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

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

By: Saleh Abdalla
Date: 13 February 2004

Overview:

Basedonthedatarecevedduringthis month,onaverage 11185obsenrationsarrivedat ECMWF every 6-hourwindow
of which anaverageof 4784obsenationswererejectednitially becaus®f oneof thefollowing reasonsbeingoverland,
being outside model domain, being a double oladenv or flagged for rain contamination. Qresage 79.13% 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):

* Data either missing or significantly reduced at midnigietyday

* Starting from the kgnning of the year till 00:00 on the 7th. of January theae mo dataxeept for windevs of 06:00
due to missing BFR files on the neaeal time serer (ftp-ops.pdk.ensat.esa.int).

e Time windav 12:00 on the 28th. of the month.

Thetime seriesof thedatacoverageandsomereason®f rejectioncanbeseenn Figurel. Notethatwe aretalking about
theraw datawhich we downloadedn “bufr” format(sinceJune2003bufr dataascorvertedby ESA areused)beforethey
were processed. RA-2 and MWR Instrument Processing Chain (IPF) VdsSéperational at the ESA ENVISADS
processing centres at 07:31:27 UTC oedinesday 26 Nember 2003.
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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 olzems is better than usual. Apart from the fe
outliers, MWR products are generally fine and in good agreement with the mogedt{treomavhat drier than the
model). Apparentlythe MWR products became better since the implementation of the processing chain (V4.56) o
26th. of Nowember 2003.

Backscatter :
* ENVISAT RA-2 Ku-Band > =11.15dB (with a single peak at ~ 11.1 dB).
* ENVISAT RA-2 S-Band &p>=11.50 dB (with a single rather broad peak at ~ 10.6 dB).

Comparison Summary:

Table 1: Comparison of Sade Whd Speeds:

RA2 - ECMWF RA2 - Buoy
Bias (m/s) Sl (%) Bias (m/s) Sl (%)
Global -0.17 16.7 -0.30 16.3
Northern Hemisphere 0.13 17.2 -0.24 16.1
Tropics -0.33 18.5 -1.14 15.0
Southern Hemisphere -0.19 15.2
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Table 2: Comparison ofuBand Significant \&e Heights:

RA2 (Ku) - WAM RA2 (Ku) - Buoy

Bias (m) Sl (%) Bias (m) Sl (%)
Global 0.06 12.9 0.10 13.0
Northern Hemisphere 0.22 13.0 0.10 13.1
Tropics -0.04 11.9 0.05 10.1
Southern Hemisphere 0.05 11.8
Table 3: Comparison of S-Band Significare/Heights:

RA2 (S) - WAM RA2 (S) - Buoy

Bias (m) Sl (%) Bias (m) Sl (%)
Global 0.08 30.7 0.03 23.1
Northern Hemisphere 0.15 25.0 0.03 22.6
Tropics 0.09 46.5 0.01 29.3
Southern Hemisphere 0.04 25.0
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Table 4. Comparison of &/Tropo Correction andokal Column Véter \apour \alues:

MWR WTC - ECMWF WTC MWR TCWV - ECMWF TCWV
Bias (m) Sl (%) Bias (kg/nf) Sl (%)
Global -0.013 13.0 -0.51 14.1
Northern Hemisphere -0.011 27.0 -0.89 27.4
Tropics -0.009 6.9 +0.93 7.0
Southern Hemisphere -0.015 15.4 -1.29 17.3

Remarks:

* According to the used land sea mask (which is used for the operatiaivarid at ECMWF), more than one third
(33%to beexact)of all processedatahave beencollectedover land. This valueis too largeasthelandrecordsarenot

filtered out.

* Althoughtherainflagis only responsibldor therejectionof 6% of thedatathis month,it wasresponsibldor rejection
of most of the data on the 9th., the 10th., the 17th., the 22nd. and the 24th. of the mantpaihel of Figure 1).

* Thewind speeddataarein goodagreemenivith thewave modelandbuoy dataexceptfor verylow wind speedgbelon
~ 4 m/s) and for high wind speeds (20 m/s and/@po
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The wind speed algorithm needs some adjustments both inathveinal regime (belav ~ 4 m/s) and more importantly

for the \ery high wind rgime (20 m/s an alve) as can be concluded from the scatter plots in Figures 7-13 and from

comparing the histograms in Figures 5 and 6.

There is a trend for icband vave heights to be slightlyverestimated especially when compared taW\fesults by
about 4%. This is visually clear in the scatter plots in Figures 2225 #d - VMM comparisons) and can be
inferred from the symmetric slopalues in same scatter plots as well as in Figures 3013béKd - ooy
comparison). On the other hand, the RA2lkand vave heights are higher thandy wave heights by about 2%.

The lulk of S-band wve heights are in good agreement with both tWéW¥nd the lnoy data apart from quite a
numberof outlierswhencomparedo themodel(ascanbeseenn thescattemplotsin Figures26-29)andto thebuoy (as
canbeseenn thescattemplotsin Figures33-34). Thenumberof outliersis muchlargerthanthe previousmonth. Most
of those outliers occurred on the 9th., the 10th., the 17th., the 21st., the 22nd. and the 24th. of the month (Fig
when there &s wer-active rain flagging. Figure 49 she the diference between S-band andM model wave
heights on the 10th. of the month. Itis clearly seen that almost full tracks of Svesestionation occur causing the
large number of outliers.

The ratio between cband and S-bandawe heights \as rather stable (~0.98yar the whole month as can be seenii

Figure 48.

Thereis quiteanumberof outliersin the scattemplotscomparinghe MWR dervedwettroposphericorrection(WTC)
andtotal columnwatervapour(TCWYV) againstthe ECMWF modelin theNorthernandSoutherrHemispherdFigures
39, 41, 43 and 45). Kkeever, the number of those outliers isMer than thg used to be before the introduction of the
processing chain (V4.56) on the 26th. ofvdimber 2003. As in the prieus month, the tendeypof the ECMWF

model to hae saturation &lues for both quantities (around 0.4 m for WTC and around 602I{ghﬁCWV) does not
exist ary more.

While the MWR derved TCWV is now in goodagreemenivith themodelcounterpartthe MWR WTC is still smaller
(drier) than the modelalues.
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* [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.

* RA-2and MWR Instrument Processing Chain (I1PF) V4.56 was operational at the ESA ENVISAT PDS processing
centres at 07:31:27 UTC on Wednesday 26 November 2003.

* 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
only represents the histogram for the covered area only.

List of Fiqures:

Figure 1: Time series of datareception for ENVISAT Altimeter datafor January 2004.

Figure 2: Distribution of the ENVISAT Altimeter Ku-band backscatter after QC for January 2004.

Figure 3: Distribution of the ENVISAT Altimeter S-band backscatter after QC for January 2004.

Figure 4: Distribution of the ENVISAT Altimeter wind speeds after QC for January 2004.

Figure 5: Distribution of the ENVISAT Altimeter wind speeds after along track averaging for January 2004.

Figure 6: Global distribution of ECMWF ocean surface wind speeds for January 2004.

Figure 7: Comparison between ENVISAT Altimeter and ECMWF surface wind speeds for January 2004 (Global).

Figure 8: Comparison between ENVISAT Altimeter and ECMWF surface wind speeds for January 2004 (Northern Hemisphere).
Figure 9: Comparison between ENVISAT Altimeter and ECMWF surface wind speeds for January 2004 (Tropics).
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Comparison between ENVIBAltimeter and ECMWEF suaice wind speeds for January 2004 (Southern Hemisphere).
Comparison between ENVIBAIltimeter and oy surface wind speeds for January 2004 (Global).

Comparison between ENVIBAIltimeter and boy surface wind speeds for January 2004 (Northern Hemisphere).
Comparison between ENVIBAIltimeter and boy surface wind speeds for January 200¢bfics).

ENVISA Altimeter wind speeds:ifheseries of daily bias (RA2 - model) and scatterxrfde January 2004.

Distrilntion of the ENVISA Altimeter Ku-band vave heights after QC for January 2004.

Distrilntion of the ENVISA Altimeter S-band wae heights after QC for January 2004.

Distrilntion of the ENVISA Altimeter Ku-band vave heights after along trackexaging for January 2004.
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Comparison between ENVIBAIltimeter Ku-band and boy significant vave heights for January 2004 (Global).
Comparison between ENVIBAIltimeter Ku-band and boy sig. wave heights for January 2004 (Northern Hemisphere).
Comparison between ENVIBAIltimeter Ku-band and oy significant vave heights for January 2004rgpics).
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Figure 1: Time series of datareception for ENVISAT Altimeter data for January 2004
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Figure 2: Distribution of the ENVISAT Altimeter Ku Backscatter after QC for January 2004
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Figure 3: Distribution of the ENVISAT Altimeter S Backscatter after QC for January 2004
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Figure 4: Distribution of the ENVISAT Altimeter Wind Speed after QC for January 2004
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Figure 5: Distribution of ENVISAT Altimeter Wind Speeds after Along-Track Averaging for January 2004
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Figure 6: Global distribution of ECMWF Analysis ocean surface wind speeds for January 2004
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Figure 7.Comparison between ENVISAT Altimeter and ECMWF wind speeds for January 2004 (Global)
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Figure 8. Comparison between ENVISAT Altimeter and ECMWF wind speeds for January 2004 (N.Hem.)
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Figure 9. Comparison between ENVISAT Altimeter and ECMWF wind speeds for January 2004 (Tropics)

|
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

17 of 58




. ECMWF Report on ENVISAT RA-2 for January 2004

n
Entries
o5 30000
i l 1000

. 500
% 300
220 100
n 50 STATISTICS
a ' 30
H_J (] 15 ENTRIES
nld 2 5 MEAN ECMWF 30194
a [] 1 MEAN ENVISAT 70081
2 7.4773
; BIAS (ENVISAT - ECMWF) 1008

- STANDARD DEVIATION 1 1630
E 104 SCATTER INDEX 1517
n u CORRELATION 9427
% m [ SYMMETRIC SLOPE .9913 ( .0021)
ey REGR. COEFFICIENT 1.0160 ( .0021)

REGR. CONSTANT -.3134 ( .0172)
=
0 1 1 ©
0 5 10 15 20 25

ECMWF WINDSPEEDS (M/S)

Figure 10. Comparison between ENVISAT Altimeter and ECMWF wind speeds for January 2004 (S.Hem.)
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Figure 11. Comparison between ENVISAT Altimeter and buoy wind speeds for January 2004 (Global)
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Figure 12. Comparison between ENVISAT Altimeter and buoy wind speeds for January 2004 (N.Hem.)
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Figure 13. Comparison between ENVISAT Altimeter and buoy wind speeds for January 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 January 2004
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Figure 16: Distribution of the ENVISAT Altimeter S Wave Height after QC for January 2004
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Figure 17: Distribution of ENVISAT Altimeter Ku-Band Wave Heights after Along-Track Averaging for January 2004
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Figure 18: Distribution of ENVISAT Altimeter S-Band Wave Heights after Along-Track Averaging for January 2004
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Figure 19: Distribution of ERS-2 Altimeter Wave Heights after Along-Track Averaging for January 2004
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Figure 19b: Distribution of WAM 4V Wave Height (Collocated with ENVISAT) for January 2004
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Figure 20: Global distribution of ECMWF First-Guess wave heights for January 2004
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Figure 21: Global distribution of ECMWF Analysis (using ERS-2 data) wave heights for January 2004
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Figure 22. Comparison between ENVISAT Altimeter Ku-Band and WAM (first guess) significant wave heights for January 2004 (Global)
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Figure 23. Comparison between ENVISAT Altimeter Ku-Band and WAM (first guess) significant wave heights for January 2004 (N.Hem.)
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Figure 24. Comparison between ENVISAT Altimeter Ku-Band and WAM (first guess) significant wave heights for January 2004 (Tropics)
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Figure 25. Comparison between ENVISAT Altimeter Ku-Band and WAM (first guess) significant wave heights for January 2004 (S.Hem.)
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Figure 26. Comparison between ENVISAT Altimeter S-Band and WAM (first guess) significant wave heights for January 2004 (Global)
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Figure 27. Comparison between ENVISAT Altimeter S-Band and WAM (first guess) significant wave heights for January 2004 (N.Hem.)
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Figure 28. Comparison between ENVISAT Altimeter S-Band and WAM (first guess) significant wave heights for January 2004 (Tropics)
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Figure 29. Comparison between ENVISAT Altimeter S-Band and WAM (first guess) significant wave heights for January 2004 (S.Hem.)
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Figure 30. Comparison between ENVISAT Altimeter Ku-Band and buoy significant wave heights for January 2004 (Global)
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Figure 31. Comparison between ENVISAT Altimeter Ku-Band and buoy significant wave heights for January 2004 (N.Hem.)
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Figure 32. Comparison between ENVISAT Altimeter Ku-Band and buoy significant wave heights for January 2004 (Tropics)
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Figure 33.Comparison between ENVISAT Altimeter S-Band and buoy significant wave heights for January 2004 (Global)
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Figure 34. Comparison between ENVISAT Altimeter S-Band and buoy significant wave heights for January 2004 (N.Hem.)

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

43 of 58




. ECMWF Report on ENVISAT RA-2 for January 2004

[ |
12 Entries
30000

s l 1000
210 00
= 300
5 100
m 50 STATISTICS
E 8 30
> 15 ENTRIES 85
<§E . - 5 MEAN BUOY 2.4597
26 1 MEAN ENVISAT 2.4724
> ™ BIAS (ENVISAT - BUOY) .0127
< STANDARD DEVIATION .7218
o SCATTER INDEX .2934
E 4 CORRELATION .4308
< ] SYMMETRIC SLOPE 1.0176 ( .1321)
%) [ REGR. COEFFICIENT .5194 ( .1197)
E 2 REGR. CONSTANT 1.1949 ( .3033)

0 2 4 6 8 10 12
BUOY WAVEHEIGHTS (M)

Figure 35. Comparison between ENVISAT Altimeter S-Band and buoy significant wave heights for January 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-hand wave heights: Timeseries of bias (ENVISAT - WAM_FG) and scatter index (SI)
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Figure 38. Comparison between ENVISAT MWR and ECMWF (analysis) wet tropo correction for January 2004 (Global)
| 47 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 January 2004

[
0.6% .
Entries
30000
H l 1000
05 500
= |8 300
o 100
00.4- 50 STATISTICS
© 30
o X 15 ENTRIES
E -5 MEAN ECMWF 12126 1003
—0-37 % " 1 MEAN ENVISAT ' og04
g BIAS (ENVISAT - ECMWF) ) '01 10
- n o STANDARD DEVIATION 0271

20_27 = SCATTER INDEX 2702
%2) CORRELATION .8822
% - 055 SYMMETRIC SLOPE .9215 ( .0044)
w ) ° REGR. COEFFICIENT .8965 ( .0043)

0.1 REGR. CONSTANT -.0006 ( .0005)

o
)] £ ‘ 00000P000000600000
0 0.1 0.2 0.3 0.4 0.5 0.6
ECMWF AN Wet Tropo Corr. (M)
Figure 39. Comparison between ENVISAT MWR and ECMWF (analysis) wet tropo correction for January 2004 (N.Hem.)
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Figure 40. Comparison between ENVISAT MWR and ECMWF (analysis) wet tropo correction for January 2004 (Tropics)
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Figure 41. Comparison between ENVISAT MWR and ECMWF (analysis) wet tropo correction for January 2004 (S.Hem.)
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Figure 42. Comparison between ENVISAT MWR and ECMWF (analysis) total column water vapour for January 2004 (Global)
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Figure 43. Comparison between ENVISAT MWR and ECMWF (analysis) total column water vapour for January 2004 (N.Hem.)
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Figure 44. Comparison between ENVISAT MWR and ECMWF (analysis) total column water vapour for January 2004 (Tropics)
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Figure 45. Comparison between ENVISAT MWR and ECMWF (analysis) total column water vapour for January 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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Figure 49: Significant wave height: Difference between S-Band altimeter and WAM model datafor 10 January 2004
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