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Quantitative staging of alluvial fan geomorphic surfaces in arid areas based on SAR imagery: A case

study of the Shule River alluvial fan in the western desert region of the Hexi Corridor

Abstract: The alluvial fans and river terraces formed by river processes effectively record past tectonic activities, climate
changes, and geomorphic evolution processes. Accurately dividing the alluvial fan into stages is the basis for the
subsequent research. Previous researchers used L-band SAR backscatter coefficient values as a substitute parameter for
geomorphic roughness to achieve quantitative zoning of geomorphic surfaces. However, these studies did not consider the
impact of different time data sources on the geomorphic surface results. This study selects the Shule River alluvial fan as
the research object. It determines the optimal data source by analyzing the posterior statistical indicators of multi-temporal
L-band SAR data and evaluating atmospheric conditions. The maximum likelihood classification method is used to
complete the classification of backscatter intensity values and achieve quantitative staging of the geomorphic surface. The
results indicate that the posterior statistical indicators of staging can be used as the standard for selecting the best temporal
image data to obtain better staging results. L-band HH monopolarization data provides better staging results, demonstrating
advantages in distinguishing landforms of different ages compared to C-band data. Moreover, L-band data is more
accessible and holds potential for automated staging. SAR image quality and staging results are closely related to imaging
atmospheric conditions but show minimal seasonal dependence. Therefore, the study recommends prioritizing images with
low surface water content during imaging, such as in high-evaporation intensity summer seasons. The proposed method for
analyzing remote sensing data quality and staging landforms can be applied to rapidly and quantitatively stage large-scale
alluvial fans in arid regions, providing valuable information for studies on tectonics and climate.

Keywords: SAR; geomorphic surface of the alluvial fan; quantitative staging; backscatter coefficient; roughness; maximum
likelihood classification
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Fig. 1 Tectonic map of the diluvial fan area of Shule River (The geological map is quoted from the public version of the 1:500000 Geological

Map of China at http://www.ngac.org.cn; Fracture distribution is modified after Zelenin et al.,2022)
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Fig. 4 Calculation method of dispersion degree and discrimination degree of normal distribution probability density curve of backscatter

intensity values of various geomorphic surfaces

F1 to F4 correspond to different stages of landforms; AC represents the current riverbed area; x# denotes the mean, o is the standard deviation; S

stands for the overlapping area.
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Fig. 5 Selection of geomorphic surface samples

(a) Sample selection area (Colored polygons represent the sample area range, different colored areas represent samples of different stages of

landforms); (b) Statistical results of the backscatter coefficients corresponding to the blue polygon range
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Fig. 6 PDF (Probability density function) of backscatter coefficient distribution on different stages of geomorphic surface at different time
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F1 to F4 correspond to different stages of landforms; AC represents the current riverbed area
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Table 2 Variance of numerical distribution of backscatter coefficients on different levels of landforms at different time periods

WHIE  2007-7-5  2007-8-20  2007-10-5  2008-5-22  2008-7-7  2008-8-22  2008—10-7  2009-7-10  2009-8-25  2009-10-10
AC 1.5245 1.2200 0.9606 0.9437 0.9969 1.1416 0.9937 1.2543 1.2041 0.8612
Fl1 0.7381 0.8257 0.8918 0.7449 0.7331 0.7746 0.8273 1.2045 0.8015 0.7470
F2 0.7405 0.7454 0.7653 0.6887 0.6971 0.7335 0.7472 0.7573 0.7222 0.7841
F3 0.7502 0.7334 0.8169 0.7905 0.7476 0.8111 0.8169 0.7008 0.7372 0.7205
F4 0.6851 0.7970 0.8042 0.6798 0.6812 0.7482 0.8146 0.6046 0.7129 0.7532
syl 2.9139 3.1015 3.2782 2.9039 2.8590 3.0674 3.206 3.2672 2.9738 3.0048
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Table 3  Overlapping area of numerical distribution of backscatter coefficients on adjacent geomorphic surfaces at different time periods
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Fig. 7 Statistical indicators and atmospheric condition analysis
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For ease of trend comparison, partial data has been shifted and scaled, where variance is multiplied by 10; overlapping area is multiplied by 10

plus 30, and surface soil moisture is increased by 30 kg/m?.
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Table 4 Classification interval obtained by maximum likelihood method
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Fig. 8 Classification of the geomorphic surface of the Shule River alluvial fan

(a) Image acquisition date: October 5, 2007; (b) Image acquisition date: July 7, 2008; (c) C-band RADARSAT (modified after Zhang and Guo, 2013)

F1 to F4 correspond to different stages of landforms; AC represents the current riverbed area
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Fig. 9 The NDVI inversion results of the Shule River alluvial fan area

(a) Inversion results for data acquired on July 28, 2008; (b) Inversion results for data acquired on October 16, 2007
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