
Supplementary Materials 
A. Dataset and model
The full dataset used to train the PSO-BP and BP models, consisting of surface parameters and corresponding 
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And the trained PSO-BP model can be accessed online in the author’s GitHub repository at https://github.com/mhr930608/PSO-BP-for-Surface-Roughness.git.

B. Mathematical expressions for surface parameters
	Root-mean-square height 
	
	

	Effective slope
	
	

	Frontal solidity
	
	

	Roughness density parameter
	
	

	Plan solidity

	
	

	Skewness
	
	

	Kurtosis
	
	



where  represents the surface height,  denotes the wall-projected surface area, and  refers to the streamwise direction. Additionally,  is the projected frontal area of the roughness elements,  describes the total plan area of the domain,  is the total windward wetted surface area, and  is the roughness elements plan area. Furthermore, solid volume fraction  can be interpreted as a volume-based generalization of plan solidity.
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