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ABSTRACT

C-band scatterometer winds have been adjusted for extreme
conditions and in this research extension to Ku-band
scatterometers is investigated. With rain rates from the
Global Precipitation Measurement mission collocated to the
Ku-band scatterometer observations to identify and exclude
rain contamination of winds, calibration of the Ku-band
observations can be done. Using high-wind cases extracted
from collocated C- and Ku-band observations, we develop a
calibration model and extend the Ku-band winds to 35 m/s.
Validation is obtained from the set not included in the model
derivation, indicating a speed error less than 10% for wind
speed larger than 30m/s. The modified speed is consistent
with the Step Frequency Microwave Radiometer
measurements, when collocated with another Ku-band
scatterometer. A comparison for the Tropical Cyclone Man-
yi in 2018 shows the adjustedd wind fits better with the best-
track information provided by the Chinese Meteorological
Administration, while more details are revealed. Results can
be improved after obtaining more collocations with the dual-
frequency scatterometer “WindRad” onboard the FY-3E
satellite. A method for wind direction enhancement in
extreme conditions is also discussed.

Index Terms— wind scatterometers, Ku-band and C-
band collocations, extreme wind speed adjustment

1. INTRODUCTION

Tropical cyclones (TC) or hurricanes cause severe
damage during their landfalls. In China, the average 9.3
landfall TCs cause more than $ 10 billion property loss,
while taking thousands of human lives each year [1]. At the
same time, remotely-sensed data with large coverage have the
potential of providing vital information for improved
forecasts. Among them, scatterometers have been providing
high-quality ocean surface wind products for more than 40
years [2], while exploring extreme-wind retrieval quality is
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ongoing. Recently, with reference to the Step-Frequency-
Microwave Radiometer (SFMR) products, the good quality
of the C-band extreme wind speeds has been well proven [3]
and extension to Ku-band scatterometers is ongoing, tackling
the problem of contamination by precipitation. In this
research, we confirm that rain contamination causes the
retrieved winds to deviate from other wind observations,
when stratified against the co-registered rain rates from the
Global Precipitation Measurement (GPM). A calibration
method has been developed and the resulting Ku-band winds
validated with reference to the C-band collocations. The high
wind collocations are extracted with information from the
International Best Track Archive for Climate Stewardship
(IBTrACS), and rain is excluded by using the KNMI product
quality control (QC). The validation by the validation set (i.e.,
the set not applied in the model development) shows errors
lower than 10% for wind speeds larger than 30m/s. An
example for tropical cyclone Man-yi is highlighted from the
validation set and compared with the maximum wind speed
from the best-track information provided by the Chinese
Meteorological Administration (CMA), indicating better
consistency than existing (unadjusted) products. Furthermore,
improved extreme wind vector retrieval is being explored by
resolution enhancement with reference to Synthetic Aperture
Radar (SAR) images that capture more dynamic spatial
details [4]. Beyond the current research exploiting C-band
collocations, the improvements in wind vector quality for Ku-
band extreme winds will be explored, as discussed in this
manuscript.

2. METHOD

First, both C-band scatterometer data sets are calibrated
against SFMR using a well-explored methodology, in the
equation for wind speed larger than 12 m/s [3]:

Usfos = 0.0095U2, + 1.52U, s — 7.6 (1)
Where U, is the stress-equivalent wind retrieved with the
CMOD7 GMF, and Uj,s is the stress-equivalent wind
adjusted for high wind conditions. Subsequently, the Ku-
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band observations are collocated with C-band for high wind
conditions, as extracted from the best track information. With
co-registered rain rates, the collocations are compared to
obtain the Ku-band performances in extreme conditions,
where a calibration model is derived following the results.
Collocations without GPM are used for validation.

The Ku-band scatterometer observations are obtained
from the OSCAT-2 scatterometer onboard SCATSAT-1,
while the C-band collocations are from ASCAT-A and
ASCAT-B onboard Metop-A and Metop-B satellites,
respectively. The data covers the range from October 2016 to
January 2019 [5], [6]. Then the high wind cases are extracted
with reference to the best track data from IBTrACS globally
[7]. Simultaneous rain rates are from the GPM post processed
high-quality products [8]. In all, 1,167,846 and 746,855
WVCs of OSCAT-2 collocations with, respectively,
ASCAT-A and ASCAT-B are obtained under TC conditions,
including 43,472 and 37,623 WVCs, respectively, with rain
collocations. When the traditional strict QC employing the
MLE indicator [9] is adopted, and the rain screening from Jg,
[10] is not applied, respectively, 38,242 and 33,261 are
accepted by both the Ku- and C-band QC (QC-I) with
collocated rain rate. Finally, there are 34,606 and 30,407
WVCs, respectively, with 0 mm/h rain rate, and these are
used for the Ku-band calibration model. The time lag for
scatterometers is half an hour, and for GPM rain co-
registration it is 4.8 minutes at maximum.

Further validation is conducted with the SFMR data
collocated with the Ku-band scatterometer HSCAT onboard
the HY-2B satellite in the year 2019 [11], [12]. Direct
matches have been sought, limiting the distance to the centre
of the WVC to be within 17.6 km and 30 minutes in time. In
total, 363 WVCs are obtained while 150 WVCs are accepted
by the HSCAT QC, with a corresponding maximum wind
speed of SFMR of 32.89 m/s.

3. EXPERIMENTS AND RESULTS

Fig.1 is plotted from the data set with rain collocations for all
QC conditions. The horizontal axis is the Ku-band wind
speed and the vertical axis is the collocated C-band with
dropsonde-adjusted wind speeds [3]. The color shows the rain
information from GPM. It can be observed that higher rain
rates constitute the bulging part of Ku- and C-band
collocations from about 15 m/s to about 20 m/s in the Ku-
band speed. Fig.2 further verifies this, where the horizontal
and vertical axes are rain rate and the calibrated C-band wind
speed, and the color represents the differences between the
Ku-band GMF model and the observed normalized radar
cross-section (NRCS) from the firstly stored NRCS in Level
2 product in horizontal polarized in receiving and
transmitting (HH) in dB. Note that the color palette is limited
to the range of -10 and 5 dB, where most differences are fit
in. In correspondence with Fig.1, the deviations are well
populated around the wind speed at Ku-band with the higher
rain rates in Fig. 2, and the colors are mostly blueish for lower

wind speed and red for higher speed in general below 35 m/s
for the adjusted C-band winds, indicating resp. an
underestimation and overestimation of wind speed, an
obvious example is that rain causes the wind retrieval
procedure overestimate the winds from about 11 m/s to below
about 23 m/s, which is consistent with the curvature in Fig.1.

C-band speed [m/s]

0 5 10 15 20 25 30 35 40 45
Ku-band speed [m/s]

Fig.1 Scatterplot of collocated C-band (adjusted) versus
Ku-band winds, where the color represents the collocated
GPM rain rate.

C-band modified speed [rm/s]
Ku hh NRCS diff. [d8]

10
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Rain rate [mm/h]
Fig. 2. The joint probability density function of collocated
C-band (adjusted) wind and GPM rain, where the color
represents the NRCS differences.

Considering the sample distribution, for wind speeds below
35 m/s, and using the QC-I data set of rain co-registration, but
only for GPM rain rates of 0 mm/h, the calibration function
of the Ku-band is derived using collocated C-band adjusted
winds, as follows:

Ujos = —2.421 % 1075 % US4 0.001122 * Uy, —
0.015 * U3y 4+ 0.07096 * UZ,, + 0.8604 % U, o +
0.1767; (2)

Fig. 3 shows the scatterplots of the intercalibrated Ku- and C-
band winds, for the intercalibration set (a) and the
independent validation set (b). . Although the intercalibration
set lacks data between 30 and 35 m/s (a), the fit proves
effective at such wind range as shown in the validation set
(b). Note also that the latter doesn’t contain GPM rain
collocations, and it only considers the Ku-band QC flag to
discard potentially rain contaminated WVCs.

4065

Authorized licensed use limited to: UNIVERSITAT POLITECNICA DE CATALUNYA. Downloaded on January 10,2024 at 15:45:41 UTC from IEEE Xplore. Restrictions apply.



25

20

Modified Ku-band wind speed[mv/s]
WYC density [dB]

0 5 10 15 20 25 30 35

Modified Ku-band wind speed [rm/s]

0 5 10 15 20 25 30 35
Modified C-band wind speed [m/s]

(b)

Fig.3 Scatterplots of adjusted Ku-band (using eq. 2) versus
adjusted C-band (using eq. 1) winds, for the intercalibration
set (a) and the validation set(b),. The color indicates WVC
densities in dB.
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Fig.4 OSCAT?2 - ASCAT RMSD of the intercalibrated Ku-
band and C-band wind speeds for the validation set as a
function of binned ASCAT adjusted speed.

Fig. 4 shows the binned Root Mean Squared Difference
(RMSD) of the fit against the C-band collocations, for wind
speeds larger than 15 m/s. It can be seen that the RMSD is the
largest between 22 m/s and 32 m/s, i.e., about 2.2 m/s. The
fluctuating values above 32 m/s may be due to lack of
samples. When applying Eq. (2) to the HSCAT speeds and
collocating them with SFMR winds from 2019, the 150
WVCs passing QC are plotted in Fig. 5:

Ku-band wind speed[m/s]

o 5 10 15 20 25 30 35
SFMR wind speed [m/s]

(a)

Modified Ku-band wind speed[m/s]

0 5 10 15 20 25 30 35
SFMR wind speed [m/s]

(b)
Fig.5 Scatter plot of the collocated nominal (a) and adjusted
(b) Ku-band wind speed against collocated SFMR wind
speed.

From Fig.5, it can be observed that the intercalibrated Ku-
band winds better fit the SFMR observations than the
nominal Ku-band winds, in the more reliable SFMR wind
range above 20 m/s, while for the lower wind part, an HSCAT
wind underestimation can be observed, both for the nominal
and adjusted wind products.

Finally, the case of TC Man-yi is provided in Fig. 6, where
the left panel corresponds to the nominal Ku-band wind speed
and the right panel corresponds to the adjusted wind. The
color represents wind speeds in m/s. In the observed scene,
the closest maximum wind speed provided by the best-track
information from the Chinese Meteorological Center (CMA)
is 30 m/s, which is more consistent with the adjusted winds.
In addition, especially in the red box region, the amplified
winds by Eq. 2 (right panel) reveal enhanced details of this
TC.
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Ku-band observations of QC acceptation

Existing Ku-band wind Modified Ku-band wind

Fig. 6 HSCAT (on HY-2B) Ku-band nominal (left) and
adjusted (right) winds for an overpass of TC Man-yi in
2018.

4. DISCUSSIONS

In this research, an intercalibration method for the Ku-band
scatterometer wind speed has been developed and validated
up to 35 m/s using ASCAT adjusted winds. The main effect
casting doubt on the quality of Ku-band derived winds in
extreme conditions is the presence of rain, as confirmed in
this manuscript. For speeds higher than 35 m/s, limited
sampling appears. These extreme winds tend to appear in a
narrow eye wall region, necessitating rather precise
collocation and co-registration procedures. Further research
would be focusing on this and extend the calibration to larger
winds.

Furthermore, after wind speed intercalibration, wind
direction retrieval in TCs can be improved with reference to
SAR data for resolution enhancement [13]. In addition, for
Ku-band scatterometers the QC indicator J,s can be exploited
and applied for an improved rain identification.
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