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Table 3 Error statistics of ICESat-2 elevation data pre— and post—accuracy enhancement in Study Area 1
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Table 4 Error statistics of strong and weak beams pre— and post—accuracy enhancement
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Fig. 6 Radar chart of elevation accuracy for different land cover types and beam types after accuracy enhancement
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Table 5 Daytime and nighttime elevation error statistics pre— and post—accuracy enhancement
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Fig.7 Radar chart of elevation accuracy for different land cover types and acquisition times after accuracy enhancement

(No nighttime data were collected for other land cover types because of the limited sample size )
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Table 6 Seasonal error statistics of ICESat—2 elevation data after accuracy enhancement
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Fig. 8 Radar chart of elevation accuracy for different land cover types and seasons after accuracy enhancement

(No autumn data were collected for other land cover types because of the limited sample size )
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Table 7 Error statistics of ICESat-2 elevation data across slope bands after accuracy enhancement
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Table 8 Error statistics of ICESat-2 elevation data across terrain roughness bands after accuracy enhancement
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Table 9 Error statistics of ICESat—2 elevation data across FVC bands after accuracy enhancement
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areas based on multiple factors
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Abstract: ICESat-2 satellite laser altimetry data have the advantages of high accuracy, high temporal resolution, and low cost, making them

a valuable data source for urban 3D modeling. However, systematic accuracy assessments of these data in urban environments remain limited.
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This study designed and implemented a methodology to improve the accuracy of ICESat-2 altimetry data using airborne LiDAR data
and to evaluate the performance of the corrected data. On the basis of the ATL03 and ATLO8 products, a complete urban spaceborne
altimetry dataset was first generated for the study area. Elevation outliers were removed, and quality screening was conducted on the basis of
multiple attributes of the original ICESat-2 data. Subsequently, airborne LiDAR point clouds from one part of the study area were used to
perform horizontal and vertical geolocation offset correction on the spaceborne altimetry data. The accuracy of the corrected ICESat-2 data
was then evaluated in another part of the study area. Finally, data accuracy was analyzed in consideration of multiple factors, including
urban land cover types, strong and weak beams, acquisition time, acquisition season, terrain slope, and fractional vegetation cover. Result
Results showed that the original ICESat-2 altimetry data in the study area exhibited a slight underestimation (ME=-0.10 m), with MAE,
RMSE, and LE90 of 0.67, 1.57, and 1.46 m, respectively. Specifically, spaceborne laser data over construction land and other land cover
categories demonstrated relatively low accuracy, whereas data over transportation areas, building ancillary land, and agricultural and forestry
land exhibited higher accuracy. After correction, the systematic bias and long-tail errors of the ICESat-2 altimetry data were effectively
reduced, and the overall accuracy was significantly improved (MAE=0.48 m, RMSE=1.11 m). In particular, the accuracy of data acquired by
weak beams and during daytime was enhanced significantly. Data acquired in spring and winter, over low-slope terrain and areas with high
vegetation coverage, exhibited higher accuracy.

This study demonstrates that local high-accuracy airborne LiDAR data can be used to correct ICESat-2 altimetry data and effectively
improve their accuracy in adjacent regions. The usability of daytime and weak-beam ICESat-2 data is enhanced, and the number of high-
quality photons increases accordingly. This work can support urban 3D modeling and information fusion using ICESAT-2 data.

Key words: ICESat-2, spaceborne LiDAR altimetry, data correction, accuracy assessment, multiple factors, urban three-dimensional
modeling
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