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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: 21 September 2004

Overview:

Basedonthedatarecevedduringthis month,onaverage 14957obsenrationsarrivedat ECMWF every 6-hourwindow
of which anaverageof 60650bsenationswererejectednitially becaus®f oneof thefollowing reasonsbeingoverland,
being outside model domain, being a double oladenv or flagged for rain contamination. Qresage 77.61% 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) as can be seen in Figure 49:

* Time windavs centred at 00:00 on the 2nd. and the 9th. of the month.

* Time windavs from 00:00 on the 10th. till 06:00 on the 11th. of the moxdtle@ for time winda 12:00 on the 12th.
* Time windavs centred at 12:00 on the 21st. and the 22nd. of the month.

* Time windavs centred at 12:00 and 18:00 on the 29th. of the month.

On the other hand, thereaw significant reduction in datalume during the follewing periods:
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* Time windav centred at 06:00 on the 1st. of the month.

* Time windavs centred at 00:00 and 06:00 on the 8th. of the month.

* Time windavs centred at 06:00 and 18:00 on the 9th., the 21st. and the 22nd. of the month.
* Time windavs centred at 12:00 and 18:00 on the 19th., the 20th. and the 26th. of the month.
* Time windav 12:00 on the 27th. of the month.

Full nominalcoveragewasattainedmostof the month. Unfortunatelythe“MWR L2 Processingrlag” startedto become
missing for about 42% of the data since thgitn@ng of the second week of August 2004. The pre-processingaseftw
interpreted such data records as “corrupt” and therefore did not include them in analysis. Therefore the amount
usedin theoperationabnalysiscanbeseenn Figurel. Thisbugwasspottedandacorrectionwill beimplementedsoon.
Note that we are talking about thewrdata which we denloaded in “lnfr” format before thg were processed.

Quality of Received Data:

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

Backscatter :
* ENVISAT RA-2 Ku-Band op>=11.24 dB (with a single peak at ~ 11.1 dB).
* ENVISAT RA-2 S-Band &3> =11.55dB (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 -0.30 17.5 -1.10 19.4
Northern Hemisphere -0.74 19.4 -1.17 20.0
Tropics -0.44 17.2 -0.65 14.8
Southern Hemisphere +0.14 14.9

Table 2: Comparison ofuBand Significant \&e Heights:

RA2 (Ku) - WAM

RA2 (Ku) - Buoy
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Bias (m) Sl (%) Bias (m) Sl (%)
Global 0.12 13.7 0.10 16.8
Northern Hemisphere 0.10 17.8 0.10 17.7
Tropics 0.05 12.7 0.02 8.5
Southern Hemisphere 0.18 11.7
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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 0.12 23.6 0.25 30.7
Northern Hemisphere 0.27 34.2 0.28 31.8
Tropics 0.08 25.8 -0.09 11.7
Southern Hemisphere 0.03 18.0

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 -0.012 15.4 -0.55 16.0
Northern Hemisphere -0.013 19.1 -0.72 17.7
Tropics -0.011 6.5 +0.58 6.7
Southern Hemisphere -0.013 25.6 -1.29 31.0
| 4 of 58

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




. ECMWF Report on ENVISAT RA-2 for August 2004 .

Remarks:

* The*MWR L2 Processingrlag” startedo becomanissingfor about42%of thetime sincethebeginningof thesecond
week of August 2004. The pre-processing safeninterpreted such data records as “corrupt” and therefore did not
include them in the analysis.

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

* According to the used land sea mask (which is used for the operatidivariki at ECMWF), about one third of all
processed data i been collectedver land. This alue is too lage and is caused by not filtering the land records.

* Althoughtherainflagis only responsibldor therejectionof 5% of the datathis month,it wasresponsibldor rejection
of most of the data on the 7th., the 12th., and the 14th. of the mon#r lanel of Figure 49).

* Thewind speeddataarein goodagreemenivith thewave modelandbuoy dataexceptfor verylow wind speedgbelon
~ 4 m/s) and for high wind speeds (20 m/s and/@po

* The wind speed algorithm needs some adjustments both inthverna regime (belov ~ 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 Kkcband vave heights to be slightiyerestimated by about 5% when compared ZMNVesults.
This is visually clear in the scatter plots in Figures 22-25jnd - 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 30eBBaKd - oy comparison).

* The lulk of S-band wave heights are in good agreement with both tAdAénd the oy data apart from a number of
outliers (due to the well-kman RA-2 S-band anomaly) when compared with the model (as can be seen in the scatter
plots in Figures 26-29) and to lesdent with the boys (as can be seen in the scatter plots in Figures 33-34). The

(D
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number of outliers is similar to last month. Most of those outliers occurred on the 7th., the 12th., and the 14th
month (Figure 37) when thereaw wer-active rain flagging.

The ratio between iband and S-bandawe heights aried between ~0.92 to ~0.98 as can be seen in Figure 48.

Thereis quiteanumberof outliersin the scattemplotscomparinghe MWR dervedwettroposphericorrection(WTC)
andtotal columnwatervapour(TCWV) aginstthe ECMWF modelin theNorthernandSoutherrHemisphergFigures
39, 41, 43 and 45).

While the MWR derred TCWV is nav in good agreement with the model counterpart (MWR TCWV is slightly
smaller than the model), the MWR WTC is still consistently smaller (drier) than the nadaet.v

It is importantto stresgshatoneneeddo keepin mind whenmakingthe comparisorbetweertheresultspresentedhere
for the ENVISA RA-2 and the results presented in the ERS-2 altimeter reports that the ERS-2 plots and statis
done for supeobsenations composed of 30 indilual obseration, while the plots and statistics here are for super
obsenationswith 11individualobsenations.Thereforeijt is naturalfor the RA-2 plotsandstatistico shav abit more
variability.

ENVISAT RA-2 Ku-band vave height data and ERS-2 SARwme data are assimilated in the ECMWEBvey model.

The ERS-2SAR wave datausedfor assimilationat ECMWF wave modelarenow limited to the North Atlantic andthe
westerncoastof North Americafollowing thefailureof the ERS-2taperecordersn June2003.Also notethatFigurel19
represents the histogram for theveed area only
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Figure 1: Time series of datareception for ENVISAT Altimeter datafor August 2004
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Figure 2: Distribution of the ENVISAT Altimeter Ku Backscatter after QC for August 2004
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Figure 3: Digtribution of the ENVISAT Altimeter S Backscatter after QC for August 2004
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Figure 4: Digtribution of the ENVISAT Altimeter Wind Speed after QC for August 2004
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Figure 5: Distribution of ENVISAT Altimeter Wind Speeds after Along-Track Averaging for August 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

13 of 58




. ECMWF Report on ENVISAT RA-2 for August 2004 .

1
mean: 7.50
average deviation: 2.77
0.94 standard dev: 3.5
variance: 12.61
skewness: 0.66
0.8- kurtosis: 0.60 ]
0. 7
0.6
0,5
0.
0.3
0, oo
0.1 e
O EEEDREARPUAREAEREENRERFSEREURERRESERNPRAREPRERSAFERBAVERYRAN RN DR NN RN PR RN NN AN A A VLA VLIRS
0O 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
U10 (m/s)
Figure 6: Global distribution of ECMWF Analysis ocean surface wind speeds for August 2004
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Figure 10. Comparison between ENVISAT Altimeter and ECMWF wind speeds for August 2004 (S.Hem.)
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Figure 11. Comparison between ENVISAT Altimeter and buoy wind speeds for August 2004 (Global)
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Figure 12. Comparison between ENVISAT Altimeter and buoy wind speeds for August 2004 (N.Hem.)
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Figure 13. Comparison between ENVISAT Altimeter and buoy wind speeds for August 2004 (Tropics)
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Figure 14: ENVISAT Altimeter wind speeds: Timeseries of bias (ENVISAT - ECMWEF) and scatter index (Sl)
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Figure 15: Distribution of the ENVISAT Altimeter Ku Wave Height after QC for August 2004
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Figure 16: Distribution of the ENVISAT Altimeter S Wave Height after QC for August 2004
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Figure 17: Distribution of ENVISAT Altimeter Ku-Band Wave Heights after Along-Track Averaging for August 2004
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Figure 15: Distribution of ERS-2 Altimeter wave heights after along track averaging for August 2004
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Figure 17b: Distribution of WAM 4V Wave Height (Collocated with ENVISAT) for August 2004
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Figure 20: Global distribution of ECMWF First-Guess wave heights for August 2004
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Figure 21: Global distribution of ECMWF Analysis (using ERS-2 data) wave heights for August 2004
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Figure 22. Comparison between ENVISAT Altimeter Ku-Band and WAM (first guess) significant wave heights for August 2004 (Global)
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Figure 23. Comparison between ENVISAT Altimeter Ku-Band and WAM (first guess) significant wave heights for August 2004 (N.Hem.)
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Figure 24. Comparison between ENVISAT Altimeter Ku-Band and WAM (first guess) significant wave heights for August 2004 (Tropics)
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Figure 25. Comparison between ENVISAT Altimeter Ku-Band and WAM (first guess) significant wave heights for August 2004 (S.Hem.)
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Figure 26. Comparison between ENVISAT Altimeter S-Band and WAM (first guess) significant wave heights for August 2004 (Global)
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Figure 27. Comparison between ENVISAT Altimeter S-Band and WAM (first guess) significant wave heights for August 2004 (N.Hem.)
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Figure 28. Comparison between ENVISAT Altimeter S-Band and WAM (first guess) significant wave heights for August 2004 (Tropics)
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Figure 29. Comparison between ENVISAT Altimeter S-Band and WAM (first guess) significant wave heights for August 2004 (S.Hem.)
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Figure 30. Comparison between ENVISAT Altimeter Ku-Band and buoy significant wave heights for August 2004 (Global)
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Figure 31. Comparison between ENVISAT Altimeter Ku-Band and buoy significant wave heights for August 2004 (N.Hem.)
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Figure 32. Comparison between ENVISAT Altimeter Ku-Band and buoy significant wave heights for August 2004 (Tropics)
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Figure 33. Comparison between ENVISAT Altimeter S-Band and buoy significant wave heights for August 2004 (Global)
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Figure 34. Comparison between ENVISAT Altimeter S-Band and buoy significant wave heights for August 2004 (N.Hem.)
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Figure 35.Comparison between ENVISAT Altimeter S-Band and buoy significant wave heights for August 2004 (Tropics)
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Figure 36: ENVISAT Altimeter Ku-band wave heights: Timeseries of bias (ENVISAT - WAM_FG) and scatter index (Sl)
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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 August 2004 (Global)
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Figure 39. Comparison between ENVISAT MWR and ECMWF (analysis) wet tropo correction for August 2004 (N.Hem.)
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Figure 40. Comparison between ENVISAT MWR and ECMWF (analysis) wet tropo correction for August 2004 (Tropics)
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Figure 41. Comparison between ENVISAT MWR and ECMWF (analysis) wet tropo correction for August 2004 (S.Hem.)
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Figure 42. Comparison between ENVISAT MWR and ECMWF (analysis) total column water vapour for August 2004 (Global)
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Figure 43. Comparison between ENVISAT MWR and ECMWF (analysis) total column water vapour for August 2004 (N.Hem.)
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Figure 44. Comparison between ENVISAT MWR and ECMWF (analysis) total column water vapour for August 2004 (Tropics)
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Figure 45. Comparison between ENVISAT MWR and ECMWF (analysis) total column water vapour for August 2004 (S.Hem.)
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Figure 46: ENVISAT Altimeter wet tropo correction: Timeseries of bias (ENVISAT - ECMWF) and scatter index (Sl)
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Figure47: ENVISAT Altimeter total column water vapour: Timeseries of bias (ENVISAT - ECMWF) and scatter index (SI)
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Figure48. Timeserie®f daily globalratio betweemrmeanKu-Bandto meanS-Bandsignificantwave heightssincethe 18th.of July 2002.
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Figure 49: Correct time series of datareception for ENVISAT Altimeter data for August 2004
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