure.

An interesting question is how often the model best-fit presgs actually calculated. The following results are
based on the ECMWF experiments only but similar results lhaex obtained at Met Office. Figureshows
the percentage of the cases where the best-fit pressurecidatatl (black bars), is not calculated because
criteria 1 is not fulfilled (grey bars), and is not calculateaitause criteria 2 is not fulfilled (white bars). The
grey line shows the number of cases in each latitude band b@&stefit pressure is calculated in 25 — 30% of
the cases. In ca. 7% of the cases there is no good agreemerebahe observed and the model background
wind, i.e. criteria 1 is not fulfilled, and in 63-68% of the eaghere are multiple or a broad minima, i.e. criteria
2 is not fulfilled.

4.3 Comparison of best-fit pressure statistics

In this section, some remarks are made on the behaviour bEstefit pressure statistics, and on similarities and
differences between the ECMWF and Met Office systems. Casgar are done in terms of mean difference

(bias) and standard deviation of the assigned observatigihthminus model best-fit pressure. All comparison
figures can be found from

http://research. met of fice. gov. uk/ research/interproj/ nwpsaf/satw nd_report/
i nvestigations/bfpress/10 03/intro. htni

Geostationary AMVs

The three most commonly used height assignment method< isttidlied data sets have beenXlcing,
H,0O intercept, and EBBT height assignment. In the following tesults are discussed according to this
categorization.

Figure8 shows the zonal plots of the bias (upper panels) and standaidtion (lower panels) for Meteosat-
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Figure 7: Percentage of the cases where the best-fit presswalculated (black bars), is not calculated because there
is no good agreement between the observed and backgoundgveydbars), and is not calculated bacause there is a
second or a broad minima (white bars). The grey line showsitmber of cases in each latitude band (right y-axis).

9 IR channel AMVs utilising the C®slicing height assignment over sea for Met Office (left paaeld for
ECMWE (right panel). The bias is small above 400 hPa heigthitetween 505 and 50N, except in the tropics
below 200 hPa height where some positive bias is found. Aeidevels, and polewards significant negative
bias is seen. Thus, in these areas the assigned observaigit t$ higher in the atmosphere than the model
best-fit pressure. In terms of standard deviation the paisesimilar. The standard deviation is low above 400
hPa height and between @®and 50N but increases for lower levels and polewards. The ECMWf#stits
show somewhat larger standard deviation at mid levels theiet Office statistics. Similar behaviour of the
statistics is seen for WV channel AMVs (not shown). Howetlee, WV channel AMVs have larger positive
bias in the tropics below 300 hPa than the AMVs derived froenlth channel.

AMVs applying the CQ slicing height assignment are available also from GOESHigeneral the statistics
look rather similar to the Meteosat-9 statistics, i.e. éheran increase in the bias and standard deviation below
400 hPa. However, the magnitude of the bias as well as sthgaiation tends to be slightly smaller than in
the corresponding Meteosat-9 statistics. Also for GOESHEECMWE statistics show increased variation at
mid levels compared to the Met Office statistics.

The Meteosat and GOES AMVs applying the®intercept height assignment technique share very similar
characteristics in the statistics as the AMVs applying tka €licing height assignment. However, the overall
agreement is slightly worse. The assigned observatiorhheigd the best-fit pressure agree generally well
above ca. 300 hPa height and betweenS38nd 30N, but increase in the bias as well as standard deviation
is seen at lower levels and polewards. The bias poleward§°& &nd 30N is typically negative indicating
that the assigned observation height is higher in the atheyspthan the model best-fit pressure. For AMVs
from Meteosat-9 IR channel the statistics are worse ovettegrover land in the midlatitudes. In general, the
statistics are slightly better for the GOES AMVs than for Meteosat AMVSs.

The best-fit pressure statistics for AMVs from the MTSAT-1$8igned with the BO intercept method are
somewhat different compared to statistics for the Meteasdt GOES AMVs (Fig.9). The statistics show
good agreement between the assigned and the best-fit regsare ca. 300 hPa height also for MTSAT-1R
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Figure 8: Zonal plots of the mean difference (upper panets) standard deviation (lower panels) of assigned obseowvati
height minus model best-fit pressure for Meteosat-9 infrarleannel AMVs over sea. The utilised height assignment
method is CQ@ slicing. Statistics for Met Office system are shown on thealed for the ECMWF system on the right,
respectively.

AMVs applying the BO intercept height assignment. Below 300 hPa there is araserin the bias and in the
standard deviation but the bias is positive, i.e. the assigibservation height is lower in the atmosphere than
the model best-fit pressure. The ECMWF statistics show migrefisant bias at the mid levels compared to
the Met Office statistics for MTSAT-1R AMVs from the IR charne

The CGO slicing and the HO intercept height assignment methods are typically agdte AMVs originating
above 600 hPa height whereas the EBBT height assignmenbdhéethused for AMVs originating from all
heights. The general impression is that the agreement W#HEBBT assigned observation height and the
model best-fit pressure is not as good as for the AMVs applyiadCG slicing and the HO intercept methods.

Figure 10 shows the zonal statistics for Meteosat-9 IR channel AM\Vissiitg the EBBT height assignment
over land. Below 600 hPa height there is a stong positiveibide tropics, extending up to 38 and 30N. This
indicates that the assigned observation height is lowdrdratmosphere than the model best-fit pressure. This
feature has been reported in detail in the NWP SAF analypirt® (e.g. feature 2.7 i@otton and Forsythe
2010. The explanation is that in many cases the height of seamsfrarent clouds is assigned too low due to
temperature contributions from below the cloud over theAfatan land surface. Again, the bias tends to be
more pronounced in the ECMWF statistics.

GOES AMVs applying the EBBT height assignment show generaliher good agreement between the as-
signed observation height and the model best-fit pressuseielbr, for low level VIS channel AMVs there is
a significant negative bias between 800 and 600 hPa over gpd (l. Also this feature has been addressed in
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Figure 9: Zonal plots of the mean difference (upper panets) standard deviation (lower panels) of assigned obseowvati
height minus model best-fit pressure for MTSAT-1R WV chaivigks over sea (for Met Office not defined). The utilised
height assignment method i@ intercept. Statistics for Met Office system are shown onetiend for the ECMWF
system on the right, respectively.

the NWP SAF analysis reporE¢rsythe and Saunde2008h). There are problems in height assignment in the
stratocumulus inversion regions of the Pacific and Atlamétated to the use of forecast profiles with relatively
coarse resolution in the vertical.

For MTSAT-1R AMVs applying the EBBT height assignment pesitbias is seen at low levels. Compared to
other producers, the low level MTSAT-1R AMVs are assigned tquite narrow band around 950 - 850 hPa,
and only relatively few observations are assigned to higél$eusing the EBBT method.

Polar AMVs

AMVs from Aqua and Terra are available from IR and WV (cloudydalear sky) channels. In general, the
best-fit pressure statistics are rather similar for both BZivand Met Office systems.

AMVs applying the BO intercept height assignment method originate mainly al&d0 hPa height. For IR
and cloudy WV AMVs the bias is small both over land and sea. Sthedard deviation varies mainly between
50 and 150 hPa, and it has a tendency to decrease with ingydasght.

For AMVs applying the EBBT or the cloud base height assingmegthod, the bias and the standard deviation
are rather large below 500 hPa height, especially on nerthemisphere (Fig.12). Again, the ECMWF
statistics show maore pronounced bias. Above 500 hPa héightest fit pressure statistics indicate much better
agreement.
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Figure 10: Zonal plots of the mean difference (upper panaig) standard deviation (lower panels) of assigned obser-
vation height minus model best-fit pressure for Meteosd®-8Hannel AMVs over land. The utilised height assignment
method is EBBT. Statistics for Met Office system are showheteft and for the ECMWF system on the right, respec-
tively.

4.4 Discussion

A general conclusion from the comparison of the best-fit qures statistics for ECMWF and Met Office sys-
tems is that the statistics are mostly very similar to eatierotSome differences are seen e.g. at mid levels
where the ECMWEF statistics show occasionally more pronedigases and standard deviations than the Met
Office results. The differences in the biases can partiadyexplained with the different way in which the
multiple minima are handled in the best-fit pressure catmna In the ECMWF system the minimum closest
to the assigned observation height is chosen, while the Mfete3system chooses the actual minimum in the
difference profile. Different producing centers also stmagy of the same characteristics. The studied data set
consists of 37 000 000 AMV observations. Thus, the resuliscanclusions are based on enormous amount of
data even though the best-fit pressure can be calculatedno2b/— 30% of the cases.

The largest systematic differences between the assigreshatiion height and model best-fit pressure are typ-
ically found below 400 hPa height. In most of the cases whedias is positive, i.e. the assigned observation
height is lower in the atmosphere than the model best-fitspres the applied height assignment method is
EBBT. Earlier studies (e.dNieman et al.1993 have indicated that this height assignment method oftsigras
the observation too low in the atmosphere. The largest ivedaises occur for IR channel AMVs appyling ei-
ther CQ slicing or HO intercept heigtht assignment methods, and for VIS chafiBf's applying the EBBT
height assignment method.

Di Michele et al.(2011) have compared assigned heights for Meteosat-9 AMVs toltheldop height infor-
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Figure 11: Zonal plots of the mean difference (upper paretg) standard deviation (lower panels) of assigned observa-
tion height minus model best-fit pressure for GOES-12 VI&mblckAMVs over sea. The utilised height assignment method
is EBBT. Statistics for Met Office system are shown on thateftfor the ECMWEF system on the right, respectively.

mation from Cloud-Aerosol Lidar and Infrared PathfindereB&é& Observation (CALIPSO) for a one month pe-
riod. The results from the best-fit pressure comparison atdmline with the results presentedi Michele et al.
(2011). The magnitude of the the bias and standard deviation aghip of the same order.

In this study all geostationary AMVs with forecast independQI over 80, and polar AMVs with QI over 60
have been considered. AMV observations, as well as all ahservation types, go through various quality
control procedures before they are accepted to be usednmdtiel analysis. Spatial blacklisting is one essential
phase of the quality control. Blacklist decisions are basetbng term monitoring of the quality of the data.
The NWP SAF monitoring reports (e.gGotton and Forsythe201Q Forsythe and Saunderd0083 document
the known features of AMV observations.

There are some differences in the ECMWF and Met Office modelAN&cklists but for the most part they
are rather similar. Details about the blacklisting decisifor both models can be found from

http://research. met of fice. gov. uk/ research/interproj/ nwpsaf/satw nd_report/
anvi nfo. ht

Many of the problematic areas seen in the best-fit pressatistgts are actually already excluded in the oper-
ationally applied blacklistings. A good example of thishie fow level IR and WV polar AMVs. Long term
monitoring of these observations has indicated that théitgud the observations is not very good. Thus, at
ECMWEF all Aqua and Terra WV AMVs over sea are blacklisted be&b0 hPa height, and over land below
400 hPa height. IR AMVs are blacklisted below 700 hPa overaed below 400 hPa over land. At Met Office
all polar WV AMVs are blacklisted below 600 hPa height, arldRuwinds are balcklisted below 600 hPa over
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Figure 12: Zonal plots of the mean difference (upper paretg) standard deviation (lower panels) of assigned observa-
tion height minus model best-fit pressure for Terra IR ch&AMVs over land. The utilised height assignment method is
EBBT. Statistics for Met Office system are shown on the |efff@anthe ECMWF system on the right, respectively.

land and sea ice. These blacklisting decisions are in gooekawent also with the behaviour of the best-fit
pressure statistics.

Based on the obtained results it can be concluded that thdibpsessure statistics give reliable information
about the uncertainties in the AMV observation height assignt. Standard deviations will be used in section
5. Biases could be used to reassign observation heights.

5 Situation dependent observation errors for AMVs in the ECMWEF system

This section describes the estimation of situation depanéli®V observation errors for the ECMWF system,
compares the new and the old observation errors, and shames geeliminary results from performed impact
studies.

5.1 Estimation of the errors

The height errors and tracking errors have been estimated thhe model best-fit pressure and OmB statistics
for February - March 2010, and May - June 2010. Operationagd QI thresholds, and geographical selection
criteria have been applied for the data.

Figure 13 shows the pressure errors as a function of height for Metéys@OES-11, and MTSAT1-R IR
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Figure 13: Pressure error estimates based on best-fit pressatistics for Meteosat-9 (black solid line), GOES-1téb
dashed line), and MTSAT1-R (red dash dotted line) infrateghael AMVs utilising EBBT (left panel),,B intercept
(middle panel), and C@slicing (right panel) height assignment methods, respebti

channel AMVs utilising the EBBT (left panel), the,B intercept (middle panel), and the €@licing (right
panel) height assignment methods, respectively, as anpeafithe results. The statistics have been examined
separately for all satellites, channels, and height assigih methods. The height error estimates vary typically
between 70 hPa and 120 hPa. The largest height error estoha&d hPa was found for GOES-13 cloudy
water vapour AMVs at 400 — 600 hPa height, and the smalleghheiror estimate of 25 hPa for Meteosat-9

visible channel AMVs at 600 — 800 hPa height. A default valtiB®hPa is used, if a pre-defined height error
estimate does not exist.

The tracking errors have been estimated from cases wheggrthredue to the error in height is close to zero.
Also the tracking errors have been studied separately ifeatdllites, channels, and height assignment methods
but as the differences were relatively small, at the momeatriacking errors are defined separately only for
AMVs from geostationary, and polar orbiting satellitesgiifie 14 shows the tracking error estimates used for
AMVs from geostationary satellites. The tracking erroriraates vary between 1.0 msand 2.4 mst. A
default value of 2.0 mst is used if a predefined value does not exist.

Finally, the total observation error for each AMV obserwatis calculated by combining the tracking error and
the wind error due to error in observation height with ecurati.

5.2 Assessment of the new observation errors

In order to evaluate the realism of the new situation depeinoleservation errors, and to compare the situation
dependent observation errors with the currently used AMSeokation errors which vary only with height, a
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Figure 14: Tracking error estimates for AMVs from geostatioy satellites.

two-month (February - March 2010) monitoring experimerg haen performed. The results indicate that on
average the situation dependent observation errors ane siime magnitude, or slightly larger, than the current
observation errors.

Figure 15 shows the observation minus background (OmB) standardii@vias a function of the situation
dependent (open circles) and the current (black circlesgmation errors for u wind component for Meteosat-
9 cloudy water vapour AMVs applying CO2 height assignmenthoé at levels 100 - 400 hPa. The grey
histograms show the number of observations. There is a ggmEbment between the situation dependent
observation errors and the OmB standard deviation. In al @hese the observation errors would lie above the
one-to-one line as the OmB standard deviation has a cotitnbérom the background error as well. Thus,
Fig. 15 indicates that the new observation errors are slightly estenated. This behaviour is quite typical
for other satellite, channel, and height assignment coatioins as well. However, at the moment the spatial
and temporal correlations of the AMV observation errorsravetaken into account, but only compensated by
inflating the observation errors. From that point of viewntagnitude of the new observation errors is justified.

Figurel6displays the mean OmB (upper panel) and the mean obsenetion(lower panel) for cloudy water
vapour AMVs (u component) at levels 100 - 400 hPa at 1st Aug0%0 12 UTC. Comparison of the panels
indicates that when there are significant differences batwhe observed and model wind speed, also the
situation dependent observation errors reach higher vatighe same locations. Thus, the behaviour of the
new observation errors is consistent with expectations.

5.3 Preliminary results on impact studies

An important part of the evaluation of the situation dependdservation errors is to perform impact studies.
The main questions to be answered are:

e What is the impact of using the new observation errors on irentidysis and forecasts?
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Figure 15: Situation dependent (open circles) and currétedk circles) observation errors as a function of OmB stmd
deviation for southern hemisphere extra tropics (left pari®pics (middle panel), and northern hemisphere extopics
(right panel) Meteosat-9 cloudy water vapour AMVs apply@@2 height assignment method at levels 100 - 400 hPa.
The grey histograms show the number of observations.

e Does the first guess check need to be modified?

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

In order to answer these questions, a set of model expesni@entduly - August 2010 have been performed
with the ECMWF Integrated Forecasting System cycle 37r25dtlTresolution, 91 vertical levels and 12 hour
4D-Var. All operationally assimilated conventional antiefiiie observations have been used. The control run
is similar to the current operationally used setup, i.e AN&/ observation errors vary only with height. In the
experiments the new situation dependent observationsesrerused, and modifications to the first guess check
are tested.

The model first guess check compares observations with thelnbackground information. Observations
which deviate notably from the background are rejected dhasepre-defined criteria. Traditionally the first
guess check has been very strict for AMV observations. Inofperational ECMWEF system tight rejection
limits are applied, and the check is assymmetric, i.e. amfdit penalty is applied to AMV observations that
under-report wind speed when compared with first guess field.

The new situation dependent observation errors allow tondeeight observations in areas where wind shear
is strong and the error in height assignment can have a diagtact. Thus, it is important to revise the first

guess check and carefully consider how it could be simpldied relaxed. Preliminary results indicate that the
assymmetric check can be removed without degradation ianld/sis and forecast quality. However, more
experimentation and detailed analysis of the results igired before formulating the new rejection criteria and
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Figure 16: Mean OmB (upper panel), and mean observationrefimwer panel) for cloudy water vapour AMV u-
component at levels 100-400 hPa, 1st August 2010, 12 UTC.

limits.

Another aspect under investigation is how the observatioor elue to the error in height could be used to
exclude bad quality observations. A first trial has beenrtatlthe magnitude of the observation error due to
height error to be smaller than twice the tracking error. l&diag AMVs with large errors due to errors in
height assignment is motivated by the fact that the heigsigament errors are likely to be more correlated
spatially, and such correlations are currently negledtglire 17 shows the OmB (solid line) and observation
minus analysis (OmA; dashed line) standard deviation fleftel) and bias (right panel) for AMVs at southern
hemisphere midlatitudes. The control run is indicated itck, and the experiment utilising the situation
dependent observation errors and the above mentionedafitethe error due to height error is indicated with
red. The OmB and OmA standard deviations are clearly deedefas the experiment compared to the control
run. This indicates that the applied criteria seem to detedtreject suspicious AMV observations with large
departures well. The drawback is that the number of accejiiservations is decreased considerably. Changes
in the bias are relatively small. Further work is requiredétermine how best to exclude observation for which
the height assignment error is considered too large.

Figurel8shows normalised difference in RMS error for 24-hour wingéasts at 700 hPa level verified against
its own analysis. The difference is calculated as experim@nus control, thus blue shades indicate a positive
impact and green and red shades a negative impact from usrgjttiation dependent observation errors and
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Figure 17: OmB (solid line) and OmA (dashed line) standardialion (left panel) and bias (right panel) for AMVs at
southern hemisphere midlatitudes. Control run is indidatéth black, and the experiment is indicated with red.

SL095P068GL— 0 S 08 S¥ 09 G/

Figure 18: Normalised difference (experiment - controlRNIS error for 24-hour wind forecasts at 700 hPa level.

the limiting criteria for the error due to the height errorheToverall impression is that using the situation
dependent observation errors, and the limiting criterigetapositive impact on the forecast. Positive impact
can be seen for longer forecast ranges, and on other levelglhsexcept 200 hPa level where more mixed
impact is found.

Preliminary results from the impact studies are positivé encouraging but further analysis of the results is
still required.

6 Ongoing activities

The work towards using situation dependent AMV observagoors in the ECMWF system continues. As

mentioned in the previous section, the preliminary resaésencouraging. However, to confirm the realism of
the magnitude of the estimated observation errors, to makiedate decisions how to modify the first guess
check, and how to use the error due to error in height assighasean additional criteria to accept observations,
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more detailed analysis of the results is required. AMV deaigeriment will also be included to the set of
experiments to confirm the overall benefits of using AMV oliagons in the model analysis.

An ongoing work is to contribute to a winds impact study cdioated by Met Office and Météo-France in the
framework of the International Winds Working Group (IWWGhe aim of the study is to learn more about the
impact of satellite-derived wind data on NWP. Two 6-weekiqgas have been chosen. The periods cover the
2010 Atlantic hurricane season, and the 2010-11 northamdphere winter season. AMV denial experiments
are performed for both of the 6 week periods, and a scattdsvrdenial experiment to the Atlantic hurricane
period.

The next significant change in the operational use of AMV$ bélthe replacement of GOES-11 with GOES-
15 in December 2011. The ECMWF system will be prepared ferdhange, and the new data will be carefully
monitored before operational assimilation of the data.
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