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Research on remote sensing monitoring method of water surface area in upper reaches
of Jinsha River using multi-source data synergy
GAN Yu'?, CAO Yin"?, ZHAO Hongli'*, ZHANG Huaiwen"?, ZHAO Huiz"*, HUA Wenjing" >’
(1. Department of Water Resources, China Institute of Water Resources and Hydropower Research, Beijing 100038, China;
2. Key Laboratory of River Basin Digital Twinning of Ministry of Water Resources, Beijing 100038, China;
3. Faculty of Geomatics, Lanzhou Jiaotong University, Lanzhou 730070, China)

Abstract; [ Objective | Multi-source data synergistic remote sensing is a crucial pathway for enhancing the monitoring frequency of
river water bodies. However, the accuracy of river water body monitoring varies among satellites with different spatial resolutions,
leading to uncertainties in the time-series analysis of river water bodies derived from multi-source satellite synergy. A quantitative
evaluation of the accuracy differences in water surface area monitoring for river sections by satellites with different spatial
resolutions, and the development of a correction model for multi-source satellite-based water surface area monitoring, hold
significant importance for achieving high-precision, long-term, and high-frequency satellite synergistic monitoring of river water
bodies. [ Methods | Three river sections of the upper reaches of the Jinsha River with different channel patterns—Benzilan
('straight, channel count index = 1), Shigu (anabranched, channel count index = 1~2) , and Zhengkexiang ( braided, channel
count index = 2~ 6)—were selected as the study areas. Data acquired from the MS600 unmanned aerial vehicle (UAV) ,
Landsat series satellites, Sentinel-1/2 satellites, GF-1/2/6 satellites, and HJ-2A/2B satellites were utilized as the main data
sources. Spatiotemporally matched sample pairs of river water surface area were established by pairing high-spatial-resolution data
with medium-to-high-spatial-resolution satellite data for the three river sections. The accuracy of water surface area monitoring
using multi-source medium-to-high-resolution satellites for different river sections was validated, and correction models were
constructed. Additionally, the monitoring accuracy of different satellites along with the model’ s correction effectiveness were
quantitatively evaluated. The factors influencing the accuracy of multi-source satellite monitoring for river sections, the
applicability of correction models, and the advantages of multi-source collaborative monitoring were explored. [ Results ] The
result showed that the RMSE of multi-source satellite-monitored water surface area for the Zhengkexiang, Shigu, and Benzilan
river sections ranged from 0. 180 9 km* to 0.706 8 km®, 0.040 8 km* to 0.096 3 km’, and 0.015 8 km® to 0.041 4 km’,
respectively. After model correction, the average MAPE of Landsat-8/9 OLI, Sentinel-2 MSI, Sentinel-1 SAR, and the 16-meter
domestic satellites across the three river sections reduced from 14. 16%, 7.26%, 20.06%, and 9.37% to 10.30%, 5.33%,
7.59%, and 7.32% , respectively. The standard deviation of the differences between the water surface area monitored by multi-
source satellite synergy and the reference values decreased from 0. 221 8 km*, 0.037 4 km”, and 0. 019 1 km* to 0. 159 1 km?,
0.023 4 km*, and 0.012 8 km®. The effective monitoring frequency increased from an average of 12 times per year to 260 times
per year. Furthermore, the relationships between river water body monitoring accuracy and factors such as satellite spatial
resolution, satellite sensor type, and channel morphology were analyzed. [ Conclusion ] The result demonstrate significant
differences in the accuracy of water body monitoring for different morphologies of river sections using satellites of different spatial
resolutions. Satellite spatial resolution, satellite sensor type, and the complexity of river section morphology are identified as
important factors influencing the accuracy of river water surface area monitoring. The correction model for multi-source satellite
remote sensing of water surface area can improve both the accuracy and consistency of water surface area monitoring for river
sections from satellites with different spatial resolutions. Multi-source satellite synergistic monitoring can significantly enhance the
monitoring frequency of river section water bodies. The research findings have potential for broader application in aspects such as
the long-term reconstruction of river water surface area, water level and discharge monitoring, and hydrological model calibration.
Keywords : multi-source data synergy; remote sensing monitoring of river water bodies ; upper reaches of Jinsha River; accuracy

verification; correction model; applicability; synergistic advantage; influencing factors
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ok AT AR S RN R
Table 2 Accuracy evaluation of water surface area monitoring
for GF-1/B/C/D PMS at 2 m resolution in Zhengkexiang,
Shigu, and Benzilan river sections

woOB | BEE/km® | WA km? | 4aXFiR 2% /km? | HHXTERZE/ %
ER S 0.371 0. 381 0.01 2.70
Yol 1. 000 1. 006 0. 006 0. 60
FEFAE 1.529 1.531 0. 002 0.13

GF-6 WFV | HJ-2A/2B CCD a0 3 ffs, nlLLA
H, HHENIBE GF-1/6 WFV F1 HJ-2A/2B CCD Wil 7k
AR MAPE 25575 2% LAY, UERHXS [R]— X Ok, 25 [H]
ST HERARIE Y TR WS RE AR —3, BRIAH 50k
16 m GF-1/6 WFV/HJ-2A/2B CCD & 34341, T X%
FRM “16 m = TR,

*3 ERS, AH., FFHEAK GF-1/6 WFV/HJ-2A/2B

CCD K E#R il MAPE
Table 3 MAPE of water surface area monitoring using
GF-1/6 WFV and HJ-2A/2B CCD in Zhengkexiang, Shigu,

and Benzilan river sections

B GF-1 WFV/% | GF-6 WFV/% | HJ-2A/2B CCD/%
EES 14. 54 13.10 13.94
AU 5.87 4.02 4.06
PR 9.13 9.76 8.77

ER S AEL #F T A B Landsat-8/9 OLI,
GF-1/6 WFV/HJ-2A/2B  CCD. Sentinel-1 SAR.
Sentinel-2 MSI W Ml 7K 4 T BEURS B D40 4n 3% 4 fT 1,
R, AR R RO VR W I %) 254 =) B Ay M
DR B R BRI R e . Ak, IERM S el
AT BEAR TR A4 2% 12 S50 5 A A K 1 A 5 IR AR vk
A Sentinel-2, 16 m Ef= & | Landsat-8/9 . Sentinel-1,

ERS | A8, #FF R BE Landsat-8/9 OLI,
GF-1/6 WFV/HJ-2A/2B  CCD. Sentinel-1 SAR,
Sentinel-2 MSI Wi I 7K [ FLHL &3 B An 18] 4 ffro, W] LA
Fih, WG DRBIRES PR, BUSa T
BN 1 s 1ERIREL, ¥R IR 22 54Xt E 4y
TRZEAREA WA

x4 ERSZ, AR, FTETRASEYRRERENREERIER

Table 4  Accuracy verification of remote sensing monitoring of different data sources in Zhengkexiang, Shigu, and Benzilan river sections

) & Landsat 16 m Ey= L& Sentinel-2 Sentinel-1
i

- RMSE/km? MAPE/ % RMSE/km* MAPE/ % RMSE/km* MAPE/ % RMSE/km* MAPE/ %
ERS 0.388 8 31.59 0.279 9 13.96 0.1809 10.79 0.706 8 37.78
fooBk 0.054 3 6.00 0.049 3 4.98 0.040 8 4.28 0. 096 3 10. 50
T 0.021 0 4.89 0.035 8 9.27 0.026 5 6.71 0.041 4 11.90
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Table 5 Correction models of water surface area monitored by

different satellite data sources in Zhengkexiang river section

I A2 AR 1B IE AR Y
Landsat 11 y=0.91x-0.08, R*=0.79
16m [E = T 35 y=0.87x+0.21, R*=0.90
Sentinel-2 27 y=1.08x-0. 10, R*=0.96
Sentinel-1 16 y=2.02x-0.22, R*=0.87

#6 ATRARIZHFFELENKERIEERE
Table 6 Correction models of water surface area monitored by

different satellite data sources in Shigu river section

T A AR 1B AR Y
Landsat 18 y=0.764x+0.226, R*=0.97
16m E = LR 84 y=0.76x+0.22, R*=0.81
Sentinel-2 17 y=0.77x+0.21, R*=0.96
Sentinel-1 38 y=0.85x+0.20, R*=0.83

R7 FFEAERARIEHERENKEREERR
Table 7 Correction models of water surface area monitored by

different satellite data sources in Benzilan river section

NERY::) FEAEL B IEAL R
Landsat 13 y=0.90x+0. 03, R*=0.80
16m [H7= T 73 y=0.75x+0. 10, R*=0.61
Sentinel-2 28 y=0.80x+0. 08, R*=0.87
Sentinel-1 14 y=0.37x+0.19, R*=0.61

K5 2K 7 JBRT 3 A B IR T R LA
BIRRBIERCOR, 784598 1~2 m B9 GF-1/2/6 PMS £
BBIES, MAPE 5 RMSE #8 % # &A%, H, TR
% A8 FFTRIAEE Landsat 7K AP 46 % 7
iR 22 2 B TE Bl H 31.59% . 6.00% ., 4. 89%
WA ZE 24.22% . 1.93% . 4.75%, ITHRiREIEE
HEIEH 0.388 8 km® . 0.054 3 km®, 0.021 0 km® F#(I%
£ 0.3056 km*, 0.0197 km*, 0.0205 km2; Sentinel-
2 7K TH R X 4 X E g iR 25 A B IE W
10.79% . 4.28% . 6.71% [% ik £ 9.78% . 1.98%
4.24% , ¥ )7 iR 22 ¥ L8 1E H 0. 180 9 km® |
0.040 8 km*, 0.015 8 km® & fik & 0.171 6 km’,
0.019 6 km*, 0.014 4 km*; Sentinel-1 7K [ FR A3 4
XTHE G iR 2 M H A& B EH 37.78%, 10.50%
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Fig. 5 Scatter plots of correction effects of different data sources in Zhengkexiang
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Fig. 6  Scatter plots of correction effects of different data sources in Shigu
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reaches of Jinsha River (1984—2024)
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