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1. Model Equations 
 
Table S1. Predefined velocity models used in continuum framework. 

 Model Equations  

Time-varying 
velocity 

𝑣 > 0,  𝑐 = (𝑐 − 2𝑐 + 𝑐 ) − 𝑣 𝑐 − 𝑣 𝑐 + (𝜇 Δ𝑡 + 1)𝑐      19

𝑣 < 0,   𝑐 = (𝑐 − 2𝑐 + 𝑐 ) − (𝑣 𝑐 − 𝑣 𝑐 ) + (𝜇 Δ𝑡 + 1)𝑐      20𝑣 (𝑡) = 𝐴 ,  𝑐𝑜𝑠 ,  𝑡 + 𝜙              22

Belov & Giles 
[4] 

𝑣 > 0,  𝑐 = (𝑐 − 2𝑐 + 𝑐 ) − 𝑣 𝑐 − 𝑣 𝑐 + (𝜇 Δ𝑡 + 1)𝑐     19𝑣 < 0,   𝑐 = (𝑐 − 2𝑐 + 𝑐 ) − (𝑣 𝑐 − 𝑣 𝑐 ) + (𝜇 Δ𝑡 + 1)𝑐      20

𝑣 (𝑡, 𝑧) = 𝐴 ,  𝑐𝑜𝑠 ,  𝑡 + 𝜙 𝑒 ( ),       𝐼 > 0𝐴 ,  𝑐𝑜𝑠 ,  𝑡 + 𝜙 ,                       𝐼 ≤ 0               23

 
Table S2. Predefined velocity models used in particle-tracking framework. 

Model Equations 

Time-varying velocity 
𝑧 = 𝑧 + 𝑣 Δ𝑡 + 𝑅 6𝐷 Δ𝑡                           21

𝑣 (𝑡) = 𝐴 ,  𝑐𝑜𝑠 ,  𝑡 + 𝜙                          22

Belov & Giles [4] 

𝑧 = 𝑧 + 𝑣 Δ𝑡 + 𝑅 6𝐷 Δ𝑡                           21

𝑣 (𝑡, 𝑧) = 𝐴 ,  𝑐𝑜𝑠 ,  𝑡 + 𝜙 𝑒 ( ),       𝐼 > 0𝐴 ,  𝑐𝑜𝑠 ,  𝑡 + 𝜙 ,                       𝐼 ≤ 0     23

 
Table S3. Converted parameter values from Visser et al. [13] using conversion factor of 2 𝜇𝑚𝑜𝑙 𝑝ℎ𝑜𝑡𝑜𝑛 𝑠 /𝑊𝑎𝑡𝑡 [48]. 

Parameter  𝐼 ,  𝑊 𝑚  
𝑐 ,  𝑠  𝑚  

𝑐 ,  𝑘𝑔 𝑚 𝑠  
𝑓 ,  𝑠  

𝑓 , 𝑘𝑔 𝑚  𝑠  
Converted Value  5.45 5.333𝑥10  −2.75𝑥10  −1.587𝑥10 0.0164 
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Table S4. Dynamic velocity models used in continuum framework. 
 

Model Equations  

Growth kinetics 

𝑣 =                                                               2𝜇 = 𝜇 , 𝐹(𝐼) − 𝜇 − 𝜇 − 𝜇          25𝜌 = 𝜌 𝜇 Δ𝑡 + 𝜌                   28𝑐 = (𝑐 − 2𝑐 + 𝑐 ) − 𝑣 𝑐 − 𝑣 𝑐 − 𝑣 𝑐 + (𝜇 Δ𝑡 + 1)𝑐       29𝑣 = 𝑣 ,   𝑣 < 0 0,         𝑣 ≥ 0                 30

𝑣 = 𝑣 ,   𝑣 > 0 0,         𝑣 ≤ 0           31𝐹(𝐼) = 𝑒 − 𝑒         32𝛾 = ( ) 𝑒 ( )            33𝛾 = ( ) 𝑒 ( )           34

Growth kinetics  
with time decay 

𝑣 =                                                               2𝜇 = 𝜇 , 𝐹(𝐼) − 𝜇 − 𝜇 − 𝜇          25𝜌 = 𝜌 𝜇 Δ𝑡 + 𝜌                   28𝑐 = (𝑐 − 2𝑐 + 𝑐 ) − 𝑣 𝑐 − 𝑣 𝑐 − 𝑣 𝑐 + (𝜇 Δ𝑡 + 1)𝑐       29𝑣 = 𝑣 ,   𝑣 < 0 0,         𝑣 ≥ 0                 30

𝑣 = 𝑣 ,   𝑣 > 0 0,         𝑣 ≤ 0           31𝐹(𝐼) = 𝑒 − 𝑒         32𝛾 = ( ) 𝑒 ( )            33𝛾 = ( ) 𝑒 ( )           34𝜌 = ∑ ∑          35𝑊 = 𝑒 ( )                       36

Visser et al. [13] 

𝑣 =                                                               2𝑐 = (𝑐 − 2𝑐 + 𝑐 ) − 𝑣 𝑐 − 𝑣 𝑐 − 𝑣 𝑐 + (𝜇 Δ𝑡 + 1)𝑐       29𝑣 = 𝑣 ,   𝑣 < 0 0,         𝑣 ≥ 0                 30𝑣 = 𝑣 ,   𝑣 > 0 0,         𝑣 ≤ 0           31𝜌 = 𝑐 𝐼𝑒 / + 𝑐 Δ𝑡 + 𝜌                            37𝜌 = 𝑓 𝜌 + 𝜌 ∗ + 𝑓 Δ𝑡 + 𝜌                                              38𝐼 = ( ) (𝑒 − 𝑒 )                           39
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Light function 

𝑣 =                                                               2𝑐 = (𝑐 − 2𝑐 + 𝑐 ) − 𝑣 𝑐 − 𝑣 𝑐 − 𝑣 𝑐 + (𝜇 Δ𝑡 + 1)𝑐       29𝑣 = 𝑣 ,   𝑣 < 0 0,         𝑣 ≥ 0                 30

𝑣 = 𝑣 ,   𝑣 > 0 0,         𝑣 ≤ 0           31𝐹(𝐼) = 𝑒 − 𝑒         32𝛾 = ( ) 𝑒 ( )            33𝛾 = ( ) 𝑒 ( )           34𝜌 = (𝑐 𝐹(𝐼 ) − 𝑐 )Δ𝑡 + 𝜌                     42

Light function  
with time decay 

𝑣 =                                                               2𝑐 = (𝑐 − 2𝑐 + 𝑐 ) − 𝑣 𝑐 − 𝑣 𝑐 − 𝑣 𝑐 + (𝜇 Δ𝑡 + 1)𝑐       29𝑣 = 𝑣 ,   𝑣 < 0 0,         𝑣 ≥ 0                 30

𝑣 = 𝑣 ,   𝑣 > 0 0,         𝑣 ≤ 0           31𝐹(𝐼) = 𝑒 − 𝑒         32𝛾 = ( ) 𝑒 ( )            33𝛾 = ( ) 𝑒 ( )           34𝜌 = ∑ ∑                     35𝑊 = 𝑒 ( )                        36𝜌 = (𝑐 𝐹(𝐼 ) − 𝑐 )Δ𝑡 + 𝜌                                42
 
 
Table S5. Dynamic velocity models used in particle-tracking framework. 

Model Equations  

Growth kinetics 

𝑣 =                                                               2𝑧 = 𝑧 + 𝑣 Δ𝑡 + 𝑅 6𝐷 Δ𝑡     21𝜇 = 𝜇 , 𝐹(𝐼) − 𝜇 − 𝜇 − 𝜇    25𝐹(𝐼) = 𝑒                 26𝐼(𝑧) = (1 − 𝛽)𝐼 𝑒            27𝜌 = 𝜌 𝜇 𝛥𝑡 + 𝜌      28

Visser et al. [13] 

𝑣 =                                                               2𝑧 = 𝑧 + 𝑣 Δ𝑡 + 𝑅 6𝐷 Δ𝑡     21𝐼(𝑧) = (1 − 𝛽)𝐼 𝑒            27𝜌 = 𝑐 𝐼𝑒 / + 𝑐 Δ𝑡 + 𝜌    37𝜌 = 𝑓 𝜌 + 𝜌∗ + 𝑓 Δ𝑡 + 𝜌     38
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Light function 

𝑣 =                                                               2𝑧 = 𝑧 + 𝑣 Δ𝑡 + 𝑅 6𝐷 Δ𝑡     21𝐹(𝐼) = 𝑒                 26𝜌 = (𝑐 𝐹(𝐼 ) − 𝑐 )Δ𝑡 + 𝜌               42
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2. Model Result Plots 

 
Figure S1. Time series of observed and predicted mean residence depth of chlorophyll a concentration in Shennong Stream enclosure 
site using predefined velocity models (continuum). 

 
Figure S2. Time series of observed and predicted mean residence depth of chlorophyll a concentration in Shennong Stream enclosure 
site using dynamic velocity models (continuum). 
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Figure S3. Time series of observed and predicted chlorophyll a concentration in Shennong Stream enclosure site using predefined 
velocity models (continuum). 
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Figure S4. Time series of observed and predicted chlorophyll a concentration in Shennong Stream enclosure site using dynamic 
velocity models (continuum). 

 
Figure S5. Time series of observed and predicted mean residence depth of chlorophyll a concentration in Shennong Stream enclosure 
site using predefined velocity models (particle-tracking). 

m
ea

n 
re

si
de

nc
e 

de
pt

h,
 m



Water 2022, 14, 953 8 of 18 
 

 

 
Figure S6. Time series of observed and predicted mean residence depth of chlorophyll a concentration in Shennong Stream enclosure 
site using dynamic velocity models (particle-tracking). 

 
Figure S7. Time series of observed and predicted chlorophyll a concentration in Shennong Stream enclosure site using predefined 
velocity models (particle-tracking). 
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Figure S8. Time series of observed and predicted chlorophyll a concentration in Shennong Stream enclosure site using dynamic 
velocity models (particle-tracking). 

 

 
Figure S9. Time series of observed and predicted mean residence depth of chlorophyll a concentration in Shennong Stream open 
water site using predefined velocity models (continuum). 
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Figure S10. Time series of observed and predicted mean residence depth of chlorophyll a concentration in Shennong Stream open 
water site using dynamic velocity models (continuum). 
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Figure S11. Time series of observed and predicted chlorophyll a concentration in Shennong Stream open water site using predefined 
velocity models (continuum). 
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Figure S12. Time series of observed and predicted chlorophyll a concentration in Shennong Stream open water site using dynamic 
velocity models (continuum). 

 
Figure S13. Time series of observed and predicted mean residence depth of chlorophyll a concentration in Shennong Stream open 
water site using predefined velocity models (particle-tracking). 

m
ea

n 
re

si
de

nc
e 

de
pt

h,
 m



Water 2022, 14, 953 13 of 18 
 

 

 
Figure S14. Time series of observed and predicted mean residence depth of chlorophyll a concentration in Shennong Stream open 
water site using dynamic velocity models (particle-tracking). 

 
Figure S15. Time series of observed and predicted chlorophyll a concentration in Shennong Stream open water site using predefined 
velocity models (particle-tracking). 
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Figure S16. Time series of observed and predicted chlorophyll a concentration in Shennong Stream open water site using dynamic 
velocity models (particle-tracking). 

 
Figure S17. Time series of observed and predicted mean residence depth of chlorophyll a concentration in Xiangxi Bay using prede-
fined velocity models (continuum). 
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Figure S18. Time series of observed and predicted mean residence depth of chlorophyll a concentration in Xiangxi Bay using dynamic 
velocity models (continuum). 
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Figure S19. Time series of observed and predicted depth of maximum chlorophyll a concentration in Xiangxi Bay using predefined 
velocity models (continuum). 

 
Figure S20. Time series of observed and predicted depth of maximum chlorophyll a concentration in Xiangxi Bay using dynamic 
velocity models (continuum). 
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Figure S21. Time series of observed and predicted mean residence depth of chlorophyll a concentration in Xiangxi Bay using prede-
fined velocity models (particle-tracking). 

 
Figure S22. Time series of observed and predicted mean residence depth of chlorophyll a concentration in Xiangxi Bay using dynamic 
velocity models (particle-tracking). 
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Figure S23. Time series of observed and predicted depth of maximum chlorophyll a concentration in Xiangxi Bay using predefined 
velocity models (particle-tracking). 

 
Figure S24. Time series of observed and predicted depth of maximum chlorophyll a concentration in Xiangxi Bay using dynamic 
velocity models (particle-tracking). 
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