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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: 8 May 2003

Overview:

Based on the data reeed during this month, orvarage, 9465 @ries between 0 and 22480) obsdions arwed at
ECMWEF every 6-hour windw of which an gerage of 3810 obseations were rejected initially because of one of the
following reasons: beingver land, being outside model domain, being a double ddits@mor flagged for rain
contamination. Onwerage 78.34% of the remaining part passed the quality control. Tasmovdata during the
following periods (in terms of 6-hour time-winas; all times are in UTC):

* Data either missing or significantly reduced at midnigietyday

e From 00:00 to 12:00 on the 9th. of the month.
e At 12:00 on the 15th. of the month.
e From 18:00 on the 24th. to 06:00 on the 25th. of the month.

Thetime seriesof thedatacoverageandsomereason®f rejectioncanbeseenn Figurel. Notethatwe aretalking about
the rav data which we denloaded and camrted to “lufr” format before the were processed.
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Quality of Received Data:

For the periodcovered,the RA-2 Ku-bandwave heightdataaregenerallyof goodquality. Thequality of S-bandwave
height obserations has been impred considerably this month. The S-baraevheights which were comparable with
Ku-band vaves after the 7th. of the month started to increaasmdgee the Remarks Section vélo The wind speed
obsenations hae been impreed since the 7th. of April. Apart from thenfeutliers, MWR products are generally fine
with better agreement with the model {trstill somaevhat drier than the model). According to the land sea mask we
using, more than one third of processed olzems hae been collectedver land.

Backscatter :
* ENVISAT RA-2 Ku-Band oy>=10.54 dB (with a single rather broad peak at ~10.8 dB).
* ENVISAT RA-2 S-Band &3> =10.21 dB (with a single rather broad peak at ~10.8 dB).

Comparison Summary:

Table 1: Comparison of Sade Whd Speeds:

RA2 - ECMWF RA2 - Buoy
Bias (m/s) Sl (%) Bias (m/s) Sl (%)
Global 1.68 47.0 1.69 52.6
Northern Hemisphere 1.44 47.8 1.78 55.9
Tropics 1.37 59.6 1.65 39.7
Southern Hemisphere 2.01 40.6
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Table 2: Comparison ofuBand Significant \&e Heights:

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

Bias (m) Sl (%) Bias (m) Sl (%)
Global 0.16 12.3 0.12 15.0
Northern Hemisphere 0.20 14.0 0.13 15.8
Tropics 0.04 11.5 0.07 7.6
Southern Hemisphere 0.21 10.9
Table 3: Comparison of S-Band Significanam/ Heights:

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

Bias (m) Sl (%) Bias (m) Sl (%)
Global 0.20 19.2 0.18 19.7
Northern Hemisphere 0.30 26.4 0.19 20.6
Tropics 0.19 27.1 0.09 12.5
Southern Hemisphere 0.15 13.1

| 3 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 April 2003

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 -0.024 21.6 -1.70 22.3
Northern Hemisphere -0.024 41.8 -1.93 43.6
Tropics -0.017 10.2 -0.10 9.8
Southern Hemisphere -0.030 27.2 -2.74 28.8

Remarks:

* For the period ceered, the RA-2 K-band vave height data are generally of good qualgynce the 9th. of April, S-

band vave height and wind speed data are of good qudltiiough, the MWR deved quantities hae shavn

significant impreement, a number of outliers when compareairagj the model stilbasts.
* According to the used land sea mask (which is used for the operatidivarid at ECMWF), more than one third

(34% to be eract) of all processed dataveabeen collectedver land. This a&lue is too lage compared to that of ERS
2 RA which is usually not more than 13% of the reedidata.

* Rain flag is only responsible for the rejection of 2% of the data this month.

* The wind speed dataVvashaovn significant impregement since the 7th. of April with further impeiment on the 9th.
of April. RA-2 wind speed data arewion good agreement with theame model and oy data &cept for \ery low
wind speeds (belo ~ 4 m/s).
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Thewind speed algorithm needs some adjustments both in the low wind regime (below ~ 4 m/s) and more
importantly for the very high wind regime (above ~ 20 m/s) as can be concluded from the scatter plotsin Figures
7-13 and from comparing the histogramsin Figures5 and 6.

Ku-band altimeter is able to seem& heights much smaller than the RA onboard ERS-2 (compare Figure 17 witt
Figure 19). Thus the congatail seen in scatter plots of ERS-2 RAM comparisons does noxist in the Ku-band
versus VM scatter plots (Figures 22-25).

There is a trend for icband vave heights to be slightlywerestimated especially when compared toMW\results by
about 6.5%. This is visually clear in the scatter plots in Figures 22254Kd - VVAM comparisons) and can be
inferred from the symmetric slopalues in same scatter plots as well as in Figures 3043b&Kd - bioy
comparison).It is worthwhile sayingthatthe RA-2 Ku-bandwave heightsarehigherthanbuoy wave heightsby about
1.5%, while ERS-2 altimeter isue@r by about 5.5% than thedy obserations.

The S-band ave heights hee been significantly impr@d since the 9th. of April as can be seen in Figure 3, No
they are in good agreement withAM and kuoy data. Havever, there are still a small number of outliers when
compared to the model (as can be seen in the scatter plots in Figures 26-29).

The S-band wave height valuesincreased, thusthe ratio between Ku-band and S-band wave heights decreased,
over theperiod July 2002 to early April 2003 as can be seen in Figures48-50. Thisbehaviour washandled on the
oth of April bringing the wave heightsfrom both sensorsto a comparablelevel. However, thislasted for few days
only. The S-band wave height started to increase gradually compared to Ku-band wave heights as can beclearly
seen in Figure 50.

There is quite a number of outliers (more than in the last month) in the scatter plots comparing the M&dRveeri
troposphericorrection(WTC) andtotal columnwatervapour(TCWYV) againstthe ECMWF modelin theNorthernand
Southern Hemisphere (Figures 39, 41, 43 and 45). The tgnaktihe ECMWF model to ve saturation alues for

both quantities (around 0.4 m for WTC and around 60 k@BMTCWV) is still existing. We stress that the model
behaiour is theoretically more sound.
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* The agreement between the MWR poducts and the model countgrarts has been significantly impoved since
the 9th. of April. However, there are two points of concen:

1. The improvement to the TCWYV is moe significant than that of WTC as can be concluded &m the scatter
plots in Figures 38-45 (and compag these plots with the coresponding plots fom the previous months).

2. The scatterin MWR productshave beenincreasedafter the 7th. of April ascanbe seenin Figures46and 47
(more pronouncedin the NH). Referring to the correspondingplots from the previous few months, onecan
see that the scatter was l@est during the period 19 Makh - 7 April 2003.

* The MWR derived WTC and TCWYV tend to be smaller (drier) than ECMWF values for smaller values, then tend to
converge towards the ECMWF values at high 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-
observationswith 11 individual observations. Therefore, it isnatural for the RA-2 plots and statistics to show abit more
variability.

Comparison Method:

A brief description of RA-2 data processing and quality control process together with any special considerations,
assumptions and/or data corrections needed while comparing various quantities will go here.
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Figure 47: ENVISA MWR total column vater \apour: Tmeseries of daily bias (MWR-model) and scatter xite April 2003.
Figure 48. Tmeseries of daily global mean of S-Band significaaterheight since the 18th. of July 2002.

Figure 49. Tmeseries of daily global mean otikBand and S-Band significanewve heights since the 18th. of July 2002.
Figure 50. Tmeseries of daily global ratio between mearBand to mean S-Band significandwe heights since the 18th. of July 2002.
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ENVISAT ALTIMETER: NUMBER OF OBS, GLOBAL.
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ENVISAT ALTIMETER: FLAG REASONS, GLOBAL.

Figure 1: Time series of datareception for ENVISAT Altimeter data for April 2003
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QC: rain flag

QC: std. dev. of 18Hz range (or peakiness) above limit
QC: Ku-Hs out of range (Hs 0.10 OR HS 20.0)
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Figure 4: Distribution of the ENVISAT Altimeter Wind Speed after QC for April 2003
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Figure 5: Distribution of ENVISAT Altimeter Wind Speeds after Along-Track Averaging for April 2003

| 14 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 April 2003 .

1
mean: 7.47
average deviation: 2.85
0.94 standard dev: 360 o]
variance: 12.93
skewness: 0.57
0.8- kurtosis: 0.28 ]
0. 7
0
0.5
O
0 B
02
0.1 1T """ ""* ******************************************************************************
0 TTTTTITTTTITTTT I L1 LI LIl TTIT I ITTI T T I T T I T I T T I T I T T i I T T I T I T T T I T I T I T I T L I T T I P T T LT TTTITTITT]
01 2 3 45 7 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Ul1l0 (m/s)
Figure 6: Global distribution of ECMWF Analysis ocean surface wind speeds for April 2003
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Figure 7. Comparison between ENVISAT Altimeter and ECMWF wind speeds for April 2003 (Global)
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Figure 9. Comparison between ENVISAT Altimeter and ECMWF wind speeds for April 2003 (Tropics)
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Figure 10. Comparison between ENVISAT Altimeter and ECMWF wind speeds for April 2003 (S.Hem.)
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Figure 11. Comparison between ENVISAT Altimeter and buoy wind speeds for April 2003 (Global)
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Figure 12. Comparison between ENVISAT Altimeter and buoy wind speeds for April 2003 (N.Hem.)
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Figure 13. Comparison between ENVISAT Altimeter and buoy wind speeds for April 2003 (Tropics)
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Figure 14: ENVISAT Altimeter wind speeds: Timeseries of bias (ENVISAT - ECMWF) and scatter index (SI)
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Figure 15: Distribution of the ENVISAT Altimeter Ku Wave Height after QC for April 2003
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Figure 16: Distribution of the ENVISAT Altimeter S Wave Height after QC for April 2003
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Figure 17: Distribution of ENVISAT Altimeter Ku-Band Wave Heights after Along-Track Averaging for April 2003
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Figure 18: Distribution of ENVISAT Altimeter S-Band Wave Heights after Along-Track Averaging for April 2003
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Figure 19b: Distribution of WAM 4V Wave Height (Collocated with ENVISAT) for April 2003
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Figure 20: Global distribution of ECMWF First-Guess wave heights for April 2003
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Figure 21: Global distribution of ECMWF Analysis (using ERS-2 data) wave heights for April 2003
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Figure 22. Comparison between ENVISAT Altimeter Ku-Band and WAM (first guess) significant wave heights for April 2003 (Global)
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Figure 23. Comparison between ENVISAT Altimeter Ku-Band and WAM (first guess) significant wave heights for April 2003 (N.Hem.)
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Figure 24. Comparison between ENVISAT Altimeter Ku-Band and WAM (first guess) significant wave heights for April 2003 (Tropics)
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Figure 25. Comparison between ENVISAT Altimeter Ku-Band and WAM (first guess) significant wave heights for April 2003 (S.Hem.)
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Figure 26. Comparison between ENVISAT Altimeter S-Band and WAM (first guess) significant wave heights for April 2003 (Global)
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Figure 27. Comparison between ENVISAT Altimeter S-Band and WAM (first guess) significant wave heights for April 2003 (N.Hem.)
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Figure 28. Comparison between ENVISAT Altimeter S-Band and WAM (first guess) significant wave heights for April 2003 (Tropics)
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Figure 29. Comparison between ENVISAT Altimeter S-Band and WAM (first guess) significant wave heights for April 2003 (S.Hem.)
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Figure 30. Comparison between ENVISAT Altimeter Ku-Band and buoy significant wave heights for April 2003 (Global)
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Figure 31. Comparison between ENVISAT Altimeter Ku-Band and buoy significant wave heights for April 2003 (N.Hem.)
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Figure 32. Comparison between ENVISAT Altimeter Ku-Band and buoy significant wave heights for April 2003 (Tropics)
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Figure 33. Comparison between ENVISAT Altimeter S-Band and buoy significant wave heights for April 2003 (Global)
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Figure 34. Comparison between ENVISAT Altimeter S-Band and buoy significant wave heights for April 2003 (N.Hem.)
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Figure 35. Comparison between ENVISAT Altimeter S-Band and buoy significant wave heights for April 2003 (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-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 2003 (Global)
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Figure 39. Comparison between ENVISAT MWR and ECMWF (analysis) wet tropo correction for April 2003 (N.Hem.)
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Figure 40. Comparison between ENVISAT MWR and ECMWF (analysis) wet tropo correction for April 2003 (Tropics)
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Figure 41. Comparison between ENVISAT MWR and ECMWF (analysis) wet tropo correction for April 2003 (S.Hem.)
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Figure 42. Comparison between ENVISAT MWR and ECMWF (analysis) total column water vapour for April 2003 (Global)
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Figure 43. Comparison between ENVISAT MWR and ECMWF (analysis) total column water vapour for April 2003 (N.Hem.)
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Figure 44. Comparison between ENVISAT MWR and ECMWF (analysis) total column water vapour for April 2003 (Tropics)
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Figure 45. Comparison between ENVISAT MWR and ECMWF (analysis) total column water vapour for April 2003 (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 (S)
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Figure 48. imeseries of daily global mean of S-Band significaaterheight since the 18th. of July 2002.
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Figure 49. imeseries of daily global mean otikBand and S-Band significantve heights since the 18th. of July 2002.
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Figure50. Timeserie®of daily globalratio betweemrmeanKu-Bandto meanS-Bandsignificantwave heightssincethe 18th.of July 2002.
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