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1. [bookmark: _Toc194068467]General procedures of LSPIV, EC, LSPTV, and SDI
This section introduces the concepts and general data process procedures of the image velocity algorithms used in this study: the traditional LSPIV, Ensemble Correlation (EC), LSPTV, and Seeding Density Index (SDI).
[bookmark: _Toc194068468]1.1 Traditional LSPIV
Before performing traditional LSPIV analysis on a flow recording, all  frames (is the total number of frames) are grouped into  continuous frame pairs. For each frame pair, at a specific region (whose size is determined by the Interrogation Area (IA)), traditional LSPIV first calculates the instantaneous correlation matrix, , (“” and “” describe the location of the investigation site,  is the first frame pair) by performing cross-correlation analysis in neighboring regions (i.e. search area (SA)). Then, the instantaneous Eulerian velocity vector  is determined by searching the peak value from the instantaneous correlation matrix. This process is repeated for all frame pairs to derive a time series of instantaneous Eulerian velocity vectors , , , … , at that region. The final velocity vector () at that region is determined by averaging all instantaneous Eulerian velocity vectors. This process is repeated for all regions across the frame to generate a complete spatially-distributed velocity map (see Figure 1 in the main manuscript). More details of traditional LSPIV algorithms can be found in Raffel et al. (2018).
[bookmark: _Toc194068469]1.2 EC
Different from traditional LSPIV, at a specific region, EC uses the time series of instantaneous correlation matrices , ,, …,  at a specific velocity site to calculate an ensemble correlation matrix, =. The final velocity vector at that site is determined from the peak of the ensemble correlation matrix, . This process, named as “ensemble correlation analysis”, is repeated for all regions across the frame to generate a velocity map (see Figure 1 in the main manuscript). By operating on instantaneous correlation matrices rather than instantaneous velocity vectors, EC “dilutes” the random, erroneous peak correlation values (from background errors and outliers) and “concentrates” the consistent, valid peak correlation values (from tracers). A detailed description of EC can be found in Meinhart et al. (2000).   
[bookmark: _Toc194068470]1.3 LSPTV
Unlike LSPIV or EC, which is an Eulerian approach, LSPTV tracks the particle locations at different times in a Lagrangian manner. First, a Gaussian mask is used to detect and mark the locations of surface tracers in all frames with the help of three user-defined filtering parameters: correlation threshold, particle size, and intensity threshold. Different from traditional LSPIV, only one correlation search pass is available in LSPTV. Unlike LSPIV or EC, where correlation analysis is carried out on certain windows, correlation analysis in LSPTV is carried out around particles or tracers: the correlation between the IA centered at a specific tracer, , in one frame and the SAs centered at neighbouring tracers in the next frame is analyzed to determine the locations of tracer  in consecutive frames, from which the instantaneous Lagrangian velocity vectors for that specific tracer, , ,, …,  are calculated (see Figure 1 in the main manuscript). This process is repeated for all tracers across all frame pairs. All instantaneous Lagrangian velocity vectors for all tracers were then converted to a velocity map through the following function:
	
	(1)


where  is the Eulerian velocity at location ,  is the total number of tracers that have passed by the location . This process may involve a large amount of spatial interpolation due to the unstructured nature of LSPTV (i.e., Lagrangian velocity vectors do not align with a grid system). A detailed description of LSPTV can be found in Brevis et al. (2011). 
[bookmark: _Toc194068471]1.4 SDI
Different from other algorithms focusing on velocity recognition and post-processing, the Seeding Density Index (SDI), introduced by (Pizarro et al., 2020b), aims at image pre-processing by selecting the most informative sequence of frames from the video. SDI is defined as:
	
	(2)


where , , and  are the empirical spatial clustering level of tracers [-], the seeding density [particles per pixel (ppp)], and the converging seeding density at the Poisson case () [ppp], respectively. D* is computed as
	
	(3)


where  and  are the spatial variance and mean value of the number of tracers in the Area of Interest (AOI), respectively. was estimated as  ppp in Pizarro et al. (2020b). Once the optimal frame window is determined by SDI, image velocity algorithms such as LSPIV and LSPTV are used to calculate the velocity vectors from the selected frame window in the selected AOI.










2. [bookmark: _Toc194068472]Reference points and velocity measurements in the physical model
[image: E:\__PhD Thesis\My_papers\_03_TiFA_algorithm\Figures\Figure_S1.png]
Figure S1. Coordinates of reference points in the physical model case.
[image: E:\__PhD Thesis\My_papers\_03_TiFA_algorithm\Figures\Figure_S2.png]
Figure S2. Coordinates of velocity measurement locations in the physical model case.
3. [bookmark: _Toc194068473]Parameters setups for the SDI analysis
Table S1. 
Summary of the user-defined parameters for the SDI analysis in three test cases.
	Test case
	AOI#1 [px]
	Bin
Threshold#2 
	Block
Size R#3
	MinValue
AreaTracers#4
	MinNum
Frames#5
	Threshold
SameFW#6

	Physical
 model
	[2,199,5292,1848]
	0.7
	60
	0
	100
	10

	Bradano 
River
	[405, 50, 830, 1000]
	0.7
	10
	0
	10
	10

	Arrow 
River
	[0,0,464,505]
	0.7
	60
	0
	10
	10


#1Area of Interest. Format: [x-coordinate of the lower left corner, y-coordinate of the lower left corner, width, height].
#2Threshold for binarisation purposes. Values between 0 and 1.
#3Block size for seeding clustering analysis
#4Minimum value for tracers area (Possible filter).
#5Minimum number of frames to consider for an optimal Frame Window
#6Maximum difference in terms of number of frames for similar Frame Windows
4. [bookmark: _Toc194068474]Velocity maps generated by different algorithm in two field cases
[bookmark: _Toc194068475]4.1. Bradano River case
[image: E:\__PhD Thesis\My_papers\_03_TiFA_algorithm\Figures\Figure_S3.jpg]
Figure S3. Velocity maps of five image velocimetry algorithms in the Bradano River case. (a) background map; (b) Traditional LSPIV; (c) TiFA; (d) EC; (e) LSPTV; (f) SDI. White arrows mark the flow direction.
[bookmark: _Toc194068476]4.2. Arrow River case
[image: E:\__PhD Thesis\My_papers\_03_TiFA_algorithm\Figures\Figure_S2.jpg]
Figure S4. Velocity maps of five image velocimetry algorithms in the Arrow River case. (a) background map; (b) Traditional LSPIV; (c) TiFA; (d) EC; (e) LSPTV; (f) SDI. The white arrow marks the flow direction
[bookmark: _Toc194068477]4. Empirical formula data source
[image: D:\_research\__PhD Thesis\My_papers\_03_TiFA_algorithm\Figures\Figure_S3\Figure_S3.jpg]
Figure S5. Empirical formula derived from the three test cases in this study. (a) The linear relationship between noise threshold,  and average surface velocity ; (b) The linear relationship between count threshold,  and average surface tracer density, .
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