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Error characterization of satellite and synergistic sea-
surface wind products under tropical cyclone conditions

In the framework of the ESA OCEAN+EXTREMES MAXSS project, a
consistent, inter-calibrated extreme wind data record for satellite
scatterometers and radiometers over the period 2010-2020 has been
generated, using the Stepped Frequency Microwave Radiometer (SFMR).
The satellite adjusted winds have been blended using the Optical Flow
Morphing technique together with the European Centre for Medium-range
Weather Forecast (ECMWF) Fifth reanalysis (ERA5) winds to produce a high
spatial and temporal frequency multi-mission (MM) wind product (MAXSS
MM ATBD, 2023). An important step within the MAXSS study is to
characterize the errors of the different MM input wind sources (i.e.,
scatterometers and radiometers) as well as those of the MM product itself.

Introduction

We used the 10-m stress equivalent wind speed (U10S) from the following
datasets:

SFMR winds are converted to storm-motion centric coordinates (Figure 1)
and upscaled with a 80 km running average (~46 km effective resolution).
The VAR_QC quality flag is applied to all the scatterometers, except for
ASCAT that uses KNMI_QC. ERA5 and MM are spatially interpolated to the
satellite winds locations.

Datasets

dataset grid size effective
resolution

temporal 
resolution

SFMR 100 m ~46 km (upscaled) 1 s
Scatterometers:

ASCAT-A/B/C, RSCAT, OSCAT, 
OSCAT-2, HSCAT-A/B

25 km ~50 km –

Radiometers:
AMSR-2, Windsat, SMAP, SMOS 25 km ~50 km –

ERA5 forecasts 31 km 100-150 km 1 h
MM (multimission) 0.25° 100-150 km 1 h

• Triple collocation analysis (Stoffelen, 1998): this method allows to 
intercalibrate three independent observational systems with different 
resolutions and to estimate their random measurement errors. In this 
study, the errors are computed at the scale of the lowest resolution 
system (i.e., ERA5 or MM).

• Spatial variances (Vogelzang et al., 2015): this method allows to 
estimate the representativeness error (r2) needed by the triple collocation 
analysis in order to correctly compute the random measurement errors.
r2 is the common variance resolved by the two higher resolution systems 
(i.e., SFMR and satellite) that cannot be resolved by the lower resolution 
system (i.e., ERA5).

Methods

• Scatterometers errors (Table 1): ASCAT, the only C-band scatterometer, 
is the best performing instrument with an error of about 1.1 m/s. The rest 
of the scatterometers, which are all Ku-band, have errors in the range 
1.5–2.1 m/s.

• Radiometers errors (Table 2): the radiometers generally perform worse 
than the scatterometers due to their higher measurement noise and their 
errors are in the range 2.0–2.9 m/s.

• ERA5/MM errors (Table 3): for the MM product quality assessment it 
was used RSCAT, the only scatterometer not used in the generation of 
the MM product itself. Despite the smaller sample size provided by 
RSCAT (1513 collocations), it was found that the MM product clearly 
outperforms ERA5, with errors of about 1.6 m/s and 2.6 m/s, respectively, 
corresponding to a reduction in variance of more than 50%.

Results

Figure 1: example of ASCAT 25 km wind vector cells collocated with SFMR flight track (black line), flying over 
Hurricane Karl on September 24th, 2016: (a) original SFMR coordinates; (b) storm-motion centric SFMR 
coordinates. The purple curve represents the hurricane best track.
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Table 1: triple collocation errors for SFMR-SCATTEROMETER-ERA5 collocations.

Table 2: triple collocation errors for SFMR-RADIOMETER-ERA5 collocations.

Table 3: triple collocation errors for SFMR-RSCAT-ERA5 and SFMR-RSCAT-MM collocations.

• Re-center ERA5 winds to the storm location detected by the in situ or 
satellite data to reduce the collocation error.

• Reprocess MM with ERA5 forecast instead of analyses to remove the 
impact/correlation with the assimilated satellite products.

• Improve the QC on Ku-band.

Outlook
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Figure 2: density plots for the different pairs from the SFMR-ASCAT-ERA5 triple collocated dataset, before (a) and 
after (b) triple collocation analysis. In (b) ASCAT and ERA5 are calibrated using SFMR as reference and a
4-sigma test is applied to the three pairs to exclude outliers before the errors are computed.
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Figure 3: same as Figure 2(a) but for the SFMR-AMSR2-ERA5 triple collocated dataset.


