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1. Introduction o) TAEAZ N

Wind and current retrievals from Doppler scatterometer data:

NRCS (ap) > Ocean surface wind
Doppler Scatterometer
Doppler shift > Ocean surface current
- : (d) + The velocity includes 3 components:
1. the wind and currents are retrieved separately y P '

Up = Ugeo + Upwa + Upa

* Wind inversion: Ugeo : nOn-geophysical component

1 L (0'?(1)11' — 0-5?1')2 U,,wa : Currents that are not driven by the mstantaneous local wind
MLE = —z K 50 2 U,yq : wind-driven component (Wind-wave-induced Artifact Surface
ne (K O;) Velocity (WASV))

dg; = F5(u10, 9, 6,pol)
* Current inversion:
Airborne Doppler scatterometers face many challenges =
calibrate measurements
Uwa = Fp(uy0, 9, 0, pol) * Instrument instability
Limited dataset

U=Up— wd_Ugeo

2. the wind and currents are retrieved simultaneously

( 31)2 (fm], _fSL )2
MLE =
Z K,00,) ”i=1 (Bf)?




2. Dataset
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Ocean Surface Current multiscale Observation Mission

(OSCOM) campaign:

Rotating pencil-beam airborne doppler scatterometer

* Ka-band: 35.9 GHz

* Experiment year : 2020

August 6 14:30pm-17:30pm
August 11 14:30pm-17:10pm
August 15 14:00pm-18:00pm

* Experiment area: Coastal area in south of Yangjiang River,

Guangdong Province, China
Latitude: from 21°30°N to 22°00°N

Longitude: from 111°53°E to 112°50°E

* Polarization: VV
* turning angle: £160°

Others:

* Ka-band GMF: KaDPMod,
KaDOP

* ECMWF winds

The main system parameters are shown in Table 1.

Table I System Parameters of

Airborne Doppler Scatterometer

Latitude

50' 11 éf’E 10 20 30 a0
Longitude

25F

Counts

05r

azimuth (degree)

40 45 50 55
Incidence (deg)

Incidence Angle %0"
Flight Height 3000m
Carrier Frequency 5.9GHz
Signal Bandwidth SMHz
Signal Form Chirp Signal
Pulse Width 4us
Pulse Interval 4us
Central Frequency of IF 14MHz
Sampling Frequency 56MHz
Pulse Period 100us
Antenna Rotation Speed 40°/s
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* NRCS (agy)
*  Doppler shift
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Cell size: 2 km
Swath width: 8 km
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3. Methodology: calibration and inversion for winds ) TEAZH

B. Calibration and Inversion : o o densty threshold = 10
Calculate the ‘true’ wind directions ol |
(azimuthal shift) o
O the median curves of ¢° 0}

Compared with simulated data:

Sigma0 (dB)
8

* larger azimuthal shift - an error in the ECMWF wind direction *
* approximately 10 dB smaller = needs NOC calibration ol
* greater wind direction modulation > 2 different calibration methods Tooe e w wm oz ws

Azimuth (deg)

i [ oscom ? 5 { i — ) G
! Quality 0 : : 'S ! H : ! ! |
= 7] = A )
Inputs : KaDPMod ----- I nputs ------------------------------------------------------

median curve: reproduce after NOC: reproduce ECMWEF

77 = G o ad wind data [ T ad 5 wind data

Inputs Inputs

@ =g
Modified GMF

Method 1: azimuth dependent Method 2: based on modification of the GMF
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4. Results: calibration and inversion for winds G TEAE %

A. Quality control results : B. Calibration results : ‘ True’ wind direction

20{ : : : : : . . l 2 ‘ density threshold = 10 - _ Sigma0 vs Azimuth, binsize=5 Shift: ‘True’ wind direction
| 1ol ! ol ! f | * measurement = 155°
0 of i of 1 [:m_wm. , * Simulation = 175°
-10 ol E n . s | :
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C. Calibration results : with azimuth-dependent calibration and modified GMF calibration
0 0 0. .
[ r =02/ ] O; =710y 0. with new GMF
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new simulation | new simulation
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Fig. 8. Backscatter data as a function of azimuth angle for: a) measured (after quality control) and simulated backscatter data, where the : measurement
wind directions (curve peak shifts w.r.t. 180°) are 155° and 175° (w.r.t. North), respectively; b) measured (pink), newly simulated (blue) :
and azimuth-dependent calibrated (green) o%; and c) measured (pink), modified GMF calibrated (green) and newly simulated (blue) o©. Blue: simulation

Green: calibration 5
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D. Wind inversion results

Wind field:

45" g N . _ 8 E 45 s 8 E
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T 7 : T 7 0 : 7 T 7 T 0
112°E 12 24 36' 48 112°E 12' 24' 36 48
Longitude Longitude
(a) azimuth-dependent method (b) with modified GMF

Fig. 13. Wind field retrieved using calibration method: a) using azimuth-dependent method (with the overall ratio); b) using the method
with modified GMF (using dual correction factors). The data are shown with a 2 km x 2 km grid spacing.
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4. Results ) *E45EN

D. Wind inversion results
Comparison between azimuth calibration and modified GMF winds:
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Fig. 14. Comparison between wind field retrieved using two calibration methods: a) for wind speed; b) for wind direction.

Comparison against ECMWF winds:

TABLE I

The mean bias and the mean standard deviation (SD] of residuals of four methods.

speed bias (m/s) speed SD (m/s) direction SD (deg) U SD (m/s) V SD (m/s)

with azimuth calibration (overall ratio) -0.28 0.65 8.97 0.78 0.60
with azimuth calibration (each leg’s ratio) -0.17 0.20 4.56 0.33 0.27
with modified GMF (a1coef and ageoef) -0.80 0.84 5.86 0.58 0.70
with modified GMF (only as_,.r) -0.84 0.76 3.67 0.3 0.70




3. Methodology: inversion for currents

Phase processing -

TSt e sy gy =

Interference phase

Interference phase (land-sea mask) of leg num-1
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3. Methodology: inversion for currents o) +aas

cost funtion of joint model

1000 ‘ wind spécd(mfs)
A. the wind and currents are retrieved separately:
The wind-correlated Doppler shift is simulated using the KaDOP GMF. O
Ucurrent = Up — Upq — Ugeo E 100
UWd = FD (u10J (pJ 9' pOl) 200 j
U T[ f 00 4‘5 96 1(;5 1€‘30 255 2‘70 3‘;5 360
— P relative azimuth (deg)
D kesin® g
. . ) Cost function when the current is fixed
B. the wind and currents are retrieved simultaneously (0.18m/s, 1.51°) two and flat minima

cost funtion of joint model

900

2 2 ‘ current speed (m/s
MLE — Z( S"-) + (fml _fSl ) 800 gi )
p m.'. n = (Afml)z 700 - _%g

1.2

1.4
L6
18
2

Cost function

-~
\{\—’é #
S

0 45 90 135 180 225 270 315 360
relative azimuth (deg)

Cost function when the wind 1s fixed
(6.08m/s, 6.64°) one minima 9



B. Current inversion results (with modified GMF, single parameter)
| Sea Surfage Velocity (Up — Ugeo) Wind-correlated Velocity (Uyyy)

Surface velocity 2
IE\ 12 A
\ ) T t !
®

1 | S Ry ?_
AN e TR b e Vo
Sea Surface Current (retrieved separately) Sea Surface Current (retrieved simultaneously)
UC'U.?"?"E?’It Ucurrent

.4 MIE a0 iz &%
Longitude (deg) Longitude (deg)
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4. Results Gp) FEA5 N

A. Wind inversion results (with modified GMF, single parameter)

Comparison between step-wise method and joint method

107 o 9
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4. Results o) TEAT

A. Current inversion results (with modified GMF, single parameter)

Comparison between step-wise method and joint method Comparison with in-situ data (current meter)
2r o . .
0 cc =045 g 350 ? i " - Step-wise method Joint method
E 18t bias =-0.03 = @ |l So%s
o SD =028 5 . - o
8 15} Num = 386 g 300 o S0 ~6800
e 3 o Num =38 . L Speed (m/s) 0.14 0.16
E 141 ® E 250 | el : :
Bl e « o s 3 S o Direction (°) 18.00 14.59
*aE‘, R 2 0| % o 8 200 .
- L] ® = o
:g o. o ° } . % » Y 2, o *
o 081 ey ) o150 o o o
E7 . L Toa's e . 5 1, Comparison with OSCAR data (0.25°, per day)
S 06 = I f
T % | . : i .’ £ o e ® »
LAY | °. * s ‘ Step-wise method Joint method
= >4 @ = 90 @ o e
g 0.2{; L : ¢ ° E [ ]
8 ® 9 :“1' ' L ' ! e | | E L i | i | L I Iy 1
00 ’0_5 1 15 P Oo 50 100 150 200 250 300 350 Speed bias 0.35 0.36
current speed using step-wise method and KaDOP (m/s) current direction using step-wise method and KaDOP (deg) (m/s)
Speed std(°) 0.38 0.31
Direction
bias(®) 18.94 8.27
Direction std(®) 54.04 71.71
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5 . S u m m a ry .- . CHINESE ACADEMY OF SCIENCES

Two calibration methods are applied to NRCS, one using azimuth-dependent calibration and the other
using a modified GMF. Two inversion methods are used to retrieve ocean surface winds: step-wise
method and simultaneous method.

In comparison with ECMWF winds, the retrieved winds obtained using azimuth-dependent calibration
present lower wind speed bias. The wind directions obtained with the modified GMF calibration show
lower scatter with respect to ECMWF wind directions.

Compared to in situ data, the stepwise inversion shows smaller differences in current speed and
direction, indicating better agreement with buoy readings. In contrast, the joint inversion method results
in larger discrepancies, suggesting its performance may be impacted by data quality and azimuthal
diversity.

A comprehensive reference dataset with coincident in situ wind measurements is needed.

Offer quantitative support for future research.
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6. Future: CFOSAT-NG & teazu

CFOSAT (The China France Oceanography SATtellite)
China: SCAT-NG Doppler Scatterometer, DOPS Wergiengls [om] " bl

]03 —‘&gm' 200 IQO 20 ”'0 I‘O b — Present Satellite Altimetry
—_ 2 g Kk 000 T OEOM
France: SWIM-NG —‘210. - Submesoscale
210 0(0.1~10km) i
2 IOU - Small 2 loyr- AR R
E Mesoscale Seale 3 I
2 - l‘.l“gc (~100km) (W.(; l(-“l(:()m) £ bCod : o
: . 210 Tom Ty = ) s
DOPS is based on OSCOM, operated in Ka + Ku band. =0 = B, ,,/L’__};____f; ______
-3 3 -1 0 1 scale L 1 1 1 Il
* Ocean Current (5 km, 0.1 m/S) 10 10 Wavenumber [Cpkm]lo Jinglgt al., 2021 JPO; 10%km 10" km . :13:: 10 km 10*km
Du, etal., 2021 PO i
* Ocean wind (5 km, 1.5 m/s)
Location 2 Motion direction Location 1
* Ocean wave (10 km , 50-500 m wavelength ) v

Swath: > 1000 km I - o -

H=600km L\_\ |/ H=600km
Swath = 1000km \
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4. Results

D. Wind inversion results
Comparison:

_12r -
) cc =070 s @ e =
E bias =-0.51 . 2 cc =041
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ol E —&— with azimuth callbration (each leg's ratio) —&— with azimuth caibration (each leg's ratio) L 00
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(&) speed (})) direction Fig. 16. Comparison between mean wind retrieved using four calibration methods and ECMWF: a) retrieved wind speed; b) retrieved wind

direction; ¢) ECMWF.
Fig. 14. Comparison between wind field retrieved using two calibration methods: a) for wind speed; b) for wind direction.
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04 g.022 The mean bias and the mean standard deviation (SD) of residuals of four methods.
a3l g0z speed bias (m/s)  speed SD (m/s) direction SD (deg) U SD (m/s) V SD (m/s)
: with azimuth calibration (overall ratio) -0.28 0.65 8.97 0.78 0.60
0.015 ] with azimuth calibration (each leg’s ratio) -0.17 0.20 4.56 0.33 0.27
0z with modified GMF (alcogf and a,gcogf) -0.80 0.84 5.86 0.58 0.70
0.01 with modified GMF (only ag o) -0.84 0.76 3.67 0.3 0.70
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Fig. 15. Comparison between histogram of wind retrieved using four calibration methods: a) for wind speed; b) for wind direction.
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A. Current inversion results (with azimuth calibration)
Sea Surface Velocity (Up — Ugye,)

- 4
Surface velocity 22N

Wind-correlated Velocity (Uyyy)
T
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"we . e WZE &
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&

o
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Sea Surface Current (retrieved simultaneously)

UCH?"?"ETLt

Ocean current |

Sea Surface Current (retrieved separately)

Ucurrent
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4. Results &) +ea43n

A. Wind inversion results (with modified GMF, single parameter)

Comparison between step-wise method and joint method
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4. Results

A. Current inversion results (with modified GMF, single parameter)

current speed using joint method and KaDOP{m/s)

Comparison between step-wise method and joint method
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current direction using joint method and KaDOP (deg)
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0.29
0.23
-3

74.35
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