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Supplemental Text S1. The Hydrodynamic Model 
The three-dimensional velocity fields, temperature, salinity, and irradiance from the unstructured grid model SCHISM (Semi-implicit Cross-scale Hyroscience Integrated System Model, www.schism.wiki, Zhang et al., 2016) were used to drive the progression of the 2020 M. polykrikoides bloom in the lower Chesapeake Bay (CB) and the tributaries. Harmful algal blooms (HABs) are usually patchy and locally accumulated. The superior boundary fitting and local refinement ability enable the unstructured grid model rather suitable to study the nearshore water bodies with complex bathymetry and shoreline geometry (Nunez et al., 2020).
SCHISM is an open-source, community-supported model system, grounded on accurate and efficient semi-implicit time stepping and hybrid finite-element/finite-volume methods. It enables hybrid triangular-quadrangular unstructured grids in the horizontal dimension and a highly flexible coordinate system in the vertical dimension (Huang et al., 2021). The model domain is identical to Cai et al. (2021) but with finer grids in the York River and James River (Figure S1). It has 54,147 nodes and 79,277 mixed triangular-quadrangular elements in the horizontal dimension, with the resolution varying from ~50 m in the tributary to ~4.0 km at the open boundary. A flexible LSC2 (Localized Sigma Coordinates with Shaved Cells, Zhang et al., 2015) vertical grid is used to represent changes in depths from deep to shallow regions effectively. The maximum of 52 levels were used at the deepest (~900 m) and the minimum two levels were used at the shallow area. The hydrodynamic simulation period is from 2019 to 2020 with a timestep of 150 s. The data source of model forcings were the same as Ye et al. (2018) except that the freshwater discharges were from the USGS rather than the watershed model of the Chesapeake Bay Program. More details about the model setup and skill assessments can be found in Ye et al. (2018).
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Supplemental Figure S1. (a) Horizontal model grids and bathymetry of the Chesapeake Bay and the adjacent continental shelf; (b) Model zoom-in in the lower bay; (c) Track of Tropical Storm Isaias in 2020. Track data were obtained from the National Hurricane Center (https://www.nhc.noaa.gov/gis/).
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Supplemental Figure S2. (a)-(c) satellite-derived chlorophyll a concentrations (Chl-a); (d)-(f) satellite-derived Red Band Difference (RBD); (g)-(h) initial Chl-a for particle tracking and particle seeding locations on (g) Jul. 22, (h) Jul. 28, and (i) Aug. 6., 2020.


6


Supplemental Text S2. Particle Seeding Density
For Lagrangian Particle Tracking (LPT) models, the number of particles released (or seeding density), seeding locations, and particle tracking time are fundamental components to be considered in the design of studies (Brickman & Smith, 2002; Jones et al., 2016; Simons et al., 2013). We determined the particle releasing locations and tracking time from satellite-derived Chl-a and RBD. To determine the appropriate particle numbers that balance computation cost and simulation accuracy, several cases were designed to test the sensitivity of the present Lagrangian Particle Tracking and Biological (LPT-Bio) model to the total particle numbers (Figure S3). We found that sufficient particles are required to capture the aggregated algal streaks and patches observed. The model performance was improved as total particle numbers increased (Figure S4). Doubling the total particle numbers by reducing C0 from 107 to 106 cells/m3/particle gives very similar results, both close to the observations (Figure S3). Therefore, 1107 cells/m3/particle was chosen as the initial cell density for each released particle to keep the total particle numbers manageable for model forecast and multiple numerical experiments. Decisions regarding the total particle numbers are study-specific, yet sensitivity tests are recommended to be conducted to enhance the statistical significance of diagnosed trajectories and ensure the robustness of particle tracking results (Gibson et al., 2019; Jönsson & Watson, 2016; North et al., 2009; van Sebille et al., 2018). 
[image: ]
Supplementary Figure S3. Sensitivity runs on the initial cell density recorded by each particle. Upper panel: zoom-in examples showing random particle distributions inside releasing pixels. The total particle numbers released in cases (a)-(e) were 3,576, 12,557, 24,544, 120,448, 240,222, respectively. Middle and Lower panels: simulated near-surface Chl-a (depth < 1 m) on Aug. 5-6, 2020, for these sensitivity runs with particles released on Jul. 28, 2020.
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Supplemental Figure S4. Normalized Taylor diagram showing the model performance of simulated Chl-a with different initial cell densities C0 for each tracked particle. Smaller C0 indicates a higher seeding density and a larger total particle number. Red filled stars represent the base run. All sensitivity runs were performed with particle released on Jul. 28, 2020.
Supplemental Table S1. Parameters for particle tracking experiments during the 2020 M. polykrikoides bloom cycle and sensitivity runs on diel vertical migration speed (m/day) and particle seeding density.
	
	
	Particle release date*
	Tracking period
	
	
	
	Total particle number
	Initial concentration recorded by particles (cells/m3/
particle)
	Timestep for particle tracking

	Base
Runs
	07/22
	07/22-07/28
	30
	70
	1
	76,809
	
	60 s

	
	07/28
	07/28-08/06
	30
	70
	0.7
	120,448
	
	

	
	08/06
	08/06-08/12
	30
	70
	0.3
	325,841
	
	

	Sensitivity
Runs
	Diel vertical migration speed
	07/28
	07/28-08/06
	0
	0
	0.7
	120,448
	
	

	
	
	
	
	30
	0
	
	
	
	

	
	
	
	
	30
	10
	
	
	
	

	
	
	
	
	30
	30
	
	
	
	

	
	
	
	
	30
	70
	
	
	
	

	
	Particle seeding density
	07/28
	07/28-08/06
	30
	70
	0.7
	3,576
	
	

	
	
	
	
	
	
	
	12,557
	
	

	
	
	
	
	
	
	
	24,544
	
	

	
	
	
	
	
	
	
	240,222
	
	


* Particles were released at 15:00 at a depth of 0.5 m.
** Growth limitation function for the bioavailable organic matter smaller than 12 um.	
[image: ] Supplemental Figure S5. (a)-(c) Dataflow maps of surface Chl-a in the segments of the James River and Chesapeake Bay in July and August of 2020 during the M. polykrikoides bloom. The 
red triangle in panel (d) denotes the location of a shallow water fixed monitoring station (Little Creek) inside the bloom impacted regions. (f) Time-series of Chl-a measured at Little Creek. The 
dataflow mappings and continuous measurements of Chl-a at Little Creek were collected by the Hampton Roads Sanitation District.
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Supplemental Figure S6. Locations and cell densities recorded during the 2020 M. polykrikoides bloom based on water sample collections by Old Dominion University, Virginia Institute of Marine Science, and the Virginia Department of Health (VDH). Cell density data were provided by Todd Egerton and the VDH algal bloom surveillance map (https://www.vdh.virginia.gov/waterborne-hazards-control/algal-bloom-surveillance-map/).
[image: ] 
Supplemental Figure S7. Simulations with particles initialized and released on Jul. 22, 2020. Column 1: simulated Chl-a (depth < 1m); Column 2: satellite-derived Chl-a; Column 3: satellite-derived RBD value; Column 4: best-match time determined daily between 10:00-18:00; Column 5: cumulative distribution function of simulated and satellite-derived Chl-a. The black lines represent satellite data. The red lines represent simulated Chl-a from the best-match searching, while faded red lines show simulations saved every half-hour between 10:00-18:00. Column 6: histogram of simulated (best-match) and satellite-derived Chl-a. 

[image: ] 
Supplemental Figure S8. Same as Figure S7 but with the particles initialized and released on Aug. 6, 2020.
[image: ]
Supplemental Figure S9. Normalized Taylor diagram comparing Chl-a estimates from the LPT-Bio model and the satellite for each simulation date. The radial distance of the test (model) point from the origin indicates the standard deviation normalized by the standard deviation of observations (satellite). The azimuthal position indicates the correlation coefficient, and the distance from the reference point indicates the centered root-mean square errors that were also normalized by the standard deviation of observations.

Supplemental Table S2. Comparisons between simulated (based on the best-match searching) and satellited-derived Chl-a (mg Chl-a/m3). : spatially (RBD>10-4) averaged Chl-a from the model; : spatially averaged Chl-a from satellite; : standard deviation of simulated Chl-a; : standard deviation of satellite-derived Chl-a; CRMSE: centered root-mean-square error; The normalized standard deviation () and the normalized CRMSE (CRMSE/) were included in the corresponding brackets. R: correlation coefficient. Ratio: number of pixels with the best-match time after 14:00 divided by total number of pixels that were searched during the window of 10:00-18:00.
	Particle release date
	Simulation date
	 
	
	 
()
	
	CRMSE (CRMSE/)
	R
	Ratio (%) 

	07/22 
	07/26
	10.36
	17.10
	11.77
(0.60)
	19.50
	15.62
(0.80)
	0.60
	53.5

	
	07/27
	6.87
	11.78
	8.69
(0.51)
	17.12
	13.75
(0.80)
	0.60
	61.9

	
	07/28
	8.91
	14.14
	9.11
(0.49)
	18.58
	15.61
(0.84)
	0.54
	57.5

	07/28

	07/30
	12.20
	24.12
	10.93
(0.48)
	22.64
	18.41
(0.81)
	0.59
	66.6

	
	08/03
	7.34
	15.21
	9.39
(0.40)
	23.29
	19.93
(0.86)
	0.53
	64.9

	
	08/04
	9.96
	26.09
	10.54
(0.49)
	21.39
	18.91
(0.88)
	0.47
	66.9

	
	08/05
	16.09
	20.86
	10.25
(0.59)
	17.30
	13.53
(0.78)
	0.62
	70.3

	
	08/06
	11.99
	14.90
	13.71
(0.65)
	21.04
	12.88
(0.61)
	0.81
	65.1

	08/06

	08/10
	13.57
	22.07
	15.49
(0.77)
	20.17
	14.55
(0.72)
	0.70
	65.3

	
	08/11
	10.22
	17.63
	12.21
(0.56)
	21.96
	18.21
(0.83)
	0.56
	63.4

	
	08/12
	8.12
	17.25
	10.52
(0.51)
	20.67
	19.97
(0.97)
	0.32
	62.5



Supplemental Table S3. Decreased percentage of simulated Chl-a concentrations for sensitivity tests of no heterotrophy and no algal bloom dynamics, compared to the base scenario. ‘Mean’ represents spatial average by including all pixels with particles covered. ‘Mode’ represents the most frequent value.
	Simulation date
	No heterotrophy
	No algal bloom dynamics

	
	Mean (%)
	Mode (%)
	Mean (%)
	Mode (%)

	07/30
	22.6
	42.1
	26.2
	26.5

	08/03
	48.0
	50.0
	52.7
	20.0

	08/04
	70.6
	75.0
	78.8
	76.1

	08/05
	53.9
	75.0
	63.1
	78.8

	08/06
	57.5
	75.0
	66.2
	38.2
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