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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: 23 September 2005

Overview:

Basedonthedatarecevedduringthis month,onaverage 15527obsenrationsarrivedat ECMWF every 6-hourwindow
of which anaverageof 6187obsenationswererejectednitially becaus®f oneof thefollowing reasonsbeingoverland,
being outside model domain, being a double oladenv or flagged for rain contamination. Qresage 79.75% 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 1:

* Time windav centred at 00:00 on the 7th. of the month.

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

* Time windavs centred at 12:00 and 18:00 on the 13th. of the month.

* Time windavs centred at 00:00, 06:00, 12:00 and 18:00 on the 15th. of the month.
* Time windavs centred at 06:00 and 12:00 on the 16th. of the month.
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On the other hand, thereaw significant reduction in datalume during the follawing periods:

¢ Time windavs centred at 00:00 on: the 6th., the 8th., the 9th., the 10th., the 14th. and the 16th. of the month.

e Time windavs centred at 06:00 on: the 7th., the 8th., the 12th. and the 18th. of the month.
¢ Time windavs centred at 18:00 on: the 12th., the 16th. and the 30th. of the month.

Note that we are talking about thewrdata which we denloaded in “lnfr” format before thg were processed.

It is worthwhile mentioning that most of the data gaps/feductions during the day (especially at time winde
06:00 UTC) are due to the un&ailability of the ftp server at Kiruna. Sometimes the sever is unavailable for
extendedperiodsthat the “delay cut-off” operational suite (more than 12-hour delay)is not ableto recevethe data
in time for processing

Quality of Receved 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).

Backscatter:

* ENVISAT RA-2 Ku-Band <op>=11.19dB (with amainpeakat11.1dB with atendenyg to have severalsecondary

peaks).

* ENVISAT RA-2 S-Band<op>=11.45dB (with amainpeakat~ 10.6dB with atendeng to have severalsecondary

peaks).

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 (%)
Global -0.28 17.3 -1.10 18.8
Northern Hemisphere -0.76 19.9 -1.08 19.8
Tropics -0.44 16.9 -1.18 13.7
Southern Hemisphere +0.18 14.5
Table 2. Comparison of Ku-Band Significant Wave Heights:
RA2 (Ku) - WAM RA2 (Ku) - Buoy
Bias (m) Sl (%) Bias (m) Sl (%)
Global 0.13 11.3 0.13 16.8
Northern Hemisphere 0.13 15.4 0.13 17.1
Tropics 0.09 10.8 0.13 14.2
Southern Hemisphere 0.15 9.7
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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 (%)
Global 0.12 19.4 0.29 35.1
Northern Hemisphere 0.31 35.3 0.30 35.8
Tropics 0.12 21.6 0.22 27.8
Southern Hemisphere -0.03 12.1

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 (%)
Global - 0.011 14.6 - 0.35 16.8
Northern Hemisphere -0.010 18.8 -0.30 22.2
Tropics -0.012 6.2 + 0.56 6.0
Southern Hemisphere -0.012 24.5 -1.11 28.0
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Remarks:

* There vas no related ECMWF model changes this month (current operatyamais CY29R2 since 28 June 2005).

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

* The rain flag is only responsible for the rejection of 4% of the data this month. There wenajor @ents of eer-
active rain flagging on the 18th.-19th. and on the 31st. of the momtbr(jwanel of Figure 1).

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

* 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.

* Thereis atrendfor Ku-bandwave heightsto be overestimatedy about5% whencomparedo WAM results(8%in the
NH, 5% in Tropics and 4.5% in SH). This is visually clear in the scatter plots in Figures 22:2a(id - VVAM
comparisons) and can be inferred from the symmetric sl@pesin same scatter plots. On the other hand, the RA-2
Ku-band vave heights are about 4.5-5.5% higher thaoylbwave heights as can be seen in Figures 30-32k#nd -
buoy comparison).

* There is a couple of outliers in Figures 22 and 25 witFbgnd vave heights are much higher than the moadles.
Those outliers are within the icegien at the edge of the Antarctica.

* The hulk of S-band vave heights are in good agreement with both théWénd the lioy 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 koys (as can be seen in the scatter plots in Figures 33-34). Maost of
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those outliers occurred on the 18th. and the 31st. of the month (Figure 37) coinciding with the significant over-active
rain flagging events. It should be noted that the number of outliersis much less than the last month.

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

The ratio between Ku-band and S-band wave heights this month changed between 0.92 and 0.98 with a couple of dips
coinciding with the extreme RA-2 S-band anomaly events as can be seen in Figure 48. Furthermore, thereis an
apparent seasonal variation for thisratio aslower values (~0.92-0.94) reached during June, July and August (similar to
what happened during the same period in the last two years). The general reduction of the ratio during late April to late
September of last two years seems to be repeated this year.

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). The number of outliersis more than last month. It seemsthat these outliers are due to sea-ice
contamination. Thisissue will be treated soon.

While the MWR derived TCWYV is now in good agreement with the model counterpart (MWR TCWYV isdlightly
smaller than the model), the MWR WTC is still consistently smaller (drier) than the model values.

Note that the high bias in all time series plots on the 15th. of the month is due to the limited number of observations
received during 15th.-16th. of the month.

It isimportant 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.
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* 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.
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Figure 41: Comparison between ENVISAT MWR and ECMWF wet tropospheric correction for August 2005 (Southern Hemisphere).
Figure 42: Comparison between ENVISAT MWR and ECMWEF total column water vapour for August 2005 (Global).

Figure 43: Comparison between ENVISAT MWR and ECMWEF total column water vapour for August 2005 (Northern Hemisphere).
Figure 44: Comparison between ENVISAT MWR and ECMWEF total column water vapour for August 2005 (Tropics).

Figure 45: Comparison between ENVISAT MWR and ECMWEF total column water vapour for August 2005 (Southern Hemisphere).
Figure 46: ENVISAT MWR wet tropospheric correction: Timeseries of daily bias (MWR-model) and scatter index for August 2005.
Figure 47: ENVISAT MWR total column water vapour: Timeseries of daily bias (MWR-model) and scatter index for August 2005.

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 1: Time series of datareception for ENVISAT Altimeter data for August 2005
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Figure 2: Distribution of the ENVISAT Altimeter Ku Backscatter after QC for August 2005
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Figure 3: Digtribution of the ENVISAT Altimeter S Backscatter after QC for August 2005
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Figure 4: Distribution of the ENVISAT Altimeter Wind Speed after QC for August 2005
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Figure 5: Distribution of ENVISAT Altimeter Wind Speeds after Along-Track Averaging for August 2005
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Figure 6: Globa distribution of ECMWF Analysis ocean surface wind speeds for August 2005
| 15 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 2005

[ ]
Entries
1000
. 500
9 300
220 = 100
8 . . x&‘ 50 STATISTICS.
m - s 30
IEII_J u 15 ENTRIES
015 a - 5 MEAN ECMWF 89983 6116
. e " 1 MEAN ENVISAT '
Z 7.2270
S n BIAS (ENVISAT - ECMWF) o846
- STANDARD DEVIATION 1 3001
10 '
< SCATTER INDEX 1731
2 u CORRELATION 9436
; SYMMETRIC SLOPE .9906 ( .0013)
1] 5- REGR. COEFFICIENT 1.0499 ( .0012)
REGR. CONSTANT -.6596 ( .0102)
||
B | |
0 * = Ly
0 5 10 15 20 25
ECMWF WINDSPEEDS (M/S)
Figure 7.Comparison between ENVISAT Altimeter and ECMWF wind speeds for August 2005 (Global)
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Figure 8. Comparison between ENVISAT Altimeter and ECMWF wind speeds for August 2005 (N.Hem.)
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Figure 9. Comparison between ENVISAT Altimeter and ECMWF wind speeds for August 2005 (Tropics)
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Figure 10. Comparison between ENVISAT Altimeter and ECMWF wind speeds for August 2005 (S.Hem.)
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Figure 11. Comparison between ENVISAT Altimeter and buoy wind speeds for August 2005 (Global)
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Figure 12. Comparison between ENVISAT Altimeter and buoy wind speeds for August 2005 (N.Hem.)
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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 August 2005
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Figure 16: Distribution of the ENVISAT Altimeter S Wave Height after QC for August 2005
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Figure 17: Distribution of ENVISAT Altimeter Ku-Band Wave Heights after Along-Track Averaging for August 2005
| 26 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




ECMWEF Report on ENVISAT RA-2 for August 2005

1
mean: 2.55
average deviation: 0.97
0.9 standard dev: 1.27
variance: 1.61
skewness: 1.52
0.8- kurtosis: 3.50 ]
O
0B oo
0.5 e
0.4 T
0.31 oo
0.2 '
0.14—
0 rrrrrrrrrirrrrirrrrirrrrerrrrrrrrrirrrrir T it i T T T T TT T T I TT I TTI T T T T I T T T T I T T T T I T T I TI T T I I I T T T T I T T T TTITTI
10 11 12 13 1 15 16 17 18 19 20
H, (m)
Figure 18: Distribution of ENVISAT Altimeter S-Band Wave Heights after Along-Track Averaging for August 2005
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Figure 19: Distribution of ERS-2 Altimeter Wave Heights after Along-Track Averaging for August 2005
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Figure 20: Global distribution of ECMWF First-Guess wave heights for August 2005
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Figure 21: Global distribution of ECMWF Analysis wave heights for August 2005
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Figure 22. Comparison between ENVISAT Altimeter Ku-Band and WAM (first guess) significant wave heights for August 2005 (Global)
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Figure 23. Comparison between ENVISAT Altimeter Ku-Band and WAM (first guess) significant wave heights for August 2005 (N.Hem.)
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Figure 24. Comparison between ENVISAT Altimeter Ku-Band and WAM (first guess) significant wave heights for August 2005 (Tropics)
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Figure 25. Comparison between ENVISAT Altimeter Ku-Band and WAM (first guess) significant wave heights for August 2005 (S.Hem.)
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Figure 26. Comparison between ENVISAT Altimeter S-Band and WAM (first guess) significant wave heights for August 2005 (Global)
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Figure 27. Comparison between ENVISAT Altimeter S-Band and WAM (first guess) significant wave heights for August 2005 (N.Hem.)
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Figure 28. Comparison between ENVISAT Altimeter S-Band and WAM (first guess) significant wave heights for August 2005 (Tropics)
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Figure 29. Comparison between ENVISAT Altimeter S-Band and WAM (first guess) significant wave heights for August 2005 (S.Hem.)
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Figure 30. Comparison between ENVISAT Altimeter Ku-Band and buoy significant wave heights for August 2005 (Global)
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Figure 31. Comparison between ENVISAT Altimeter Ku-Band and buoy significant wave heights for August 2005 (N.Hem.)
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Figure 32. Comparison between ENVISAT Altimeter Ku-Band and buoy significant wave heights for August 2005 (Tropics)
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Figure 33. Comparison between ENVISAT Altimeter S-Band and buoy significant wave heights for August 2005 (Global)
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Figure 34. Comparison between ENVISAT Altimeter S-Band and buoy significant wave heights for August 2005 (N.Hem.)
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Figure 35. Comparison between ENVISAT Altimeter S-Band and buoy significant wave heights for August 2005 (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 August 2005 (Global)
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Figure 39. Comparison between ENVISAT MWR and ECMWF (analysis) wet tropo correction for August 2005 (N.Hem.)
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Figure 40. Comparison between ENVISAT MWR and ECMWF (analysis) wet tropo correction for August 2005 (Tropics)
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Figure 41. Comparison between ENVISAT MWR and ECMWF (analysis) wet tropo correction for August 2005 (S.Hem.)
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Figure 42. Comparison between ENVISAT MWR and ECMWF (analysis) total column water vapour for August 2005 (Global)
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Figure 43. Comparison between ENVISAT MWR and ECMWF (analysis) total column water vapour for August 2005 (N.Hem.)
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Figure 44. Comparison between ENVISAT MWR and ECMWF (analysis) total column water vapour for August 2005 (Tropics)
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Figure 45. Comparison between ENVISAT MWR and ECMWF (analysis) total column water vapour for August 2005 (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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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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