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Abstract To date, there are 8 satellites worldwide carrying various types of microwave scatterometers,
providing indispensable support for the remote sensing of global sea surface winds. Quantitative and
comprehensive evaluation of the error characteristics of those microwave scatterometer-derived sea surface
winds is a prerequisite for the optimal application of multi-scatterometer wind data. This study conducts
quality assessments on the sea surface wind data for 5 Chinese operational scatterometers and two
Advanced Scatterometers ( ASCAT) from the European Organization for the Exploitation of Meteorological
Satellites ( EUMETSAT ), using both buoy wind and European Centre for Medium Range Weather
Forecasts (ECMWF') data in 2022. The analytical techniques include pairwise comparison, Kolmogorov
spectral analysis and triple collocation analysis. The results of spectral analysis are as follows. (1) All

spaceborne scatterometers are able to depict more spatial variability compared to the ECMWF data,
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indicating that satellite scatterometers outperform ECMWEF in resolving mesoscale ( below 100 km )

dynamic characteristics over sea surface. (2) The triple collocation analysis method not only enables

quantitative evaluation of the inherent errors in each data source within the triple collocated datasets, but

also facilitates cross-comparison of error characteristics among different scatterometers’ wind products.

(3) Overall, the inherent random errors of scatterometer wind u and » components range between 0.5 and

1.3 m-s™". The results provide crucial references for the error covariance settings in applications utilizing

multi-scatterometer sea surface wind data.
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Table 1 ~ Multi-source spaceborne microwave scatterometers used in the study and their data descriptions
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Fig.1 Sea surface wind fields of a tropical depression in the South China Sea observed by multi-source
spaceborne microwave scatterometers on 29 June 2022
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Fig.3 Ilustration of spectral analysis results for sea surface wind fields
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Table 2 Representative errors of wind u and v components

derived from spaceborne microwave scatterometers
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Fig.4 Scatter density plots of wind speed and direction between spaceborne microwave scatterometers and buoy wind data
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Table 3  Statistical scores of spaceborne microwave scatterometers and their collocated
ECMWEF sea surface winds with respect to buoy reference wind data
. . R/ (mes™") P/ (°) g/ (mes™) v 5/ (mes™!) N
K5 s L "
HgERS BT Bias SD Bias SD Bias SD Bias SD RAR
WindRAD-Du -0.16 1.27 -0.3 21.5 0.24 2.09 0.04 2.01
WindRAD-C -0.41 1.25 -0.2 20.6 0.36 2.02 0.04 1.95 34 259
WindRAD-Ku -0.31 1.33 -0.5 24.3 0.34 2.29 0.01 2.25
[Ceigie Ny HSCAT-B -0.26 1.03 0.3 14.6 0.18 1.55 -0.02 1.51 33130
Vs HSCAT-C -0.21 1.06 0.2 15.7 0.13 1.64 0.02 1.69 42 637
PR HSCAT-D -0.22 1.01 -0.3 15.0 0.11 1.55 0.01 1.60 44 155
CSCAT -0.22 1.21 0.3 18.6 0.26 1.77 -0.01 1.84 19 507
ASCAT-B -0.21 1.05 -0.3 14.9 0.18 1.50 0.04 1.59 25035
ASCAT-C -0.22 1.03 -0.2 14.9 0.17 1.49 0.02 1.60 24 652
WindRAD -0.23 1.60 2.3 18.9 0.36 1.95 0.18 2.00 34 259
HSCAT-B -0.25 1.38 2.4 15.8 0.26 1.69 0.07 1.79 33 130
ECMWF HSCAT-C -0.22 1.39 2.7 16.1 0.24 1.72 0.10 1.86 42 637
Vs HSCAT-D -0.22 1.37 2.5 16.0 0.24 1.70 0.08 1.81 44 155
PR CSCAT -0.20 1.46 2.0 17.1 0.28 1.72 0.05 1.85 19 507
ASCAT-B -0.20 1.44 2.2 17.5 0.24 1.80 0.04 1.93 25 035
ASCAT-C -0.20 1.42 2.2 17.5 0.24 1.80 0.03 1.95 24 652
F4 ZRESEESTERHEENITERY
Table 4  Calibration coefficients of triple collocation analysis for different match-up datasets
g G PRI ITIE R 5 ECMWF iTIE &
BB — =y = =
» u J i v S u gy i v i
Bl
a b a b a b a b
WindRAD-Du 0.988 0.21 1.033 0.01 0.996 0.33 1.030 0.15
WindRAD-C 1.041 0.28 1.024 0.03 0.998 0.33 1.036 0.15
WindRAD-Ku 1.036 0.22 1.066 -0.03 0.994 0.34 1.028 0.15
HSCAT-B 1.022 0.15 1.007 -0.03 1.001 0.24 1.039 0.06
HSCAT-C 1.011 0.11 1.004 -0.01 1.001 0.23 1.036 0.08
HSCAT-D 1.012 0.09 1.004 -0.01 1.003 0.22 1.039 0.07
CSCAT 1.015 0.20 1.003 -0.03 0.994 0.25 1.030 0.04
ASCAT-B 1.005 0.15 1.016 0.01 1.004 0.21 1.045 0.01
ASCAT-C 1.007 0.15 1.015 -0.01 1.004 0.22 1.047 0.01
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Table 5 Standard deviations of random errors for different match-up datasets estimated by triple collocation

analysis at ECMWF wind scale AL mes”!
oA Cinne i A3 AU X ECMWF X3
LELES u syt v S u sk v ot u Sy o o it
WindRAD-Du 1.45 1.55 1.29 1.27 1.01 1.06
WindRAD-C 1.44 1.49 1.26 1.22 1.04 1.13
WindRAD-Ku 1.48 1.57 1.48 1.56 0.98 1.03
HSCAT-B 1.25 1.34 0.76 0.63 0.92 1.00
HSCAT-C 1.26 1.33 0.81 0.71 0.92 1.00
HSCAT-D 1.23 1.30 0.73 0.64 0.92 1.01
CSCAT 1.30 1.38 1.08 1.01 0.92 0.98
ASCAT-B 1.15 1.23 0.53 0.61 1.07 1.16
ASCAT-C 1.15 1.21 0.51 0.61 1.08 1.17
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