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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: 7 May 2004

Overview:

Basedonthedatarecevedduringthis month,onaverage 14273obsenrationsarrivedat ECMWF every 6-hourwindow
of which anaverageof 6048obsenationswererejectednitially becaus®f oneof thefollowing reasonsbeingoverland,
being outside model domain, being a double oladenv or flagged for rain contamination. Qresage 78.96% of the
remaining part passed the quality control. Data reception is significantly reduced at 6-howr egntted at UTC
midnight eseryday There vas no data during the follang periods (in terms of 6-hour time-winas; all times are in
UTC):

e Time windav 00:00 on the 22nd. of the month.

Thetime seriesof the datacoverageandsomereason®f rejectioncanbeseenn Figurel. Notethatwe aretalking about
the rav data which we denloaded in “lifr” format before thg were processed. RA-2 and MWR Instrument Process
Chain (IPF) V4.56 as operational at the ESA ENVISADS processing centres at 07:31:27 UTC audhésday 26
November 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 olsems is good. Apart from theweoutliers,

MWR products are generally fine and in good agreement with the model (wet tropo correctiomiba@neller than

the model).

Backscatter:

* ENVISAT RA-2 Ku-Band y>=11.06 dB (with a single rather broad peak at ~ 11.1 dB).
* ENVISAT RA-2 S-Band gp> = 11.34 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 -0.13 17.5 -0.65 18.3
Northern Hemisphere -0.33 17.8 -0.63 18.6
Tropics -0.40 19.6 -0.74 13.7
Southern Hemisphere 0.15 15.7
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Table 2: Comparison ofuBand Significant \&e Heights:

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

Bias (m) Sl (%) Bias (m) Sl (%)
Global 0.10 11.3 0.10 13.4
Northern Hemisphere 0.15 13.3 0.10 13.7
Tropics 0.02 10.5 0.05 7.7
Southern Hemisphere 0.14 10.3
Table 3: Comparison of S-Band Significare/Heights:

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

Bias (m) Sl (%) Bias (m) Sl (%)
Global 0.07 23.4 0.11 24.6
Northern Hemisphere 0.15 23.1 0.12 25.2
Tropics 0.10 30.0 -0.03 10.8
Southern Hemisphere 0.01 20.5
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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 -0.012 14.1 -0.44 15.3
Northern Hemisphere -0.011 28.6 -0.93 28.5
Tropics -0.009 6.5 +0.91 6.8
Southern Hemisphere -0.014 18.2 -1.10 20.9

Remarks:

* There vas no changes in the ECMWF models during this reporting period.

* According to the used land sea mask (which is used for the operatiaivarid at ECMWF), more than one third
(33% to be ract) of all processed dataveabeen collectedver land. This &lue 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 1st. and the 27th. of the montier(lpanel 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
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The wind speed algorithm needs some adjustments both intthveinadl regime (belav ~ 4 m/s) and more importantly
for the \ery high wind rgime (20 m/s and abe) as can be concluded from the scatter plots in Figures 7-13 and
comparing the histograms in Figures 5 and 6.

The time series of wind speed errorswvghan Figure 14 suggests a kind of wind speed anomaly during the 24-ho
periodstartingat09:00UTC on 13 April. Thiswasreportedo ESA andturnedoutaccordingio AnnalisaMartini that
there vas an OCM manoeuvre on 14 April 2004 staring at 02:45. This manoeuermsealghafected the range
measurement&SSHanomaliesproducinga lot of out of rangevaluesuntil theendof theday. Most probablythewind
speed, which is less sengdito the attitudeariations, vas also adersely afected when the pointingas really bad.

There is a trend for icband vave heights to be slightlywerestimated by about 4% when compared AdMVesults.
This is visually clear in the scatter plots in Figures 22-25Knd - WVAM comparisons) and can be inferred from tf
symmetric slopealues in same scatter plots as well as in Figures 3043»8@Kd - moy comparison). On the other
hand, the RA-2 K-band vave heights are higher thandy wave heights by about 3%.

The lulk of S-band wve heights are in good agreement with both tAdAénd the oy data apart from a number o
outliers (due to the kmen S-band anomaly) when compared with the model (as can be seen in the scatter plots
Figures 26-29) and to lesstent with the bhoys (as can be seen in the scatter plots in Figures 33-34). The numb
outliers is slightly more than the preus month. Most of those outliers occurred on the 1st. and the 26-27th. of
month (Figure 37) when thereaw wer-active rain flagging.

The ratio between iband and S-bandawe heights \as rather stable (~0.98-1.00)eo the whole month as can be
seen in Figure 48.

Thereis quiteanumberof outliersin the scattemplotscomparinghe MWR dervedwettroposphericorrection(WTC)
andtotal columnwatervapour(TCWV) againstthe ECMWF modelin theNorthernandSoutherrHemispherdgFigures
39, 41, 43 and 45). hwever, 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 lastWemonths, the tendepof the ECMWF
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model to have saturation values for both quantities (around 0.4 m for WTC and around 60 kg/m? for TCWV) does not
exist any more.

* Whilethe MWR derived TCWV is now in good agreement with the model counterpart, the MWR WTC isstill
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 Ku-band wave height data and ERS-2 SAR wave data are assimilated in the ECMWF wave model.

* RA-2and MWR Instrument Processing Chain (I1PF) V4.56 is operational at the ESA ENVISAT PDS processing centres
(since 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
represents the histogram for the covered area only.

List of Figures:

Figure 1: Time series of data reception for ENVISAT Altimeter datafor April 2004.

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

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

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

Figure 5: Distribution of the ENVISAT Altimeter wind speeds after along track averaging for April 2004.
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Figure 6: Global distrilntion of ECMWF ocean swuate wind speeds for April 2004.

Figure 7: Comparison between ENVIBAIltimeter and ECMWF suaice wind speeds for April 2004 (Global).

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

Comparison between ENVIBAIltimeter and boy surface wind speeds for April 2004 (Northern Hemisphere).
Comparison between ENVIBAIltimeter and boy surface wind speeds for April 2004rfpics).

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

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

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

Distrilntion of the ENVISA Altimeter Ku-band vave heights after along trackexaging for April 2004.

Distrilntion of the ENVISA Altimeter S-band wae heights after along trackexaging for April 2004.

Distrilntion of the ERS-2 Altimeter ave heights after along trackexraging for April 2004.

Figure 19b: Distribtion of WAM first guess (4V) wve heights collocated with ENVISAfor April 2004.

Figure 20:
Figure 21:
Figure 22:
Figure 23:
Figure 24:
Figure 25:
Figure 26:
Figure 27:
Figure 28:

Global distriltion of WAM first guess vave heights for April 2004.
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Comparison between ENVIBAltimeter S-band and YAM significant wave heights for April 2004 (Global).
Comparison between ENVIBAltimeter S-band and AM sig. wave heights for April 2004 (Northern Hemisphere).
Comparison between ENVIBAltimeter S-band and YAM significant wave heights for April 2004 {Dpics).
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Comparison between ENVIBMWR and ECMWF wet tropospheric correction for April 2004 (Global).

Comparison between ENVIBMWR and ECMWF wet tropospheric correction for April 2004 (Northern Hemisphere).
Comparison between ENVIBMWR and ECMWF wet tropospheric correction for April 20040fics).

Comparison between ENVIBMWR and ECMWF wet tropospheric correction for April 2004 (Southern Hemisphere).
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Comparison between ENVIBMWR and ECMWEF total column ater \apour for April 2004 (Northern Hemisphere).
Comparison between ENVIBMWR and ECMWEF total column ater \apour for April 2004 (fopics).
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ENVISAT ALTIMETER: NUMBER OF OBS, GLOBAL.

240
220+
200+
180+
160

140

—1207:

< 100

80
60:
40
20

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.
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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 April 2004
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Figure 2: Distribution of the ENVISAT Altimeter Ku Backscatter after QC for April 2004
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Figure 3: Distribution of the ENVISAT Altimeter S Backscatter after QC for April 2004
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Figure 4: Distribution of the ENVISAT Altimeter Wind Speed after QC for April 2004
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Figure 5: Distribution of ENVISAT Altimeter Wind Speeds after Along-Track Averaging for April 2004
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Figure 6: Global distribution of ECMWF Analysis ocean surface wind speeds for April 2004
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Figure 7. Comparison between ENVISAT Altimeter and ECMWF wind speeds for April 2004 (Global)
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Figure 8. Comparison between ENVISAT Altimeter and ECMWF wind speeds for April 2004 (N.Hem.)
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Figure 9.Comparison between ENVISAT Altimeter and ECMWF wind speeds for April 2004 (Tropics)
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Figure 10. Comparison between ENVISAT Altimeter and ECMWF wind speeds for April 2004 (S.Hem.)
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Figure 11. Comparison between ENVISAT Altimeter and buoy wind speeds for April 2004 (Global)
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Figure 12. Comparison between ENVISAT Altimeter and buoy wind speeds for April 2004 (N.Hem.)
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Figure 13. Comparison between ENVISAT Altimeter and buoy wind speeds for April 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 April 2004
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Figure 16: Distribution of the ENVISAT Altimeter S Wave Height after QC for April 2004
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Figure 17: Digtribution of ENVISAT Altimeter Ku-Band Wave Heights after Along-Track Averaging for April 2004
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Figure 18: Distribution of ENVISAT Altimeter S-Band Wave Heights after Along-Track Averaging for April 2004
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Figure 19: Distribution of ERS-2 Altimeter Wave Heights after Along-Track Averaging for April 2004
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Figure 19b: Distribution of WAM 4V Wave Height (Collocated with ENVISAT) for April 2004
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Figure 20: Global distribution of ECMWF First-Guess wave heights for April 2004
[ | 29 of 57

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 April 2004

mean:
average deviation:
0.9 standard dev:
variance:
skewness:

0.8- kurtosis:

07

01 ]

T S

0.4~ e

NFRFRFRPPFPON

.63
.93
.24
.54
.15
.70

0 rerrrrrrr i rTrrr I rTrrTTrTT T T T T T T I T T T T I T T T T I T T T I T T TT T T

I
8 9 10 1
Hs (m)
Figure 21: Global distribution of ECMWF Analysis (using ERS-2 data) wave heights for April 2004
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Figure 22. Comparison between ENVISAT Altimeter Ku-Band and WAM (first guess) significant wave heights for April 2004 (Global)
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Figure 23. Comparison between ENVISAT Altimeter Ku-Band and WAM (first guess) significant wave heights for April 2004 (N.Hem.)
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Figure 24. Comparison between ENVISAT Altimeter Ku-Band and WAM (first guess) significant wave heights for April 2004 (Tropics)
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Figure 25. Comparison between ENVISAT Altimeter Ku-Band and WAM (first guess) significant wave heights for April 2004 (S.Hem.)
[ ] 34 of 57
Saleh Abdalla




ECMWF Report on ENVISAT RA-2 for April 2004 .

n
12 . i I Entries
- "I F 30000
X l 1000
[ ] 500
=10+
= = 300
) X 100
'j_: | ;<x 50 STATISTICS
o 8 30
Ll 15 ENTRIES 79815
T X L0
i X6 -5 MEAN WAM 2.6921
> - 1 MEAN ENVISAT 2.7634
<§E . BIAS (ENVISAT - WAM) .0713
STANDARD DEVIATION .6290
:: SCATTER INDEX .2337
2) 47 CORRELATION .8716
; - SYMMETRIC SLOPE 1.0267 ( .0018)
L [ | REGR. COEFFICIENT .8960 ( .0018)
2 e REGR. CONSTANT .3514 ( .0053)
X
0 | I N © vvvvvm
0 2 4 6 8 10 12
WAM WAVEHEIGHTS (M)
Figure 26. Comparison between ENVISAT Altimeter S-Band and WAM (first guess) significant wave heights for April 2004 (Global)
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Figure 27.Comparison between ENVISAT Altimeter S-Band and WAM (first guess) significant wave heights for April 2004 (N.Hem.)
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Figure 28. Comparison between ENVISAT Altimeter S-Band and WAM (first guess) significant wave heights for April 2004 (Tropics)
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Figure 29. Comparison between ENVISAT Altimeter S-Band and WAM (first guess) significant wave heights for April 2004 (S.Hem.)
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Figure 30. Comparison between ENVISAT Altimeter Ku-Band and buoy significant wave heights for April 2004 (Global)
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Figure 31. Comparison between ENVISAT Altimeter Ku-Band and buoy significant wave heights for April 2004 (N.Hem.)
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Figure 32. Comparison between ENVISAT Altimeter Ku-Band and buoy significant wave heights for April 2004 (Tropics)
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Figure 33. Comparison between ENVISAT Altimeter S-Band and buoy significant wave heights for April 2004 (Global)
| 42 of 57
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 April 2004 .

12 Entries
30000

s llOOO
210 00
= 300
5 100
m 50 STATISTICS
T 8% 30
S ik I < u 15 ENTRIES 1206
<§E X - 5 MEAN BUOY 2.3754

6X 1 MEAN ENVISAT 2.4921
% BIAS (ENVISAT - BUOY) .1166
< STANDARD DEVIATION .5992
@ m SCATTER INDEX .2522
E 4 CORRELATION .8522
< - SYMMETRIC SLOPE 1.0304 ( .0157)
%) REGR. COEFFICIENT .8036 ( .0142)
E 2 REGR. CONSTANT .5831 ( .0374)

X
0 : ©—00000000CH000000050000000
0 2 4 6 8 10 12

BUOY WAVEHEIGHTS (M)
Figure 34. Comparison between ENVISAT Altimeter S-Band and buoy significant wave heights for April 2004 (N.Hem.)
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Figure 35. Comparison between ENVISAT Altimeter S-Band and buoy significant wave heights for April 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 April 2004 (Global)
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Figure 39. Comparison between ENVISAT MWR and ECMWF (analysis) wet tropo correction for April 2004 (N.Hem.)
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Figure 40. Comparison between ENVISAT MWR and ECMWF (analysis) wet tropo correction for April 2004 (Tropics)
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Figure 41. Comparison between ENVISAT MWR and ECMWF (analysis) wet tropo correction for April 2004 (S.Hem.)
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Figure 42. Comparison between ENVISAT MWR and ECMWF (analysis) total column water vapour for April 2004 (Global)
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Figure 43. Comparison between ENVISAT MWR and ECMWF (analysis) total column water vapour for April 2004 (N.Hem.)
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Figure 44. Comparison between ENVISAT MWR and ECMWF (analysis) total column water vapour for April 2004 (Tropics)
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Figure 45. Comparison between ENVISAT MWR and ECMWF (analysis) total column water vapour for April 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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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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