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ST MRA B EAME . D5 TR E ONSS-R ISR, A SCABRS M A2, T2 4K GNSS-R AU
TR LAERR AL, IRASMT R 3 GNSS-R S HUNTT RIS IRNEE 77, JFE5 G R | T30 5 P> S g B 7 T
s oy A TR . A5 RFRW] . FEE SN S, R RS DO UR AL e A e [ WL DXl A i PR S 1Y
KoriR 2 2R T 13%; fERRER ST, Bk a w005 n e 2 g nr ik, f e
TR T A3 L O B SO 3 iR 22 D RAR T 6% [RIMG, SRokifg Rl S SO o8 vl S SR &, BEXF
THERMIUET . AR . BB A SR RIS S IRANIGY AR 98 S8 5 1 B AR

KA. RECNSS-R, HUMIF, HUMEUH, Fmss, Bos s, HmE, HHRRE, mEE—Z2E i, &

National Remote Sensing Bulletin i & 5 4k

SR, H—fb B A
FE4ZES: TP701/P2

IR T, I, AL, #1575 .2025. EH GNSS-R S HSHTERR S RMEE N A R HiGh BB A B EKFEIR,29(8):

2544-2558

Wan X C, Wan W, Guo Z Z and Hu X Q. 2025. Spaceborne GNSS-R and scatterometers and their typical
applications in ocean and land surfaces. National Remote Sensing Bulletin, 29 (8) : 2544-2558 [ DOI : 10.11834/jrs.

20254368]

15 =

2 BR TR T R 4 GNSS (Global Navigation
Satellite System) AN {CH: B 5015 5 H T 3 i & 17
(Moo E %, 2017; sk/NaDfoaEe, 2019), H
R 5 38 v F F % SO B GNSS-R - (GNSS-
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2020) . GNSS-R J&—FPle & 73 & (0 3/ 22 B i H ik
AR (B 4, 2023), HIZ 2 i R 9 5
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rim HHA . 2024-09-05; FENZAR: 2025-01-16

2016; Carreno—Luengo 55, 2017). H T X &
Pl b AN ] 6 T P BURE (RNZE R 45, 20075 4230
B4, 2017), B3 GNSS-R T4 sl 1 £ 455
(S E S (Clarizia 1 Ruf, 2017; Al-Khaldi %,
2019; Carreno—Luengo%, 2019; Rodriguez—Alvarez
4, 2019).
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FIMER AR /N T AL I 1 0 A B8 ol e L = ol s Je
E A4y EE% (1—25 km) (Clarizia #1 Ruf, 2016;
Bussy—Virat 50 2019; Llaveria %%, 2021) A=t
] 73 9% (3—20h) (Bussy-Virat%5, 2019; Bu%s,
2024) WM, w5 H AL S bl B o e T
BOE M EA (BEBEE 25, 2019). A GNSS-
R g S TBEE R (Carreno—Luengo 55, 2019;
Liu%, 2021; Wernicke %, 2022), a0 K¥ET
GNSS—R = UCHR I Al vy 25 6] A3 B L, DAIE#b
B T UL 2 R O 4 T A A A ) A R
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2021; Bozdag 5%, 2023) A GNSS-R i 7] i
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SRR PRI RE T o SEES G AL AN Rl AL
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DU 43 511K RS L ECRAR 5, O i FRRE B2 1Y
Wi )57 98 LG AH S AHAH & (Chen %5, 1992), fiif5 36
Z @57 A ] e (Nashashibi 1 Ulab %5, 2007) ,
G%SR%%Mﬁm%%ﬁﬂm%%%Emﬂ%ﬁ
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MY 28 ) AL (GuoE, 2023), T TAEM
% BSR4 FAl (Huang %, 2018; Das, 2019;
Mao 5%, 2019; Meyerm , 2022; Bozdag%F, 2023;
Zhang %, 2024), — BT E IR A 1Y
HEWARST Y

BT B3 R L R 2 —, nT
VA — Tk T8 38 8 LAAIE 5 R 2 1 1 4% Fof K 4y 3
Fetk (Wang 5%, 2020). 5[ 3 ik 1L B 4s
B SARAH I, HURHRA& T KBS, w585
H 43R 90% LA I35 il 75 55 LAk b GNSS-R 1 Fifi AL
L IFARWLIY , 25 (8] 73 B A2y 10—25 km  (Singh
S, 2022) . AN, ZAEERTT A GNSS-R H#
PO LR EPE (Said 45, 2022; Li%%, 2023a).
SRINT, i 1) FBCR W DU 7 e #ELRE FE T S il (Nie A1
Long, 2008; Duan 2 2017; Carreno—Luengo &
2020).
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— LI T 37% WK BEHE Tt . Zhang %5 (2024)
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Wk, LU Sk 4 0 T8 il 2 6 B i 7 12 B oy A =X 4
BB

2 GNSS-R 5T TAER: S

1 2003 4F- 1 8l GNSS-R TLAL UK-DMC. (United
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4, 2005) KAFLIOK, ©A ZM GNSS-R TLETE
iz 4y . 3¢ E S M2 ALK JR NASA - (National
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BJERI ST B3 GNSS-R 45 1kiz T (Mayers
AF, 2023). [N, PEGITRE T — R0 R
GNSS-R AL %5, fndfi Ml —% (BuFeng-1, BF-1)
AB AR (Wan%§, 2022), X =% (FengYun-3,
FY-3) E/F/G 245 800 4 Bk T A T2 48 2 #-
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(Sun %, 2023) 45, Wb, Bl DEBAEED K
&, il an 52 [ Spire 2 F] (Jales 55, 2023) Al
GeoOptics A7) (Chang%F, 2022) A GNSS-R %751
B, DL N 2 38 T2 W) Y GNSS i R PRI A2
JE(EUE S5, 2024) iR KBEARKKRHE %
TM-1) RIIREE (Budf, 2024).
B ASEAC R, H 1978 4R B T 4 2 IR HE AR
%A, B TR A B AL K J5 ESA (European
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Operational satellite) C % B [& & 5 T8 & 9@ i
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2016) , HIE B9 HY-2 & 51 Ku 3% Bt 2 T2 8t it
(Zheng %, 2019), ki T A CFOSCAT (China
French Oceanography Satellite) XX 35 e % ks & 15T
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(Zhao 55, 2021), VAL FY-3E #5 2 AYHEF b
B A 8L 17— K37 0 i 75 35 (Wind Radar,
WindRAD) 4§ (Li%, 2023a).
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b B AR 5 RS DX P A [ R ) 42 35 T 225 8
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2022) . FFH Z-V #i#  (Zavorotny 1 Voronovich,
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2000) FHEAFRIA—BEEF BEE A o, -
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%101 25 %) GNSS-R #2 AL AT GNSS D2, L,
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A AR AN R BT
A — b T A R T o S A2 AR U T
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2017), WA o FIER AR P, Z MR K
X [(PGGo°

b=y ) R W @)
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2% )/ KHz
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(McKague, 2022). 3 @R 1 U0 fre 20
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Fig. 3 The sensitivity of forward—scattered and back—scattered signals at different roughness levels on ocean (Stoffelen et al., 2017;

Huang et al., 2022) and land (Egido, 2013; Zribietal., 2014) surfaces
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*1 IMBEEZ GNSS-RAEHITHIRML A

Table 1 Polarization modes of existing spaceborne GNSS—Rs and scatterometers
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Abstract: This study aims to explore the combined detection capabilities of spaceborne GNSS-R (Global Navigation Satellite System
Reflectometry) and scatterometers for remote sensing applications. Specifically, we focus on the enhancement effect of integrating the two
technologies, which differ in their scattering mechanisms and observation modes, on the accuracy of ocean and land surface parameter
retrieval. Two experiments were conducted in two typical scenarios: ocean surface wind speed and soil moisture retrieval. GNSS-R, which
provides unique forward-scattered signals with high temporal and spatial resolution, and scatterometer, which is an active microwave sensor
that receives backward-scattered signals, were compared individually and in combination. The evaluation was based on their operational
characteristics, particularly their complementary features, including forward versus backward scattering and active versus passive
observation modes. The results show significant improvements when combining the two technologies. In near-real-time applications, the
combination reduced the Root Mean Square Error (RMSE) of sea surface wind speed retrieval by at least 13% compared with single-source
sensors. In large-scale applications, the high-precision benefits of the combination extended to a broader coverage area, which reduced the
RMSE for soil moisture retrieval by at least 6%. This study demonstrates that integrating spaceborne GNSS-R and scatterometer data can
substantially improve the accuracy of remote sensing measurements, specifically in near-real-time and large-scale scenarios. Future research
should further optimize observation geometry, polarization combinations, and band selections to enhance retrieval methods for ocean and
land surface parameters.
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soil moisture, DDM, reflectivity, NRCS
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