Supplementary - Abbreviations
	ALS
	Airborne Laser Scanning

	CHM
	Canopy Height Model

	DBH
	Diameter at Breast Height

	DSM
	Digital Surface Model

	DTM
	Digital Terrain Model

	FWF
	Full-WaveForm 

	LAI
	Leaf Area Index

	MS
	Manual tree Segmentation

	PC
	Principal Component

	VTMR
	Variance-To-Mean-Ratio

	WS
	Watershed Segmentation



The following feature abbreviations are used in this manuscript:
	Astats,obj
	[DN]
	The statistics of amplitude A, e.g. mean A of tree object (Amean,obj).

	Asum,obj
	[DN]
	Sum of all waveform’s amplitude peaks.

	CRlt
	[m/m][%]
	Ratio of crown length and tree height.

	CRlw
	[m/m]
	Ratio of crown length and width.

	CRvol
	[m³]
	Crown volume.

	CRvol,derivatives
	[m³/m][%]
	Crown volume derivatices, e.g. CRvol in relation to crown length (CRvol,l), width (CRvol,w) or to tree height (CRvol,t).

	ER3D/2D
	
	Echo ratio. The number of points in 3D in a fixed search distance is related to the number of points in 2D found in the same distance in 2D.

	ERsingle/multiple,obj
	
	Ratio of the number of single echoes to the number of multiple echoes.

	EWstats,obj
	[ns]
	The statistics of echo-width, e.g. mean EW of tree object (EWmean,obj).

	FS
	[°]
	Front slope angle from waveform beginning to first peak.

	Hm,energy
	[m][%]
	Height, at which a specific amount of energy is reached, e.g. 50% of the returned energy.

	Hmin
	[m][%]
	Height threshold as the minimum height.

	HTi
	
	Haralick’s texture features calculated from 3D grey level co-occurrence matrix based on number of points per voxel in different directions in the 3D space.

	Istats,obj
	[DN]
	The statistics of intensity, e.g. mean I of tree object (Imean,obj).

	Pdens,bin,norm
	[%]
	The number of echoes normalized by the total number of echoes of the tree object at given height layer.

	Pdens,L-func
	
	The L-function features of echo number.

	Pdens,L-func_Npeak
	
	Number of echoes, that are determined by the number of local minimums per height layer of a L-function.

	Pgrid,VTMR
	
	Variance-to-mean-ratio of number of echoes of gridded height layer.

	PSa, PSb
	
	Function parameter of the parabolic surface fitted to the tree crown.

	PSheight
	[m][%]
	Vertical length of the parabolic surface fitted to the tree crown.

	PSradius
	[m]
	Radius of the parabolic surface fitted to the tree crown.

	PTIN,Edge
	[m]
	Variance of edge lengths from Delaunay triangulated points per height layer and their frequency distribution.

	RWE
	[DN]
	Total returned waveform energy.

	TNo
	
	Total number of echoes.

	TNoobj,Hmin
	
	Number of points above a defined height threshold.

	TNorast,stats,filter
	
	The number of echoes within defined height layer calculated raster-based. For example TNorast,mean,single as the average of the number of single echoes of all raster cells at a defined height.

	TNovoxel,column
	
	The number of echoes per voxel is related to the number of echoes of all subjacent voxels.

	TNowave,stats
	
	The statistics of the number of echoes of all waveforms.

	VA
	
	Vertical profile of amplitude values.

	VEW
	
	Vertical profile of echo-width values.

	VH
	
	Vertical profile of number of echoes.

	Vσ
	
	Vertical profile of backscatter cross-section values.

	V*,derivative
	
	Derivative of the vertical profile of a feature, e.g. skewness of VEW (VEW,skewness).

	Zobj,ellip
	[m]
	Vertical length of ellipsoid fitted to tree crown.

	ΔDtrunk- dist,horiz
	[m]
	The mean horizontal distance of an echo to the previously detected tree trunk.

	ΔRij
	[m]
	Distance between two waveform echoes i and j calculated by difference in range, e.g. the distance between the first and the last echo in meter (ΔR1st/last).

	ΔTij
	[ns]
	Distance between two waveform echoes i and j calculated by time difference, e.g. the distance between the first and the last echo in nanoseconds (ΔT1st/last). 

	ΔWRij
	[m][ns]
	[bookmark: _GoBack]Distance measure of a waveform, e.g. the distance between waveform centroid and ground (ΔWRcentroid,ground), waveform beginning to ground (ΔWRbeginning,ground) and beginning and first peak (ΔWRbeginning,1stpeak).

	γstats,obj
	[m²/m²]
	The statistics of backscatter coefficient, e.g. mean γ of tree object

	σstats,obj
	[m²]
	The statistics of backscatter cross-section, e.g. mean σ of tree object.



