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F1 ERBWMANSEH
Table 1 CNES Hydrology toolbox parameter settings

ZH A ic1
Swath width 120000
NR cross track 10000
) Sensor wavelength 0.0084
B SHE
Range sampling 0.75
Number of pixels in range 3117
Orbit jitter 0
LAND_EDGE 2
WATER_EDGE 3
TIREREE
INTERIOR_WATER 4
DARK_WATER 24
Dark water percentage 5
I IR O L 18] Dark water detected percentage 90
Dark water detected noise factor 4
Tropo error stdv 0.03
X3 S A5 TR Tropo error mean 0.01
Tropo error correlation 5000
. N Height bias std 0
RESH
Noise multiplier factor 0.5
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Fig. 5 Simulated water height time series of four lakes from SWOT and other altimeters
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Analysis of the potential of SWOT mission to estimate lake water storage
using simulated data: A case study in the Qinghai—Tibet Plateau
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Abstract: Lakes, known as “sentinels” of global climate change, are key contributors to the worldwide water cycle. Accurately estimating

lake water storage and its fluctuations is crucial to forecasting global climate change. The Surface Water and Ocean Topography (SWOT)
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mission, launched in December 2022, offers comprehensive observations of the world’ s lakes, providing a major advancement in our
understanding of lakes on a global scale. To utilize SWOT data in the future, this study conducts simulations and evaluates the application
potential in lake storage estimation of SWOT mission. We generate SWOT lake data, estimate the simulated water storage of four lakes
located on the Qinghai-Tibet Plateau, analyze the errors of lake water storage derived from SWOT simulation data, and suggest necessary
considerations for future use of SWOT mission in estimating lake water storage. By addressing these issues, we hope to offer valuable
insights for more accurate utilization of SWOT data in estimating lake water storage in the future.

In this experiment, we employed the CNES SWOT hydrology toolbox to generate simulated data of lakes. The toolbox contains three
primary components: large-scale simulator, RiverObs, and LOCNES. The tool computes the lake extent data intersected by the SWOT wide
swath. Subsequently, the tool generates point cloud data within the overlapping area. Each point cloud dataset contains detailed information,
including the water surface height. Next, the RiverObs tool was employed to create SWOT river data in shapefile format. Finally, the
LOCNES tool was used to generate lake data from the data not categorized as part of the river system.

The National Tibetan Plateau Scientific Data Center (TPDC) provides bathymetry point data for four lakes. This study uses Topo to
Raster in ArcGIS to generate the lake bathymetry. In addition, this study uses the global lake bathymetry GloBathy. We used the true
maximum depth data of four lakes provided by the TPDC to regenerate modified GloBathy data. In summary, this experiment obtained three
sets of lake bathymetry data of four lakes, including true bathymetry (tru), initial GloBathy (ori), and modified GloBathy (mod).

Last, this study used the SWOT-simulated data to estimate the lake water storage. We analyzed the effect of errors in SWOT mission on
lake storage estimation. In the SWOT PIXC data, the errors of majority of water surface elevation measurements are less than 1 m. After
averaging at the scale of the lakes, the errors were mostly within 0.02 m. The error of the water surface height measured by most SWOT
point clouds was less than 1 m. The correlation coefficient between the simulated water surface height sequence of the SWOT mission and
the real sequence exceeded 0.9, indicating that the SWOT mission can well reflect the seasonal changes in the lake water surface height. The
relative error in estimating lake area from SWOT observations was less than 10% due to the dark water effect. In this study, SWOT-
simulated data were used to estimate lake water storage using three types of lake bathymetry. It showed that the errors in water surface
elevation had a relatively small effect on the accuracy of lake water volume estimation, while the errors in estimating the lake topography
had a more considerable effect on the accuracy of lake water volume estimation.

The research indicates that the SWOT mission has remarkable prospects for lake water volume estimation. Obtaining higher-precision
prior data on lake depths is critical for improving accuracy in lake water storage estimation in the future. In the future, we can combine
SWOT mission data with other hydrological satellite data and surface measurement data to obtain more accurate water storage changes in
surface water.

Key words: Tibetan Plateau, Surface Water and Ocean Topography (SWOT), CNES hydrology simulator, lake area, lake water storage,
lake bathymetry
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