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1 Introduction and Summary

The document includes a summary of the daily qualdntrol made within the IDEAS
(Instrument Data quality Evaluation and Analysisv@®) and various sections describing
the results of the investigations and studies gefeproblems” related to the Scatterometer.
In each section results are shown from the beginhmhthe mission in order to see the
evolution and to outline possible “seasonal’” efedin explanation for the major events
which have impacted the performance since laungjiven, and comments about the recent
events which occurred during the last cycle artigted.

This report covers the period from "LDanuary to 18 February 2010 (cycle 154) and
includes the results of the monitoring activity foemed by ESRIN and ECMWEF. This
document is available on line &ttp://earth.esa.int/pcs/ers/scatt/reports/pcsiadycl

Mission events
The following bullets summarize the major missiant$ for cycle 154:

* The ERS-2 satellite was piloted in ZGM throughdw tycle.
» The ESACA processor worked nominally without faults

» The following anomalies occurred on the AMI instremhin the reporting period:

- AMI Switchdown to Standby/MCMD Refuse Mode due 282CU REQ on 1%
January 2010 from 12:08:01 to 16:29:39.

- AMI unavailable for PL Synchronization on"30anuary 2010 from 18:02:52 to
18:11:10.and on 31January 2010 from 08:13:48 to 11:27:34.

- AMI Emergency Switchdown to Standby/MCMD Executiohibited due to
Format Length Errors and ICU Begin Identifiers Esron §' February 2010
from 00:29:22 to 13:06:44.

« Missing data from Johannesburg station froi D&cember 2009 onwards due to ground
station hardware failure.

« Missing data from Singapore station fronf"3ecember 2009 onwards due to a ground
station facility problem.

« Missing data from Mcmurdo station from %o 3% January 2010 due to a ground
segment network problem.

« Missing data from Hobart station from™9anuary 2010 onwards due to a ground station
facility problem.

« Missing data from Miami station from f1February 2010 onwards due to a ground
station facility problem.

« On 11" 16" 30" January and '3 February 2010 meteo files were missing or were
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delivered with delay to the ground stations dueatground segment problem. This
caused degradation in the retrieved wind field wpbor ambiguity removal
performances.

« On 11" 16"and 3" January 2010 some products missing or deliveréd délay due to
an ESRIN dissemination facility problem.

* For the entire period of cycle 154, ERS-2 Scatt&temdata was used in the 4D-Var data
assimilation system at ECMWF.

News on the ERS mission is available on limgp://earth.esa.int/ers/new ers news.html

Data Coverage

After the on board tape recorder failure in Julp20data is acquired in real time whenever
within the visibility range of a ground station. Mata from Johannesburg was received. For
Cycle 154, data coverage was over the North-Atampiart of the Mediterranean, the Gulf of
Mexico, a very small part of the Pacific west fréime US, Canada and Central America, the
Chinese Sea, a small part of the Indian Ocean S6ash of Thailand and Indonesia, and an
area near the Antarctica and South from Australiae west coast of the US and Canada was
covered only at descending passes due to e re@dmeednt of acquisition from Prince Albert
and Gatineau stations.

Y aw performance

The result of the monitoring for cycle 154 is ari@ge (per orbit) yaw error angle within the

expected nominal range (+/- 2 degrees) for mosh@fbrbit. Peak in the yaw angle standard
deviation on 13th January was due to degradedi@dtitaused by the DES blinding. Peaks on
31st January and 16th February were caused byitea#litude not corrected due to missing

YAW statistics (consequence of a ground segmesedifmation problem).

Calibration performance

* Calibration data from Transponder are not avélaince January 2005. This is due to a
hardware failure on the transponder. The repasuch device is still under evaluation. The
calibration data acquired until 2005 in the ZGMIwi¢ re-processed with TOSCA (Tool for
Scatterometer Calibration) and the results wilpb®vided in this report when available.
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» The calibration monitoring over the Brazilianrrdorest has been reactivated since cycle
148. Despite the limited coverage, the monitorigigtill valid for Mid and Aft beams at
ascending passes. In the reporting period limitaduat of data is available at descending
passes. Investigations performed showed that nwalsdegradations have been observed
and that the calibration stability is within theogéysical noise

» The Ocean Calibration monitoring is performedBMWEF. The average backscatter bias
level remains small compared to Cycle 153. Avellaigs level was less negative (-0.56 dB,
was -0.42 dB), being 0.15 dB more negative thaninahdata in 2000 (around -0.4 dB; see
Figure 1 of the reports for Cycle 48 to 59). Theation is similar to that of one year ago
(see report for Cycle 142). Long-term variatiomsrelate with the yearly cycle, which,
given the non-global coverage, is understandableeréfore, the method of ocean
calibration will probably only provide accurate omfnation on calibration levels for
globally or yearly data sets.

I nstrument perfor mance

* During the cycle 154 the mean transmitted powetwtion had a mean decreasing trend of
0.13 dB. This value slightly higher than the norhidacreasing trend of 0.1 dB/Cycle

detected since the beginning of the mission.

* The evolution of the noise power during the cyidd was stable. The daily average for the
Fore and Aft beam noise is around 1.7 ADC (1) armadiad 1.6 ADC (Q) respectively. For the

Mid beam the noise is not measurable.

* During the cycle 154 the Doppler compensationigian was stable. The daily average of
the CoG of the compensated received signal is @rd0rHz and -20 Hz for the Fore and Aft

antenna respectively. For the Mid antenna it wasiradt 200 Hz. The standard deviation of
the CoG was around 1500 Hz for the Fore and Akramt and around 2750 Hz for the Mid

antenna. Those values are within the nominal raBgel3" February a degradation of the

Fore and Mid antenna CoG values has been deteatedoda degradation satellite attitude
caused by the DES (Digital Earth Sensor) blindethieysun, typical of this season.

Timeliness perfor mance

During cycles 154 the timeliness performances wables compared to cycle 153. In the
reporting period Kiruna had the lowest timelinegalaout 35 minutes, Matera and Chetumal
40 minutes. The value for the other stations rdng@a 45 and 55 minutes. West Freugh and
Mcmurdo showed a very high variability.

@ esalﬂm
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Product performance

During Cycle 154 data was received between 21:0€ WT January 2010 and 13:00 UTC 15
February 2010. Data was grouped into 6-hourly gtdlcentred around 00, 06, 12 and 18
UTC). No data was received for the batches for U€ 9 February and 18 UTC 15 February
2010.

Compared to Cycle 153, the UWI wind speed relatvde CMWEF first-guess (FG) fields
showed a slightly lower standard deviation (1.58,m/as 1.59 m/s). Bias levels were more

negative (on average -0.94 m/s, was -0.83 m/s).

The PCS geophysical monitoring reports a wind speasl (UWI vs 18 or 24 hour forecast)
of 0.6 m/s and a speed bias standard deviatiomdrbi8 m/s.

The wind direction deviation for cycle 154 was gawith more than 98% of the nodes wind
direction in agreement with the ECMWF forecast.

2 Calibration Performances

The calibration performances are estimated usingetliypes of target: a man made target
(the transponder) and two natural targets (the famst and the ocean). This approach allow
us to design the correct calibration using a puactout accurate information from
transponders and an extended but noisy informdten rain forest and ocean for which the
main component of the variance comes from the geopdl evolution of the natural target
and from the backscattering models used. Thesectgspee in the calibration performance
monitoring philosophy. The major goals of the aaltibn monitoring activities are the
achievement of a “flat” antenna pattern profile afe assurance of a stable absolute
calibration level.

2.1 Gain Constant over transponder

One gain constant is computed per transpondergamnidrom the actual and simulated two-
dimensional echo power, which is given as a fumctibthe orbit time and range time. This
parameter clearly indicates the difference betw#&eal instrument” and the mathematic
model. In order to acquire data over the transpotite Scatterometer must be set in an
appropriate operational mode defined as “Calibratitode”. Since January 2001 with the
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operations in Zero Gyro Mode (ZGM) the satellitéitatle is not stable as it was in the
nominal Yaw Steering Mode (YSM). In particular thaes a non-predictable variation of the
yaw error angle along the orbit. For that reasam ghin constant data computed by the
CALPROC processor, that assumes a stable orbitma@ningless and a new calibration
processor is under development. In the mean timga ¢tom the Transponder are still
acquired and archived for future re-processing. Téyrocessed gain constants will be
provided in this section when available. For then ganstant computed during the nominal
YSM please refer to the Scatterometer cyclic repgete 60.

2.2 Ocean Calibration

The average sigma0 bias levels (compared to sigtllsigma0O’'s based on ECMWF model
FG winds) stratified with respect to antenna beastending or descending track and as
function of incidence angle (i.e. across-node nuiisalisplayed in Figure 1.

Compared to Cycle 153, inter-node and inter-beapenigencies between the fore and aft
antenna remain small. Average bias level was megative (-0.56 dB, was -0.42 dB), being
0.15 dB more negative than nominal data in 2000ufadl -0.4 dB; see Figure 1 of the reports
for Cycle 48 to 59). The situation is similar t@tlof one year ago (see report for Cycle 144).

Long-term variations correlate with the yearly @alhich, given the non-global coverage, is
understandable. Therefore, the method of ocearbratibn will probably only provide

accurate information on calibration levels for githp or yearly averaged data sets.

The data volume of descending tracks was aboutl8®84r than for ascending tracks.
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BIAS: (sOobs**0.625)/(s0fg3h**0.625)
ERS-2 obs. from 11/01/2010 21:04 UTC to 15/02/2010 13:00 UTC
DESCENDING TRACKS
271922 Entries, 49.3 % used (flat wind dir. dist.)
__ Fore _ _Mid ...Aft thin: Error Bar
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FIGURE 1ERS2  Scatterometer Ocean Calibration cycle 154 Ratio  of
<sigma_0"0.625>/<CM ODA4(First Guess)*0.625> converted in dB for the fore beam (solid line),
mid beam (dashed line) an aft beam (dotted line), as a function of incidence angle for descending
and ascending tracks. The thin lines indicate the error bars on the estimated mean. First-guess
winds are based on the in time closest (+3h, +6h, +9h, or +12h) T511 forecast field, and are
bilinearly inter polated in space.
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2.3 Gamma-nought over the Brazilian rain forest

Although the transponders give accurate measuramehtthe antenna attenuation at
particular points of the antenna pattern, they rawe adequate for fine tuning across all
incidence angles, as there are simply not enougtples. The tropical rain forest in South
America has been used as a reference distributgettd he target at the working frequency
(C-band) of ERS-2 Scatterometer acts as a veryhrgaugace, and the transmitted signal is
equally scattered in all directions (the target assumed to follow the isotropic
approximation). Consequently, for the angle ofdecice used by ERS-2 Scatterometer, the
normalized backscattering coefficient (sigma nolughill depend solely on the surface
effectively seen by the instrument:

S° = Se cosf

With this hypothesis it is possible to define th#dwing formula:

Using the above equation, the gamma nought backsiogt coefficient over the rain forest is
independent of the incident angle, allowing the sneaments from each of the three beams
to be compared.

The test area used by the PCS is located betw&ethelrees North and 5.0 degrees south in
latitude and 60.5 degrees West and 70.0 degreesiiMesgitude.

That area was not covered at the beginning of thgidRal Mission Scenario and therefore
the calibration monitoring was suspended sinceec§6l

In February 2005 and October 2007 two ground gstatibave been put into operations,
respectively in Miami and Chetumal, which partiatiyver the Rain Forest area. In the light
of this current scenario, a new strategy has bewmessed in order to re-activate the
calibration performance monitoring. The investigatiperformed confirmed that with the
current limited coverage the calibration monitorirgg still valid for the Fore beam at
descending passes and for Mid and Aft beams ahdsaepasses.

The calibration monitoring has been re-activatedesithe Cycle 148.

2.4 Antenna pattern: Gamma-nought asa function of elevation angle

For Cycle 154, the antenna patterns in functiontha elevation angle have not been
computed by ESTEC.
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2.5 Antenna pattern: Gamma-nought as a function of incidence angle

Due to the reduced amount of data available, thenaa pattern has been computed by
processing the last 2 cycles of data.

The antenna patterns for Mid and Aft beams at aiogrpasses are quite similar to the ones
obtained before the degradation attitude occurtegohd cycle 60.The antenna patterns show
a flat profile, within 0.5 dB with a small slope raar range for the Aft beam. Degradation of
the Fore beam at ascending passes is due to liamtedint of data.

At descending passes degradation for the 3 beammsiisly due to limited amount of data
available for the analysis.
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FIGURE 2 ERS-2 Scatterometer antenna pattern as function of the incidence angle: cycle 153
and 154.
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2.6 Gamma nought histograms and peak position evolution

As the gamma nought is independent from the incdesngle, the histogram of gamma
nought over the rain forest is characterized byhars peak. The time-series of the peak
position gives some information on the stability thie calibration. This parameter is
computed by fitting the histogram with a normaltdsition added to a second order
polynomial:

F(x):A)@xr{—z—zzj+A3+A45<+AsD<2
X— A

where: z=——+
The parameters are computed using a non lineat kpsare method called “gradient
expansion”. The position of the peak is given by itteximum of the function F(x).

The histograms are cyclic computed for each antemigidually “Fore”, “Mid” and “Aft”
and for ascending and descending passes withsigrof 0.02 dB.

Figure 3 shows the gamma nought histogram oveBtheilian rain forest throughout cycle
154.

ERS-2 GAMMA NOUGHT HISTOGRAMS (Amazonas Area) from: 100111 to: 100214

k| .000 £ E| .000 £
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FIGURE 3 Gamma nought histograms over the Brazilian Rain Forest: cycle 154.

Due to the limited coverage of the reference adeta is mainly available for Mid and Aft
beam at ascending passes and for Fore and Micseg¢lging passes. The histograms show a
poor quality due to the limited amount of data.
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2.7 Gamma nought image of thereference area

Figure 4 shows maps of the gamma nought over tlaeiln rain forest. This is the area
where statistics are computed. Each map has autesobf 0.5 degrees in latitude and 0.5
degrees in longitude; roughly this is the instruhresolution at the latitude of the test site. In
each resolution cell falls the average of all thédvobservations available during the last 2
cycles (153 and 154). Red area is used for noaidis

ERS-2 Windscatterometer Gamma nought from: 091207 to: 100214

. &esalnml Data Processed by Product Control Service -
FIGURE 4: ERS-2 Scatterometer: gamma nought over the Brazilian rain forest cycles 153 and
154.

Due to the Regional Mission Scenario, a small arhairndata has been acquired within
Miami and Chetumal (that was operational again oingm 25" November) visibility.
Limited data is available for the three beams atdeding passes; Mid and Aft beam data is
available at Ascending passes.

Despite the reduced amount of data, areas withléoel of signals seem to be the same of
the last cycles analyzed (till cycle 85).

2.8 Sigma nought evolution

The sigma nought evolution is not available forleyi54.
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2.9 Antennatemperature evolution over the Rain Forest

The antenna temperature evolution over the Raiedt@s not available for cycle 154.
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3 Instrument performance

The instrument status is checked by monitoringdlewing parameters:

» Centre of Gravity (CoG) and standard deviatiorth&f received signal spectrum after the
on-ground Doppler Compensation filter. This paranet useful for the monitoring of the

orbit stability, the performances of the Dopplemgensation filter, the behavior of the yaw
steering mode and the performances of the deviceharge for the satellite attitude (e.qg.
gyroscopes, Earth sensor, Sun sensor).

* Noise power | and Q channel.
* Internal calibration pulse power.

The latter is an important parameter to monitor ttesmitter and receiver chain, the
evolution of pulse generator, the High Power Am@lif(HPA), the Traveling Wave Tube
(TWT) and the receiver. These parameters are de&ttadaily from the UWI products and
averaged. The evolution of each parameter is ctaaraed by a least square line fit. The
coefficients of the line fit are printed in eaclotpl

3.1 Centreof gravity and standard deviation of received power spectrum

The Figure 5 shows the evolution of the two paranseffor each beam since the beginning of
the ERS-2 mission and Figure 6 shows the same molanly for the cycle 154.

The tendency during the nominal Yaw Steering Mod&N) period (beginning of the
mission since the operation with the Mono Gyro (MGMtitude On-board Control System
(AOCS) configuration on"7February 2000) is a small and regular increasé®Qentre of
gravity (CoG) of received spectrum for the thre¢eanae. During the YSM, two small
changes can be detected in the CoG evolution. ifstechange is from 22 January 1996 to
14" March 1996, the second one is fronf" Hebruary 1997 to 22 April 1997. The reason
was a change in the pointing subsystem (DES reganaiion) side B instead of side A after a
depointing anomaly (see table 1 for the list of #leAOCS depointing anomaly occurred
during the ERS-2 mission). During these periode €dwas switched on. It is important to
note that during the first time a clear differerinethe CoG of the received spectrum is
present only for the Fore antenna (an increaseudhly 100 Hz) while during the second
time the change has affected all the three antefioaghly an increase of 200 Hz, 50 Hz and

@ esalﬂm
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50 Hz for the fore, mid and aft antenna respeatjvel

At the beginning of 2000 the nominal 3-gyroes AO&fafiguration (plus one Digital Earth
Sensor -DES, and one Digital Sun Sensor -DSS aoklupa) was no more considered safe
because 3 of the six gyros on-board were out oéroodt very noisy. For that reason the
MGM was implemented as default piloting mode. Th&W configuration was designed to
pilot the ERS-2 using only one gyro plus the DE#® #me DSS modules. Scope of ZGM
configuration was to extend the satellite lifetibyeusing the available gyros one at the time.

With the MGM, an increase of roughly 200 Hz wasestsed at the end of the qualification
period. After the AOCS commissioning phase thisapeater further evolved within the
nominal range with a negligible impact on the dpiality.

In MGM configuration, the gyro 5 was used unfll @ctober 2000 when it failed. From™.0
October 2000 to 2% October 2000 the gyro 6 was used. This explaiesdbcrease of
roughly 100Hz in the CoG of the received spectrBrom 25" October 2000 to 17January
2001 the gyro 1 was used to pilot the ERS-2 steldn 17 January 2001 the AOCS was
upgraded. The new configuration allows piloting tlsatellite without gyroscopes.
Unfortunately a failure of the Digital Earth SengDES A-side) caused ERS-2 to enter in
Safe-Mode on the same day. Orf'Z&nuary 2001 gyro #1 also failed.

Satellite attitude was recovered ofi Bebruary 2001 with a coarse attitude control mode
(EBM). During the period of safe mode the spacednafl drifted out of the nominal dead
band by some 30 Km. The nominal orbit was reactme@"d=ebruary 2001.

The EBM mode had a strong negative impact on thett&ometer data quality and the
dissemination of data products to end users wasulimued.

After that a series of AOCS upgrades has been mmai¢ed in order to improve the satellite
attitude: on 3% March 2001 the Yaw steering law was re-introdudetd the piloting
function and on ¥ June 2001 the Zero Gyro Mode (ZGM) has been imefeed as nominal
piloting mode. In ZGM the satellite attitude had iamprovement in particular for the pitch
and yaw error angle. This explains the reductiotheffluctuation in the received signal.

The CoG returns within its nominal value in Febyu2003 when the new ERS Scatterometer
ground processor (ESACA) was put in operation (dolyvalidation purposes) in Kiruna
station. ESACA is able to compensate for errorsaitellite attitude and to produce calibrated
sigma noughts.

@ esalﬂm
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The evolution of the standard deviation of the ColGhe received spectrum was stable
during the YSM phase. Small peaks are related thighevents listed in Table 2. In MGM
the evolution was within the nominal range while fbe initial phase of the ZGM the
performance was strong degraded. This becausentijeoand Doppler filters was not able to
compensate for the satellite degraded attitude.ifiineduction of the ESACA processor in
February 2003 cured the problem.

On 8th December 2006 10:43 p.m. {8 Pecember 2006 07:18 anomaly in the on board
Doppler Compensation occurred. That did not immarcthe evolution of the CoG because
the ESACA ground processor has compensated thveestgnal for the Doppler frequency
shift. The Scat Team has carried out a deep asabfsihe anomaly (see the technical note
OSME-DPQC-SEDA-TN-06-0328 for further details).

TABLE 1ERS-2 Scatterometer AOCS depointing anomaly list

Start of the anomaly End of the anomaly Remarks
24" January 1996 9:10a.m.| “Enuary 1996 | 6:53 p.m. Qr%cr:nsaly depointing
14" February 1997 1:25am. | ‘“IBebruary 1997 | 3:44 p.m. Qr%cr:nsaly depointing
d ) th ) AOCS depointing
3" June 1998 2:43 p.m. 6 June 1998 12:47 a.m. anomaly
1% September 1999 8:50a.m.| " SBeptember 1999 1:28 a.m.
depointing anomaly
th . .
7" October 2000, 4:38 p.m. Y @ctober 2000 4:49 p.m gyro 5 failure
depointing anomaly
th . .
24" October 2000, 4:05 p.m. Y®ctober 2000 12:05 p.m gyro 6 failure
1 fail Satellit
17" January 2001 5" February 2001 ?ny;(;fe rr?(l)(l;;e atelit

TABLE 2 ERS-2 Scatterometer anomaliesin the Doppler Compensation monitoring

Date start Year | Date stop Year Reason

h Missing on-board Doppler coefficient
26" September | 1996 27%eptember 1996 (after cal. DC converter test period)

No Yaw Steering Mode

th t
6" June 1998 | % June 1998 | (after depointing anomaly)

Missing on-board Doppler coefficients

nd r
2" December 1998| "December 1998 (after AMI anomaly number 228)

Fine Pointing Mode (FPM)

h
16" February 2000 |  17February 2000 (due to AOCS mono-gyro qualification period)

14" April 2000 | 14" April 2000 | Fine Pointing Mode (FPM)

5™ July 2000 | % July 2000 | Fine Pointing Mode (FPM) after instrumgnitch-on

27" September | 2000|  $7eptember 2000 g;ntihPomtlng Mode (FPM) to upload AOCS software

2""November | 2000| " November 2000 | Fine Pointing Mode (FPM)

5" December 2000| "BDecember 2000 Fine Pointing Mode (FPM) due totalohanoeuvre
6" February 2001 | 3bMarch 2001 | Extra Backup Mode (EBM) coarse attitadetrol
e ESRIN
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30" March 2001 | 1% June 2001 | ZGM-EBM coarse attitude control

7une | 2001| Zaugust | 2003 | oot b e Dt shall be reprocdssed
with ESACA.

24" March 2004 | 2% March 2004 Fine Pointing Mode (FPM) due to orbitenoeuvre

25" October 2004 | 27October 2004 Series of orbital manoeuvres (OCH FEPM)

10" November | 2004| 11November 2004 Intense geomagnetic storm

8" March 2005 | 8 March 2005 | orbital manoeuvre (OCM)

11" March 2005 | 1% March 2005 | orbital manoeuvre (FPM)

2""November | 2005| " November 2005 | orbital manoeuvre (OCM)

1*' March 2006 | TMarch 2006 | orbital manoeuvre (OCM)

3 November 2006 | "3November 2006 | orbital manoeuvre (OCM) at 10:07:46

4" November 2006 | ANovember 2006 | orbital manoeuvre (FCM) at 02:5615® @4:37:38

# December | 2006| "boecever | z00p | Misand Srboatd Dopoler cocficems e Al
a.m.

19"December | 2006| 1Wecember 2006 | orbital manoeuvre (FCM) at 23:06:12

1* February 2007 | SiFebruary 2007 | orbital manoeuvre (FCM) at 02:53:31

13" February 2007 | 18February 2007 | orbital manoeuvre (FCM) at 05:0GA& 06:40:51

14" February 2007 | 1%February 2007 | orbital manoeuvre (OCM) at 09:30:29

26" April 2007 | 26" April 2007 | Orbital manoeuvre (FCM) at 03:12:03

11" May 2007 | 1f May 2007 | Orbital manoeuvre (FCM) at 02:04:10

13" June 2007 | 1BJune 2007 | Orbital manoeuvre (FCM) at 03:41:38

10" September | 2007| f(September 2007 Orbital manoeuvre (FCM) at 02:18r#803:51:05

11" September | 2007| $1September 2007 Orbital manoeuvre (FCM) at 10:01:58

12" September | 2007| {ZSeptember 2007 Orbital manoeuvre (FCM) at 02:4arkb04:28:31

13" September | 2007| $3September | 2007 | Orbital manoeuvre (FCM) at 05:3&r8007:18:16

14" September | 2007| f4September | 2007 | Orbital manoeuvre (OCM) at 10D7:4

15" September | 2007| {SSeptember | 2007 | Orbital manoeuvre (FCM) at 23:00:51

16" September | 2007| f6September | 2007 | Orbital manoeuvre (FCM) at 00:41:27

18" October 2007 | 18October 2007 | Orbital manoeuvre (FCM) at 02:00:00

30" October 2007 | 30October 2007 | Orbital manoeuvre (FCM) at 02:03:10

16" November | 2007 | 16November 2007 Orbital manoeuvre (FCM) at 02:51:08

4™ December 2007| "December 2007 Orbital manoeuvre (FCM) at 02:39:54

4™ December 2007| "MDecember 2007 Orbital manoeuvre (FCM) at 04:20:30

7" December 2007| "7December 2007 Orbital manoeuvre (FCM) at 16:10:00

19" December 2007| 19December 2007 Orbital manoeuvre (FCM) at 01:28:00

10" January 2008 | 1bJanuary 2007 Orbital manoeuvre (FCM) at 02:00:00

Cesa_
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31% January 2008 | 31January 2008 Orbital manoeuvre (FCM) at 03:30:45

14" February 2008 | 1%February 2008 Orbital manoeuvre (FCM) at 02:58:12

7" March 2008 | ¥ March 2008 | Orbital manoeuvre (FCM) at 03:00:00

20" March 2008 | 20 March 2008 | Orbital manoeuvre (FCM) at 02:58:21

30" May 2008 | 38 May 2008 | Orbital manoeuvre (FCM) at 01:45:00

30" May 2008 | 38 May 2008 | Orbital manoeuvre (FCM) at 02:35:14

08" August 2008 | 08 August 2008 | Orbital manoeuvre (FCM) at 03:16:09

2" October 2008 | " October 2008 | Orbital manoeuvre (FCM) at 02:44:33

22" October 2008 | 2 October 2008 | Orbital manoeuvre (FCM) at 16:54:126 £8:35:02
23% October 2008 | 230ctober 2008 | Orbital manoeuvre (FCM) at 09:40:25

26" October 2008 | 2BOctober 2008 | Orbital manoeuvre (FCM) at 20:51:13@ 21:41:36

21° November 2008 | ZiNovember 2008 Orbital manoeuvre (FCM) at 11:0%184 12:50:10

22" November | 2008 | 2$November 2008 Orbital manoeuvre (OCM) at 10:37:59

23Y November | 2008| J%3November 2008 Orbital manoeuvre (FCM) at 18:0%48 19:45:40

19" December 2008| 19December 2008 Orbital manoeuvre (OCM) at 03:43:00

24" January 2009| Z4Wanuary 2009 Orbital manoeuvre (FCM) at 10:58u3d 12:39:10
25" January 2009| JBJanuary 2009 | Orbital manoeuvre (OCM) at 10:27:00

29" January 2009| 2BJanuary 2009 | Orbital manoeuvre (FCM) at 10:15:26

19" February 2009 | 1®February 2009 | Orbital manoeuvre (FCM) at 02:38:37

24" March 2009 | 2% March 2009 | Orbital manoeuvre (FCM) at 02:48:57

21% April 2009 | 2F' April 2009 | Orbital manoeuvre (FCM) at 01:54:00

30" June 2009 | 3bJune 2009 | Orbital manoeuvre (FCM) at 02:41:38

10" September | 2009| f{GSeptember | 2009| Orbital manoeuvre (FCM) at 02(80:0

30" September | 2009| 3eptember | 2009 | Orbital manoeuvre (FCM) at 0266:2

9th December 2009| 9th December 2009 Orbital marmreqiNP FCM ) at 10:33:34

11" December 2009| 1MDecember 2009 Orbital manoeuvre (OCM) at 02:00:45

The Doppler compensation evolution for cycle 154hewed in Figure 6. The monitoring
shows a daily average of the CoG of the compensataived signal around 40 Hz and -20
Hz for the Fore and Aft antenna respectively. Iher Mid antenna it was around 250 Hz. The
standard deviation of the CoG was around 1500 Hzhi® Fore and Aft antenna and around
2750 Hz for the Mid antenna. Those values are witheé nominal range. On ¥ ebruary a
degradation of the Fore and Mid antenna CoG vdbtassbeen detected due to a degradation
satellite attitude caused by the DES (Digital E&#nsor) blinded by the sun, typical of this
season.
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ERS-2 WindScatterometer: DOPPLER COMPENSATION Evolution (UWI)
Least-square poly. fit fore beam  Center of gravity = 2.9606 +(0.0054)*day Standard Deviation = 5172.6 +(-0.830)*day
Least-square poly. fit mid beam Center of gravity = -638.6 +(0.2103)*day Standard Deviation = 5828.0 +(-0.702)*day
Least-square poly. fit aft beam Center of gravity = -244.3 +(0.0587)*day Standard Deviation = 5311.5 +(-0.860)*day
Daily averaged of power spectrum Center of Gravity: fore beam
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FIGURE 5 ERS-2 Scatterometer: Centre of Gravity and standard deviation of received power spectrum
since the beginning of the mission.
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ERS-2 WindScatterometer: DOPPLER COMPENSATION Evolution (UWI)

Least-square poly. fit fore beam  Center of gravity = 39.281 +(-0.046)*day Standard Deviation = 1478.6 +(0.0546)*day
Least-square poly. fit mid beam  Center of gravity = 233.48 +(-0.072)*day Standard Deviation = 2734.6 +(0.0004)*day
Least-square poly. fit aft beam Center of gravity = -24.77 +(-0.156)*day Standard Deviation = 1486.6 +(0.1533)*day

Daily averaged of power spectrum Center of Gravity: fore beam
Center of Gravityobs. ~ _____________ Center of Gravity fit
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FIGURE 6 ERS-2 Scatterometer: Centre of Gravity and standard deviation of received power spectrum
for cycle 154.
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3.2 Noise power level | and Q channd

The results of the monitoring are shown in Figur@ong-term) and Figure 8 (cycle 154).
The first set of three plots presents the noiseguosvolution for the | channel while the
second set shows the Q channel. From the plotsameee that the noise level is more stable
in the | channel than in the Q one. The | and Qixexs are inside the same box and any
external interference should affect both channke Tact that the receivers are closer to the
ATSR-GOME electronics could have some impact batehs no clear explanation on that
behavior. From 8 December 1997 until November 1998 some high pemiear in the
plots. These high values for the daily mean aretdubke presence for these special days of a
single UWI product with an unrealistic value in theise power field of its Specific Product
Header. The analysis of the raw data used to gen#rase products lead in all cases to the
presence of one source packet with a corruptecevalthe noise field stored into the source
packet Secondary Header. The reason why noise fiefcliption is beginning from"s
December 1997 and last until November 1998 is edgat unknown. It is interesting to note
that at the beginning of December 1997, we staitedet as well the corruption of the
Satellite Binary Times (SBTs) stored in the EWI@gct. The impact in the fast delivery
products was the production of blank products istguftom the corrupted EWIC until the end
of the scheduled stop time. A change in the grostadion processing in March 1998
overcame this problem.

Since ¢' August 1998 until March 2000 some periods withieaicsmall instability in the
noise power have been recognized, Table 3 giveddtagled list.

TABLE 3 ERS-2 Periodswith instability in the noise power

Start date Stop date Year
9" August 2B October 1998
29" November 6 December 1998
23° December Z2December 1998
7" June 10 June 1999
17" August 2% August 1999
8"  September "  September 1999
3 October B October 1999
16" October 18 October 1999
26" October 28 October 1999
25" December W January 2000
10" February 11 February 2000
19" March 28 March 2000

e R -

21



DATA QUALITY AND ALGORITHMS MANAGEMENT OFFICE ESA EOP-GQ

To better understand the instability of the noiee/gr the PCS has carried out investigations
in the Scatterometer raw data (EWIC) to computenthise power with more resolution. The
result is that for the orbits affected by the ibdtey the noise power had a decrease of
roughly 0.7 dB for the fore and aft signals andeardase of roughly 0.6 dB in the mid beam
case (see the report for the cycle 42). The deeredthe noise power during the orbits
affected by the instability is comparable with theerease of the internal calibration level that
occurred during the same orbits. The reason ofitisisbility (linked to the AMI anomalies)
is still unknown. On 28 February 2003 the Scatterometer receiver gairbbas increased
by 3 dB to optimize the usage of the on-board AGwverter. This explains the increase of
the noise for the Fore and Aft beam channel. Femtid beam channel the noise still remains
not measurable.

On 17" February 2006 a high peak was detected in the pmiwer, causing the daily average
for that day very high. The case has been deeplgstigated and a technical note (Ref
OSME-DPQC-SEDA-TN-06-0163) is available. The causs an acquisition problem that
corrupted one source packet and not an instrumehaly. The same happened on April
24™ 2006 (cycle 115).

On 8" September 2006 a high peak in the noise powenefid beam has been detected.
The event occurred between 17:41:54 and 17:42:4LJland the noise power reached the
value of 43 ADC (fore beam) and 19 ADC (mid beamfjose values had affected the daily
average and are clear present in the plots of iperd- 7. That anomaly has been deeply
investigated in the Technical Note OSME-DPQC-SED®-J6-0251 and cannot be linked to
any anomaly in the acquired data. The conclusiah@investigation was that a problem had
occurred in the transmitter or in the pulse gemerat the AMI instrument. At that time the
AMI was in wind only mode so no additional companswith SAR data can be done.
Similar peaks had been noted also for Septemb8ratfsi 18. ESOC has checked the
Mission Plan and noticed that in all three evehts geak in the noise power occurred very
close to 6 minutes after the start of a Wind modd 40 minutes after ascending node
crossing.

The evolution of the noise power during the cycdd Was stable. The daily average for the
Fore and Aft beam noise is around 1.7 ADC (I) armadiad 1.6 ADC (Q) respectively. For the
Mid beam the noise is not measurable.
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ERS-2 WindScatterometer: NOI SE Level Evolution (UWI)
Least-square line fit fore beam: | = 783.38 +(0.2170)*day Q =729.94 +(0.2058)*day
I channel: No line fit standard deviation too hight Q channel: No line fit standard deviation too hight
Least-square line fit aft beam: | =780.40 +(0.2084)*day Q channel: No line fit standard deviation too hight
Channel | Fore Beam: daily averaged (min = 466.700 max = 4208.80 mean = 1349.99 std = 377.584)
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FIGURE 7 ERS-2 Scatterometer: noise power | and Q channel since the beginning of the mission.
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ERS-2 WindScatterometer: NOI SE Level Evolution (UWI)
Least-square line fit fore beam: | = 1745.7 +(-0.497)*day Q =1651.8 +(-0.738)*day
Least-square line fit mid beam: | =0.1042 +(0.0096)*day Q =0.2173 +(-0.000)*day
Least-square line fit aft beam: 1 =1708.1 +(-0.708)*day Q =1605.5 +(-1.020)*day
Channel | Fore Beam: daily averaged (min = 1701.00 max = 1790.10 mean = 1736.99 std = 20.3816)
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FIGURE 8 ERS-2 Scatterometer: noise power | and Q channel for cycle 154.
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3.3 Power level of internal calibration pulse

For the internal calibration level, the results sinewn in Figure 9 (long-term) and Figure 10
(cycle 154). The high value of the variance infibre beam until August, 121996 is due to
the ground processing. In fact all the blank soyraekets ingested by the processor were
recognized as Fore beam source packets with altieédue for the internal calibration level.
The default value was applicable for ERS-1 andetioee was not appropriate for ERS-2 data
processing. On August £21996 a change in the ground processing LUT oweecthe
problem. Since the beginning of the mission a podecrease is detected. The power
decrease is regular and affects the AMI when Wwasking in wind-only mode, wind/wave
mode and image mode indifferently. The average palwerease is around 0.08 dB per cycle
(0.0022 dB/day) and is clearer after August, 96 when the calibration subsystem has
been changed. The reason of the power decreasecaise the TWT is not working in
saturation, so that a variation in the input sigsalisible in the output. The variability of the
input signal can be two-fold: the evolution of thaelse generator or the tendency of the
switches between the pulse generator and the TWiedet themselves into a nominal
position. These switches were set into an interatedyosition in order to put into operation
the Scatterometer instrument (orf"Iovember 1995). To compensate for this decrease, o
26" October 1998 (cycle 37) 2.0 dB were added to tatS&rometer transmitted power and
on 4" September 2002 (cycle 77) were added 3.0 dB. GhF2Bruary 2003 (cycle 82) the
Scatterometer receiver gain was increased by 3odBnprove the usage of the on-board
ADC converter. These events are clearly displayethé large steps show in Figure 9.

Since §' August 1998 until March 2000 the internal calitmatlevel shows instability after
an AMI or platform anomaly (see reports from cy8fto cycle 52). This instability is very
well correlated with the fluctuations observed lie noise power. On 3July 2000 a high
peak (+3.5 dB) was detected in the transmitted powhis event has been investigated
deeply by PCS and ESOC. The results of the anabygisreported in the technical note
“ERS-2 Scatterometer: high peak in the calibratievel” available in the PCS. The high
transmitted power was detected after an arcingtewbich occurred inside the HPA. After
that event the transmitted power had an averagease of roughly 0.14 dB.

During the cycle 154 the mean transmitted powellutdm had a mean decreasing trend of
0.13 dB. This value is slightly higher than the momh decreasing trend of 0.1 dB/Cycle
detected since the beginning of the mission.
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15/Feb/2010

ERS-2 WindScatterometer: Internal CALIBRATION Level Evolution (UWI)
Least-square polynomial fit fore beam gain (dB) per day 0.0000 1044.80 +(0.00323805)*day
Least-square polynomial fit mid beam gain (dB) per day 0.0000 309.922 +(0.000506079)*day
Least-square polynomial fit aft beam gain (dB) per day 0.0000 1034.47 +(0.00355682)*day
Daily averaged of internal calibration level fore beam
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FIGURE 9 ERS-2 Scatterometer: power of internal calibration pulse since the beginning of the

mission.
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ERS-2 WindScatterometer: Internal CALIBRATION Level Evolution (UWI)
Least-square polynomial fit fore beam gain (dB) per day -0.0037 1143.32 +(-0.958170)*day
Least-square polynomial fit mid beam gain (dB) per day -0.0040 336.908 +(-0.302647)*day
Least-square polynomial fit aft beam gain (dB) per day -0.0036 1137.27 +(-0.938184)*day
Daily averaged of internal calibration level fore beam
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FIGURE 10 ERS-2 Scatterometer: power of internal calibration level cycle 154.
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4 Products performance

The PCS carries out a quality control of the wimggsherated from the WSCATT data.
External contributions to this quality control (flncECMWF) are also reported in this chapter.

4.1 Productsavailability

One of the most important points in the monitorimfgthe products performance is their
availability. The Scatterometer is a part of ERSl@ad and it is combined with a Synthetic
Aperture Radar (SAR) into a single Active Microwalvestrument (AMI). The SAR users
requirements and the constraints imposed by thieoand hardware (e.g. amount of data that
can be recorded in the on-board tape) set ruldgimission operation plan.

The principal rules that affected the Scatteromietgrument data coverage are:

* Over the Ocean the AMI is in wind/wave mode (Sraimeter with small SAR imagettes
acquired every 30 sec.) and the ATSR-2 is in low data mode.

* Over the Land the AMI is in wind only mode (orbgatterometer) and the ATSR-2 is in
high rate mode. (Due to on board recorder capaBififR-2 in high rate is not compatible
with SAR wave imagettes acquisitions.) This strafegeserves the Ocean mission.

* The SAR images are planned as consequence & usguest.

Moreover:

« since July 18 2003 the ERS-2 Low Rate mission is continued iwitmly the visibility
of ESA ground stations over Europe, North Atlantice Arctic and western North
America. The reason was the failure of both on-th¢ape recorders.

« During the cycles 64 — 92 (June 2001 sinc8 B8bruary 2004) the AMI instrument was
operated in wind/wave mode also over the land. rElason was because the SAR wave
data was used to estimate the satellite mispoirtiogg the full orbit. Since #5February
onwards the nominal mission scenario has been edumith the AMI instrument in
wind only mode over the land (and consequently AT&R operated again in High Rate
over land). The mispointing performances (in pattc the yaw error angle) along the
full orbit are computing by analyzing the Scatteeten data.

In order to maximize the data coverage, after thidaard tape recorder failure, an upgrade

of the ERS ground segment acquisition scenaridobas performed.

In that framework the following has been implemente

« Since September™72003 the ground station in Maspalomas, GatineauPaimce Albert
are acquiring and processing data for all the ER®2llite passes within the station
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visibility (apart fro m passes for which other s have an higher priority).

« To further increase the wind coverage of the Néthantic area, since Decembel',8
2003 is operative a new ground Station in West ¢ghie{(UK) and data from this new
station are available to the user since mid Jand@f4. Due to its location, the West
Freugh acquisitions have some overlap with thosm fihree other ESA stations, Kiruna,
Gatineau or Maspalomas. The station overlap depamdse relative orbit of the satellite.
Consequentially, overlapping wind Scatterometer LB&a may be included in two
products. Since the two products are generatedffatesht ground stations the overlap
may not be completely precise, with a displacenugnio 12 Km and slight differences in
the wind data itself.

 Since March, 8 2004, Matera station is acquiring and processimgrate bit data for all
the passes for which is planned a SAR acquisilitiis means for the Scatterometer data
coverage a limited improvement due to the fact ihatcquired only a passage with some
planned SAR activity.

» Since February 2005 a new acquisition station iarMi(US) is in operations. This new
station allows a full data coverage of the GulMxxico and part of the Pacific Ocean on
the west Mexico coast.

« Since 2%, June 2005 a new acquisition stations have beemfauoperations in Beijing.

It covers part of China and Oriental Asia.

« Since %' July 2005 McMurdo ground station is operationalia South Pole. It covers all
the Antarctic region.

« Since 8" December 2005 the Hobart station is operational #nis covering the
Australian and New Zealand area. Hobart data hes Hesseminated into BUFR format
since February 132006.

« At the end of August 2006 a new ground station img&iore has been installed and
products are distributed to the users since Octb822006.

* At the end of September 2007 a new ground states heen put into operation in
Chetumal (Mexico). Products are distributed toukers since October "1&007.

« On May 2008 a new ground station is operationalamannesburg. Data has been
disseminated to users since July 2008.

Figure 11 shows the AMI operational modes for cyidd. Each segment of the orbit has

different color depending on the instrument modewm for wind only mode, blue for wind-

wave mode and green for image mode. The red aholwyeblors correspond to gap modes

(no data acquired). For cycle 154 the percentageeoERS-2 AMI activity is shown in table

4. The value for cycle 154 shows a slight incres#sBAR activity at descending passes with

respect to the cycle 153 (16.96%, was 15.12%).
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TABLE 4 ERS2 AMI activity (cycle 154)

Ami Mode Ascending passes Descending passes
Wind and Wind-Wave 91.56 % 75.16%
I mage 151 % 16.96 %
Gap and others 6.91 % 7.853 %

Table 5 reports the major data lost (day or more t the test periods, AMI and satellite
anomalies or ground segment anomalies occurred @lftaugust, 1996 (before that day for

many times data were not acquired due to the D@erter failure).

TABLE 5 ERS-2 Scatterometer mission major data lost (day or more) after 6", August 1996

Start date

Stop Date

Reason

September 23 1996

September 96 1996

ERS 2 switched off due to a test period

February 14, 1997

February 15, 1997

ERS 2 switched off due to a depointing afpma

June %, 1998

June'$ 1998

ERS 2 switched off due to a depointing angmal

November 1%, 1998

November 18, 1998

ERS 2 switched off to face out Leonide mesémrm

September 2% 1999

September 931999

ERS 2 switched off due to Year 2000 certificatest

November 1%, 1999

November 18, 1999

ERS 2 switched off to face out Leonide meséarm

December 3%,1999

January"2, 2000

ERS 2 switched off Y2K transition operation

February ¥ ,2000

February'®, 2000

ERS 2 switched off due to new AOCS s/w up link

June 38, 2000 July 5, 2000 ERS 2 Payload switched off after RA anomaly
July 18", 2000 July 11, 2000 ERS 2 Payload reconfiguration
October ¥, 2000 October 10 2000 ERS 2 Payload switched off after AOCS anomaly

January 17, 2001

February's, 2001

ERS 2 Payload switched off due to AOCS anomaly

May 22, 2001

May 2% , 2001

ERS 2 Payload switched off due to platfononaaly

May 25" , 2001

May 2% , 2001

AMI switched off due thermal analysis

November 1%, 2001

November 18, 2001

ERS 2 switched off to face out Leonide mestémrm

November 2% , 2001

November 28, 2001

ERS 2 payload off due to 1Gyro Coarse Mode comuoniésg

March 8" , 2002

March 20, 2002

ERS 2 payload unavailability after RA angmal

May 19" ,2002 May 2% 2002 AMI switched off due to arc events

May 24" , 2002 May 28 , 2002 AMI partially switched off due to arc events

May 31" 2002 June 32002 Gatineau orbits partially acquired due to ramegproblem
June 4', 2002 June's, 2002 AMI partially switched-off due to arc events

July 28", 2002 July 28, 2002 AMI switched off HPA voltage too low

September 14, 2002 September Y1 2002 AMI switched off macrocommand transfer error

November 1%, 2002

November 18 2002

ERS-2 switched off to face out Leonide mestom

December 8, 2002

December Q 2002

IDHT anomaly no data recorded on board

December 28, 2002

December 302002

IDHT anomaly no data recorded on board
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January 14 | 2003 January 42003 IDHT anomaly no data recorded on board
May 6", 2003 May 19, 2003 AMI off due to bus reconfiguration
June 2%, 2003 July 18 2003 IDHT recorders test no data acquired
. Regional Mission Scenario. Data available only withhre
Since July 16,2003 visibility of ESA ground station
May 21, 2004 May 28, 2004 AMI in refuse mode due to excessive HPA arcing
June 2% 2004 June 29, 2004 AMI in refuse mode due to excessive HPA arcing
September 73 2004 September 942004 | AMI switched down
December 18, 2004 December 172004 | AMI memory test
December 28, 2004 December 362004 IDHT anomaly. No data acquired
December 27, 2004 December 582004 Payload off due to on board anomaly

January 2%, 2005

January 3, 2005

AMI switched down (00.51 a.m. — 1.26 p.m.)

February 28 , 2005

February 26, 2005

AMI switched down (01.20 a.m. — 12.37 a.m.)

Q

May 23° , 2005 May 24 , 2005 ERS 2 payload unavailability after RA anomal
AMI switched off caused by RBI status error (08:44np-—
Jun 2", 2005 Jun 2%, 2005 10:13 a.m.)
AMI switched down to Standby/MCMD Execution Inhibiteded
December 8, 2006 December'8 2006 to Format Acquisition Error (02:04 p.m. — 10:43 p.m.
. th . AMI Switched down to Standby/MCMD Execution Inhibited
April, 137, 2007 April 18, 2007 due to Format Acquisition Error (03:10 a.m. — 12008.)
d AMI Switched down to Standby/MCMD Execution Inhibited
May, 22", 2007 May, 2%, 2007

due to Acquisition Errors (01:50 p.m. — 07.04 p.m.)

June, 18, 2007

June, 19 2007

AMI Switched down to Standby/MCMD Execution Inhibited

due to Format Length and ICU Begin Identifier Err¢@9:55
a.m.—10.13 a.m.)

June, 11, 2007

June, 12 2007

AMI Switched down to Standby/MCMD Execution Inhibite
due to Emergency Switchdown requested by AMI ICU (20
p.m.—10.49 a.m.)

2d
3

July, 27", 2007

July, 2%, 2007

AMI switchdown to Standby/MCMD Execution Inhibited dtge
RBI Status Error (00:44 a.m. - 09:43 a.m).

January, 1%, 2008

January, 172008

AMI switched down to Heater/MCMD Refuse mode due to H
Arcing (04:01 a.m. — 07:22 p.m.)

PA

January, 1%, 2008

January, 182008

AMI switched down to Heater/MCMD Refuse mode due to H
Arcing (07:51 p.m. — 12:49 p.m.)

PA

January, 18, 2008

January, 182008

AMI switched down to Heater/MCMD Refuse mode due to H
Arcing (03:26 p.m. — 03:39 p.m.)

PA

January, 18, 2008

January, 182008

AMI switched down to Heater/MCMD Refuse mode due to H
Arcing (08:12 p.m. — 08:31 p.m.)

PA

January, 18, 2008

January, 192008

AMI switched down to Heater/MCMD Refuse mode due to H
Arcing (10:37 p.m. — 01:32 a.m.)

PA

January, 26, 2008

January, 302008

AMI switched down to Heater/MCMD Refuse mode due to H
Arcing (02:04 a.m. — 07:53 a.m.)

PA

February, 5, 2007

February,"s 2007

AMI switched down to Standby/MCMD Execution Inhibit
due to Format Length and ICU Begin Identifier Err(92:05:09
a.m. — 05:43:33 p.m.)

ed

February, 6, 2007

February,'s 2007

AMI switched down to Standby/MCMD Execution Inhibit
due to Format Length and ICU Begin Identifier Err(k2:14:23
p.m. —12:52:51 p.m.)

ed

ed

. th . ) AMI switched down to Standby/MCMD Execution Inhibitg
April, 147, 2008 April, 14, April due to Format Length and ICU Begin Identifier Err(k8:43:34
—18:57:19)

. th . AMI switched down to Standby/MCMD Refuse Mode due
April, 30", 2008 April, 3¢", 2008

228 ICU Req. (08:25:42 — 11:44:05)
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Q

June, 19, 2008

June, 12 2008

AMI switched down to Heater/MCMD Refuse Mode due
incorrect timetag entered for quarterly AMI ScienBmata
Memory Test (08:44:43 — 09:10:34)

to

June, 18, 2008

June, 1% 2008

AMI Switched down to Standby/MCMD Execution Inhibited

due to Format Length and ICU Begin Identifier Err(0%:17:26
—10:24:10).

June, 28, 2008

June, 28 2008

AMI Emergency Switchdown to Standby/MCMD Executi
Inhibited due to RBI Status Error (13:12:22 — 1842X).

June, 28, 2008

June, 29 2008

AMI unavailable for PL Synchronisation (20:23:000:48:59)

July, 26", 2008

July, 28, 2008

AMI in Standby/MCMD Refused due to Anomaly 228 IC
REQ 1500 0082 (18:38:30 — 22:40:52)

U

August, 3%, 2008

September12008

AMI switchdown to Standby/MCMD Execution Inhibited dige
Format Length and ICU Begin Identifier Errors (221 —
12:15:06)

November, 1%, 2008

November, 1% 2008

AMI Emergency Switchdown to Standby/MCMD Executi
Inhibited due to RBI Status Error (13:19:02 — 19439

DN

January, 2, 2009

January, 372009

AMI unavailable due to Upconverter Gain Update for W
Mode (09:02:12 — 09:28:00).

nd

February, &, 2009

February,"4 2009

AMI unavailable due to Upconverter Gain Update for Wave

Mode (13:09:51 — 13:31:00).

February, 8, 2009

February,'§ 2009

AMI unavailable for PL Synchronisation (11:00:36 1:00:46)

February, 8, 2009

February,'§ 2009

AMI Swithdown to Standby/MCMD Refuse Mode due to 2
ICU REQ (11:01:14 — 16:17:02)

April, 7", 2009

April, 7", 2009

AMI Swithdown to Standby/MCMD Refuse Mode due to 2
ICU REQ (08:18:03 — 11:25:05)

April, 11™ 2009

April, 11", 2009

AMI switched down to Heater/MCMD Refuse mode due to H
Arcing (10:59 — 13:42)

AMI Emergency Switchdown to Standby/MCMD Executi

h
May, 24", 2009 May, 24, 2009 Inhibited due to to Format Length and ICU Begin lifear
Errors (00:50:57 — 11:47:59)
" AMI Swithdown to Standby/MCMD Refuse Mode due to 2
June, T 2009 June,®} 2009

ICU REQ (03:42:20 — 09:05:31)

August, 3, 2009

August, ', 2009

AMI Swithdown to Standby/MCMD Refuse Mode due
concurrent 216 MCD ERR and 228 ICU REQ (23:30:2
08:39:18)

August, ', 2009

August, 7, 2009

AMI Switched to HEATER/REF due to Command Reject
(09:04:43 - 13:34:49)

August, 28", 2009

August, 20, 2009

AMI EQ-SOL , MCMD /REF due to Anomaly 228 ICU RE
1500 0082 (00:01:49 - 10:17:46)

August, 24", 2009

August, 2%, 2009

AMI Swithdown to Standby/MCMD Refuse Mode due to 2
ICU REQ (06:20:45 — 13:29:41)

September, 4 2009

September"42009

AMI Swithdown to Standby/MCMD Refuse Mode due to 2
ICU REQ (09:13:17 — 14:36:19)

September,™®, 2009

September, 102009

AMI in Heater/MCMD Refuse Mode due to End ofin@V
Anomaly (11:35:59 - 14:36:19)

September, 1, 2009

September, 112009

AMI Swithdown to Standby/MCMD Refuse Mode due to 2
ICU REQ (16:09:45 — 18:32:40)

October, 18, 2009

October, 1% 2009

AMI Swithdown to HEATER/REF due to Command Faily
(07:42:26 - 10:03:33)

October, 1%, 2009

October, 1% 2009

AMI Swithdown to Standby/MCMD INHIBIT Mode due to 22
FMT LEN (12:40:44 — 19:07:31)

January, 14, 2010

January, 142010

AMI Swithdown to Standby/MCMD Refuse Mode due to 2
ICU REQ (12:08:01 — 16:29:39)

January,3%, 2010

January, 312010

AMI unavailable for PL Synchronization (08:13:48 +:47:34)

February, 8, 2010

February,"® 2010

AMI Swithdown to Standby/MCMD Execution Inhibited due
Format Length Errors and ICU Begin Identifiers Esr
(00:29:22 — 13:06:44)

Dr
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ERS-2 Active Microwave I nstrument: Working modes

First product : 11/Jan/2010 0:44:46.086 Last product : 14/Feb/2010 23:26:39.341
Products found: 50038 Created : 16-FEB-2010 10:59:41.000

Cylindrical projection: Descending passes

AMI MODE Decoding Key and percentage of occurences per mode & passage

.W\/WV 0G HTR WI/WV OB GAP WI/WV OB HTR .W\ND CAL GAP .W\ND CAL HTR HEATER .CAP
A 0.000 D 0.000 A 50.46 D 40.62 A 2.280 D 2.080 A 0.140 D 0.070 A 0.000 D 0.000 A 1.820 D 1.640 A 1.400 D 2.130

.\MAGE 0B HTR .WAVE 0G GAP .WAVE 0G HTR .WAVE 0B GAP .WAVE 0B HTR .W\ND GAP .W\ND HTR .W\/W\/ OG GAP
A 0.000 D 0.000 A 0.000 D 0.000 A 0.000 D 0.000 A 0.000 D 0.000 A 0.000 D 0.000 A 25.16 D 26.49 A 3.710 D 0.520 A 0.000 D 0.000

.TX WINDC GAP .TX WINDC HTR TX TO HEATER .TX TO GAP .STANDBY .\MAGE 0G GAP .\MAGE 0G HTR .\MAGE 0B GAP
A 0.000 D 0.000 A 0.000 D 0.000 A 0.400 D 0.610 A 2.150 D 2.260 A 0.330 D 0.380 A 1.380 D 14.79 A 0.130 D 2.170 A 0.000 D 0.000
.TX WVOB GAP .TX WVOB HTR .TX WIND GAP .TX WIND HTR TX WWOG GAP TX WWOG HTR .TX WWOB GAP TX WWOB HTR

A 0.000 D 0.000 A 0.000 D 0.000 A 0.100 D 0.310 A 0.060 D 0.010 A 0.000 D 0.000 A 0.000 D 0.000 A 0.450 D 0.300 A 0.020 D 0.010

.NONE .TX TO STBY .TX IMOG GAP .TX IMOG HTR .TX IMOB GAP .TX IMOB HTR .TX WVOG GAP .TX WVOG HTR
A 9.950 D 5.450 A 0.000 D 0.000 A 0.040 D 0.130 A 0.000 D 0.020 A 0.000 D 0.000 A 0.000 D 0.000 A 0.000 D 0.000 A 0.000 D 0.000
ESRIN/PCS Page 1

FIGURE 11 ERS-2 AMI activity during cycle 154.
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4.2 PCS Geophysical Monitoring

The routine analysis is summarized in the plotigofre 12; from top to bottom:

* the monitoring of the valid sigma-nought tripleesr day.

* the evolution of the wind direction quality. TERS wind direction (for all nodes and only
for those nodes where the ambiguity removal haskeiproperly) is compared with the
ECMWEF forecast. The plot shows the percentage desdor which the difference falls in
the range -90.0, +90.0 degrees.

» the monitoring of the percentage of nodes whosleiguity removal works successfully.

* the comparison of the wind speed deviation: (aras standard deviation) with the ECMWF
forecast.

The results since August’61996 until the beginning of the operation witle thero Gyro
Mode (ZGM) in January 2001 can be summarized as:

 High quality wind products has been distributette Mid March 1996 (end of calibration
and validation phase)

* The number of valid sigma-nought distributed pay was almost stable with a small
increase after June $91999 due to the dissemination in fast deliveryhef data acquired in
the Prince Albert station (Canada).

» The wind direction is very accurate for rough3®® of the nodes, the ambiguity removal
processing successfully worked for more than 9000%e nodes.

» The UWI wind speed shows an absolute bias ofiiyu@.5 m/s and a standard deviation
that ranges from 2.5 m/s to 3.5 m/s with respethécdE CMWF forecast.

* The wind speed bias and its standard deviatime laaseasonal pattern due to the different
winds distribution between the winter and summeases.

» Two important changes affect the speed bias plot.

« the first is on June'3, 1996 due to the switch from ERS-1 to ERS-2 dagimilation in the
meteorological model.

» the second which occurred at the beginning oft&eper 1997, is due to the new
monitoring and assimilation scheme in ECMWF aldoris (4D-Var).

« Since 18 April 1999 two set of meteo-table (meteorologifeatcast centred at 00:00 and
12:00 of each day) are used in the ground proagsSinis allowed the processing of wind
data with 18 and 24 hours meteorological foreaastead of the 18, 24, 30 36 hours forecast.
The comparison between data processed with thet 1®@rs forecast instead of 30-36 hours
forecast shown an increase in the number of antlgiggmoved nodes with a neutral impact
in the daily statistics.
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« The mono-gyro AOCS configuration (see reportdpcle 50) that was operative fronf 7
February 2000 to 17January 2001 did not affect the wind data perforcea

During the Zero Gyro Mode (ZGM) phase the dissetiona of the fast delivery
Scatterometer data to the users has been intedroptd 7" January 2001 due to degraded
guality in sigma noughts and winds. The satellitéuale in ZGM is slightly degraded and the
“old” ground processor was not able to producebcated data anymore. For that reason a re-
design of the entire ground processing has beeiedasut and since August 22003 the
new processor named ERS Scatterometer Attitude eCea Algorithm (ESACA) is
operative in all the ESA ground station and data weaistributed to the user.

Although for a long period data was not distribytéee PCS has monitored the data quality
(as shown in Figure 12) and the results duringpleabd can be summarized as:

At the beginning of the ZGM (January 2001 - end/ 2@01) the number of valid nodes has
clear drop from 190000 per day to 9000 per days beicause the satellite attitude was strong
degraded and the received signal had a very highig(pe (in particular for the far range
nodes). For the valid nodes, due to no calibraigeha nought, the quality of the wind was
very poor, the distance from the cone was highthadvind speed bias was above 1.5 m/s.
At the end of July 2001 the ZGM has been tuned Hrel satellite attitude had an
improvement. This explains the increase of the remdb valid nodes (returned around the
nominal level) and the improvements in the windespleias (around 0.5 m/s).

On 4" February 2003, a beta version of the new ESACAgssor has been put in operation
in Kiruna for validation and the monitoring of tHata quality has been done only for the new
ESACA data. The number of valid nodes slight desedabecause Kiruna station process
only 9 of 14 orbits per day. The wind speed dimttdeviation had a clear improvement
because ESACA implements a new ambiguity remoygdrahm (MSC) and the ambiguity
removal rate is now stable at 100% (the MSC is &blemove ambiguity for all the nodes).
The wind speed bias had a clear drop from 0.5.or0s. That value is closer to the nominal
one (around -0.2 m/s). As reported in the previogdic reports the beta version of ESACA
had some calibration problem for the near rangees@ohd this explains why the data quality
does not match exactly the one obtained in the mamYSM. That problem has been
overcome with the final release of the ESACA preoesut into operation on August 21
2003. On June 22 the failure of the on-board tape recorder discoreél the ERS global
mission (see section 4.1) and this explains therlamber of valid nodes available after that
day.

The performances of ESACA winds delivered betweagust 2003 and September 2004 are
affected by land contamination. Around costal zomegzny Sea nodes have a strong
contribution of Land backscattering and the regtwind is not correct. An optimization of
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the Land/Sea flag in the ground processing has baeted out during the cycle 98. In the
statistics computed by PCS on the fast delivereaddsvithe Land contamination has been
removed by using a refined Land/Sea mask. Alsodbecontamination has been removed
with a simple geographical filter. With these nestting the PCS statistics are very similar to
the ones reported by ECMWF.

For cycle 154 the wind performances stayed stdlile.wind speed bias (UWI vs 18 or 24
hour forecast) was roughly 0.6 m/s and the spessidiandard deviation was around 1.8 m/s.

The wind direction deviation for cycle 154 was gawith more than 98% of the nodes wind
direction in agreement with the ECMWEF forecast.
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ERS-2 Geophysical Validation: UWI productsvs ECMWF statistics
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FIGURE 12 ERS-2 Scatterometer: wind products perfor mance since the beginning of the mission.
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ERS-2 Geophysical Validation: UWI productsvs ECMWF statistics
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FIGURE 13 ERS-2 Scatterometer: wind products performance for cycle 154.
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4.3 ECMWF Geophysical Monitoring

The quality of the UWI product was monitored at E@H for Cycle 154. Results were
compared to those obtained from the previous Cyadewell for data received during the
nominal period in 2000 (up to Cycle 59). No con@ts for duplicate observations from
overlapping ground stations were applied.

During Cycle 154 data was received between 21:0€ WT January 2010 and 13:00 UTC 15
February 2010. Data was grouped into 6-hourly ketdlcentred around 00, 06, 12 and 18
UTC). No data was received for the batches for U&€ 9 February and 18 UTC 15 February
2010.

Data is being recorder whenever within the visipifange of a ground station. No data from
Johannesburg was received. For Cycle 154, dataageevas over the North-Atlantic, part
of the Mediterranean, the Gulf of Mexico, a veryadinpart of the Pacific west from the US,
Canada and Central America, the Chinese Sea, & ganabf the Indian Ocean South-East of
Thailand and Indonesia, and an area near the Ai@ind South from Australia.

Compared to Cycle 153, the UWI wind speed relatvede CMWF first-guess (FG) fields
showed a slightly lower standard deviation (1.58,m/as 1.59 m/s). Bias levels were more
negative (on average -0.94 m/s, was -0.83 m/s).

The ECMWEF operational assimilation and forecastesyswas changed on 27 January 2010.
The main upgrade was the increase in horizontalutisn for the forecast component from
25km to 16km. The impact on the quality of shorefast surface wind is modest.

The Cycle-averaged evolution of performance retatty ECMWEF first-guess (FG) winds is
displayed in Figure 14. Figure 15 shows global maipthe over Cycle 154 averaged UWI
data coverage and wind climate, Figure 16 for perémce relative to FG winds.

@ esalﬂm 39



DATA QUALITY AND ALGORITHMS MANAGEMENT OFFICE ESA EOP-GQ

R B "
TN LR

3 W.BOigsgo § E'?' § lf 72{ . |
- N AR SR 4 P 'S oo™ R 2
© 1204 5 i\ é’:‘Nb v P P 2 ;ng*ki><iii” \oup
S R TS g w ¢

e 110 ... %Mr .................................................................................... =
2 100l oo | :

68 /2 /6 80 85 89 93 97 101105109 114118 122 126 130 134 138 143 147 151 155

5—weekly cycle number

2.00(%
.90

.80 I+
700
B0k
5014
40 B

230 1
20 L

68 72 76 80 85 89 93 97 101 105109114118 122 126 130 134 138 143 147 151 155
5—weekly cycle number

speed STDV (M/S)

0.0}
—0.3 1

~0.6 4
-0.9
~1.2

-1.5H

%< 1 e S S S S S U

68 72 76 80 85 89 93 97 101 105109 114118 122126 130 134 138 145 147 151 155
5—weekly cycle number

speed BIAS (M/S)

60 [g
50 %
40 1
30 H
20 1NR 3 . s

ol . o4y
68 72 76 80 85 89 93 97 101105109 114118 122 126 130 134 138 143 147 151 155

5—weekly cycle number

FIGURE 14 Evolution of the performance of the ERS-2 Scatterometer averaged over 5-weekly cycles
from 12 December 2001 (cycle 69) to 15 February 2010 (end cycle 154) for the UWI product (solid, star)
and de-aliased winds based on CM OD4 (dashed, diamond). Results are based on data that passed the
UWI QC flags. For cycle 85 two values are plotted; the first value for the global set, the second one for
theregional set. Dotted linesrepresent valuesfor cycle 59 (5 December 2000 to 17 January 2001),i.e. the
last stable cycle of the nominal period. From top to bottom panel are shown the normalized distance to
the one (CMOD4 only) the standard deviation of the wind speed compared to FG winds, the
corresponding bias (for UWI winds the extreme inter-node averages are shown as well), and the
standard deviation of wind direction compared to FG.

dir STDV (DEG)

‘lgzq,s;a!lﬁll!ﬂ!ﬁ

40



ESA EOP-GQ

DATA QUALITY AND ALGORITHMS MANAGEMENT OFFICE

3.09T 3.00T 3.02T 3.00T 3.08 3.09 .07 3.0C <0 Mo0Z Mo0V Mo09 M.08 M.00T Mo0CT MoOVT Mo09T

T°0 |

v ==
v . \

7
/M;,%WW(MI ._ )
ol n A i
—_ J/\;ﬁ)/ ,
8 = —
= 1 ) ...- S e
...\.& Py ) . .u.\..uls 3P ﬂWV \Aml\ ..1.“‘@{ -
y u ¥ 7| s |- Lu. - uf..,w@.‘l.\.; ~ R \h,mn\\ -

@H Wl\ ) M.“ - [ om -... % = v .ﬂ.\ e . .
- e S iy A ==
[ lvﬂn.u.vle(J,)\I .Im..\.«'\.\nw.uﬂvq 2 Tl 89 el = =

26 _— - Jﬁ_ b -
10°2:d019 8TSTZ00TOZ O} 00ZTTOOTOZ Wouy abelane
X0 wyGgT 1ad ‘HezT 1ad ‘( IMN 2-SY3 ) SAON

41



DATA QUALITY AND ALGORITHMS MANAGEMENT OFFICE ESA EOP-GQ

20
15

|0

160°E

v .o

\ | .ﬂ;;k

én fo ﬁ( 7 W
R g o A
i “ )
IR prE T
‘ P ] ¥ w
"g ' Lv ) ' I 3

RN il
= v:“\@? ) ﬁﬁl&\ W Q
ol ii IR { N
K . ’/\J/” R

20°W

40°W

60°W

LB

AVERAGE ( ERS-2 UWI ), In m/s.
average from 2010011200 to 2010021518 GLOB:7.37 =)

Q } :
eI i
\ rg sl / Z
X Q
% \ @ =]
U f
0 | vﬁ-’. s
20 Jida B
E,.'F 'v.?“ o Y §
AR}
! ﬁx\.‘ .
actl il z
o
WL | g
1
z
S
{ —
v g
N
{
L 1
=z .-;Z r,Z eZ =z =z =z =z =) [ g/) 1]
8 R 8 B 8 8 K& =2 2 R 8

FIGURE 15 Average number of observations per 12H and per 125km grid box (top panel) and wind-
climate (lower panel) for UWI winds that passed the UWI flags QC and a check on the collocated
ECMWEF land and sea-ice mask.

@Oﬂm

42



ESA EOP-GQ

DATA QUALITY AND ALGORITHMS MANAGEMENT OFFICE

S0

q'¢

3.09T 3.00T 3.02T 3.00T 3.08 3.09 .07 3.0C <0 Mo0Z Mo0V Mo09 M.08 M.00T Mo0CT

MoOVT Mo09T

N
v . \

.
:
y

s g o o :
L Ao D e G
2

e
E

|ﬂ|'|
u . | s - ? = S
o R ™ © i S dae o >
2 lnlv-'

1Y

= R e N
i e : e

—_— . iy - -t b
== e

= — Fe— =

26'0-:9019 8TSTZ00TOZ 0} 00ZTTO0TOZ Woij abesane

'S/W Ul ‘( SSIND-1SHId SA IMN 2-SH3 ) Svid

43



DATA QUALITY AND ALGORITHMS MANAGEMENT OFFICE ESA EOP-GQ

L0 0
Lo (9\] i
I
0 W
J— 8
(f) [
I= m
O u
£~
- O
—~~ 8
0 g
2 y
M=t g
i
Qs e
5 “Yill
@\ o
A
L S C,
w O ‘ 'I- -
> g WS :
s o | B
D O iy
(Q\| - g ;
(/) o ‘l‘ﬁ ﬂm*\ z
o SWE |
W & st :
— e ”@?A%l}' . .
> . VQ J\fl" ks L] §
n o ,
= g |
n B i,
@ YU :
> \
SRR

FIGURE 16 The same as Figure 15, but now for the relative bias (top panel) and standard deviation
(lower panel) with ECMWF fir st-guess winds.

@Oﬂm

44



DATA QUALITY AND ALGORITHMS MANAGEMENT OFFICE ESA EOP-GQ

4.3.1 Distance to cone history

The distance to the cone history is shown in FiguteCurves are based on data that passed
all QC, including the test on the K_p-yaw flag, asubject to the land and sea-ice check at
ECMWEF (see cyclic report 88 for details).

Like for previous cycles, time series are (dueattklof statistics) very noisy, especially for
the near-range nodes. Most spikes were found tbebeesult of low data volumes.

Compared to cycle 153, the average level has ingarq®.19 was 1.18), and is higher (by
9%) than for nominal data (see top panel Figure 14)

The fraction of data that did not pass QC is digadlain Figure 17 as well (dash curves).
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sea-located triplets rejected by ESA flags, or by the wind inversion algorithm (0: all data

10, 11-14 and 15-19 (solid curve close to 1 when no instrumental problems are present). The dotted
curve shows the number of incoming triplets in logarithmic scale (1 corresponds to 60,000 triplets)

and the dashed one indicates the fraction of complete (based on the land and sea-ice mask at

FIGURE 17 Mean normalized distance to the cone computed every 6 hoursfor nodes 1-2, 3-4, 5-7, 8-
ECMWEF)

kept, 1: no data kept).
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4.3.2 UWI minus First-Guess history

In Figure 18, the UWI minus ECMWF first-guess wispleed history is plotted. The history
plot shows a few peaks, which are usually the tefubw data volume.

Figure 22 displays the locations for which UWI wsnadlere more than 8 m/s weaker (top
panel), respectively more than 8 m/s stronger (topanel) than FG winds. Like for cycle
153, such collocations are isolated, and oftencatdi meteorologically active regions, for
which UWI data and ECMWF model field show reasogpahall differences in phase and/or
intensity. Deviations near the poles are the refuthperfect sea-ice flagging.

Two cases for which UWI winds were considerablyeaént from FG winds are presented in
Figure 23. The top panel displays a small patchkefy degraded UWI winds in the North
Atlantic for 23 January 2010. The lower panel digpla difference in the shape of a low-
pressure system near Newfoundland for 2 Februat9.20

Average bias levels and standard deviations of UNlts relative to FG winds are displayed

in Table 6. From this it follows that the bias ofMU winds was more negative (-0.94 m/s,
was -0.83 m/s), being around 0.1 m/s more neg#teve for nominal data in 2000.

Table 6 Wind speed and direction biases

Cycle 153 Cycle 154
uwli uwli Uwl CMOD4
Speed STDV 1.59 1.58 1.57 1.56
Node 1-2 1.58 1.55 1.564 1.60
Node 3-4 1.51 1.50 1.52 1.50
Node 5-7 1.51 1.51 1.47 1.47
Node 8-10 1.53 1.54 1.49 1.49
Node 11-14 1.56 1.57 1.55 1.55
Node 15-19 1.61 1.62 1.57 1.58
Speed BIAS -0.83 -0.82 -0.94 -0.93
Node 1-2 -1.49 -1.46 -1.61 -1.58
Node 3-4 -1.18 -1.13 -1.31 -1.26
Node 5-7 -0.86 -0.82 -1.00 -0.96
Node 8-10 -0.64 -0.63 -0.77 -0.77
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Node 11-14 -0.59 -0.60 -0.71 -0.72

Node 15-19 -0.61 -0.63 -0.70 -0.71
Direction STDV 30.2 19.4 26.2 18.3
Direction BIAS -1.8 -2.1 -2.7 -2.8

On a longer time scale seasonal bias trends aex\auks (see Figure 14). The large increase
in negative bias that had emerged a few Cycles agw,its current reduction are typical for
this season. As was highlighted in previous cy@joorts, it is believed that this yearly trend
is partly induced by changing local geophysicaldibons.

The standard deviation of UWI wind speed versus B(IVFG has, compared to Cycle 153,
improved (1.57 m/s, was 1.59 m/s).

For Cycle 154 the (UWI - FG) direction standardidgans were mostly ranging between 20
and 40 degrees (Figure 20). Average STDV for UWHdmiirection improved compared to
that of Cycle 153 (26.2 degrees, was 30.2 degrées)at ECMWF de-aliased winds (Figure
21) performance improved as well (STDV 18.3, wasgl iegrees).
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FIGURE 18 Mean (solid line) and standard deviation (dashed line) of the wind speed difference UWI -

first guessfor the data retained by the quality control.
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FIGURE 19 SameasFig. 18, but for the de-aliased CM OD4 data.
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FIGURE 20 Same as Fig. 18, but for the wind direction difference. Statistics are computed only for wind

speeds higher than 4 m/s.
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FIGURE 21 SameasFig. 20, but for the de-aliased CM OD4 data
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UWI winds more than 8 m/s weaker than ECMWF First Guess
CYCLE 154, 2010011200 to 2010021518, QC on ESA flags
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FIGURE 22 Locations of data during cycle 154 for which UWI winds are more than 8 m/s weaker (top
panel) respectively stronger (lower panel) than FGAT, and on which QC on UWI flags and the ECMWF
land/sea-ice mask was applied.
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LW winds (red) versus ECMWFE FG winds (blue)
Morth Atlantic 201001232 02:52 UTC
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Newfoundland 20100202 01:07 UTC

FIGURE 23 Comparison of UWI winds (in red) with ECMWF FG winds (in blue) for a case on 23
January 2010 (top panel) in the North Atlantic and a case on 2 February 2010 (lower panel) near
Newfoundland.
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4.3.3 Scatter plots

Scatter plots of FG winds versus ERS-2 winds aspldyed in Figures 24 to 27. Values of
standard deviations and biases are slightly diffieh@m those displayed in Table 6. Reason
for this is that, for plotting purposes, the in Grs resolution ERS-2 winds have been
slightly perturbed (increases scatter with 0.02)dad that zero wind-speed ERS-2 winds
have been excluded (decreases scatter with al@und’s).

The scatter plot of UWI wind speed versus FG (FegR4) is very similar to that for (at
ECMWEF inverted) de-aliased CMOD4 winds (Figure 2B&).confirms that the ESACA
inversion scheme is working properly.

Winds derived on the basis of CMOD5 are displayedrigure 27. The relative standard
deviation is lower than for CMOD4 winds (1.53 m&rsus 1.59 m/s). Compared to ECMWF
FG, CMOD5 winds are 0.40 m/s slower.

55



DATA QUALITY AND ALGORITHMS MANAGEMENT OFFICE

ESA EOP-GQ

ECMWF 3-hourly First-Guess winds versus UWI winds
from 2010011200 to 2010021518
= 690312, db contour levels, 5 db step, 1st level at 3.4 db
m(y-x)=-0.94 sd(y-x)= 1.59 sdx= 4.11 sdy= 3.84 pcxy= 0.960
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FIGURE 24 Two-dimensional histogram of first guess and UWI wind speeds, for the data kept by the
UWI flags, and QC based on the ECMWF ice and land and sea-ice mask. Circles denote the mean

valuesin they-direction and squaresthosein the x-direction.
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ECMWEF 3-hourly First-Guess winds versus UWI winds
from 2010011200 to 2010021518
= 595027 (|f| gt 4.00 m/s), db contour levels, 5 db step, 1st level at 2.7 db
m(y-x)=-2.59 sd(y-x)= 26.30 sdx=102.76 sdy=102.61 pcxy= 0.983
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FIGURE 25 Same as Fig. 24, but for wind direction. Only wind speeds higher than 4m/s are taken into
account.
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ECMWEF 3-hourly First-Guess winds versus CMOD4 winds
from 2010011200 to 2010021518
= 686300, db contour levels, 5 db step, 1st level at 3.4 db
m(y-x)=-0.93 sd(y-x)= 1.59 sdx= 4.09 sdy= 3.83 pcxy= 0.960
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FIGURE 26 Same asFig. 24, but for de-aliased CM OD4 winds.
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ECMWEF 3-hourly First-Guess winds versus CMODS5 winds
from 2010011200 to 2010021518
= 678297, db contour levels, 5 db step, 1stlevel at 3.3 db
m(y-x)=-0.40 sd(y-x)= 1.53 sdx= 4.04 sdy= 3.90 pcxy= 0.962
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FIGURE 27 SameasFig. 24, but for de-aliased CM OD5 winds.
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4.4 Timeliness evolution

The Scatterometer product timeliness is definedhasdifference between the acquisition

time of the first product and the creation dateh#f file received in ESRIN-PCS. Once the

UWI file is received in ESRIN, data are convertedBUFR format and sent to users via the
GTS network. Therefore that timeliness is an indicaf the delay time that the user could

expect in the data dissemination. The analysis doésake into account delays in the GTS

network. For each file received from the groundieta the timeliness is computed and this

analysis reports the daily mean timeliness obtaimedveraging all the values.

The analysis has been performed on the daily timast average. Timeliness is zero when no
products are received.

In the next figures is showed the evolution of ttaly mean timeliness of Kiruna,
Maspalomas, Gatineau, West Freugh and Miami sttsamce April 2005. Since 2007 the
analysis has been extended also first to McMurdb Beijing products and then to Matera,
Hobart, Singapore and Chetumal products. The stpdate of the analysis, for each station,
is reported in the following table:

TABLE 6 Starting date of Timeliness analysisfor each station

STATION START DATE
Kiruna 19 April 2005
Gatineau 19 April 2005
Maspalomas 19 April 2005
West Freugh 19 April 2005
Miami 19 April 2005
McMurdo 13 March 2007
Beijing 13 March 2007
Matera 5 December 2007
Hobart 5 December 2007
Singapore 5 December 2007
Chetumal 5 December 2007
Johannesburg 17 July 2008

The Figure 28 shows the results of the investigafar Gatineau, Kiruna, Maspalomas,
Matera and Singapore stations.
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TIMELINESS EVOLUTION (Cycles 105 - 154) « KIRUNA
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FIGURE 28 Timeliness evolution from 19 April 2005 to 18 February 2010 for Kiruna, Gatineau,
Maspalomas, Matera, Singapore and Johannesburgdystations.

Apart from some values out of the general tendehsy to temporary system or connection
problem, since the beginning of the analyzed pedotimeliness increase is detected for
Kiruna, Maspalomas and Gatineau stations. In pdaic it can be recognized a
discontinuous trend for the three stations withckjlyi increases in the same days for the 3
stations followed by a slightly decrease in thessgjnent months. In depth analysis showed
that these rapid increases occur about in thevioligp days: 5 May 2005, 5 December 2005,
9 August 2006 and 9 January 2007. This behaviolddo& due to settings modifications in
the ground segment.

During cycles 154 the timeliness performances waite gstable for most of the ground
stations. In the reporting period Kiruna showedeamtimeliness of 35 minutes. Matera and
Maspalomas had a mean value of respectively 404&nchinutes. Singapore and Gatineau
had a higher timeliness with a mean value of resgdyg 50 and 55 minutes. No relevant
information on Johannesburg station due to misdatg for the reporting period.

The analysis for West Freugh, Miami, Beijing, McMar Hobart and Chetumal stations is
showed in Figure 29.

@ esalﬂm

61



DATA QUALITY AND ALGORITHMS MANAGEMENT OFFICE

ESA EOP-GQ

150

TIMELINESS EVOLUTION (Cycles 105 - 154)
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FIGURE 29 : Timeliness evolution from 19April 2005 to 1%' February 2010 for West Freugh, Miami,
Beijing, McMurdo, Hobart and Chetumal ground stiasio

West Freugh and Miami stations show a similar ragtriend in the analyzed period. More in
detail a slightly increased timeliness could bentdeed since October 2006 followed by a
decrease since January 2007.

During the reporting period the timeliness was IstabBhetumal had the lowest value of about
40 minutes. Beijing and Hobart had a mean valué5ofinutes while Miami and Mcmurdo
50 minutes. West Freugh timeliness was about 5bhitesnwith a relative high variability.

The analysis carried out shows that till DecemB&p805 UWI products delivered from the

three ESA ground station (Kiruna, Maspalomas, @atif) had a timeliness that fulfils the

requirements for nowcasting application (data resgbion average within 25 minutes). After

that date performances progressively degradedin@tine reporting period the mean values
for these stations was respectively 35, 45 and Blutes. Therefore no more stations cover
the requirements for nowcasting applications. Itigatons are still on-going to understand
and solve the problem.
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5 Yaw error angle estimation
The yaw error angle estimation is computed on-gholoy the ESACA processors. The full

set of results of the yaw processing is storechimternal ESA product named HEY (Helpful
ESA Yaw) disseminated from the ground station t&REES The estimation of the yaw error
angle is based on the Doppler shift measured ometbeived echo. That estimation can be
done with a good accuracy only for small yaw eangle (in the range between +/-4 deg.).
Above that range, due to high Doppler frequencyt ghe signal spectrum is outside the
receiver bandwidth and the yaw estimation is strdegraded. Details regarding the yaw
processing can be found on the following documenthagter 9):
http://earth.esa.int/pcs/ers/scatt/articles/soar@abb21.pdf .

The yaw error angle estimation aims to computedbect acquisition geometry for the
three Scatterometer antenna throughout the entoie dhe Yaw error angle information is
used in the radar equation to derive the calibréi@ekscattering (sigma nought) from the
Earth surface and to select the echo samples atstd¢o one node. In ESACA the definition
of the node position is as the one adopted in theé processor (for details
see:.http://earth.esa.int/pcs/ers/scatt/articlaf/swork98_processing.pdf). In such way the
distance between the nodes (both along and aawrdg is kept constant (25 Km) and what
is changing in function of the yaw error anglehs humber of echo samples that contributes
to the node calculation and the incidence anglthefmeasurement. This because the three
Scatterometer antennae could see the node witlifexedit geometry due to an arbitrary
variation of the yaw angle along track. The numtifesamples that actually contributes to a
node and the yaw flag can be retrieved from the DAfla Set Record (DSR) product. For
that reason the definition of few fields in the UWbduct has been updated. For details see
the Scatterometer cyclic report - cycle 90 -. Thgufe 31 (since beginning of HEY
dissemination) and Figure 32 (cycle) show for earddit the average Doppler frequency shift
(first 3 plots Fore Mid and Aft antenna), the minim, maximum and mean yaw (fourth
plot), the yaw standard deviation (fifth plot) atite percentage of source packets acquired
with a yaw error angle outside the range +/- 2 éegr(sixth plot). On average the yaw
evolution is within the specification for the ESA(#ocessor to assure calibrated data. The
evolving yaw bias occurred in June 2004 has begorted to the flight segment and
corrective actions have been put in place to cosgterfor.

The result of the monitoring for cycle 154 is ari@age (per orbit) yaw error angle within the
expected nominal range (+/- 2 degrees) for mosh@fbrbit. Peak in the yaw angle standard
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deviation on 1% January was due to degraded attitude caused HyHEBeblinding. Peaks on
31% January and f5February were caused by satellite attitude natected due to missing
YAW statistics (consequence of a ground segmesedifmation problem).

ERS-2 WindScatterometer: DOPPLER & YAW (HEY)
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FIGURE 30 Doppler frequency shift and Yaw error angle evolution since August 2003 with a smooth of
14 orbits
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ERS-2 WindScatterometer: DOPPLER & YAW (HEY)

Mean orbit Doppler Frequency shift : Fore beam
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FIGURE 31 Doppler frequency shift and Yaw error angle evolution cycle 154.
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5.1 Degraded Scatterometer M easur ements

In case the YAW error angle is not computed dua ttegraded attitude or it is out of the
nominal range, the scatterometer measurementsgsiganght) are considered degraded and,

for some applications, rejected.
The analysis of the degraded sigma nought measatsnhas been computed since cycle

149.
The statistics is performed on a daily base. Thiegrg#age of nodes with YAW not computed

or out of limits among all nodes with at least @igma nought measurements is computed

(Fig. 32).

Degraded Measurements Statistics (Cycles 149-154)
based on nodes with at least one sigma0 measurement s

— Yaw not computed
Yaw out of limits
— Total measurements rejected
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FIGURE 32 Statistics of sigma nought degraded measur ements.

The statistics are also computed based on seaaaddcbdes. For these statistics the analysis

is based on the valid triplets.
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Day

The percentage of the degraded measurements i With0% for most of the period even

FIGURE 34 Statistics of degraded sigma nought triplets over Land.
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though the statistics show an increasing trentendst weeks.

Peaks of degraded measurements on 8th and 9th targdisrom 12th to 14th September are
caused by satellite attitude not corrected dueissing YAW statistics as a consequence of a
ground segment dissemination problem. Peak on %éfftember is due to missing YAW
statistics caused by a long instrument switch-doReaks on 30 September, on p 27"
and 28" October can be caused by satellite attitude notected due to missing YAW
statistics as a consequence of a ground segmesgtnaisation problem. On 9th December a
peak of degraded measurements was due to the Drictedbl

In the reporting period peak onA3anuary was due to degraded attitude caused HyEBe
blinding. Peaks on 16and 3% January and"®February were caused by satellite attitude not
corrected due to missing YAW statistics (consegaenica ground segment dissemination
problem).
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