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Introduction The simulator’s core is the Pseudo-L1 Simulator module, which |
Spaceborne scatterometers are active microwave remote generates observation geometry and wind-field-independent E.
sensing instruments designed to quantify Earth's surface intermediate results for backscattering coefficient simulation. z
. . 0 . These outputs feed into the L1 Simulator module that combines i |
backscattering coefficients o (NRCS) for geophysical them with GMFs to simulate backscattering coefficient 2, - M Nadir Bind Zone
arameter retrieval[1]. Their primary application is ocean , , _ o _ + || et
Eurface wind Vector[ O]bservatizn acmeviz by transmitting observations, incorporating normally distributed noise whose F7E R Y 2 TV
microwave pulses toward the s'ea surface and recording normalized standard deviations are derived from operational Fig. 4: Wind Speed RMSE Under Different Wind Speed.
retrieved through retrieval algorithms, such as the median filtering. Finally, the Perforrpance Analysis module and fixed fan-beam systems are more effective in
maximum likelihood estimation (MLE) method combined evaluates .the sc.atterometer.s observational performance based observing the high wind structures near the eye wall,
with geophysical model functions (GMFs). on these simulations and retrieval results. while the rotating pencil-beam system is more accurate in
. L NRCS measurement metric[4]:(scatterometer system error K ,.) observing structures with relatively lower wind speeds.
Operational spaceborne scatterometers are primarily P _ , ,
. : . . These phenomena are consistent with the analysis of
categorized into three observation architectures based on , o T
. . oA " | 2 1 1 2 backscattering coefficient measurement accuracy in Fig. 3
beam patterns and scanning modes, as illustrated in Fig. 1: K. — (1 n 4 _ , , _
pc ysamples SNR'-60 yhoise \SNRr’-g° and wind speed RMSE in Fig. 4, which further
\ demonstrates the high accuracy of the fan-beam systems
Where: NSamples js the Independent samples, SNR' is the normalized signal-to-noise ratio, for TC observations.
NNOIS€ is the noise measurement samples and independent of the target. 1822 MANGKHUT (Rotating Fan-Beam) 1822 MANGKHUT (Rotating Pencil-Beam) 1822 MANGKHUT (Fixed Fan-Beam)
High wind speed conditions: (larger NRCS) 103 I SEP 1§ o ‘
1 18°N ~ .- 7 18°N :
Kpe = \/Nsamples L
Fig. 1: Observation Geometries of Three Scatterometer Systems Independent sample NS3MPI€S dominates NRCS measurement error. | | %
. - low wind speed conditions: (smaller NRCS) 15 S s | [0
(a). Rotating Fan-beam Scatterometers utilize fan beams gal g
with wide-range coverage in the along-track dimension, K.~ 1 n 1 . 1 msn [0S
enabling lower rotation speeds that significantly increase pE \ ysamples = pnoise SNR' - o° _1 |
independent samples per target while maintaining full Both the NSAMPIES i vy e
swath coverage. (b). Rotating Pencil-beam Scatterometers - :
employ narrow antenna beams with small footprints in T
both azimuth and range directions. Their high rotational Results Fig. 5: Wind Vector Errors of TC Case (1822 MANGKHUT)
scanning speed ensures continuous swath coverage Wind Speed = 4 m/s
without blind zones, but this configuration yields fewer 12" ot o
independent samples per target due to rapid beam ° Conclusion & Discussion
chag:.rmg (Ic). FIXT?‘ Ifar:;be;r; scattefrometer;, su;h fs @8 " In this study, tropical cyclone observations were simulated
eploy multiple .|xe gams (Qre, ml , an . aft) S and the observation performance of the rotating pencil-
that scan through satellite motion. This design achieves 4 H %$ HH beam  scatterometer, the rotating  pencil-beam
comparable independent samples to rotating fan-beam 2 M& w” [ Nadi Biind Zone scatterometer and fixed fan-beam scatterometer were
systems. I —— %%é%%%%%%% . .
: analyzed. Compared to rotating pencil-beam system,
Tropical cyclones (TCs) are among the most disastrous R R A rotating fan-beam system and fixed fan-beam system
natural events, where high-quality wind field observations Wind Speed = 18 m/s benefit from their sampling advantage in each view, and
are critical for both scientific research and operational T s s therefore obtain better accuracy in wind retrieval under
application. Among the existing TC observation methods, the extreme wind conditions. In addition, compared with
scatterometer demonstrates unique advantages by - fixed fan-beam system, rotating pencil-beam system and
providing large spatial scale, simultaneous wind s rotating fan-beam system have no nadir blind zone and
speed/direction measurements within short duration. | larger swath, which contribute to improved spatial
Recent studies have developed solutions to key TC B éé%ééé% %ééé%&%%%% M m L — éé Ndir Blind Zone coverage for TC observation.
observation challenges, including extreme wind retrieval ééé @ s ééééé%é%é%é%%% Building on the established simulation model, future study
and precipitation c_ont.amlnatlon,. significantly expanding S we T T T T e T T T e T will focus on two key improvements: (1). the incorporation
scatterometers application potential(2,3]. Wind Speed = 30 m/s of real observation geometry parameters to improve the
fidelity of the simulation, (2). the consideration of
environmental factors such as precipitation rates, and (3).
Objectlve & Method . the low incidence observation simulation. These extended
To systematically evaluate scatterometer performance for 2 approaches will allow for a more comprehensive
tropical cyclone (TC) observations across three operational m&m& L assessment of performance under TC conditions.
. . . _ . _ | é.l. .l,,l,l.l- Nadir Blind Zone
systems. rotating pencil-beam, rotating fan beam, and ééééééé%%%éééééé%%% I [lasact SHEtarEa éééééé%éé%é%é%#%%
fixed fan-beam systems, Our study establishes a end-to- R e
end simulation framework. The accuracy of backscattering wve ke WG Key Reference
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O Winds L1 Simulator edges, and wind speed RMSE <1.0 m/s, whereas both fan-beam systems
i deliver enhanced performance with Kp¢ <0.4 dB, wind speed RMSE <0.5 m/s.
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