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Abstract. Ocean surface sea ice screening is important for a wide variety of research and applications. While the normalized
radar cross-sections (NRCS) have been long applied in sea ice classifications and quantifications, the beam-filling problem
still exists. Besides, for the melting ice cover, the NRCS are not providing accurate links to sea ice. However, if considering
the NRCS within the traditional wind retrieval unit, despite the existence of fractal sea ice and the different mixing quantities
of ice and sea water, there will be signatures in both the derivations from wind retrieval model and the extend of
heterogeneity within the unit. The former has been well researched and together with the ice model from scatteroemters,
applied now in ice labelling for scatterometer operational wind products in the indicator MLE. In this research, we uncover
the properties of the later due to sea ice, in terms of the indicator Joss. The sea ice and iceberg concentration from products
derived in AMSR-2 and Sentinel-1 are applied as references. The scatterometer data are from collocations of C- and Ku-
band scatterometer products from ASCAT-A, ASCAT-B, OSCAT-2 and HSCAT. The ice screening ability in combination
of MLE and Joss are concluded. Finally, the iceberg identification potential is discussed along with the application of the joint

observations of C- and Ku-band scatteroemter observations.

1 Introduction

Sea ice plays a relevant role in connection with short-term climate variations between the large amount of parameters in the
cryosphere by affecting the Earth’s radiation budget in terms of altering the albedo of the ocean surface (Pistone K. et al.,
2014). It can also interact with the actions between the air and water result in a different sea surface feature when exist and
move with the wind or ocean surface currents (Timmermans M.-L. and Marshall J., 2020; Haumann A., 2011). The
descriptions of the sea ice are then vital for both understanding the cryosphere and measurement involving it (Sandven, S., et
al., 2023; Wernecke, A. et al., 2024). In open seas and along the coastal regions in high latitudes, it can be generally
quantified by sea ice concentration (SIC) (Melsheimer, C., 2018), when including floating large icebergs, the iceberg
concentration is applied (Buus-Hinkler, J., 2023). As the existence of sea ice, either in a wide coverage or scatter over the

ocean, surveillance over a wide range is effective and can be realized by remote sensing techniques (Sandven, S., et al.,
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Figure 1 The collocated C-band acceptance and Ku-band QC rejected WVCs in MLE metrics: (a) is the wind panel (b) is the density

map from Joss metrics in (Xu X. and Stoffelen A., 2020), roughly in correspondence to the circled WVC in (a). The blank region in (b)

are without data corresponding to good quality from MLE QC and those of land regions (M_Map, 2003). Color indicate density in dB.
2006). Among all them, Active microwave remote sensing has been well applied owe to their good stability and accuracy in
the measurements. Though designed and applied for ocean surface measurements, Scatterometer has been well applied for
ocean surface remote sensing for more than 40 years, it also has been well applied for ice remote sensing for about more than
30 years (Vogelzang, J., and Stoffelen, A., 2012; Ricciardulli L. and Wentz F. J. 2015). They generally work at C or Ku band.

35 The measured normalized backscattering coefficients from scatterometers can provide information of ice types of different
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ice age, as the NRCS has good relation with different ice in varied ages that are with different structures (Drinkwater, M. R.,
et al., 1995; Belmonte Rivas, M., 2018, Woodhouse 1., 2006). However, when the NRCS are mapped to SIC, especially for
low SIC cases, the uncertainties in quantification become large (Haarpaintner, J., et al., 2004). This is generally due to errors
from the mixed characteristics of backscattering mechanism involving melting mixed ice and water, as well as the same
reason induced errors in the SIC products that are usually applied as estimation references.

Meanwhile, as scatterometers observe wind in the square-grid spatial unit known as wind vector cells (WVC), that are
formed in a way with several NRCS obtained in different azimuth geometry assembled for wind direction estimation
(magazine paper). With multiple observations, optimal wind field can be estimated in the maximum likelihood estimation
(Portabella, M., 2002; Portabella, M., and Stoffelen, A., 2002). During such procedure, the model applied mapping winds to
different observations are the Geophysical Model Functions (GMF) (Wentz, F. J., et al., 1984; Stoffelen A. et al., 2017).
Meanwhile, the estimator defined in the MLE procedures as the Euclidean distance from wind GMF, i.e. the MLE estimators
(MLE) label the deviation from pure wind model that are induced by the unmodelled factors such as convective rains,
existence of sea ice (Stoffelen A., 1998). When refer specifically to sea ice, ice GMFs have also been developed for mapping
pure ice features to scatterometer observed NRCS (Belmonte Rivas, M., 2018; Lindell, D. B. and Long, D. G; 2016a; Lindell,
D. B. and Long, D. G; 2016b). Although NRCS from pure ice are not changing with azimuth geometry, and the mapping is
still from NRCS to ice features of ice age categories, together with wind GMFs in MLE, they can be applied to open sea and
coastal regions, by employing the Bayesian procedure for wind values and sea ice existence providing at the same time the
optimal estimation probability of both results to improve the wind estimation accuracy (Belmonte R. M. et al., 2012; Otosaka,
I, et al., 2018). MLE to wind GMF at the same time, provide also information of the deviation of wind scene to sea ice, and
applied as the metrics for quality flag in the quality control (QC) for wind products (Portabella, M. et al., 2010; Verhoef, A.
et al., 2012). But the quantitative relation between MLE and SIC and IBC have not been investigated yet.

Furthermore, there is another QC indicator Joss, that compensates MLE by describing the heterogeneity within a WVC. It was
proposed inertially for rain screening for tropical regions in wind scatterometry (Xu X. and Stoffelen A., 2020), while now
has been well applied for QC in operational global wind products (Xu X., et al., 2021; Stoffelen, A. and Verhoef A., 2021).
Since C band is of wavelength about 5.3 centimetre (cm), Ku band is about 2.2cm, C band is less affected by the
heterogeneity within the scene. As an example, Figure 1 plots the collocated C-band acceptance and Ku-band QC rejected
WVCs in MLE metrics from ASCAT onboard Metop series and OSCAT-2 onboard SCATSAT-1 obtained in about two
years. In panel (a), the red circled part is roughly obtained by Joss criteria in (Xu X. and Stoffelen A., 2020) and the density is
displayed globally in (b) accumulating this long time-span. For higher latitudes, the heterogeneity can be caused by existence
of sea ice when the precipitation is less frequent than tropical regions (Siedler, G. et al., 2001), while specific research on the
possible Joss contribution to sea ice distribution features are not yet existed.

In this research, the definition of MLE and Joss as well as how they can be functioning as QC indicators for both C and Ku
band scatterometers are reviewed, then with SIC and IBC products, their abilities of in ice screening are extensively

investigated, with the differences in SIC and IBC addressed and a special case of iceberg provided. To decimating between
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the rain effect, collocated rain information is also obtained for analysing. Results indicate that MLE and Joss illustrate
different features against SIC and IBC, due to different representative scale of the two indicators. Their screening and
preliminary quantification abilities against ice are identified, concluding an optimal way of combining both indicators in
addition to the existing direct mapping to ice from observed NRCS. This research for the first time addresses the effective
information for sea ice from sources other than the directly observed NRCS alone, and provide a potential way to obtained
better SIC or IBC estimation for future research and applications. The combination analysing of Jossand MLE in Ku and C

band also provide hints for further QC method for the dual frequencies scatteroemters.

2 Method

The scatterometer observed NRCS from different azimuth geometry are ensembled within a WVC for wind estimation. For
obtaining sea ice information, this also provides opportunities for improving the current sea ice information obtained directly
linking the NRCS to pure ice, when the QC indicators can be applied. Generally, MLE and Joss are tow well applied QC
indicator in wind scatterometery that are compensating each other (Xu X. et al., 2021; Stoffelen A. and Verhoef A., 2021),

The former is already appeared in the optimization procedures of existing estimations employing Bayesian estimation.

2.1 The QC Indicators
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Figure 2: Wind component (u and v) spectra obtained from all ASCAT-12.5 data of January 2009 (Vogelzang, J et al., 2011). The
ASCAT (blue solid lines) are at the upper position closet to the 3-D turbulence scale, ECMWF red lines are the solid lines closest to
the 2-D scale, while the 2DVAR analysis spectrum (green solid lines) is in between.

The existence of geophysical factors other than wind for a roughened sea surface in the observation scene would deviate the

NRCS from the wind GMF and trigger QC rejections. During which, the QC indicators’ values are applied as references.
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The most utilized is the MLE, which is the sum of the normalized Euclidean distances of the observations to the wind GMF
sphere, and is expressed in the following equation (Portabella, M., and Stoffelen, A., 2002):

sim
)2

_ 1oy (©@-g
MLE = 5% K2 1)

In (1), N indicate the number of observed NRCS in a WVC, and MLE is the average of differences from observations to
simulations weighted by the variance of the ith NRCS. The simulations are obtained with the estimated wind from the GMF.
While pure ice is not changing with azimuth, the distances represented by MLE of the observed NRCS to wind GMF can be
deviated by the ice features in the scene. In addition, from the definition, though MLE is weighted average, it is representing
the NRCS features within the WVC, without blurring by the adjacent units.

Complimentary to MLE, Joss Was proposed to describe the heterogeneity of the WVC as the locally perceived wind speed in
a WVC differs from the wind speed obtained from neighbouring WVC in the 2-Dimensional Variational Ambiguity Removal
(2DVAR) analysis for the Ku-band wind scatterometers (VVogelzang, J et al., 2011; Vogelzang, J. 2019; Xu X. and Stoffelen
A., 2020). Figure 2 from (Vogelzang, J et al., 2011) illustrates the wind component spectra obtained from all ASCAT-12.5
data of January 2009. It generally demonstrated that a variational data assimilation scheme based on statistical interpolation
acts as a low-pass filter. According to Kolmogorov theory, k> is the 3-Dimensional (3-D) energy distribution line, and the
larger slope of power(-1/3) is the 2-Dimensional (2-D) energy distribution (Frisch, U., 1995). In Figure 2, the bluelines
(upper solid lines) is closer to the 3D smaller scale and descends by the end at the scale for non-linear energy dispassion
while the green lines (middle solid lines) do not. Then the indicator Joss defined in the following equation locates and
quantifies local disturbances (Xu X. and Stoffelen A., 2020):

JOSS: fo_fs (2)

In (2), fsis the 2DVAR analysis wind speed at a WVC, f, is the local WV C-selected wind speed. From (2) and Figure 2, Joss
represents the scale difference, then by applying the analysis speed obtained using the NWP information, the spatial
representative scale is smaller than MLE when the calculations involving only the observational speed. On the other hand,
with the spatial averaging effect, Joss iS less noisy than MLE. Furthermore, as Joss is obtained from 2DVAR procedure, this
indicator is not available yet for the fixed fan beam C band ASCAT.

Except for rains, the existence of sea ice can also introduce heterogeneity within the WVC. Thus the investigation as well as

joint applications of MLE and Joss can be further interpretated for high latitudes.

2.2 Method to investigate the sea ice information in the QC indicators

In order to investigate the sea ice information in the QC indicators in open-sea and coastal regions, the reference products of
SIC and IBC are applied. For discrimination of rain effects, the collocated rain products are also acquired. During the
analysis, after the data collocation, by analysing the distribution plots of the sea ice parameters and MLE by sorting the QC

indicator Joss, the ice screening and iceberg identification abilities can be obtained. During this procedure, for further



120

125

130

135

140

145

https://doi.org/10.5194/egusphere-2024-3840
Preprint. Discussion started: 14 January 2025 G
© Author(s) 2025. CC BY 4.0 License. E U Sp here

decimating between information from the rain and ice, the collocated C and Ku band observations are adopted. As the C
band corresponds to a wavelength of 5.3 cm while Ku band as about 2.2 cm, C band suffers seldomly rain effects. Then the
investigation collocations in C band acceptance and Ku band rejection, as well as both irrespective from flag of the other,
can help concluding the ice effect in higher latitudes. Moreover, when the ice screening abilities have been confirmed, the
criteria for rain screening are tested if they can fit into the ice features and applied globally. This will in turn contribute to the

existing sactterometer QC system.

3 Data and Collocation

The C-band scatterometer data are from the ASCAT-A and ASCAT-B onboard the METOP series, the Ku-band
observations collocated with the C-band are obtained from OSCAT-2 onboard the SCATSAT, and the SIC is from the
Advanced Microwave Scanning Radiometer-2 (AMSR2) products (Melsheimer C., 2018; ‘AMSR2’, website accessed 2024),
meanwhile, rain rates are from GPM high quality reprocessed final-run products (Huffman G. J., 2015), the iceberg
information is acquired from the products from the synthetic aperture radar (SAR) onboard the Sentinel-1 satellite (Buus-
Hinkler J., et al., 2023; Sentinel-1, online accessed: 2024-11-11). The scatterometer data and products are obtained by the
KNMI processor, with SST effects corrected for the Ku-band (Verhoef A. et al., 2017; Wang Z. et al., 2017). Then the
collocated data ranges from October 2016 to January 2019. The collocations are obtained by registering all data to the Ku-
band WVC centers. For scatterometers, the time differences of C band are less than 30 minutes, distance lag is less than 25
km. The time differences to the rain reates are within 4.8 minutes. The rain rate values are determined by the area collocating
a WVC by averaged in weights (Xu X. et al., 2020). Notably, the SIC is a slowly changed variable that can change within a
few days, then their daily information applied, with distance lag set as 12.5km, and the polar projection complicates the
retrieval of the intersection areas. The registered SIC values are obtained in the same area-weighting method as for rain rates.
The IBC is collocated directly by averaging the samples located within a WVC as the resolution of IBC product from SAR
observations are of the scales of kilometres, and are smaller than the WVC size of 25km. In addition, scatterometers detect
more sea ice in the melting season than the passive microwave observations from AMSR2, as the latter cannot well
distinguish water from water-infested sea ice surfaces. However, the long-term statistics are applied instead of distinguishing
the varied seasonal spans for the convenience of future applications.

In all, there are 11,502,621 collocations are obtained with SIC with the C- and Ku-band collocations, where 559,111 WVCs
have simultaneous rain rates, among which, 28,068 WVCs are MLE-based KNMI processing flag rejections in the Ku band
refection but C band collocation acceptance QC category, and 527,770 WVCs are both accepted by the C- and Ku-band
products in MLE-QC.

For the Ku band scatterometers, as seldomly WVC can be collocated with IBC from the collocated C- and Ku-band data set,

the statistical features of IBC are obtained in the collocations with the Ku band scatterometer HSCAT onboard the HY-2B
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satellite (HY-2B Satellite, online accessed 2024-11-11), covering the year 2019. There are 58 426 WVCs obtained of
HSCAT with SIC, IBC and rains collocations for the MLE rejection category.
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Figure 3 The SIC, MLE values in Ku band, in C band and Ku band Joss values in color in (a), (b), (c) and (d)
respectively for the C and Ku band collocations. () demonstrates the density of WVC samples in dB.
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Figure 4 The same setting as in Figure 3 in (a) — (e), but for the MLE QC rejections in Ku band while acceptance in C



https://doi.org/10.5194/egusphere-2024-3840
Preprint. Discussion started: 14 January 2025 G
© Author(s) 2025. CC BY 4.0 License. E U Sp here

SIC,QC rejection in C band despite Ku band flag o rain rate,QC rejection in C band despite Ku band flag
25 7 25
20
20 20
80 18
15 15

‘JOSS [m/s]
‘JOSS [m/s]
rain rate [mm/h]

15 =15 4
10
20 -20 2
25 o 25 o
0 5 10 15 20 25 30 35 40 45 0 5 10 15 20 25 30 35 40 45
OSCAT-2 2DVAR speed [m/s] OSCAT-2 2DVAR speed [m/s]
(a) (b)

WVC Density,QC rejection in C band despite Ku band flag
25

Jagg [Ms]
WVC density [dB]

-15 5

-20

25 0
0 5 10 15 20 25 30 35 40 45

OSCAT-2 2DVAR speed [m/s]

(©)
Figure 5 The SIC, rain rate and WVC density in MLE QC rejections of C band.

4 Ice screening ability

The ice screening ability from QC indicators are investigated in terms of SIC and IBC collocations. Both collocations are
155 with simultaneous rain information while the former with also C band collocations. To further discrimination with rains, the

collocations with C band acceptance and Ku band rejections, are compared.

4.1 SIC collocation results

Figure 3 illustrate from panel (a) to (d) the SIC, MLE values in Ku band, in C band and Joss values from Ku band in color

respectively. The horizontal axis is the 2DVAR speed from the Ku band OSCAT-2, that comprised between observations
9
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and NWP, less affected by heterogeneity within the WVC, thus applied as the true wind. The data is sorted by the Joss
values in the vertical axis. To confirm the validity of statistics, the WV C density is also displayed in panel (e). the indicator
Joss shows good ice screening ability sorting SIC values as well as its different characteristics with MLE. The density
displayed in (e) illustrates that the statistics are quite independent with sample amount. Notably, the sea ice feature in SIC is
well sorted by Joss and gather well along with 2DVAR wind speed. Rains are generally well screened in Joss (Stoffelen A. and
Verhoef A., 2021), however, when compare (a) and (d) in both figures, the differences in distribution of SIC and rain can be
observed in the Ku rejection with similar properties in Figure 2. This is consistency to the differences in rain and ice induced
NRCS alternation than wind: the former are generally crowded to a certain value for different polarizations while for varied
SIC, NRSC varies (Haarpaintner, J., 2004). From (a) and (d), significant SIC samples are appearing at higher 2DVAR speed
than rains. Specifically, it can be observed from (a) and (d), SIC affect observations less often than for rains, while for the
2DVAR speed larger than 11 m/s, SIC effects cannot be observed for positive Joss, which forms a different feature with rains
for Joss. In addition, with the different patterns of (b) and (c) to (a), the complementary feature of Joss to MLE flags is also
evident. From (a) to (d), MLE performs good in identifying rains and SIC, both C and Ku band MLE are more sensitive to
SIC than rains, while C-band MLE is more likely to be linked with sea ice than rains for its longer wavelength that can
penetrate rains while the larger sea ice coverage can still vary the signals. To further discriminate between rain, the Ku band
MLE QC rejection and C band acceptance in the collocation is filtered and display in Figure 4.

When comparing Figure 3 and Figure 4, the density distributions in panel (e) demonstrate the rejections, with different color
axis maximums indicating the effective in rejection. As the rain patterns in (d) for both figures vary little, then the C band
QC is not affected much by rains, from the validity of existing C band QC in MLE metrics, the immune of C band
scatteroemters to rain contaminations are also confirmed. Meanwhile, in (a) and (d), it is also indicated the false alarms exist
in the QC- rejection, consistency to the existing QC applications of employing Joss and MLE, confirms the validation of the
method to sea ice case. Furthermore, the SIC and rain panels in (a) and (d) in both figures, where the most of the bright
samples are included indicating further that Ku band are not only affected severer by rain but also by SIC than C band. This
is further demonstrated in Figure 5, where the C band rejections are illustrated despite the Ku band flag for SIC and rain
panels and corresponding density in (a), (b) and (c) respectively. For better display, the color scales are different from those
in Figure 3 and Figure 4. From (a) and (b) in Figure 5, C band rejections are not well related to rains or SIC, this can also be
identified from the maximums shown in the color bars, when the density in (c) shows that the features are not related with

sample numbers.

4.2 IBC collocation results

Figure 6 demonstrate the IBC, SIC, rain rates, MLE in the Ku-band HSCAT onboard HY-2B satellite. The sample densities
respectively in (a) to (e). Figure 6 is sorted in the same way by Joss as Figure 3 to Figure 5. Where these parameters are
indicated again by the color.

10
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Figure 7 A region (M_Map, 2003) selected according to (3), where Joss, SIC and IBC in the color of (a), (b) and (c)

From (d) in Figure 6, the independency to sample numbers is also illustrated. From IBC in (a) and SIC in (b), IBC scatters
195 along different Joss Values both below and above 0, with different features from SIC or with rains. When the negative features
of IBC overlap slightly with the SIC in (a). While for rains, the consistency to Figure 3-Figure 6 are not broken taken into
account the highest rain rate bin obtained in this data set is as low as 7 mm/h, and without general statics compared to the
previous figures. Moreover, when comparing (a) and (c), IBC is better resolved by MLE than Joss. This may be induced by
that iceberg is allocated in smaller scales than SIC in a WVC. Thus, though iceberg induce larger signal return, they require
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better spatial resolution in measurements. This may also be the reason for the positive Joss in a way that a strong NRCS
elevates the wind speed than the low-pass filtered 2DVAR speed.

4.3 A case example for further discussion on Joss

From the above, the sea ice screening ability in terms of general SIC of the indicator Joss ensembles that of the rain
conditions, discriminates in distribution with speed, while for the iceberg expressed in IBC, the information require finer
spatial representation. Meanwhile, from Figure 6, IBC values also demonstrate clustering features along lower Joss values. In
this section a case is selected randomly from the criteria applied for rain in (Xu X. and Stoffelen A., 2020), as (3) below,
then with the corresponding SIC and IBC values plot for the same region before collocating, and illustrate in Figure 7.

Joss < 0.33 -5 ©)
Figure 7 demonstrates a case from the C-and Ku-band collocations chosen randomly and is from the date as the 18th, June,

2018 around 21:55. The Joss, SIC and IBC and values are illustrated with the location with values indicated in colors. The
specific location is between Greenland and Canada. The selected WVC can be identified by the grid and red cycle, with
locations slightly under the blue line in (a) and (c). According to the color-bar, where the brighter regions in (b) and (c),
indicate higher SIC and IBC values. The corresponding Joss in () are with a contrasting dark color of low values compared to
the surrounding regions and to (b) and (c). The case from Figure 7 confirms the ice screening ability in Joss as well as the

potential of iceberg indicating.

5 Conclusion and Discussion

In this research, the sea ice information from scatterometers in spatial distribution and model differences other than direct
link from NRCS values to ice properties are investigated in the collocations of C- and Ku-band scatterometers. Reference ice
information are SIC from multi-frequency radiometers and IBC from SAR. Rain rates from GPM products are also obtained
for the ice screening with discrimination from rains. Analysis of this data set verifies the ice screening ability of Joss and
confirms that from MLE with references from wind GMFs for high latitude regions. While Ku band observations are more
sensitive to sea ice, concerning not fully ice coverage but SIC values, as well as rain compared to C band, due to their shorter
wavelength. When notably, in terms of ice GMF and the relation between C band observations and ice parameters are still
valuable among varied remote sensing methods (Belmonte, R. M, et al., 2018).

Specifically, for MLE, it has less screening ability than Joss, but with better consistency to IBC values. values due to their
longer wavelength is also concluded. Moreover, for IBC values, MLE values are with better relations than with Joss. This
may due to the different features of SIC and IBC when the latter indicate the density of iceberg than the floating ice pieces
included in SIC. Icebergs consist a part of sea ice, when IBC is high, the averaged SIC may also not high, vice versa.
Moreover, the iceberg alters the return signals in a different way than sea ice distributed over the ocean surface. When the

geometry in the elevation may form corner reflectors. And the finer resolution may help getting more information about
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them. This can explain that the low-pass filtered Joss illustrate less sensitivity with IBC than MLE. Then the joint application
of Joss and MLE is also required considering this.

Specifically, in low to medium wind speed, effects of SIC similar with rains, in higher wind speeds SIC affect more often for
high latitude, meanwhile MLE functions well in identifying rains and SIC, both C band and Ku band MLE more sensitive to
SIC, IBC than rains. The indicator Joss provides good complementary to MLE metrics. When iceberg is better resolved by
MLE, low Joss values are in good consistency in SIC and IBC, a showcase in Figure 7 proves also this. Bayesian
scatterometer sea ice screening is operational in MLE in scatterometer wind retrieval, further research of combined
applications of the information other than NRCS, as well as their combined application to improve better resolution of ice
quantifications. Besides, as the ensembles of rain to SIC, inclusion of precipitation probability could improve ice Bayesian
for Ku band. Results can help applications for scatterometers acquiring Ku- and C-band observations at the same time, for
example the WindRad onboard FY-3E (Zhang, P. et al., 2024).
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