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1. Introduction

This user manual describes the L2P derived (L2PDER) products estimated from the
CFOSAT SWIM instrument.

Dedicated to users unfamiliar with the CFOSAT mission, L2PDER products are added
value products dedicated to a large community of users, including modelers
interested in wave data assimilation.

The purpose of this document is to describe the specific “Level-2P derived products”
(L2PDER) from SWIM instrument of CFOSAT.

The generation of these products is part of the FRench Oceanographic Ground
Segment (FROGS) of the CFOSAT Mission. The dissemination of these products is part
of the CNES Aviso+ web site.

After a description of the input data, a short overview of the processing steps is
presented. Then complete information about user products is provided, giving
nomenclature, format description, and software routines.

1.1 Data Policy and conditions of use

The product from CFOSAT L2PDER file is available free of charge for scientific studies
and commercial activities. When used in a publication or communication, the authors
must acknowledge the source of the product as specified in section 9.

2. Overview of the mission

2.1 SWIM directional spectra of ocean waves from off-nadir observations

SWIM (Surface Waves Investigation and Monitoring instrument) is one of CFOSAT’s
radar instruments. It is a wave scatterometer operated at near-nadir incidences: 0°
(nadir), 2°,4°, 6°, 8° and 10° (Figure 1). The three beams with the largest incidence
angles (6°, 8° and 10°) provide the 2D surface ocean wave spectra.

Among these, the 10° incidence beam was shown to be the most reliable and has
been selected for dissemination of off-nadir information (see Hauser D. et al., 2021
and Peureux C., 2021). Note that since 2024/12/02, the acquisition mode of SWIM
was modified so as to reduce the acquisition to the 0, 2° and 10° beams with the
following repeated sequence: 0°-2°-10°-10°.


https://www.aviso.altimetry.fr/en/missions/current-missions/cfosat/instruments/swim.html
https://www.aviso.altimetry.fr/en/missions/current-missions/cfosat.html
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Figure 1. SWIM scatterometer

The principle of measurements is the following (see Hauser D. et al., 2017 for
details). At the near-nadir incidence angles used by SWIM the transmitted signal is
reflected by the sea surface towards the satellite thanks to a quasi-specular
reflection generated by the presence of small facets (short waves). This quasi-
specular backscattered signal is modulated within each footprint by the ocean waves
(tilting effects by the presence of long waves). The maximum of modulation occurs
for look angles close to the wave propagation direction. To the first order, these
signal modulations are proportional to the slopes of the long waves. This allows
estimations of the wave slope spectrum from the signal modulation spectrum (after
correcting for speckle contamination) in each look direction. The wave spectrum is
estimated from the modulation spectrum using a Modulation Transfer Function
(MTF).

As the SWIM antenna continuously scans over 360°, the two-dimensional spectrum
(in wave-number k and direction ¢) can be derived by combining different look
directions.

To build these directional wave spectra, off nadir boxes of about 90 x 70 km on each
side of the satellite track (see Figure 2) are defined. The boxes include all azimuth
in the range [0-180°] or [180°-360°]. The wave spectra are expressed as wave slope
spectra in a k—¢ space with an ambiguity of +180° in the propagation direction.
Three main parameters are associated to these wave spectra: significant wave
height, dominant wavelength, and dominant direction.

A 2D spectrum may contain information from multiple wave systems, for example,
swell or wind sea. By defining different regions of the spectrum in the k—¢ space
(i.e., partitions), one can extract the wave partitions and their properties
(significant wave height, wavelength, direction).



For more details about how SWIM measures the 2D density spectrum of waves (see
Hauser D. et al., 2017). First results obtained with SWIM have been published in
Hauser et al, 2021. Since this date, several improvements in the data processing have
been brought. The successive versions of the data processing are described here:
https://www.aviso.altimetry.fr/fileadmin/documents/missions/CFOSAT /suivi_evol
utions_ AWWAIS_extract_AVISO.pdf .
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Figure 2. Example of a SWIM Off-nadir box (red solid box 90km wide/70km long)
to the left of the satellite track, together with the associated nadir “box” (blue
line along the track).

2.2 Orbits, Passes and Repeat cycle

‘Orbit’ is one revolution around the Earth by the satellite.

‘Repeat Cycle’ is the time period that elapses until the satellite flies over the same
location again.

For CFOSAT:

e The orbit is sun-synchronous with an ascending pass at the equator around
7:00;

e The inclinaison is 97.465 deg;

e The passes are numbered from 1 to 394 representing a full ‘repeat cycle’ for
the repetitive orbit;

e The repeat cycle is 13 days, meaning that the same path is covered (within =
20 km) every 13 days.

The localisation of orbits (for realised and extrapolated cycles) can be found on the
AVISO+ web site: https://www.aviso.altimetry.fr/en/missions/current-
missions/cfosat/orbit.html



https://www.aviso.altimetry.fr/fileadmin/documents/missions/CFOSAT/suivi_evolutions_AWWAIS_extract_AVISO.pdf
https://www.aviso.altimetry.fr/fileadmin/documents/missions/CFOSAT/suivi_evolutions_AWWAIS_extract_AVISO.pdf
https://www.aviso.altimetry.fr/en/missions/current-missions/cfosat/orbit.html
https://www.aviso.altimetry.fr/en/missions/current-missions/cfosat/orbit.html

3. Overview of the products

Various L2 products are processed by the CNES ground segment and available to
users. We first recall below the main contents of L2 and L2P products and then
summarize what is the added value provided by the L2P derived products.

In near real-time (within less than 3 hours after observation), L2 products are
processed. They contain directional wave spectra derived from all the incidence
angles dedicated to wave measurements, as well as three main wave parameters of
the full directional spectra (significant wave height, peak direction, peak
wavelength) of the full directional spectra and of up to three wave partitions
identified through a wave partition algorithm. It also includes significant wave
height, wind speed, and radar cross-section from the 0° beam observations, and
mean radar cross-section form all the beams. These L2 products also miscellaneous
ancillary information (for details see the SWIM simplified handbook' or the SWIM
product user guide?). Since 2024/10/07, the processing version is “version 7” and L2
products have been reprocessed in version 6 from the beginning until this date. A
document which lists the main changes between successive versions is available on
the Aviso web site3.

In differed time (usually less than 48h after observation), L2P and LP2DER products
are processed.

L2P products contain a subset of the L2 products: directional spectra and the
associated mean parameters but only for the 10° beam. L2P products also provide
the main wave information for up to three wave partitions (spectra and main
parameters), but using a different wave partitioning algorithm compared to the L2
product. See the L2P Handbook for details*.

The LP2DER (or L2PDerived) is an enriched product compared to L2P. In addition to
the variables of the full directional spectrum available in L2P, it provides wave
spectral shape parameters, and Stokes drift estimations. These added-value
variables describe key aspects of ocean wave dynamics. On the one hand, wave
spectral shape parameters characterize the structure of the wave field through the
distribution of energy in frequency and directional space, providing insight into
spectral bandwidth, directional spreading, and parameters characterizing the
likelihood of complex or extreme sea states. On the other hand, Stokes drift variables
quantify the net wave-induced transport of fluid particles, capturing the Lagrangian
contribution of surface waves to upper-ocean circulation. Together, these two
families of variables offer a consistent and physically grounded framework to analyse
both the geometric properties and dynamical impacts of ocean waves.

! https://www.aviso.altimetry.fr/fileadmin/documents/data/tools/SWIM_simplified_handbook.pdf

2 https://www.aviso.altimetry.fr/fileadmin/documents/data/tools/SWIM_ProductUserGuide. pdf

3https: //www.aviso.altimetry.fr/fileadmin/documents/missions/CFOSAT /suivi_evolutions_ AWWAIS_extract_AV
1SO.pdf

“https: //www.aviso.altimetry.fr/fileadmin/documents/data/tools/SWH_CFOSAT_L2P_Nadir_handbook_SALP.p
df



4. Summary of the L2P derived variables

4.1 Wave Spectral Shape Parameters

These parameters are computed from the SWIM directional spectrum or from its
omni-directional or frequency representation assuming deep-water conditions. At
the date of issue of this document, these parameters are calculated using L2 SWIM
spectra processed with version 6 up to October 7, 2024, and with version 7

thereafter.

4.1.1 Frequency domain and bandwidth parameters

Variable
Parameter
name

Goda parameter goda
Frequency peakedness
peakedness
Spectral

narrowness
narrowness

Period : 2025/03/01:01 « 2026/02/28:22
npe = 2775476
T,

5.0
SWH SWIM [-]

75 100 125 15.0

Description

Spectral width indicator
Frequency-domain

peakedness

Moment-based bandwidth
parameter

Associated formulation

2
_sz(f)fdf

= = Eq(10
(JEW) af) q(10)

Qv

1

/ nQp

or = = Eq(11)

ONarrf = m;gz
my, = [ f*E(f) df Eq
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— 1, with
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5.0

15

10.0 125 15.0

SWH SWIM [-]



Period : 2025/03/01:01 « 2026/02/28:22
npe = 2775476

Grnarrow, [-]
[N}
o
log10(N) [-]

0.0 25 5.0 75 100 125 15.0
SWH SWIM [-]

Figure 3 : Scatter plots of the Goda parameter (top left), peakedness parameter (top right), and
narrowness parameter (bottom center) as a function of significant wave height
(SWH). These plots are based on one year of data (March 2025 to March 2026),

using L2 SWIM spectra as input and processed with version 7.
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Figure 4 : Maps of the Goda parameter (top left), peakedness parameter (top right), and
narrowness parameter (bottom center) averaged by boxes of 2°x2°. These plots
are based on one year of data (March 2025 to March 2026), using L2 SWIM
spectra as input and processed with version 7.



4.1.2 Dimensional parameters

Parameter

Mean directional
spread

2D peakedness qkk
Peak wavenumber

from the omni- Kp f
dorectional frequency P-
spectra

Period : 2025/03/01:01 « 2026/02/28:22
npe = 2775476

g [radians]

0.0 25 5.0 75 10.0 125 15.0

SWH SWIM [-]

Variable name

mean_dir_spread

- Associated
PEEER A formulation
Mean angular oy, = |2 (1— af—%)
spreading ™o
Eq (7), (5)
Joint Jff k E2(k,@) dk dp

wavenumber-direction Qkk = [ KE (k@) dk dg

energy concentration Eq (4)
. _4m? [E*(N)f df\2
Dominant kp = 7 W)
wavenumber Eq(19)
Period : 2025/03/01:01 « 2026/02/28:22
6
4.0
35 5
3.0 o
25_ 25
202 S 202
: ¢ 3
152 152
1.0 1.0
0.5 05
0.0 0.0

0.0 2.5 5.0 75 10.0 125 15.0
SWH SWIM [-]

Period : 2025/03/01:01 « 2026/02/28:22

Npe = 2775476

0.200

kpr [rad/m]

log10(N) [-]

0.0 25

5.0 75 10.0 125 15.0
SWH SWIM [m]

Figure 5 : As Fig 3. but for the Mean directional spread parameter (top left), the 2D peakedness
parameter (top right) and the the peak wavenumber (bottom) as a function of

significant wave height (SWH).
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Figure 6 : As Fig.4, but for the mean directional spread parameter (top left), the 2D peakedness
parameter (top right) and the peak wavenumber (bottom).

4.1.3 Indicators of complex and extreme sea states

Parameter

Cross-sea
index

Crest-trough

correlation
Benjamin-
Feir Index
(1D)
Benjamin-
Feir Index
(2D)

bfi

bfi_2d

Variable name

cross_sea_index

crest_trough_correlation

Description

Indicator of
crossing sea
conditions

Crest-trough
temporal
correlation

Modulational

instability without

directionality

BFI including the
effect of
directional
spreading

BFI

BFL,, = BFIV1 + aR, R

Associated formulation

CSI = H*exp [—10(o,, —
b)?], with constants a, b

Eq(9)

1
r= m—ow/p2 + 12 Eq(14)

&
e £ = ky./2mg

Eq(15)

E Eq(17)
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Figure 7 : Same as Fig.3 but for the cross-sea index (top left), the crest-trough correlation (top

nbr: 1.731e+0min: 0.00902mean: 0.504&median: 0.5076max:

right), Benjamin-Feir index (bottom left) and the Benjamin-Feir index 2D

(bottom right) as a function of the significant wave height from SWIM (SWH).
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Figure 8 : Same as Fig.4 but for the cross-sea index (top left), the crest-trough correlation (top

right), Benjamin-Feir index (bottom left) and the Benjamin-Feir index 2D

(bottom right).



4.2 Stokes Drift Variables

4.2.1 Stokes drift from SWIM resolved waves (raw)

The raw Stokes drift corresponds to the contribution of waves directly resolved by
SWIM, computed from the disambiguated directional elevation spectrum E(k, ).

Variable name Description

Eastward Stokes
drift component
from
SWIM-resolved
waves

eastward_stokes_drift

_raw_0Om Om

Northward
Stokes drift
component
from
SWIM-resolved
waves

northward_stokes_drif

t_raw_Om Om

Eastward Stokes
drift component
from
SWIM-resolved
waves

eastward_stokes_drift

_raw_15m 15m

Northward
Stokes drift
component
from
SWIM-resolved
waves

northward_stokes_drif

t_raw_15m 15m

Depth Unit

cm/s

cm/s

cm/s

cm/s

Associated formulation

Usx'(2) =
2,/g | kK3/?e?*2 [ E(k, p)cos ¢ do dk
Eq(21)

Usy'(z) =
2,/g | k3/?e**[ E(k, p)sin ¢ do dk
Eq(21)

Same formulation, evaluated at z =
—15m Eq(21)

Same formulation, evaluated at z =
—15m Eq(21)



4.2.2 Stokes drift including unresolved short waves (full)

The full Stokes drift includes, in addition to the SWIM-resolved contribution, an
estimated contribution from unresolved short wind-waves using a parametric
spectral tail.

Variable name Description  Depth Unit Assoc1at§ed
formulation
Eastward Stokes U§““ (2) =

drift including

eastward_stokes_drift_full_Om Om cm/s UV (2) +

short-wave
completion U§™"(2) Eq(22)
Northward Stokes expsrae?s?on
northward_stokes_drift_full_Om dg;;;?cvbljac\llgg Om cm/s  northward
completion component
Eq(22)
Fully corrected ex Srae?s?on
eastward_stokes_drift_full_15m eastward Stokes 15 m cm/s P o
drift evaluated at z =
—15m Eq(22)
Fully corrected ex Srae?s?on
northward_stokes_drift_full_15m northward Stokes 15m cm/s l P d o
drift evaluated at z =
—15m Eq(22)

The short-wave contribution is supposed aligned with the wind direction (fixed
from ECMWF IFS model) and derived from a Phillips-type spectral tail E (k) « k3.

The fully resolved surface Stokes drift was estimated for SWIM cycle 76 (July 2023)
and compared to corresponding MFWAM Stokes drift:
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Figure 9: Comparative maps of SWIM and MFWAM surface Stokes drift magnitude
(cm/s) and corresponding scatter plot.



5. Detailed description of the processing

5.1 Wave Spectral Shape Parameters

5.1.1 General principle

The wave spectral shape parameters are designed to characterize both omni-
directional and directional (2D) wave spectra. These parameters are commonly
adopted in the literature by wave modeling communities to describe key aspects of
sea state dynamics. In particular, they are used to assess the likelihood of extreme
wave events, including rogue waves, through indicators such as the Benjamin-Feir
index, as well as the probability of extreme conditions associated with crossing seas
(e.g., cross-sea index, cross-trough correlation). Additionally, they provide insight
into the influence of wave grouping on significant wave height variability. To ensure
consistency with standard definitions, most of these parameters require the
transformation of wave spectra from the wavenumber domain, as provided in SWIM
products, into the frequency domain. This conversion is performed under the
assumption of deep-water conditions, which allows the application of the linear
dispersion relation.

A summary of the processing steps is provided below; for further details, the reader
is referred to the dedicated document Averseng et al., “Wave spectral shape
parameters in L2ZPDER products”:

https://aviso.altimetry.fr/fileadmin/documents/data/tools/SWIM |2p derived Spe
ctral shape parameter.pdf

5.1.1.1Input data

The computation of wave spectral shape parameters uses as input the the 2D
directional slope spectrum estimated from the SWIM observations and provided in
the L2P products (10° off-nadir beam).

Depending on the parameter, the spectrum is used:
e either in the wavenumber domain,

o or transformed into the frequency domain using the deep-water linear
dispersion relation.

In addition, only spectra flagged as valid are processed and the frequency f is
calculated from the wave number vector k (ranging from 22.52 m (0.278947 rad/m)
to 500 m (0.012566 rad/m).

5.1.1.2 Conversion into height spectrum

The first step consists in converting the slope spectrum (S(k,¢)) into a height
spectrum (E(k, ¢)) according to:


https://aviso.altimetry.fr/fileadmin/documents/data/tools/SWIM_l2p_derived_Spectral_shape_parameter.pdf
https://aviso.altimetry.fr/fileadmin/documents/data/tools/SWIM_l2p_derived_Spectral_shape_parameter.pdf

S(k, )

Bleg) = =52

with k the wavenumber and ¢ the direction. The slope spectrum is identified in the
L2Pderived product as the pp,,..nvariable. All subsequent calculations are performed
on elevation spectra.

5.1.1.3 Spectral domain conversion

Several spectral shape parameters are defined in the frequency domain, following
standard wave-statistics formulations. When required, the spectrum is converted
from wavenumber k to frequency f assuming deep-water conditions, ensuring
consistency with commonly used spectral moments and indices.

8m?f

E(f,p) =E(k, @)k

And
T2 f

8
E(f) = [ E(k, p)kdgp

5.1.1.4 Scope and limitations

All wave spectral shape parameters are derived under the deep-water assumption.
Results may be less reliable when:

e directional distributions are strongly affected by noise,
e non-homogeneous sea-sate conditions at the scale of 90 km x 70 km.

These parameters are intended as diagnostic and comparative indicators.
They are not designed to provide deterministic predictions of extreme wave events.

5.1.2 Description of the Wave Spectral Shape Parameters

5.1.2.1Peakedness 2D

From the two-dimensional wave spectrum, it is possible to derive a 2D peakedness
parameter that quantifies the concentration of wave energy in both wavenumber
and directional space. This parameter provides key insight into the structure of the
wave field, particularly the presence of wave groups and the resulting large-scale
spatial variability of significant wave height. De Carlo (De Carlo et al., 2023)



introduced a two-dimensional peakedness parameter to characterize the degree of
energy concentration in the directional spectrum and its relationship with wave
group dynamics. This formulation extends the standard parameters of one-
dimensional spectral shape by considering the combined distribution of wave number
and direction.

The 2D peakedness is defined as follows:

o = [TTEG gy kakdy
U TEk @)kdkdp)’

Therefore, the 2D peakedness provides a robust metric to investigate wave group
effects and the spatial variability of significant wave height.

5.1.2.2 Mean directional spread

The directional properties of the wave field can be quantified through the mean
directional spread, which describes the overall angular dispersion of wave energy
over all the wave frequencies. This parameter is widely used to characterize the
degree of directional spreading and to distinguish between unidirectional and multi-
directional sea states.

First, the first-order Fourier moments of the directional spectrum are computed
(Kuik et al., 1988):

a; = ff cosp E(f,p)dfde

b = || sing Bt 0)dfdg

The spectral moments are defined as:

m = | B

The mean directional spread is then calculated as:



Oy = 21 1-—

The mean directional spread quantifies the angular width of the wave energy
distribution. Small values of ggindicate a narrow directional distribution, typical of

well-organized wave systems, whereas large values reflect a broad spreading of
energy, characteristic of complex or crossing sea states.

5.1.2.3 Cross-sea index

Crossed-sea conditions, characterized by the coexistence of wave systems
propagating in significantly different directions, are known to enhance the
probability of extreme and potentially hazardous sea states. In this context, Météo-
France, within the framework of the MaxWave project (MAXWAVE, 2003), proposed
a cross-sea index (CSl) designed as an operational warning indicator. This index
combines the directional spreading of wave energy and the significant wave height,
thereby capturing both the geometric complexity of the sea state and its energetic
intensity.

The significant wave height is defined in the frequency domain as:

SWH = 4\/[ JE(f,p)df do

The cross-sea index is defined as:

SWH
CSI =

exp (—10(% - b)z)

witha=2andb =1

5.1.2.4 Goda Parameter

From the omnidirectional wave height spectrum expressed in the frequency domain
E(f), the Goda parameter @, originally introduced by Goda (1976), can be derived.
This parameter provides a measure of the spectral shape and is commonly used to
characterize the narrowness or broadness of the wave energy distribution in
frequency space.



2B S df
Y EW - df)
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This parameter can be interpreted as an indicator of spectral bandwidth. Low values
correspond to narrow-banded spectra with strong energy concentration around the
peak frequency, while high values indicate broader spectra with energy distributed
over a wider frequency range.

5.1.2.5Peakedness from Goda

The peakedness is a key parameter used to quantify the bandwidth of the wave
energy distribution in the frequency domain. It provides complementary information
to spectral bandwidth by explicitly describing how energy is distributed around the
peak frequency. Following Hafner et al. (2021), the peakedness can be defined from
the Goda parameter as:

1
Oof = ——
U ma,

11

In this framework, narrower spectra (i.e., strongly peaked) correspond to smaller
frequency spreads, while broader spectra are associated with larger values.

5.1.2.6 Narrowness parameter

The narrowness parameter is a fundamental quantity used to characterize the
bandwidth of the wave spectrum in the frequency domain. It provides a direct
measure of how concentrated the spectral energy is around the dominant frequency
and is widely used in the analysis of wave groupiness and nonlinear wave dynamics.

The narrowness parameter is then expressed as:

mym,

UNarrf = m 2 1
1

12
With mym;m,the spectral moments defined in Eq(6).
Small values correspond to narrow-banded spectra, where energy is highly

concentrated around the dominant frequency, while larger values indicate broader
spectra with energy distributed over a wider range of frequencies.



5.1.2.7 Crest-trough correlation

The crest-trough correlation r has been proposed as a relevant indicator of extreme
wave conditions, as it reflects the degree of asymmetry between wave crests and
troughs and the structure of the wave field. Gemmrich and Cicon (2022) highlighted
its usefulness for identifying sea states prone to extreme wave occurrence.

This parameter is defined as the autocorrelation of the sea surface elevation
evaluated at half the dominant wave period. Following Tayfun and Fedele (2007), it
can be expressed a:

=l AR
where p = jE(f)cos(ang)df, and A = jE(f)sin(an%)df

my
andT = —
my
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This formulation quantifies the correlation between a wave crest and the trough
occurring half a period later. According to Gemmrich and Cicon (2022), r increases
with the probably that maximum wave height is larger than twice the significant
wave height (i.e. r is correlated with rough wave probability).

5.1.2.8 Benjamin Feir Index

The occurrence of rogue waves is commonly associated with the Benjamin-Feir
instability, a nonlinear mechanism enhanced in spectrally narrow and weakly
directional sea states. Janssen (2009) showed that the ratio between wave steepness
and spectral bandwidth plays a key role in controlling the likelihood of extreme wave
occurrence.

The Benjamin-Feir index (BFI) is defined as:
&
BFI = —
o

14

The characteristic steepness € is expressed as:

€ = ky,+/2m,

15



where k, is the peak wavenumber.
The spectral bandwidth ¢ is derived from the Goda-based frequency spread 0o,

To account for directional effects, Mori et al. (2021) proposed an extended
formulation:

2

BFI BrI ith R %o
=, Wi =
® VI+aR 204,
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where g,is the mean directional spread and a =~ 7.10.

This formulation highlights the stabilizing effect of directional spreading: narrow-
banded and weakly directional sea states (low o, low g4) lead to high BFI values,
while broader and more directional spectra reduce the BFI values.

5.1.2.9 Peak frequency/wavenumber estimation

To minimize the influence of spurious or parasitic peaks occasionally present in the
SWIM wave spectra, a robust estimation of the spectral peak is required. A
weighted-mean estimator is used, following Young (1995) and subsequently applied
by Serio et al. (2005) and Hafner et al. (2021).

The peak frequency f,is defined as:

. | EX(H)fdf
P [EYdf
17

The corresponding peak wavenumber is then obtained using the deep-water
dispersion relation:

k. = (znfp)z

P g
18



5.2 Stokes drift variables

5.2.1 General principle

The Stokes drift represents the Lagrangian mean velocity induced by surface gravity
waves.

In the SWIM L2PDER products, the Stokes drift is estimated from directional wave
spectra measured by the SWIM off-nadir beam at 10° incidence, after correction of
the directional ambiguity.

The Stokes drift is provided:
o at two depths: surface (0 m) and subsurface (15 m),
e under two variants :
o raw: contribution from waves directly resolved by SWIM,

o full: raw contribution complemented by an estimation of shorter,
unresolved wind-generated waves.

A summary of the processing steps is provided below; for further details, the reader
is referred to the dedicated document: Annex - Processing of Stokes Drift Estimation
in Level-2P Derived products from SWIM instrument of CFOSAT:

https://aviso.altimetry.fr/fileadmin/documents/data/tools/SWIM |2p derived_ann
ex_stokes.pdf

5.2.1.1Input data

The computation relies on the following inputs:
o the 2D mean slope spectrum measured by SWIM at 10° incidence (pp_mean),

e the collocated ECMWF surface wind vector (u10_ecmwf, v10_ecmwf), used
exclusively for directional disambiguation,

o the SWIM wavenumber discretization, covering wavelengths approximately
from 22.5 m to 500 m.

Only spectra flagged as valid are processed.

5.2.1.2 Directional disambiguation

SWIM directional spectra present an inherent 180° ambiguity in wave propagation
direction. This ambiguity is resolved by using the external wind direction: the wave
energy is assigned to the half-plane consistent with the local ECMWF IFS wind vector.
Without this step, the directional integral required for the Stokes drift computation
would cancel out, leading to a null vector.

After disambiguation, the spectrum is renormalized to conserve total energy.


https://aviso.altimetry.fr/fileadmin/documents/data/tools/SWIM_l2p_derived_annex_stokes.pdf
https://aviso.altimetry.fr/fileadmin/documents/data/tools/SWIM_l2p_derived_annex_stokes.pdf

5.2.1.3 Conversion from slope to elevation spectra

The SWIM spectra are provided as slope spectra. They are converted into surface
elevation spectra using Eq (1).

5.2.1.4Omnidirectional height spectrum in wavenumber domain

The conversion of the directional spectrum to omnidirectional is proceeded as
follows:

E(k) = [ E(k, p)kdgp
19

5.2.1.5Scope and limitations

The computation assumes deep-water wave conditions.

The assumption made to remove the 180° ambiguity in the wave propagation
direction (see § 3.2.1.2) may lead to biases in certain conditions (in particular when
a swell component is opposed to the wind direction).

The short-wave completion relies on parametric assumptions that may be less valid
in:

e very young sea states,
e low wind conditions,
e mixed sea-swell environments.

In cases where the spectral tail cannot be reliably estimated, the full Stokes drift
may be less accurate.

Detailed theoretical formulations, analytical derivations, and sensitivity analyses are
provided in the appendix.

5.2.2 Description of the Stokes drift variables

5.2.2.1 Long-wave contribution (raw Stokes drift)

The contribution of waves resolved by SWIM is computed by discrete integration of
the directional elevation spectrum, following the deep-water formulation of the
Stokes drift:

Uéong(z) — 2\/52 k3/2 E’ZkZZE(k, QD) u,
k @

20



where:
e zis the depth (0 mor -15 m),
» u,is the unit vector in the wave propagation direction,
« g is the gravitational acceleration.
This step yields the raw Stokes drift components:
o eastward_stokes_drift_raw_0m,
e northward_stokes_drift_raw_0m,
o eastward_stokes_drift_raw_15m,
« northward_stokes_drift_raw_15m.

These quantities represent the Stokes drift associated with wavelengths resolved by
SWIM only.

5.2.2.2Short-wave contribution (completion of the spectrum)

Shorter wind-generated waves, not resolved by SWIM, can significantly contribute to
the Stokes drift, particularly near the surface. Their contribution is estimated using
a parametric extension of the high-wavenumber tail of the spectrum.

5.2.2.2.1 Mathematical description of the short-wave contribution

The total Stokes drift is decomposed as:
Us(z) = U™ (2) + U (2)
21

where:
U.""8is the contribution from SWIM-resolved waves,

« Ughortrepresents the contribution from unresolved short waves.

5.2.2.2.2 Parametric representation of the short-wave spectrum

The unresolved part of the omni-directional elevation spectrum is assumed to follow
a Phillips-type equilibrium range:

E(k) = ap k_3,k = kmax

22

where:
e knaxis the maximum wavenumber resolved by SWIM,

» a,is the Phillips constant, estimated from the highest resolved spectral tail.



The corresponding directional spectrum is written as:
E(k, @) = E(k) M(k, ) [ k

23

where M(k,p)is a directional spreading function aligned with the local wind
direction.

5.2.2.2.3 Expression of the short-wave Stokes drift contribution

Under the deep-water approximation, the short-wave contribution to the Stokes drift
at depth z is given by:

(o) 21
ushort(z) = 2\/5-]- k3/2 p2kz U- E (k,p)u, d(pl dk
kmaX 0
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where:
e g is gravitational acceleration,
e u, = (cos @,sin @)is the unit propagation vector.

Because the unresolved short waves are assumed to be wind-generated, their
contribution is approximated as collinear with the surface wind direction.
The vector expression therefore reduces to:

Ughort(z) = Ughort(z) Uywind

with:
Ustor(z) = 2\/g k3/2 E (k) my(k) e?** dk

kmax
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where m, (k)is the first directional moment of the spreading function.

5.2.2.2.4 Contribution to the delivered product

The full Stokes drift variables are obtained by adding the short-wave contribution to
the SWIM-resolved contribution Eq (21).

This correction :
o has its maximum impact at the surface,
o decays rapidly with depth,
o is generally negligible below a few meters.



6 L2PDER products

6.1 Temporal availability

CFOSAT L2PDER files are available from the 25t of April 2019, corresponding to the
upgrade of the CWWIC chain that corrected an error in the onboard processing of the
spectral beams data, to 01t of June 2026. Prior and beyond that date, no reliable
information is available. The L2PDER variables are estimated by using the L2 products
as input, which have been generated at the time of issue of this document in version
6 up to October 7, 2024, and with version 7 thereafter.

6.2 Nomenclature

CFOSAT L2PDER filenames are named under CFOSAT L2 model:

CFO_OPXX_SWI_L2PDER_F_<begin_date>T<begin_hour>_<end_date>T<end_ho
ur>.nc

Where the hame components are:

OPXX: where XX corresponds to the current version of the L2 products;
<begin_date> under Year-Month-Day format: YYYYMMDD;

<end_date> under Year-Month-Day format: YYYYMMDD;

<begin_hour> under Hour-Minute-Second format: HHmmss;
<end_hour> under Hour-Minute-Second format: HHmmss.

This is a filename example corresponding to the current OP07 L2 products:
CFO_OPO7_SWI_L2PDER_F_20200101T021428_20200101T034845.nc

7 Data Format

This chapter presents the data storage format and convention used for Stokes drift
products. All products are distributed in NetCDF-4 with norm CF. NetCDF (Network
Common Data Form) is an open source, generic and multi-platform format developed
by Unidata. An exhaustive presentation of NetCDF and additional conventions is
available on the following web site:

https://www.unidata.ucar.edu/software/netcdf/

All basic NetCDF conventions are applied to files. Additionally, the files are based on
the attribute data tags defined by the Cooperative Ocean/Atmopshere Reasearch
Data Service (COARDS) and Climate Forecast (CF) metadata conventions. The CF
convention generalises and extends the COARDS convention but relaxes the COARDS
constraints on dimension and order and specifies methods for reducing the size of
datasets. A wide range of software is available to write or read NetCDF/CF files. API
made available by UNIDATA:

e C/C++/Fortran;


https://www.unidata.ucar.edu/software/netcdf/

e Java;

» MATLAB, Objective-C, Perl, Python, R, Ruby, Tcl/Tk.

7.1

Dimensions

Several dimensions are defined in the L2PDER products:

n_phi: number of azimuthal bins;
n_box: number of boxes in the current file;
n_posneg: refers to the left/right side of the track (n_posneg=2);
nk: number of wavenumber bins;
nparams : humber of wave parameters estimated following the processing

described in L2PBOX handbook.

7.2 Data Handling Variables

The variables defined in the product are listed and described in :

e Table 1 for the nadir box related variables

e Table 2 for the off-nadir variables
e Table 3 for the Stokes related variables

e Table 4 for the shape spectra parameters.

The corresponding L2 variable name is also provided for each L2PDER variable, as
well as modifications from the original values in the L2 products, if any.

center of the
nadir box

Name of Type Content Unit Dimensions Name of
variable equivalent L2
variable
time_nadir_|2 double| Time at the seconds since n_box time_nadir_|2
center of the 2000-01-01
nadir box with | 00:00:00 UTC
reference
changed from
2009/01/01 to
2000/01/01
lat_nadir_|2 int Latitude of the | degrees_north n_box lat_nadir_L2
center of the
nadir box
lon_nadir_l2 int | Longitude of the | degrees_east n_box lon_nadir_l2




nadir_swh_box short Nadir SWH meters n_box nadir_swh_bo
compressed by X
nadir box
flag_valid_swh_b | byte | Quality flag for none n_box flag_valid_swh
oX nadir_swh_box: _box
0: valid
1: invalid
nadir_wind_box | short |Nadir wind speed| meters /s n_box nadir_wind_bo
value X
compressed by
nadir box
flag_valid_wind_ | byte | Quality flag for none n_box flag_valid_win
box nadir_wind_box: d_box
0: valid
1: invalid
phi_orbit_box short | Angle between none n_box phi_orbit_box
the orbit plane
(i.e., track) and
the geographical
north
Table 1 : Nadir box related variables
Name of Type Content Unit Dimension Name of
variable s equivalent
L2 variable
time_spec_|2 double | Time at the seconds since | n_posneg, | time_spec_|2
center of the 2000-01-01 n box
off-nadir box | 00:00:00 UTC -
with reference
changed from
2009/01/01 to
2000/01/01
lat_spec_|2 int Latitude of the | degrees_north | n_posneg, | lat_spec_l2
center of the n box
off-nadir box -
lon_spec_l2 int Longitude of degrees_east | n_posneg, | lon_spec_l2
the center of
the off-nadir n_box
box
k_spectra short | Wave number 1/meters nk k_spectra

vector (values
at the center
of the wave

number bins)




redefined for

the 20-500 m

wavelength
range.

phi_vector

short

Azimuth angle
vector (values
at the center
of the azimuth
angle bins),
extended from
[0°,180°] to
[0°, 360°].

degrees

n_phi

phi_vector

swh_ecmwf

short

SWH from the
ECMWF model
data

meters

n_posneg,

n_box

swh_ecmwf

u10_ecmwf

short

U wind speed
from the
ECMWF model
data

meters/s

n_posneg,
n_box

u10_ecmwf

v10_ecmwf

short

V wind speed
from the
ECMWF model
data

meters/s

n_posneg,

n_box

v10_ecmwf

pp_mean

Short

2D mean slope
spectrum of
the 10°
incidence
beam only and
filtered of
parasitic
peaks.

meters”2 /
radians

nk, n_phi,
n_posneg,

n_box

pp_mean

flag_valid_pp_
mean

Byte

Quality flag on
the 2D mean
slope
spectrum of
the 10°
incidence
beam only.

none

nk, n_phi,
n_posneg,
n_box

none

wave_params

float

Wave
parameters
recalculated
over the whole
spectrum of
the
10°incidence
beam (see

meters,
meters,
degrees

nparam,
n_posneg,

n_box

wave_param




L2PBOX). In

order, the
parameters
are SWH, peak
wavelength
and peak

direction.

Name of variable

Table 2 : Off-nadir variables

Type

Content

Un

it Dimensions

drift_raw_0Om

northward_stokes_

Double

wavelength range).

Northward Stokes drift
estimated at Om depth from
SWIM spectrum ([22.5-500]

cm/s

n_posneg,
n_box

rift_raw_15m

eastward_stokes_d

Double

Eastward Stokes drift

wavelength range).

estimated at 15m depth from
SWIM spectrum ([22.5-500]

cm/s

n_posneg,

n_box

drift_raw_15m

northward_stokes_

Double

Northward Stokes drift

wavelength range).

estimated at 15m depth from
SWIM spectrum ([22.5-500]

cm/s

n_posneg,
n_box

rift_full Om

eastward_stokes_d

Double

Eastward Stokes drift

the extended spectrum:
SWIM spectrum ([22.5- 500]

wavelength range)
completed by an Elfouhaily
modelling for largest wave
numbers.

estimated at Om depth from

cm/s

n_posneg,

n_box

northward_stokes_
drift_full_Om

Double

Northward Stokes drift
estimated at Om depth from
the extended spectrum:
SWIM spectrum ([22.5- 500]
wavelength range)
completed by an Elfouhaily
modelling for largest wave

numbers.

cm/s

n_posneg,

n_box

eastward_stokes_d
rift_full_15m

Double

estimated at 15m depth from

Eastward Stokes drift

the extended spectrum:
SWIM spectrum ([22.5- 500]

wavelength range)

cm/s

completed by an Elfouhaily

n_posneg,

n_box




modelling for largest wave
numbers.

northward_stokes__

Northward Stokes drift
estimated at 15m depth from
the extended spectrum:
SWIM spectrum ([22.5- 500]

n_posneg,

drift_ full_15m Double wavelength range) cm/s n_box
completed by an Elfouhaily
modelling for largest wave
numbers.
Table 3 : Stokes drift related variables
Name of variable Type Content Unit Dimensions
Related frequencies from
wave number vector and
f_spectra Double according to the dispersion hertz nk
relation for deep water
waves.
meters” Ak n ohi
Height spectrum in 2/ » NP,
ph_mean Double : n_posneg,
frequency domain. (hertz
. n_box
radians)
Omnidirectionnal height meters” nk,
ph_mean_omni Double spectrum in frequency 2/ n_posneg,
domain. hertz n_box
Peakedness from De Carlo et n_posneg,
gkk Double al (2023). Meters o box
i i 1 n_posneg,
mean_dir_spread | Double Mean d1rect19nal spread in radians P 8
radians. n_box
A warning index for crossed- n_posneg,
cross_sea_index Double sea conditions used by B
Meteo-France. n_box
Goda parameter (1976) from n_posneg,
goda Double | the omnidirectionnal height B
spectrum. n_box
frequency spread defined
from the Goda peakedness n_posneg,
peakedness Double .
parameter, according to n_box
Hafner et al (2021).
Narrowness parameter n_posneg,
narrowness Double defined from 5
n_box

omnidirectionnal height




spectrum in frequency
domain by Longuet-Higgins
(1983).

crest_trough_corr
elation

Double

Crest-trough correlation used
as an indicator of extreme
wave conditions (Gemmrich
and Cicon, 2022). Defined as
the autocorrelation of the
sea surface elevation at half
the wave period (Tayfun, &
Fedele, 2007).

n_posneg,
n_box

bfi

Double

Benjamin-Feir Index (BFI)
estimated from the ratio
between the wave steepness
(¢) and the spectral
bandwidth (Janssen, 2009).

n_posneg,
n_box

Kp_f

Double

Wave-number peak
estimated from the
omnidirectional height
spectrum in frequency
domain. Weighted-mean
estimator used by used by
Young, (1995), Serio et al.
(2005) and Hafner et al.
(2021) to minimize the
potential effects of parasitic
peaks at low wavenumber.

Radians
/meters

n_posneg,
n_box

bfi_2D

Double

Extended formulation of the
Benjamin-Feir Index (BFI)
proposed by Mori et al.
(2021) to consider the
directional properties of the
spectrum.

n_posneg,

n_box

Table 4 : Shape spectra variables




8 News, updates and reprocessing

8.1 Operational news

To be kept informed about events occurring on the satellites and on the potential
services interruption, see the operational news on the Aviso+ website:

https://www.aviso.altimetry.fr/en/news/operational-news-and-status.html

8.2 Updates and reprocessing

8.2.1 SWIM L2PDER product version

The evolutions are listed hereafter:

Delivery
Version date Period FA Evolution with respect to previous version
v1.0 | 2024-11-01 |2019/04/25 eDataset creation including Stokes drift
- processing
2025/01/10
V2.0 | 2026-06-08 {2019/01/01 Dataset enrichment with spectral shape
- parameters
2026/06/01

8.3 Additional Data and Citation

Information about the starting dates of each cycle can be found at the following
webpage under Localisation of Measurements:

https://www.aviso.altimetry.fr/en/missions/current-missions/cfosat.html

Any use of this dataset must cite its DOI 10.24400/527896/a01-2024.005 as well as
the following sentence: "This Level-2P Derived product was produced by CLS in the
frame of the FRench Oceanographic Ground Segment (FROGS) of the CFOSAT Mission
and distributed by AVISO+ with the support of CNES."


https://www.aviso.altimetry.fr/en/news/operational-news-and-status.html
https://www.aviso.altimetry.fr/en/missions/current-missions/cfosat.html

9 Products policy and accessibility

The use of the CFOSAT L2PDER products is described in the AVISO+ License
Agreement.

CFOSAT L2PDER products are available via authenticated servers:

e CNES AVISO FTP/SFTP access (with AVISO+ credentials):

o ftp://ftp-access.aviso.altimetry.fr:21
o ftp://ftp-access.aviso.altimetry.fr:2122
= TBD

e CNES AVISO THREDDS Data Server access (with AVISO+ credentials):
TBD

e On the authenticated AVISO+ CNES Data Center (archived products):
https://aviso-data-center.cnes.fr/

10 Contact

For more information, please contact:

Aviso+ User Services
E-mail: aviso@altimetry.fr
On Internet: https://www.aviso.altimetry.fr/

The user service is also interested in user feedbacks; questions, comments,
proposals, requests are much welcome.


https://www.aviso.altimetry.fr/fileadmin/documents/data/License_Aviso.pdf
https://www.aviso.altimetry.fr/fileadmin/documents/data/License_Aviso.pdf
https://aviso-data-center.cnes.fr/

11 Appendix

11.1 Example of L2PDER product file

netcdf CFO_OPO7_SWI_L2PDER_F_20260331T165429_20260331T183832 {
dimensions:
n_phi = 24 ;
n_box = 584 ;
n_posneg =2 ;
nk =40 ;
nparam = 3 ;
variables:
double time_nadir_l2(n_box) ;
time_nadir_l2:units = "seconds since 2000-01-01 00:00:00.0" ;
time_nadir_l2:axis = "T" ;
time_nadir_l2:standard_name = "time" ;
time_nadir_l2:calendar = "gregorian” ;
time_nadir_l2:long_name = "Mean time of box area (sec. since 2000-01-
01)";
double time_spec_l2(n_posneg, n_box) ;
time_spec_l2:units = "seconds since 2000-01-01 00:00:00.0" ;
time_spec_l2:axis ="T" ;
time_spec_l2:standard_name = "time" ;
time_spec_l2:calendar = "gregorian” ;
time_spec_l2:long_name = "Mean time of 2D spectrum coverage area
(sec. since 2000-01-01)" ;
float lat_nadir_l2(n_box) ;
lat_nadir_l2:_FillValue = 9.96921e+36f ;
lat_nadir_(2:long_name = "Mean latitude of nadir beam in each box" ;
lat_nadir_l2:references = "CF-GSFR-SP-807-CNES" ;
lat_nadir_l2:source =" ;
lat_nadir_l2:units = "degrees_north" ;
lat_nadir_l2:valid_min = -90.f ;
lat_nadir_l2:valid_max = 90.f ;
lat_nadir_|2:least_significant_digit = 3 ;
float lon_nadir_l2(n_box) ;
lon_nadir_l2:_FillValue = 9.96921e+36f ;
lon_nadir_l2:long_name = "Mean longitude of nadir beam in each box" ;
lon_nadir_|2:references = "CF-GSFR-SP-807-CNES" ;
lon_nadir_|2:source =™ ;
lon_nadir_|2:units = "degrees_east" ;
lon_nadir_|2:valid_min = -180.f ;
lon_nadir_l2:valid_max = 180.f ;
lon_nadir_|2:least_significant_digit = 3 ;



float lat_spec_l2(n_posneg, n_box) ;
lat_spec_l2:_FillvValue = 9.96921e+36f ;
lat_spec_l2:long_name = "Mean latitude of 2D spectrum coverage area,
in middle of the box" ;
lat_spec_l2:references = "CF-GSFR-SP-804-CNES" ;
lat_spec_l2:source =™ ;
lat_spec_l2:units = "degrees_north" ;
lat_spec_l2:valid_min = -90.f ;
lat_spec_l2:valid_max = 90.f ;
lat_spec_|2:least_significant_digit = 3 ;
float lon_spec_l2(n_posneg, n_box) ;
lon_spec_l2:_FillvValue = 9.96921e+36f ;
lon_spec_l2:long_name = "Mean longitude of 2D spectrum coverage area,
in middle of the box" ;
lon_spec_|2:references = "CF-GSFR-SP-804-CNES" ;
lon_spec_l2:source =™ ;
lon_spec_|2:units = "degrees_east" ;
lon_spec_l2:valid_min = -180.f ;
lon_spec_l2:valid_max = 180.f ;
lon_spec_l2:least_significant_digit = 3 ;
float k_spectra(nk) ;
k_spectra:_FillvValue = 9.96921e+36f ;
k_spectra:long_name = "Wave number vector” ;
k_spectra:references = "CF-GSFR-SP-804-CNES" ;
k_spectra:source =" ;
k_spectra:units = "m-1" ;
k_spectra:valid_min = 0.f ;
k_spectra:valid_max = 1.f ;
k_spectra:least_significant_digit = 6 ;
float phi_orbit_box(n_box) ;
phi_orbit_box:_FillValue = 9.96921e+36f ;
phi_orbit_box:long_name = "Angles between orbit plane and
geographical North" ;
phi_orbit_box:references = "CF-GSFR-SP-804-CNES" ;
phi_orbit_box:source =™ ;
phi_orbit_box:units = "radians” ;
phi_orbit_box:valid_min = 0.f ;
phi_orbit_box:valid_max = 7.f ;
phi_orbit_box:least_significant_digit = 2 ;
float nadir_swh_box(n_box) ;
nadir_swh_box:_FillValue = 9.96921e+36f ;
nadir_swh_box:long_name = "Swh value from nadir processing
compressed by box" ;
nadir_swh_box:references = "CF-GSFR-SP-807-CNES" ;
nadir_swh_box:source =" ;
nadir_swh_box:units = "m" ;
nadir_swh_box:valid_min = 0.f ;
nadir_swh_box:valid_max = 100.f ;
nadir_swh_box:least_significant_digit = 3 ;
byte flag_valid_swh_box(n_box) ;



flag_valid_swh_box:_FillvValue = -127b ;
flag_valid_swh_box:flag_meanings = "valid invalid" ;
flag_valid_swh_box:flag_values = Ob, 1b ;
flag_valid_swh_box:long_name = "Quality flag on swh value” ;
flag_valid_swh_box:references = "CF-GSFR-SP-807-CNES" ;
flag_valid_swh_box:source =™ ;
flag_valid_swh_box:least_significant_digit = 0 ;

float nadir_wind_box(n_box) ;
nadir_wind_box:_FillValue = 9.96921e+36f ;
nadir_wind_box:long_name = "Wind speed value from nadir processing

compressed by box" ;

nadir_wind_box:references = "CF-GSFR-SP-807-CNES" ;
nadir_wind_box:units = "m.s-1" ;
nadir_wind_box:valid_min = 0.f ;
nadir_wind_box:valid_max = 100.f ;
nadir_wind_box:least_significant_digit = 3 ;

byte flag_valid_wind_box(n_box) ;
flag_valid_wind_box:_FillValue = -127b ;
flag_valid_wind_box:flag_meanings = "valid invalid” ;
flag_valid_wind_box:flag_values = Ob, 1b ;
flag_valid_wind_box:long_name = "Quality flag on wind value” ;
flag_valid_wind_box:references = "CF-GSFR-SP-807-CNES" ;
flag_valid_wind_box:source =™ ;
flag_valid_wind_box:least_significant_digit = 0 ;

float swh_ecmwf(n_posneg, n_box) ;
swh_ecmwf:_FillValue = 9.96921e+36f ;
swh_ecmwf:long_name = "Significant wave height from ECMWF data" ;
swh_ecmwf:references = "CF-GSFR-SP-804-CNES" ;
swh_ecmwf:source =" ;
swh_ecmwf:units = "m" ;
swh_ecmwf:valid_min = 0.f ;
swh_ecmwf:valid_max = 50.f ;
swh_ecmwf:least_significant_digit = 2 ;

float u10_ecmwf(n_posneg, n_box) ;
u10_ecmwf:_FillValue = 9.96921e+36f ;
u10_ecmwf:long_name = "10 metres u wind speed from ECMWF data” ;
u10_ecmwf:references = "CF-GSFR-SP-804-CNES" ;
u10_ecmwf:source =" ;
u10_ecmwf:units = "m/s" ;
u10_ecmwf:valid_min = -100.f ;
u10_ecmwf:valid_max = 100.f ;
u10_ecmwf:least_significant_digit = 2 ;

float v10_ecmwf(n_posneg, n_box) ;
v10_ecmwf:_FillValue = 9.96921e+36f ;
v10_ecmwf:long_name = "10 metres v wind speed from ECMWF data” ;
v10_ecmwf:references = "CF-GSFR-SP-804-CNES" ;
v10_ecmwf:source =" ;
v10_ecmwf:units = "m/s" ;
v10_ecmwf:valid_min = -100.f ;



v10_ecmwf:valid_max = 100.f ;
v10_ecmwf:least_significant_digit = 2 ;
float phi_vector(n_phi) ;
phi_vector:_FillValue = 9.96921e+36f ;
phi_vector:valid_min = 0.f ;
phi_vector:long_name = "Phi vector (center of bin)" ;
phi_vector:least_significant_digit = 1LL ;
phi_vector:units = "degree” ;
phi_vector:valid_max = 360.f ;
phi_vector:references = "CF-GSFR-SP-804-CNES" ;
phi_vector:comment = "optionnelle" ;
float wave_param(nparam, n_posneg, n_box) ;
wave_param:_FillValue = 9.96921e+36f ;
wave_param:long_name = "Wave parameters (SWH, peak wavelength,
peak direction) of the whole spectrum at beam 10 degrees” ;
wave_param:least_significant_digit = 3LL ;
wave_param:units = "1" ;
wave_param:valid_max = 2000.f ;
wave_param:references = "CF-GSFR-SP-804-CNES" ;
wave_param:comment = "optionnelle” ;
float pp_mean(nk, n_phi, n_posneg, n_box) ;
pp_mean:_FillValue = 9.96921e+36f ;
pp_mean:long_name = "Best 2D mean slope spectrum for spectral beam
10 degrees” ;
pp_mean:least_significant_digit = 3LL ;
pp_mean:valid_max = 100.f ;
pp_mean:units = "'m”2 / radians” ;
pp_mean:references = "CF-GSFR-SP-804-CNES" ;
pp_mean:comment = "optionnelle” ;
byte flag_valid_pp_mean(nk, n_phi, n_posneg, n_box) ;
flag_valid_pp_mean:_FillValue = -127b ;
flag_valid_pp_mean:long_name = "validation flag for the 2D mean slope
spectrum for spectral beam 10 degrees (all criteria)” ;
flag_valid_pp_mean:flag_values = Ob, 1b ;
flag_valid_pp_mean:flag_meanings = "valid invalid" ;
float northward_stokes_drift_raw_0Om(n_posneg, n_box) ;
northward_stokes_drift_raw_0Om:_FillValue = 9.96921e+36f ;
northward_stokes_drift_raw_0m:long_name = "Northward Stokes drift
estimated at Om depth from SWIM spectrum ([22.5-500] wavelength range).” ;
northward_stokes_drift_raw_0Om:least_significant_digit = 3LL ;
northward_stokes_drift_raw_Om:references = "SALP-MU-P-EA-23666-CLS"

northward_stokes_drift_raw_0Om:units = "cm/s" ;
northward_stokes_drift_raw_0Om:comment = "optionnelle” ;
float eastward_stokes_drift_raw_0m(n_posneg, n_box) ;
eastward_stokes_drift_raw_Om:_FillValue = 9.96921e+36f ;
eastward_stokes_drift_raw_0Om:long_name = "Eastward Stokes drift
estimated at Om depth from SWIM spectrum ([22.5-500] wavelength range).” ;
eastward_stokes_drift_raw_Om:least_significant_digit = 3LL ;



eastward_stokes_drift_raw_Om:references = "SALP-MU-P-EA-23666-CLS" ;
eastward_stokes_drift_raw_0Om:units = "cm/s" ;
eastward_stokes_drift_raw_0Om:comment = "optionnelle” ;
float northward_stokes_drift_raw_15m(n_posneg, n_box) ;
northward_stokes_drift_raw_15m:_FillValue = 9.96921e+36f ;
northward_stokes_drift_raw_15m:long_name = "Northward Stokes drift
estimated at 15m depth from SWIM spectrum ([22.5-500] wavelength range).” ;
northward_stokes_drift_raw_15m:least_significant_digit = 3LL ;
northward_stokes_drift_raw_15m:references = "SALP-MU-P-EA-23666-
CLS";
northward_stokes_drift_raw_15m:units = "cm/s" ;
northward_stokes_drift_raw_15m:comment = "optionnelle” ;
float eastward_stokes_drift_raw_15m(n_posneg, n_box) ;
eastward_stokes_drift_raw_15m:_FillValue = 9.96921e+36f ;
eastward_stokes_drift_raw_15m:long_name = "Eastward Stokes drift
estimated at 15m depth from SWIM spectrum ([22.5-500] wavelength range).” ;
eastward_stokes_drift_raw_15m:least_significant_digit = 3LL ;
eastward_stokes_drift_raw_15m:references = "SALP-MU-P-EA-23666-CLS"

eastward_stokes_drift_raw_15m:units = "cm/s" ;
eastward_stokes_drift_raw_15m:comment = "optionnelle” ;
float northward_stokes_drift_full_Om(n_posneg, n_box) ;
northward_stokes_drift_full_Om:_FillValue = 9.96921e+36f ;
northward_stokes_drift_full_Om:long_name = "Northward Stokes drift
estimated at Om depth from the extended spectrum: SWIM spectrum ([22.5- 500]
wavelength range) completed by an Elfouhaily modelling for largest wave
numbers." ;
northward_stokes_drift_full_Om:least_significant_digit = 3LL ;
northward_stokes_drift_full_Om:references = "SALP-MU-P-EA-23666-CLS"

northward_stokes_drift_full_Om:units = "cm/s" ;
northward_stokes_drift_full_Om:comment = "optionnelle" ;
float eastward_stokes_drift_full_Om(n_posneg, n_box) ;
eastward_stokes_drift_full_Om:_FillValue = 9.96921e+36f ;
eastward_stokes_drift_full_Om:long_name = "Eastward Stokes drift
estimated at Om depth from the extended spectrum: SWIM spectrum ([22.5- 500]
wavelength range) completed by an Elfouhaily modelling for largest wave
numbers." ;
eastward_stokes_drift_full_Om:least_significant_digit = 3LL ;
eastward_stokes_drift_full_Om:references = "SALP-MU-P-EA-23666-CLS" ;
eastward_stokes_drift_full_Om:units = "cm/s" ;
eastward_stokes_drift_full_Om:comment = "optionnelle” ;
float northward_stokes_drift_full_15m(n_posneg, n_box) ;
northward_stokes_drift_full_15m:_FillValue = 9.96921e+36f ;
northward_stokes_drift_full_15m:long_name = "Northward Stokes drift
estimated at 15m depth from the extended spectrum: SWIM spectrum ([22.5- 500]
wavelength range) completed by an Elfouhaily modelling for largest wave
numbers."” ;
northward_stokes_drift_full_15m:least_significant_digit = 3LL ;



northward_stokes_drift_full_15m:references = "SALP-MU-P-EA-23666-
CLS";
northward_stokes_drift_full_15m:units = "cm/s" ;
northward_stokes_drift_full_15m:comment = "optionnelle” ;
float eastward_stokes_drift_full_15m(n_posneg, n_box) ;
eastward_stokes_drift_full_15m:_FillValue = 9.96921e+36f ;
eastward_stokes_drift_full_15m:long_name = "Eastward Stokes drift
estimated at 15m depth from the extended spectrum: SWIM spectrum ([22.5- 500]
wavelength range) completed by an Elfouhaily modelling for largest wave
numbers." ;
eastward_stokes_drift_full_15m:least_significant_digit = 3LL ;
eastward_stokes_drift_full_15m:references = "SALP-MU-P-EA-23666-CLS"

eastward_stokes_drift_full_15m:units = "cm/s" ;
eastward_stokes_drift_full_15m:comment = "optionnelle” ;
double f_spectra(nk) ;
f_spectra:_FillValue = 9.96921e+36 ;
f_spectra:long_name = "Related frequencies from wave number vector
and according to the dispersion relation for deep water waves:" ;
f_spectra:least_significant_digit = 3LL ;
f_spectra:references = "SALP-MU-P-EA-23666-CLS" ;
f_spectra:units = "hertz" ;
double ph_mean(nk, n_phi, n_posneg, n_box) ;
ph_mean:_FillvValue = 9.96921e+36 ;
ph_mean:long_name = "Height spectrum in frequency domain” ;
ph_mean:references = "SALP-MU-P-EA-23666-CLS" ;
ph_mean:units = "meter”2/(hertz radians)" ;
double ph_mean_omni(nk, n_posneg, n_box) ;
ph_mean_omni:_FillValue = 9.96921e+36 ;
ph_mean_omni:long_name = "Omnidirectionnal height spectrum in
frequency domain” ;
ph_mean_omni:least_significant_digit = 3LL ;
ph_mean_omni:references = "SALP-MU-P-EA-23666-CLS" ;
ph_mean_omni:units = " meter”"2/(hertz)" ;
double gkk(n_posneg, n_box) ;
gkk:_FillValue = 9.96921e+36 ;
gkk:long_name = "2D peakedness (Qkk) from De Carlo et al (2023)" ;
gkk:least_significant_digit = 3LL ;
gkk:references = "SALP-MU-P-EA-23666-CLS" ;
gkk:units = "meters"” ;
double mean_dir_spread(n_posneg, n_box) ;
mean_dir_spread:_FillValue = 9.96921e+36 ;
mean_dir_spread:long_name = "Mean directional spread in radians” ;
mean_dir_spread:least_significant_digit = 3LL ;
mean_dir_spread:references = "SALP-MU-P-EA-23666-CLS" ;
mean_dir_spread:units = "radians” ;
double cross_sea_index(n_posneg, n_box) ;
cross_sea_index:_FillValue = 9.96921e+36 ;
cross_sea_index:long_name = "A warning index for crossed-sea
conditions used by Meteo-France " ;



cross_sea_index:least_significant_digit = 3LL ;
cross_sea_index:references = "SALP-MU-P-EA-23666-CLS" ;
cross_sea_index:units = "-" ;
double goda(n_posneg, n_box) ;
goda:_Fillvalue = 9.96921e+36 ;
goda:long_name = "Goda parameter (1976) from the omnidirectionnal
height spectrum. " ;
goda:least_significant_digit = 3LL ;
goda:references = "SALP-MU-P-EA-23666-CLS" ;
goda:units = "-" ;
double peakedness(n_posneg, n_box) ;
peakedness:_FillValue = 9.96921e+36 ;
string peakedness:long_name = "Frequency spread defined from the
Goda peakedness parameter, according to Hafner et al (2021) " ;
peakedness:least_significant_digit = 3LL ;
peakedness:references = "SALP-MU-P-EA-23666-CLS" ;
peakedness:units = "-" ;
double narrowness(n_posneg, n_box) ;
narrowness:_FillValue = 9.96921e+36 ;
narrowness:long_name = "Narrowness parameter defined from
omnidirectionnal height spectrum in frequency domain by Longuet-Higgins (1983)" ;
narrowness:least_significant_digit = 3LL ;
narrowness:references = "SALP-MU-P-EA-23666-CLS" ;
narrowness:units = "-" ;
double crest_trough_correlation(n_posneg, n_box) ;
crest_trough_correlation:_FillValue = 9.96921e+36 ;
crest_trough_correlation:long_name = "Crest-trough correlation used as
an indicator of extreme wave conditions (Gemmrich and Cicon, 2022). Defined as
the autocorrelation of the sea surface elevation at half the wave period (Tayfun, &
Fedele, 2007)" ;
crest_trough_correlation:least_significant_digit = 3LL ;
crest_trough_correlation:references = "SALP-MU-P-EA-23666-CLS" ;
crest_trough_correlation:units = "-" ;
double bfi(n_posneg, n_box) ;
bfi:_FillValue = 9.96921e+36 ;
string bfi:long_name = "Benjamin-Feir Index (BFl) estimated from the
ratio between the wave steepness (€) and the spectral bandwidth (Janssen, 2009)."
bfi:least_significant_digit = 3LL ;
bfi:references = "SALP-MU-P-EA-23666-CLS" ;
bfi:units = "-";
double kp_f(n_posneg, n_box) ;
kp_f:_Fillvalue = 9.96921e+36 ;
string kp_f:long_name = "Wave-number peak estimated from the
omnidirectional height spectrum in frequency domain. Weighted-mean estimator
used by used by Young, (1995), Serio et al. (2005) and Hafner et al. (2021) to
minimize the potential effects of parasitic peaks at low wavenumber." ;
kp_f:least_significant_digit = 3LL ;
kp_f:references = "SALP-MU-P-EA-23666-CLS" ;
kp_f:units = "radian/meter” ;



double bfi_2D(n_posneg, n_box) ;

bfi_2D:_FillValue = 9.96921e+36 ;

bfi_2D:long_name = "Extended formulation of the Benjamin-Feir Index
(BFI) proposed by Mori et al. (2021) to take into account the directional properties
of the spectrum.” ;

bfi_2D:least_significant_digit = 3LL ;

bfi_2D:references = "SALP-MU-P-EA-23666-CLS" ;

bfi_2D:units = "-" ;

// global attributes:

:platform = "CFOSAT" ;

:sensor = "SWIM" ;

:institution = "CNES" ;

:contact = "aollivier@groupcls.com, maverseng@groupcls.com"” ;

:ars = 5.6f ;

:dphi = 15.f ;

:cycle = "209_2026-03-28T08:59:40Z_2026-04-10T08:58:597" ;

:wlmin = "30.f" ;

:wlmax = "500.f" ;

:product_version = "2.0" ;

:software_version = "production_[2pder: 2.7.1" ;

:creation_date = "2026-05-21T08:53:50" ;

:processing_level = "L2PDER" ;

:oper_version = "OP07" ;

:Conventions = "CF-1.6" ;

:wave_spectra_beam = "10" ;

:comment = "Added value products from SWIM nadir and off-nadir beams
and averaged by box." ;

:first_meas_time = "2026-03-31 16:54:29" ;

:last_meas_time = "2026-03-31 18:38:30" ;

:DOI = "10.24400/527896/a01-2024.005" ;
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