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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: 11 September 2003

Overview:

Based on the data reeed during this month, orvarage, 9361 @ries between 0 and 19477) obsd¢ions arwed at
ECMWEF every 6-hour windw of which an gerage of 3565 obseaations 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 78.47% of the remaining part passed the quality control. Tasneondata 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 Time windavs 18:00 on the 2nd., the 4th., the 6th. and the 10th. of the month.
e Time windav 12:00 on the 18th. of the month.

e Time windavs 06:00 on the 23rd. and the 26th. of the month.

Thetime seriesof thedatacoverageandsomereason®f rejectioncanbeseenn Figurel. Notethatwe aretalking about
theraw datawhichwe downloadedn “bufr” format(sinceJune2003bufr dataascorvertedby ESA areused)beforethey
were processed.

| 1 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 2003 .

Quality of Received Data:

For the periodcovered,the RA-2 Ku-bandwave heightdataaregenerallyof goodquality. Thequality of S-bandwave
height obserations is similar to last month. The S-barav&heights kep their trend to get higher than the-Band
waves. The quality of wind speed obsaruns is acceptable. Apart from thafeutliers, MWR products are generally
fine and in good agreement with the modelytstdl somevhat drier than the model).

Backscatter:
* ENVISAT RA-2 Ku-Band p>=11.17 dB (with a single peak at ~ 11.1 dB).
* ENVISAT RA-2 S-Band gp> = 10.95 dB (with a single rather broad peak at ~ 10.0 dB).

Comparison Summary:

Table 1: Comparison of Sade Whd Speeds:

RA2 - ECMWF RA2 - Buoy
Bias (m/s) Sl (%) Bias (m/s) Sl (%)
Global -0.14 17.8 -0.87 20.7
Northern Hemisphere -0.62 20.0 -0.88 22.8
Tropics -0.32 18.2 -0.74 10.5
Southern Hemisphere 0.32 14.7
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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 15.7 0.10 16.6
Northern Hemisphere 0.05 20.2 0.11 17.8
Tropics -0.05 14.7 0.03 8.0
Southern Hemisphere 0.26 12.5
Table 3: Comparison of S-Band Significarem/ Heights:

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

Bias (m) Sl (%) Bias (m) Sl (%)
Global 0.14 28.8 0.28 35.8
Northern Hemisphere 0.28 46.1 0.31 33.1
Tropics 0.04 34.9 0.10 43.9
Southern Hemisphere 0.13 20.2
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Table 4. Comparison of &/Tropo Correction andokal Column Védter \apour \alues:

MWR WTC - ECMWF WTC MWR TCWV - ECMWF TCWV
Bias (m) Sl (%) Bias (kg/nf) Sl (%)
Global -0.018 22.0 -0.76 23.1
Northern Hemisphere -0.013 29.0 -0.15 30.8
Tropics -0.012 9.8 +0.50 9.5
Southern Hemisphere -0.026 31.2 -2.19 33.1

Remarks:

* Fortheperiodcovered,the RA-2 Ku-bandwave heightdataaregenerallyof goodquality. The S-bandwvave heightdata
are of acceptable quality (with a number of outliers similar to theque months). The wind speed data are of

acceptable qualityfThe MWR dened quantities are as usual with a number of outliers when compaiedtafe

model.

* According to the used land sea mask (which is used for the operatiaivarid at ECMWF), more than one third
(34%to beexact)of all processedatahave beencollectedover land. This valueis too largeasthelandrecordsarenot
filtered out.

* Althoughtherainflagis only responsibldor therejectionof 3% of the datathis month,it wasresponsibldor rejection
of most of the data on the 15th. and the 21st. of the monter(joanel of Figure 1).
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The wind speed data are in good agreement with the wave model and buoy data except for very low wind speeds (below
~ 4 m/s) and for high wind speeds (above 20 m/s).

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.

Thereisatrend for Ku-band wave heights to be dightly overestimated especially when compared to WAM results by
about 6%. Thisisvisually clear in the scatter plotsin Figures 22-25 (Ku-band - WAM comparisons) and can be
inferred from the symmetric slope values in same scatter plots aswell asin Figures 30-32 (Ku-band - buoy
comparison). On the other hand, the RA-2 Ku-band wave heights are higher than buoy wave heights by about 4%.

The S-band wave heights are similar to the previous month when compared to both the WAM and the buoy data with
quite a number of outliers when compared to the model (as can be seen in the scatter plotsin Figures 26-29) and to the
buoy (as can be seen in the scatter plotsin Figures 33-34).

As can be seen in Figure 37, S-band wave heights suffered some degradation on the 2nd. and the 15th. of the month.

The S-band wave height valuesincreased, thusthe ratio between Ku-band and S-band wave heights decreased,
over the period July 2002 to early April 2003 as can be seen in Figure 48. Thisbehaviour was handled on the 9th
of April bringing the wave heights from both sensorsto a comparablelevel. However, thislasted for few days
only. The S-band wave height keepstheir tendency to increase and they are now about 5% higher than the Ku-
band wave height as can be clearly seen in Figure 48.

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 tendency of the ECMWF model to have saturation values for both quantities (around 0.4 m for

WTC and around 60 kg/m2 for TCWV) isstill existing. We stress that the model behaviour is theoretically more sound.
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The MWR denwved WTC and TCWYV tend to be smaller (drier) than ECMVEkies for smalleralues, then tend to
converge tavards the ECMWEF alues at high alues.

It is importantto stresgshatoneneeddo keepin mind whenmakingthe comparisorbetweertheresultspresentedhere
for the ENVISA RA-2 and the results presented in the ERS-2 altimeter reports that the ERS-2 plots and statis
done for supeobsenations composed of 30 inddlual obseration, while the plots and statistics here are for super
obsenationswith 11individualobsenations.Thereforeijt is naturalfor the RA-2 plotsandstatisticso shav abit more
variability.

The ERS-2 radar altimeter and SARw data used for assimilation at ECMWBwe model are n@ limited to the
North Atlantic andthewesterncoastof North Americafollowing thefailure of the ERS-2taperecordersn June2003.
As a result, the diérence statistics between ENVIBRA-2 and first guessave model vave heights are slightly
higherthanthosefrom the previousmonths Also notethatFigure19 only representghe histogranmfor thecoveredarea
only.

Comparison M ethod:

assumptions and/or data corrections needed while comparing various quantities will go here.

A brief description of RA-2 data processing and quality control process together with any special considerations,
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Figure 45: Comparison between ENVIEMWR and ECMWEF total column ater \apour for August 2003 (Southern Hemisphere).
Figure 46: ENVISA MWR wet tropospheric correctionirfieseries of daily bias (MWR-model) and scatter xie August 2003.
Figure 47: ENVISA MWR total column vater \apour: Tmeseries of daily bias (MWR-model) and scatter xiie August 2003.

Figure 48. Tmeseries of daily global ratio between mearBand to mean S-Band significardwe heights since the 18th. of July 2002
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ENVISAT ALTIMETER: NUMBER OF OBS, GLOBAL.

AUGUST
2003 total number of observations
""""""""""""" R RSAARRIA associated with a WAM sea point (inp)
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Figure 1: Time series of data reception for ENVISAT Altimeter datafor August 2003
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Figure 3: Digtribution of the ENVISAT Altimeter S Backscatter after QC for August 2003
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Figure 5: Distribution of ENVISAT Altimeter Wind Speeds after Along-Track Averaging for August 2003
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Figure 6: Globa distribution of ECMWF Analysis ocean surface wind speeds for August 2003
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Figure 7.Comparison between ENVISAT Altimeter and ECMWF wind speeds for August 2003 (Global)
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Figure 8. Comparison between ENVISAT Altimeter and ECMWF wind speeds for August 2003 (N.Hem.)
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Figure 9. Comparison between ENVISAT Altimeter and ECMWF wind speeds for August 2003 (Tropics)
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Figure 10. Comparison between ENVISAT Altimeter and ECMWF wind speeds for August 2003 (S.Hem.)
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Figure 11. Comparison between ENVISAT Altimeter and buoy wind speeds for August 2003 (Global)
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Figure 12. Comparison between ENVISAT Altimeter and buoy wind speeds for August 2003 (N.Hem.)
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Figure 13.Comparison between ENVISAT Altimeter and buoy wind speeds for August 2003 (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 August 2003
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Figure 16: Distribution of the ENVISAT Altimeter S Wave Height after QC for August 2003
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Figure 17: Distribution of ENVISAT Altimeter Ku-Band Wave Heights after Along-Track Averaging for August 2003
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Figure 18: Distribution of ENVISAT Altimeter S-Band Wave Heights after Along-Track Averaging for August 2003
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Figure 19: Distribution of ERS-2 Altimeter Wave Heights after Along-Track Averaging for August 2003
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Figure 19b: Distribution of WAM 4V Wave Height (Collocated with ENVISAT) for August 2003
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Figure 20: Global distribution of ECMWF First-Guess wave heights for August 2003
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Figure 21: Global distribution of ECMWF Analysis (using ERS-2 data) wave heights for August 2003
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Figure 22. Comparison between ENVISAT Altimeter Ku-Band and WAM (first guess) significant wave heights for August 2003 (Global)
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Figure 23. Comparison between ENVISAT Altimeter Ku-Band and WAM (first guess) significant wave heights for August 2003 (N.Hem.)
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Figure 24. Comparison between ENVISAT Altimeter Ku-Band and WAM (first guess) significant wave heights for August 2003 (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

34 of 58




. ECMWF Report on ENVISAT RA-2 for August 2003

[ ]
12§ Entries
30000
x 8 llOOO
0 - 500
é 300
Iy 100
E 50 STATISTICS.
¢ 8 30
w e 15 ENTRIES 21987
E 5’8 -5 MEAN WAM 3.3606
> 5 1 MEAN ENVISAT 3.6211
<§E BIAS (ENVISAT - WAM) .2605
STANDARD DEVIATION .4214

Z SCATTER INDEX .1254
%) 4 CORRELATION .9545
% ) u SYMMETRIC SLOPE 1.0792 ( .0022)
w REGR. COEFFICIENT 1.0408 ( .0022)

2 =z 0 REGR. CONSTANT .1233 ( .0079)

2oo
0 !
0 2 4 6 8 10 12

WAM WAVEHEIGHTS (M)
Figure 25. Comparison between ENVISAT Altimeter Ku-Band and WAM (first guess) significant wave heights for August 2003 (S.Hem.)
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Figure 26. Comparison between ENVISAT Altimeter S-Band and WAM (first guess) significant wave heights for August 2003 (Global)
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Figure 27. Comparison between ENVISAT Altimeter S-Band and WAM (first guess) significant wave heights for August 2003 (N.Hem.)
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Figure 28. Comparison between ENVISAT Altimeter S-Band and WAM (first guess) significant wave heights for August 2003 (Tropics)
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Figure 29. Comparison between ENVISAT Altimeter S-Band and WAM (first guess) significant wave heights for August 2003 (S.Hem.)
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Figure 30. Comparison between ENVISAT Altimeter Ku-Band and buoy significant wave heights for August 2003 (Global)
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Figure 31. Comparison between ENVISAT Altimeter Ku-Band and buoy significant wave heights for August 2003 (N.Hem.)
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Figure 32. Comparison between ENVISAT Altimeter Ku-Band and buoy significant wave heights for August 2003 (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

42 of 58




. ECMWF Report on ENVISAT RA-2 for August 2003

[ |
12 Entries
30000
g L llOOO
010 30
5 100
m 50 STATISTICS
E 8 30
> 15 ENTRIES 991
< 5 MEAN BUOY 1.5317
= 5 -1 MEAN ENVISAT 1.8158
% BIAS (ENVISAT - BUOY) .2841
< STANDARD DEVIATION .5476
o SCATTER INDEX .3575
g 4 = ) CORRELATION .6691
5) .-l. u SYMMETRIC SLOPE 1.1247  ( .0270)
S REGR. COEFFICIENT .5349  ( .0189)
= 2 REGR. CONSTANT .9966  ( .0321)
L [ |
|
0% 2 4 6 8 10 12

BUOY WAVEHEIGHTS (M)
Figure 33. Comparison between ENVISAT Altimeter S-Band and buoy significant wave heights for August 2003 (Global)
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Figure 34. Comparison between ENVISAT Altimeter S-Band and buoy significant wave heights for August 2003 (N.Hem.)
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Figure 35. Comparison between ENVISAT Altimeter S-Band and buoy significant wave heights for August 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-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 2003 (Global)
| 48 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 2003 .

e .l " Entries
- 30000
[ | l 1000

051 T m 500
= x | 300
. x 0 100
Q0. 4- 50 STATISTICS.
9 30
o 15 ENTRIES
o 5 MEAN ECMWF 15093
t0-3* - 1 MEAN ENVISAT 'iji
g BIAS (ENVISAT - ECMWF) ) :0 131
- STANDARD DEVIATION 0523
<0.2- SCATTER INDEX 2899
%2) CORRELATION .8106
% SYMMETRIC SLOPE .9643 ( .0055)
w REGR. COEFFICIENT .9258 ( .0054)

0.1 REGR. CONSTANT .0003 ( .0011)

0 ‘ 0080066060
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 August 2003 (N.Hem.)
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Figure 40. Comparison between ENVISAT MWR and ECMWF (analysis) wet tropo correction for August 2003 (Tropics)
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Figure 41. Comparison between ENVISAT MWR and ECMWF (analysis) wet tropo correction for August 2003 (S.Hem.)
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Figure 42. Comparison between ENVISAT MWR and ECMWF (analysis) total column water vapour for August 2003 (Global)
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Figure 43. Comparison between ENVISAT MWR and ECMWF (analysis) total column water vapour for August 2003 (N.Hem.)
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Figure 44. Comparison between ENVISAT MWR and ECMWF (analysis) total column water vapour for August 2003 (Tropics)
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Figure 45. Comparison between ENVISAT MWR and ECMWF (analysis) total column water vapour for August 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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Figure 47: ENVISAT Altimeter total column water vapour: Timeseries of bias (ENVISAT - ECMWF) and scatter index (Sl)
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