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Report on ENVISAT Radar Altimeter - 2 (RA-2)
Wind/Wave Product with Height |nformation (RA2 WWYV_2P)

By: Saleh Abdalla
Date: 18 August 2004

Overview:

Basedonthedatarecevedduringthis month,on average 10828obsenrationsarrivedat ECMWF every 6-hourwindow
of which anaverageof 4467obsenationswererejectednitially becaus®f oneof thefollowing reasonsbeingoverland,
being outside model domain, being a double oladenv or flagged for rain contamination. Qresage 76.14% of the
remaining part passed the quality control. Thess no data during the follang periods (in terms of 6-hour time-
windows; all times are in UTC):

* Time windav 12:00 on the 8th. of the month.

* Time windavs 12:00 and 18:00 on the 9th. of the month.

* Time windavs 06:00, 12:00 and 18:00 on the 10th., the 11th. and the 12th. of the month.
* From time windav 18:00 on the 13th. to time windd6:00 on the 14th. of the month.

e Timewindows centerecht00:00o0nthe15th.,the16th.,the17th. the18th.,the19th. the20th. the21st. the24th. the
25th., the 28th., the 30th. and the 31st. of the month.
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e Time windav 18:00 on the 18th. of the month.
e From time windav 12:00 on the 20th. to time windd0:00 on the 21st. of the month.

Full nominal ceerage continued untill the 7th. of the month. A technical problem relatddR& Borversion at Kiruna
was responsible for the partial loss of data between the 8th. and the 13th. of the month. The time series of the d
coverage and some reasons of rejection can be seen in Figure 1. Note that we are talking aboddtheviach we
downloadedn “bufr” formatbeforethey wereprocessedRA-2 andMWR InstrumentProcessingChain(IPF) V4.56 was
operational at the ESA ENVIFAPDS processing centres at 07:31:27 UTC audihésday 26 Nember 2003.

Quality of Received Data:

For the period ceered, the RA-2 K-band vave height data are generally of good qualityhe S-band &ave height
obsenations shav a number of outliers. The quality of wind speed olst@ras is good. Apart from theweoutliers,
MWR products are generally fine and in good agreement with the model (wet tropo correctiomibaamsneller than
the model).

Backscatter :
* ENVISAT RA-2 Ku-Band op>=11.24 dB (with a single rather broad peak at ~ 11.1 dB).
* ENVISAT RA-2 S-Band gp> = 11.51 dB (with a single rather broad peak at ~ 10.6 dB).
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Comparison Summary:

Table 1: Comparison of Sade Whd Speeds:

RA2 - ECMWF RA2 - Buoy
Bias (m/s) Sl (%) Bias (m/s) Sl (%)
Global -0.27 17.5 -1.04 19.6
Northern Hemisphere -0.83 19.9 -1.07 20.7
Tropics -0.45 17.8 -0.87 11.9
Southern Hemisphere +0.23 14.4

Table 2: Comparison ofuBand Significant \&e Heights:

RA2 (Ku) - WAM

RA2 (Ku) - Buoy

European Centre for Medium Range Weather Forecasts
Shinfield Park, Reading, Berkshire RG2 9AX, England
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Bias (m) Sl (%) Bias (m) Sl (%)
Global 0.11 13.1 0.10 16.5
Northern Hemisphere 0.08 17.6 0.10 17.2
Tropics 0.03 11.8 0.05 6.7
Southern Hemisphere 0.20 11.2
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Table 3: Comparison of S-Band Significare/Heights:

RA2 (S) - WAM RA2 (S) - Buoy
Bias (m) Sl (%) Bias (m) Sl (%)
Global 0.10 20.3 0.28 32.7
Northern Hemisphere 0.29 40.8 0.32 34.2
Tropics 0.06 24.6 -0.01 12.2
Southern Hemisphere 0.01 11.9

Table 4. Comparison of &/ Tropo Correction andokal Column Védter \apour \alues:

MWR WTC - ECMWF WTC MWR TCWV - ECMWF TCWV
Bias (m) SI (%) Bias (kg/n¥) SI (%)
Global -0.013 13.9 -0.63 16.4
Northern Hemisphere -0.014 17.4 -0.91 20.5
Tropics -0.011 6.7 +0.61 7.0
Southern Hemisphere -0.014 21.8 -1.35 26.3
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Remarks:

* There vas no ECMWF model changes during the reporting period.

* According to the used land sea mask (which is used for the operatidivaridi at ECMWF), about one third of all
processed data ¥Yxabeen collectedver land. This alue is too lage and is due to not filtering the land records.

* Althoughtherainflagis only responsibldor therejectionof 6% of the datathis month,it wasresponsibldor rejection
of most of the data on the 15th., the 19th., and the 24th. of the momén flanel of Figure 1).

* Thewind speediataarein goodagreementith thewave modelandbuoy dataexceptfor verylow wind speedgbelow
~ 4 m/s) and for high wind speeds (20 m/s and/@po

* The wind speed algorithm needs some adjustments both inatlveinal regime (belev ~ 4 m/s) and more importantly
for the \ery high wind rgime (20 m/s and ale) as can be concluded from the scatter plots in Figures 7-13 and from
comparing the histograms in Figures 5 and 6. Furthermore, the wind speed histogram of Figure 4 indicates that wind
speeds around and beld m/s may not be optimal.

* There is a trend for ikcband vave heights to be slightiyerestimated by about 5% when compared ZMNVesults.
This is visually clear in the scatter plots in Figures 22-25Ifnd - WVAM comparisons) and can be inferred from the
symmetricslopevaluesin samescatterplots. Ontheotherhand,the RA-2 Ku-bandwave heightsarehigherthanbuoy
wave heights by about 4% as can be seen in Figures 30eBBgird - oy comparison).

* The hulk of S-band vave heights are in good agreement with both théWénd the lioy data apart from a number of
outliers(dueto theknown RA-2 S-band anomaly) whencomparedvith the model(ascanbe seenn the scattemplotsin
Figures 26-29) and to lesstent with the hoys (as can be seen in the scatter plots in Figures 33-34). The number of
outliers is less than the last month. Most of those outliers occurred on the 15th., the 19th., and the 24th. of the month
(Figure 37) when thereas wer-active rain flagging.

* The ratio between Kband and S-bandawe heights decreased to ~0.92 at thgirr@ng of the second week of the
month. It is still unstable andvoas can be seen in Figure 48.
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Thereis quite anumber of outliersin the scatter plots comparing the MWR derived wet tropospheric correction (WTC)
and total column water vapour (TCWV) against the ECMWF model in the Northern and Southern Hemisphere (Figures
39, 41, 43 and 45). However, the number of those outliersis less than the previous month.

* Whilethe MWR derived TCWYV is now in good agreement with the model counterpart (MWR TCWV is dlightly
smaller than the model), the MWR WTC is still consistently smaller (drier) than the model values.

* [tisimportant to stress that one needs to keep in mind when making the comparison between the results presented here
for the ENVISAT RA-2 and the results presented in the ERS-2 altimeter reports that the ERS-2 plots and statistics are
done for super-observations composed of 30 individual observation, while the plots and statistics here are for super-
observations with 11 individual observations. Therefore, it is natural for the RA-2 plots and statistics to show abit more
variability.

* ENVISAT RA-2 Ku-band wave height data and ERS-2 SAR wave data are assimilated in the ECMWF wave model.

* The ERS-2 SAR wave data used for assimilation at ECMWF wave model are now limited to the North Atlantic and the
western coast of North Americafollowing the failure of the ERS-2 tape recordersin June 2003. Also note that Figure 19
represents the histogram for the covered area only.
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ENVISAT ALTIMETER: NUMBER OF OBS, GLOBAL.

total number of observations
associated with a WAM sea point (inp)
Ku-Hs associated with a WAM sea point passed QC (acc)

ENVISAT ALTIMETER: FLAG REASONS, GLOBAL.

X 100

004 double observations
QC: rain flag
QC: std. dev. of 18Hz range (or peakiness) above limit
QC: Ku-Hs out of range (Hs 0.10 OR HS 20.0)

Figure 1: Time series of datareception for ENVISAT Altimeter datafor July 2004
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Figure 2: Distribution of the ENVISAT Altimeter Ku Backscatter after QC for July 2004

|
Saleh Abdalla
European Centre for Medium Range Weather Forecasts
Shinfield Park, Reading, Berkshire RG2 9AX, England
Telephone: U.K. (0118) 949 9703, International (+44 118) 949 9703
Telex 984 7908 ECMWF G, Telefax (0118) 986 9450, e-mail abdalla@ecmwf.int

10 of 57




ECMWEF Report on ENVISAT RA-2 for July 2004

| ] | |
1.0
mean: QC passed..............: 670162 ( 49%
average deviation: SPikeS. ... 32693 ( 2%
0.9 standard dev: out of range...........: 22480 ( 2%
varlance: Land points............: 445433 ( 33%
Eke"t"”e_SS: Ooutside grid...........: 31492 ( 2%
0.8 urtosts: | Double observations. ...: 7231 ( 1%
High Ku-range St.Dev...: 76108 ( 6%
Rain flag..............: 78785 ( 6%
0.7 o
0, B
A —
0.4
0.3

0.0

80 9.0 10.0 11.0 12.0
S Backscatter (dB)

Figure 3: Distribution of the ENVISAT Altimeter S Backscatter after QC for July 2004
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Figure 4: Distribution of the ENVISAT Altimeter Wind Speed after QC for July 2004
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Figure 5: Distribution of ENVISAT Altimeter Wind Speeds after Along-Track Averaging for July 2004
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Figure 6: Global distribution of ECMWF Analysis ocean surface wind speeds for July 2004
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Figure 7.Comparison between ENVISAT Altimeter and ECMWF wind speeds for July 2004 (Global)
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Figure 8. Comparison between ENVISAT Altimeter and ECMWF wind speeds for July 2004 (N.Hem.)
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Figure 9.Comparison between ENVISAT Altimeter and ECMWF wind speeds for July 2004 (Tropics)
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Figure 10. Comparison between ENVISAT Altimeter and ECMWF wind speeds for July 2004 (S.Hem.)
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Figure 11. Comparison between ENVISAT Altimeter and buoy wind speeds for July 2004 (Global)
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Figure 12. Comparison between ENVISAT Altimeter and buoy wind speeds for July 2004 (N.Hem.)
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Figure 13.Comparison between ENVISAT Altimeter and buoy wind speeds for July 2004 (Tropics)
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Figure 14: ENVISAT Altimeter wind speeds: Timeseries of bias (ENVISAT - ECMWF) and scatter index (Sl)
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Figure 15: Distribution of the ENVISAT Altimeter Ku Wave Height after QC for July 2004
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Figure 16: Distribution of the ENVISAT Altimeter S Wave Height after QC for July 2004
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Figure 17: Distribution of ENVISAT Altimeter Ku-Band Wave Heights after Along-Track Averaging for July 2004
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Figure 18: Distribution of ENVISAT Altimeter S-Band Wave Heights after Along-Track Averaging for July 2004
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Figure 19: Distribution of the ERS-2 Altimeter wave heights after along track averaging for July 2004.
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Figure 19b: Distribution of WAM 4V Wave Height (Collocated with ENVISAT) for July 2004
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Figure 20: Global distribution of ECMWF First-Guess wave heights for July 2004
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Figure 21: Global distribution of ECMWF Analysis (using ERS-2 data) wave heights for July 2004
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Figure 22. Comparison between ENVISAT Altimeter Ku-Band and WAM (first guess) significant wave heights for July 2004 (Global)
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Figure 23. Comparison between ENVISAT Altimeter Ku-Band and WAM (first guess) significant wave heights for July 2004 (N.Hem.)
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Figure 24. Comparison between ENVISAT Altimeter Ku-Band and WAM (first guess) significant wave heights for July 2004 (Tropics)
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Figure 25. Comparison between ENVISAT Altimeter Ku-Band and WAM (first guess) significant wave heights for July 2004 (S.Hem.)
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Figure 26. Comparison between ENVISAT Altimeter S-Band and WAM (first guess) significant wave heights for July 2004 (Global)
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Figure 27. Comparison between ENVISAT Altimeter S-Band and WAM (first guess) significant wave heights for July 2004 (N.Hem.)
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Figure 28. Comparison between ENVISAT Altimeter S-Band and WAM (first guess) significant wave heights for July 2004 (Tropics)
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Figure 29. Comparison between ENVISAT Altimeter S-Band and WAM (first guess) significant wave heights for July 2004 (S.Hem.)
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Figure 30. Comparison between ENVISAT Altimeter Ku-Band and buoy significant wave heights for July 2004 (Global)
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Figure 31. Comparison between ENVISAT Altimeter Ku-Band and buoy significant wave heights for July 2004 (N.Hem.)
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Figure 32. Comparison between ENVISAT Altimeter Ku-Band and buoy significant wave heights for July 2004 (Tropics)
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Figure 33.Comparison between ENVISAT Altimeter S-Band and buoy significant wave heights for July 2004 (Global)
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Figure 34. Comparison between ENVISAT Altimeter S-Band and buoy significant wave heights for July 2004 (N.Hem.)
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Figure 35. Comparison between ENVISAT Altimeter S-Band and buoy significant wave heights for July 2004 (Tropics)
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Figure 36; ENVISAT Altimeter Ku-band wave heights: Timeseries of bias (ENVISAT - WAM_FG) and scatter index (SI)
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Figure 37: ENVISAT Altimeter S-band wave heights: Timeseries of bias (ENVISAT - WAM_FG) and scatter index (Sl)
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Figure 38. Comparison between ENVISAT MWR and ECMWF (analysis) wet tropo correction for July 2004 (Global)
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Figure 39. Comparison between ENVISAT MWR and ECMWF (analysis) wet tropo correction for July 2004 (N.Hem.)
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Figure 40. Comparison between ENVISAT MWR and ECMWF (analysis) wet tropo correction for July 2004 (Tropics)
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Figure 41. Comparison between ENVISAT MWR and ECMWF (analysis) wet tropo correction for July 2004 (S.Hem.)
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Figure 42. Comparison between ENVISAT MWR and ECMWF (analysis) total column water vapour for July 2004 (Global)
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Figure 43. Comparison between ENVISAT MWR and ECMWF (analysis) total column water vapour for July 2004 (N.Hem.)
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Figure 44. Comparison between ENVISAT MWR and ECMWF (analysis) total column water vapour for July 2004 (Tropics)
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Figure 45. Comparison between ENVISAT MWR and ECMWF (analysis) total column water vapour for July 2004 (S.Hem.)
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Figure 46: ENVISAT Altimeter wet tropo correction: Timeseries of bias (ENVISAT - ECMWF) and scatter index (SI)
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Figure 47: ENVISAT Altimeter total column water vapour: Timeseries of bias (ENVISAT - ECMWF) and scatter index (Sl)
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Figure48. Timeserie®f daily globalratio betweemrmeanKu-Bandto meanS-Bandsignificantwave heightssincethe 18th.of July 2002.
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