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	S8
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S1. Model Sensitivity Plot
[image: ]
Figure S1. Ranked parameter sensitivity from PCSWMM’s SRTC tool. Sensitivities were consistent across the four models (Byron & Golden and Crystal Beach; Lot-level and Topographic). Bars show the mean normalized sensitivity of total inflow to the calibration node averaged acrosss all 4 models to each parameter within its tested uncertainty bounds; values are comparable across parameters (larger absolute bars denote greater influence while near-zero bars mean negligible influence). The results indicate that subcatchment imperviousness (Imperv.; % impervious area) is by far the most sensitive parameter, while the remaining parameters have much smaller effects in the tested range. Other parameters are: Dstore Imperv (depression storage depth on impervious surfaces), Dstore Perv (depression storage depth on pervious surfaces), Width (SWMM subcatchment width parameter controlling the characteristic overland flow length/flow concentration and therefore runoff timing), Zero Imperv (Percent Zero-Imperv; fraction of impervious area with zero depression storage / effectively more directly connected impervious area), Slope (average subcatchment surface slope), and Max. Infil. Rate (Horton maximum infiltration rate, ).







S2. Model Calibration Results
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Figure S2. Calibration and validation results for the Byron & Golden area, showing average and standard deviations of KGE values and correlation coefficients for both Lot-level (light blue) and Topographic (dark blue) models.













S3. BRC Layer Design Parameters


[bookmark: _Ref181025829]Table S3. Layer attributes and values of the designed BRC, including units and sources.
	Layer
	Variable
	Value
	Unit
	Source/Reference

	LID Surface
	Berm height
	85
	mm
	CVC/TRCA (2010)

	
	Veg. Cover
	0.8
	Fraction
	CVC/TRCA (2010); CSA Group (2023)

	
	Surf. Rough.
	0.1
	Manning’s n
	CVC/TRCA (2010); US EPA (2022)

	
	Surf. Slope
	1
	Percentage
	CSA Group (2023); US EPA (2022)

	LID Soil
	Thickness
	500
	mm
	CSA Group (2023)

	
	Porosity
	0.4
	Volume fraction
	CVC/TRCA (2010)

	
	Field capacity
	0.15
	Volume fraction
	CVC/TRCA (2010)

	
	Wilting Point
	0.05
	Volume fraction
	CVC/TRCA (2010)

	
	Conductivity
	150 
	mm/hr
	CSA Group (2023)

	
	Cond. Slope
	10
	Percentage
	CVC/TRCA (2010); US EPA (2022)

	
	Suction Head
	3.5 
	mm
	CVC/TRCA (2010); US EPA (2022)

	LID Storage
	Thickness
	300
	mm
	CSA Group (2023)

	
	Void Ratio
	0.5
	Volume fraction
	CVC/TRCA (2010)

	
	Seepage
	80
	mm/hr
	CVC/TRCA (2010)

	LID Drain
	N/A
	N/A
	N/A
	N/A


















S4. Statistical Analysis
Table S4-1. Summary of mixed-design ANOVA results evaluating the effects of model structure, LID scenario, and their interaction on flood performance metrics. The term ‘Model’ refers to the hydrologic routing strategy used in simulations (Topo: Topographic, Lot: Lot-level). The term ‘Scenario’ refers to the spatial configuration of bioretention cells (No NBS, PRIV, and ROW). The ‘Model-Scenario’ interaction tests whether the effect of LID placement varies depending on the model structure. Greenhouse-Geisser corrections were applied where necessary resulting in adjusted non-integer degrees of freedom. 
	Metric
	Effect Tested
	DoF*
	F
	p
	Interpretation

	Flood Volume
	Model Type (Topo vs. Lot)
	1, 2
	1.97
	0.296
	Not significant (no major difference between models)

	Flood Volume
	LID Scenario (No NBS, PRIV, ROW)
	1.50, 3.01
	118.82
	0.001
	Significant–LID setup strongly affects volume

	Flood Volume
	Interaction (Model×Scenario)
	1.50, 3.01
	5.53
	0.099
	Possible interaction: LID impact may vary by model

	Peak Flow
	Model Type (Topo vs. Lot)
	1, 2
	1.12
	0.401
	Not significant

	Peak Flow
	LID Scenario (No NBS, PRIV, ROW)
	1.27, 2.53
	45.45
	0.011
	Significant–LID setup affects peak flow

	Peak Flow
	Interaction (Model×Scenario)
	1.27, 2.53
	2.06
	0.275
	No strong interaction

	Flood Extent
	Model Type (Topo vs. Lot)
	1, 2
	0.04
	0.856
	No difference between models

	Flood Extent
	LID Scenario (No NBS, PRIV, ROW)
	1.16, 2.32
	24.8
	0.028
	Significant–LID setup affects flood extent

	Flood Extent
	Interaction (Model×Scenario)
	1.16, 2.32
	1.51
	0.342
	No strong interaction


* DoF refers to degrees of freedom













Table S4-2. Post-hoc pairwise comparisons of LID scenarios within each model structure (Lot:Lot-level and Topo: Topographic), based on repeated-measures ANOVA. For each flood performance metric (flood volume, peak flow, and flooded extent), Tukey-adjusted comparisons were performed between all scenario pairs: No NBS, PRIV, and ROW. The table reports the estimated mean difference (Estimate), standard error (SE), t-statistic, and adjusted p-values. Significant differences (p < 0.05) highlight where BRC placement meaningfully affects performance.

	Performa-nce Metric
	Model
	Contrast
	Estimate (Difference)
	SE
	t-ratio
	p

	Flood Volume
	Lot
	No NBS– PRIV
	6.55
	0.78
	8.32
	0.026

	Flood Volume
	Lot
	No NBS– ROW
	6.13
	0.49
	12.39
	0.012

	Flood Volume
	Lot
	PRIV–ROW
	-0.42
	0.87
	-0.48
	0.888

	Flood Volume
	Topo
	No NBS– PRIV
	9.01
	0.78
	11.44
	0.014

	Flood Volume
	Topo
	No NBS– ROW
	5.24
	0.49
	10.58
	0.016

	Flood Volume
	Topo
	PRIV - ROW
	-3.77
	0.87
	-4.30
	0.090

	Peak Flow
	Lot
	No NBS– PRIV
	39.60
	9.49
	4.17
	0.095

	Peak Flow
	Lot
	No NBS– ROW
	41.00
	3.96
	10.35
	0.017

	Peak Flow
	Lot
	PRIV - ROW
	1.40
	8.22
	0.17
	0.984

	Peak Flow
	Topo
	No NBS– PRIV
	56.60
	9.49
	5.96
	0.049

	Peak Flow
	Topo
	No NBS– ROW
	37.70
	3.96
	9.51
	0.020

	Peak Flow
	Topo
	PRIV - ROW
	-18.90
	8.22
	-2.30
	0.256

	Flood Extent
	Lot
	No NBS– PRIV
	0.70
	0.22
	3.16
	0.155

	Flood Extent
	Lot
	No NBS– ROW
	0.55
	0.11
	4.84
	0.072

	Flood Extent
	Lot
	PRIV–ROW
	-0.15
	0.13
	-1.15
	0.578

	Flood Extent
	Topo
	No NBS– PRIV
	0.93
	0.22
	4.16
	0.095

	Flood Extent
	Topo
	No NBS– ROW
	0.37
	0.11
	3.26
	0.147

	Flood Extent
	Topo
	PRIV–ROW
	-0.56
	0.13
	-4.12
	0.097






S5. Storm Hydrographs
Byron & Golden – Topographic model:
[image: A graph of a storm
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Figure S5-1. Discharge hydrograph for Byron & Golden Topographic model for the 10-year storm under different scenarios: No NBS, PRIV, ROW, and Full-scale.
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Figure S5-2. Discharge hydrograph for Byron & Golden Topographic model for the 50-year storm under different scenarios: No NBS, PRIV, ROW, and Full-scale.

[image: A graph of a diagram]
Figure S5-3. Discharge hydrograph for Byron & Golden Topographic model for the 100-year storm under different scenarios: No NBS, PRIV, ROW, and Full-scale.
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Figure S5-4. Discharge hydrograph for Byron & Golden Topographic model for the August 10, 2023 storm under different scenarios: No NBS, PRIV, ROW, and Full-scale.
Byron & Golden – Lot-level model:
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Figure S5-5. Discharge hydrograph for Byron & Golden Topographic model for the 10-year storm under different scenarios: No NBS, PRIV, ROW, and Full-scale.
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Figure S5-6. Discharge hydrograph for Byron & Golden Topographic model for the 50-year storm under different scenarios: No NBS, PRIV, ROW, and Full-scale.
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Figure S5-7. Discharge hydrograph for Byron & Golden Topographic model for the 100-year storm under different scenarios: No NBS, PRIV, ROW, and Full-scale.
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Figure S5-8. Discharge hydrograph for Byron & Golden Topographic model for the August 10, 2023 storm under different scenarios: No NBS, PRIV, ROW, and Full-scale.

Crystal Beach – Topographic model:
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Figure S5-9. Discharge hydrograph for Byron & Golden Topographic model for the 10-year storm under different scenarios: No NBS, PRIV, ROW, and Full-scale.
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Figure S5-10. Discharge hydrograph for Byron & Golden Topographic model for the 50-year storm under different scenarios: No NBS, PRIV, ROW, and Full-scale.
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Figure S5-11. Discharge hydrograph for Byron & Golden Topographic model for the 100-year storm under different scenarios: No NBS, PRIV, ROW, and Full-scale.
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Figure S5-12. Discharge hydrograph for Byron & Golden Topographic model for the August 10, 2023 storm under different scenarios: No NBS, PRIV, ROW, and Full-scale.

Crystal Beach – Lot-level model:
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Figure S5-13. Discharge hydrograph for Byron & Golden Topographic model for the 10-year storm under different scenarios: No NBS, PRIV, ROW, and Full-scale.
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Figure S5-14. Discharge hydrograph for Byron & Golden Topographic model for the 50-year storm under different scenarios: No NBS, PRIV, ROW, and Full-scale.
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Figure S5-15. Discharge hydrograph for Byron & Golden Topographic model for the 100-year storm under different scenarios: No NBS, PRIV, ROW, and Full-scale.
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Figure S5-16. Discharge hydrograph for Byron & Golden Topographic model for the August 10, 2023 storm under different scenarios: No NBS, PRIV, ROW, and Full-scale.

[bookmark: _Hlk201604313]S6. Flood Inundation Maps
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Figure S6-1. Flood depth maps for Byron & Golden Topographic model for the 10-year storm under different scenarios: (a) No NBS, (b) PRIV, (c) ROW, and (d) Full-scale.
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Figure S6-2. Flood depth maps for Byron & Golden Topographic model for the 50-year storm under different scenarios: (a) No NBS, (b) PRIV, (c) ROW, and (d) Full-scale.
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Figure S6-3. Flood depth maps for Byron & Golden Topographic model for the 100-year storm under different scenarios: (a) No NBS, (b) PRIV, (c) ROW, and (d) Full-scale.









Figure S6-4. Flood depth maps for Byron & Golden Topographic model for the August 10, 2023 storm under different scenarios: (a) No NBS, (b) PRIV, (c) ROW, and (d) Full-scale.






Figure S6-5. Flood depth maps for Byron & Golden Lot-level model for the 10-year storm under different scenarios: (a) No NBS, (b) PRIV, (c) ROW, and (d) Full-scale.









Figure S6-6. Flood depth maps for Byron & Golden Lot-level model for the 50-year storm under different scenarios: (a) No NBS, (b) PRIV, (c) ROW, and (d) Full-scale.









Figure S6-7. Flood depth maps for Byron & Golden Lot-level model for the 100-year storm under different scenarios: (a) No NBS, (b) PRIV, (c) ROW, and (d) Full-scale.









Figure S6-8. Flood depth maps for Byron & Golden Lot-level model for the August 10, 2023 storm under different scenarios: (a) No NBS, (b) PRIV, (c) ROW, and (d) Full-scale.









Figure S6-9. Flood depth maps for Crystal Beach Topographic model for the 10-year storm under different scenarios: (a) No NBS, (b) PRIV, (c) ROW, and (d) Full-scale.





Figure S6-10. Flood depth maps for Crystal Beach Topographic model for the 50-year storm under different scenarios: (a) No NBS, (b) PRIV, (c) ROW, and (d) Full-scale.








Figure S6-11. Flood depth maps for Crystal Beach Topographic model for the 100-year storm under different scenarios: (a) No NBS, (b) PRIV, (c) ROW, and (d) Full-scale.








Figure S6-12. Flood depth maps for Crystal Beach Topographic model for the Aug 10, 2023 storm under different scenarios: (a) No NBS, (b) PRIV, (c) ROW, and (d) Full-scale.








Figure S6-13. Flood depth maps for Crystal Beach Lot-level model for the 10-year storm under different scenarios: (a) No NBS, (b) PRIV, (c) ROW, and (d) Full-scale.











Figure S6-14. Flood depth maps for Crystal Beach Lot-level model for the 50-year storm under different scenarios: (a) No NBS, (b) PRIV, (c) ROW, and (d) Full-scale.








Figure S6-15. Flood depth maps for Crystal Beach Lot-level model for the 100-year storm under different scenarios: (a) No NBS, (b) PRIV, (c) ROW, and (d) Full-scale.
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Figure S6-16. Flood depth maps for Crystal Beach Lot-level model for the August 10, 2023 storm under different scenarios: (a) No NBS, (b) PRIV, (c) ROW, and (d) Full-scale.







S7. Storm Hyetographs

Figure S7-1. Design hyetograph for the  4-hour, 10-year synthetic storm based on the Chicago distribution. Rainfall intensities were derived from the Ottawa Airport IDF curve.


Figure S7-2. Design hyetograph for the 4-hour, 50-year synthetic storm based on the Chicago distribution. Rainfall intensities were derived from the Ottawa Airport IDF curve.


Figure S7-3. Design hyetograph for the 4-hour, 100-year synthetic storm based on the Chicago distribution. Rainfall intensities were derived from the Ottawa Airport IDF curve.


Figure S7-4. Observed hyetograph for the August 10, 2023 storm event based on data recorded by City of Ottawa rain gauge #115


S8. Design Storm Peak Location Sensitivity Analysis

Table S8. Peak-location sensitivity results for the 50-year, 4-h Chicago design storm in the Byron & Golden and Crystal Beach catchments (Lot-level and Topographic models). The baseline peak timing (0.35 of storm duration) was shifted to 0.25, 0.50, and 0.75, and resulting total flood volume (m³), peak flow (m³/s), and flooded extent (m²) are reported for No NBS and Full-Scale scenarios

	Model
	Delineation
	Peak Location
	Flood Volume (m3)
	Peak Flow (m3/s)
	Flooded Extent (m2)

	 
	 
	 
	No NBS
	Full-Scale
	No NBS
	Full-Scale
	No NBS
	Full-Scale

	Byron & Golden
	
Lot-level


	0.25
	28,150
	16,790
	23.56
	13.71
	19,417
	11,149

	
	
	Baseline
	29,300
	17,560
	21.50
	11.91
	21,098
	12,218

	
	
	0.5
	30,390
	18,620
	24.67
	14.75
	23,311
	13,386

	
	
	0.75
	31,200
	19,460
	30.94
	20.13
	25,986
	14,957

	
	
Topographic


	0.25
	26,980
	15,060
	18.60
	8.61
	15,753
	6,950

	
	
	Baseline
	27930
	15,660
	17.41
	8.66
	17,096
	7,577

	
	
	0.5
	28,840
	16,550
	19.39
	9.45
	18,365
	8,764

	
	
	0.75
	29,420
	17,230
	23.26
	12.81
	19,941
	9,618

	Crystal Beach
	
Lot-level


	0.25
	27,200
	18,500
	22.99
	16.34
	26,974
	13,669

	
	
	Baseline
	28,450
	19,450
	20.22
	14.17
	30,653
	16,094

	
	
	0.5
	29,370
	20,230
	24.77
	17.85
	36,361
	20,139

	
	
	0.75
	30,090
	20,940
	31.13
	22.74
	44,364
	25,120

	
	
Topographic


	0.25
	26,060
	15,630
	22.57
	14.22
	27,026
	13,233

	
	
	Baseline
	27,220
	16,470
	20.14
	12.21
	29,850
	14,741

	
	
	0.5
	28,160
	17,260
	23.97
	15.43
	34,550
	17,093

	
	
	0.75
	28,930
	18,030
	30.28
	20.35
	40,151
	20,158










Peak location sensitivity storm hydrographs for Byron & Golden:

Figure S8-1. Discharge hydrograph for the Byron & Golden Topographic model for the 50-year storm showing peak-location sensitivity (peak at 0.25, 0.5, and 0.75) for No NBS and Full-scale scenarios.


Figure S8-2. Discharge hydrograph for the Byron & Golden Lot-level model for the 50-year storm showing peak-location sensitivity (peak at 0.25, 0.5, and 0.75) for No NBS and Full-scale scenarios.


Peak location sensitivity storm hydrographs for Crystal Beach:

Figure S8-3. Discharge hydrograph for the Crystal Beach Topographic model for the 50-year storm showing peak-location sensitivity (peak at 0.25, 0.5, and 0.75) for No NBS and Full-scale scenarios.


Figure S8-4. Discharge hydrograph for the Crystal Beach Lot-level model for the 50-year storm showing peak-location sensitivity (peak at 0.25, 0.5, and 0.75) for No NBS and Full-scale scenarios



Storm hyetographs:


Figure S8-5. Design hyetograph for the 4-hour, 50-year, synthetic storm based on the Chicago distribution with the peak occurring at 0.25 of the storm duration. 


Figure S8-6. Design hyetograph for the 4-hour, 50-year, synthetic storm based on the Chicago distribution with the peak occurring at 0.5 of the storm duration. 


Figure S8-7. Design hyetograph for the 4-hour, 50-year, synthetic storm based on the Chicago distribution with the peak occurring at 0.75 of the storm duration. 
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