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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: 6 January 2006

Overview:

Basedonthedatarecevedduringthis month,onaverage 17507obsenrationsarrivedat ECMWF every 6-hourwindow
of which anaverageof 7739obsenationswererejectednitially becaus®f oneof thefollowing reasonsbeingoverland,
being outside model domain, being a double oladenv or flagged for rain contamination. Qresage 72.13% of the
remaining part passed the quality control. As can be seen in Figure 1, #seme dataaps during the whole month.
However, there vas significant reduction in datalume during the follwing periods (in terms of 6-hour time-wings;
all times are in UTC):

* time windav centred at 06:00 on the 1st., the 2nd., the 3rd., the 7th., the 11th., the 12th. and the 13th. of the it
* time windav centred at 18:00 on the 8th. of the month,

* time windavs centred at 00:00 and 06:00 on the 14th. of the month,
* time windavs centred at 06:00 on the 18th. of the month.

nonth,
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Note that we are talking about thewrdata which we denloaded in “lnfr” format before the were processed. Most of
data loss was due to delays in theailability of data files on ESA ftp sesvs.

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 small number of outliers. The quality of wind speed olasiens is good. Apart from a number of
outliers (which seem to be due ice contamination and should be rejected), the MWR products are generally fine
good agreement with the model (wet tropo correction is atraesmaller than the model).

The rain flag \@s quite acte this month especially during the last 11 days of the month.

Backscatter :
* ENVISAT Ku-band ©y>=11.08 dB (with a main peak at 11.1 dB and a secondary peak at 10.6 dB).

* ENVISAT S-band &3> =11.34 dB (with a main peak at 10.6 dB and a secondary peak at 10.8 dB).

and in
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Comparison Summary:
Table 1. Comparison of Surface Wind Speeds:
RA2 - ECMWF RA2 - Buoy
Bias (m/s) Sl (%) Bias (m/s) Sl (%)
Globa +0.28 16.1 -0.11 17.6
Northern Hemisphere +0.47 16.5 -0.01 17.5
Tropics +0.19 16.5 -0.64 16.3
Southern Hemisphere +0.23 15.1
Table 2. Comparison of Ku-Band Significant Wave Heights:
RA2 (Ku) - WAM RA2 (Ku) - Buoy
Bias (m) S (%) Bias (m) Sl (%)
Globa 0.11 115 0.10 14.6
Northern Hemisphere 0.17 12.6 0.09 14.5
Tropics 0.06 10.5 0.11 12.8
Southern Hemisphere 0.11 10.5
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Table 3: Comparison of S-Band Significant Wave Heights:

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

Bias (m) Sl (%) Bias (m) Sl (%)
Globa 0.04 219 -0.01 22.4
Northern Hemisphere 0.08 24.8 -0.03 22.5
Tropics 0.12 334 0.09 17.1
Southern Hemisphere - 0.05 12.3
Table 4: Comparison of Wet Tropo Correction and Total Column Water Vapour Values:
MWRWTC - ECMWFWTC MWRTCWV - ECMWF TCWV

Bias (m) Sl (%) Bias (kg/m?) Sl (%)
Globa - 0.011 17.9 - 041 18.0
Northern Hemisphere -0.010 32.8 - 071 27.0
Tropics -0.014 6.3 +0.19 6.3
Southern Hemisphere -0.010 25.4 - 0.65 315
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Remarks:

The NRT RA2/IMWR Level 1b and Level 2 IPF version 5.02 processing chain was operationally implemented last
month on the 24 October 2005. (Ref: http://earth.esa.int/pcs/envisat/ra2/articleRA2_MWR_IPF_5.02.html)

There was no related ECMWF model changes this month (current operational cycleis CY 29R2 since 28 June 2005).

According to the used land sea mask (which is used for the operational WAM run at ECMWF), about one third of all
processed data have been collected over land. Thisvalueistoo large and is caused by not filtering the land records.

Therain flag is responsiblefor the rejection of 9% of the data this month. This valueis about twice asduring the
previous months. Thereweretwo major eventsof over-activerain flaggingonthe 7th. and the 14th. of the month
(lower panelof Figure 1). Furthermor e,in addition to several minor events,the flag wasrather active during the
last 11 days of the month.

As aresult of the implementation of the IPF version 5.02 processing chain, the wind speed product is now limited to a
lower value of 1.18 m/s (Figures 4 and 5). Thisis an expected result as the algorithm was tailored to fit the model and
the buoy wind speeds requiring this type of shift. Further adjustment was not found suitable below this value since
there is some doubts about the capability of winds with lower speeds to generate any detectable surface water waves.
Irrespective of this, the wind speed histogram of Figure 5 compares well with the model counterpart in Figure 6.

As can be seen in Table 1 and Figures 7-10, the wind speed data are in good agreement with the wave model with a
scatter index reduced by more than 5% compared to previous months. ENVISAT wind speed product is now about 30
cm/s higher than the model. A value supported by the comparison between the model and the in-situ observations. The
upper limit of the algorithm is now shifted from 20.0 to 21.3 m/s.

Although the scatter index between buoy and altimeter wind speeds (Figures 11-13) does not show significant
improvement, the biasis clearly reduced.

After the implementation of |PF ver. 5.02, the mean RA-2 wind speed increased by about 0.5 m/s (Figure 49).
Therefore, the bias with respect to the ECMWF model changed sign as seen in Figure 49. Furthermore, the bias values
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in thevarioussub-rgions(NH, SHandTropics)tendto collapseto eachother Thereductionin scattenndex afterthe
implementation can be seen in Figure 50.

There is a trend for icband vave heights to bewverestimated by about 4.5% when compared AdWesults (6% in
the NH, 3% in Topics and 4% in SH). This is visually clear in the scatter plots in Figures 22125 - VIAM
comparisons) and can be inferred from the symmetric slaljpes in same scatter plots. On the other hand, the R
Ku-band vave heights are about 2% higher thaimpwave heights as can be seen in Figures 30-324&nd - oy
comparison).

The hulk of S-band vave heights are in good agreement with both tRéAW4nd the lbioy data apart from a number o
outliers (due to the well-kman RA-2 S-band anomaly) when compared with the model (as can be seen in the scat
plots in Figures 26-29) and to lesdent with the boys (as can be seen in the scatter plots in Figures 33-34). The
number of outliers are higher than last month. Most of those outliers occurred on the 7th. and on the 14th./15
month (Figure 37) coinciding with the significameeactie rain flagging eents.

The S-band wave height product is slightly better than last month as compared with the model.

The ratio between iband and S-bandawe heights this month changed between 0.99 and 1.01 with a couple of
(down to belav 0.94) coinciding with thex¢reme RA-2 S-band anomalyants as can be seen in Figure 48. The n
processinghain(IPF ver. 5.02)causedhis ratio to increasdo slightly above 1.0. It is importantto noticetheseasonal
variation for this ratio with kv values (~0.92-0.94) reached during the period from late April to late September &
high values (slightly less than 1.0) during the remaining part of the year

Thereis quiteanumberof outliersin the scattemplotscomparinghe MWR dervedwettroposphericorrection(WTC)
andtotal columnwatervapour(TCWV) againstthe ECMWF modelin theNorthernandSoutherrHemisphergFigures
39, 41, 43 and 45). It seems that these outliers are due to sea-ice contamination. This issue will be treated s

Thereisa small cloud of TCWYV scatter plot outliers hanging below the main cloud at model values between 20
and 30 kg/m? as can be seen in Figures 42-45. It occursalmost anywhere. Although thistype of outliersis
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alwaysthere, it was noticed only when it became clear in thelong-period scatter plots. Thiswill beinvestigated
further at alater stage.

* Whilethe MWR derived TCWYV is now in good agreement with the model counterpart (MWR TCWYV 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 America (in addition to the eastern coast of China since late June 2005 and the Southern Ocean
since early July 2005) following the failure of the ERS-2 tape recorders in June 2003. Also note that Figure 19
represents the histogram for the covered area only.

List of Figures.
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Figure 1: Time series of datareception for ENVISAT Altimeter datafor November 2005
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Figure 2: Distribution of the ENVISAT Altimeter Ku Backscatter after QC for November 2005
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Figure 3: Digtribution of the ENVISAT Altimeter S Backscatter after QC for November 2005
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Figure 4: Distribution of the ENVISAT Altimeter Wind Speed after QC for November 2005
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Figure 5: Distribution of ENVISAT Altimeter Wind Speeds after Along-Track Averaging for November 2005
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Figure 6: Globa distribution of ECMWF Analysis ocean surface wind speeds for November 2005
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Figure 7.Comparison between ENVISAT Altimeter and ECMWF wind speeds for November 2005 (Global)
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Figure 9. Comparison between ENVISAT Altimeter and ECMWF wind speeds for November 2005 (Tropics)
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Figure 10. Comparison between ENVISAT Altimeter and ECMWF wind speeds for November 2005 (S.Hem.)
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Figure 11. Comparison between ENVISAT Altimeter and buoy wind speeds for November 2005 (Global)
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Figure 12. Comparison between ENVISAT Altimeter and buoy wind speeds for November 2005 (N.Hem.)
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Figure 13.Comparison between ENVISAT Altimeter and buoy wind speeds for November 2005 (Tropics)
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Figure 15: Distribution of the ENVISAT Altimeter Ku Wave Height after QC for November 2005
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Figure 16: Distribution of the ENVISAT Altimeter S Wave Height after QC for November 2005
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Figure 17: Distribution of ENVISAT Altimeter Ku-Band Wave Heights after Along-Track Averaging for November 2005
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Figure 18: Distribution of ENVISAT Altimeter S-Band Wave Heights after Along-Track Averaging for November 2005
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Figure 19: Distribution of ERS-2 Altimeter Wave Heights after Along-Track Averaging for November 2005
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Figure 19b: Distribution of WAM 4V Wave Height (Collocated with ENVISAT) for November 2005
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Figure 20: Global distribution of ECMWF First-Guess wave heights for November 2005
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Figure 21: Global distribution of ECMWF Analysis wave heights for November 2005
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Figure 22. Comparison between ENVISAT Altimeter Ku-Band and WAM (first guess) significant wave heights for November 2005 (Global)
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Figure 23. Comparison between ENVISAT Altimeter Ku-Band and WAM (first guess) significant wave heights for November 2005 (N.Hem.)
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Figure 24. Comparison between ENVISAT Altimeter Ku-Band and WAM (first guess) significant wave heights for November 2005 (Tropics)
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Figure 25. Comparison between ENVISAT Altimeter Ku-Band and WAM (first guess) significant wave heights for November 2005 (S.Hem.)
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Figure 26. Comparison between ENVISAT Altimeter S-Band and WAM (first guess) significant wave heights for November 2005 (Global)
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Figure 27. Comparison between ENVISAT Altimeter S-Band and WAM (first guess) significant wave heights for November 2005 (N.Hem.)
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Figure 28. Comparison between ENVISAT Altimeter S-Band and WAM (first guess) significant wave heights for November 2005 (Tropics)
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Figure 29. Comparison between ENVISAT Altimeter S-Band and WAM (first guess) significant wave heights for November 2005 (S.Hem.)
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Figure 30. Comparison between ENVISAT Altimeter Ku-Band and buoy significant wave heights for November 2005 (Global)
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Figure 31. Comparison between ENVISAT Altimeter Ku-Band and buoy significant wave heights for November 2005 (N.Hem.)
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Figure 32. Comparison between ENVISAT Altimeter Ku-Band and buoy significant wave heights for November 2005 (Tropics)
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Figure 33.Comparison between ENVISAT Altimeter S-Band and buoy significant wave heights for November 2005 (Global)
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Figure 34. Comparison between ENVISAT Altimeter S-Band and buoy significant wave heights for November 2005 (N.Hem.)
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Figure 35. Comparison between ENVISAT Altimeter S-Band and buoy significant wave heights for November 2005 (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 November 2005 (Global)
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Figure 39. Comparison between ENVISAT MWR and ECMWF (analysis) wet tropo correction for November 2005 (N.Hem.)
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Figure 40. Comparison between ENVISAT MWR and ECMWF (analysis) wet tropo correction for November 2005 (Tropics)
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Figure 41. Comparison between ENVISAT MWR and ECMWF (analysis) wet tropo correction for November 2005 (S.Hem.)
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Figure 42. Comparison between ENVISAT MWR and ECMWF (analysis) total column water vapour for November 2005 (Global)
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Figure 43. Comparison between ENVISAT MWR and ECMWF (analysis) total column water vapour for November 2005 (N.Hem.)
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Figure 44. Comparison between ENVISAT MWR and ECMWF (analysis) total column water vapour for November 2005 (Tropics)
| 54 of 60

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 November 2005 .

90 .
Entries
50000
u l 1000
75 500
< LI!- 300
S % 100
660 X x 50 STATISTICS
< x 30
x99 15 ENTRIES
§ % 5 MEAN ECMWF 36600
l(_)45 - - 1 MEAN ENVISAT 1: ' ;ijﬁ
u BIAS (ENVISAT - ECMWF) 6453
|<TZ [ ] STANDARD DEVIATION 5 0915
N304 ] SCATTER INDEX 3145
S i ‘ CORRELATION 8758
E SYMMETRIC SLOPE 1.0030 ( .0029)
J ul REGR. COEFFICIENT .9812 ( .0028)
154 H REGR. CONSTANT -.3401 ( .0529)
0 i ‘ ©000000000000000
30 45 60 75 90

ECMWF AN TCWV (KG/M2)
Figure 45. Comparison between ENVISAT MWR and ECMWF (analysis) total column water vapour for November 2005 (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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Figure 48: Timeseries of daily global ratio between mean Ku-Band to mean S-Band significant wave heights since the 23rd. of April 2003.
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Figure 49: Timeseries of wind speed bias between RA-2 and ECMWF model AN over the last year.
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Figure 50: Timeseries of wind speed S| between RA-2 and ECMWF model AN over the |ast year.
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