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Presentation Overview

ÅCurrent Challenges and Opportunities

ÅThe Credit River Watershed ςLiving Lab

ÅRROIT Overview
ÅApplying an optimization-based approach to achieving flood 

resiliency
ÅUsing RROIT to integrate solutions across organizations, 

departments and engagement with private property owners
ÅhǾŜǊǾƛŜǿ ƻŦ wwhL¢Ωǎ ²ŀǘŜǊ vǳŀƭƛǘȅ aƻŘǳƭŜ ǘƻ ǎǳǇǇƻǊǘ !ǎǎŜǘ 

Management



Current State ςKey Challenges

Increasing pressure on municipal budgets with focus on:

Åfinding cost savings through deferral of capital projects 
and reducing programming and operational expenditures.

ÅAlready limited stormwater and climate change/adaptation 
budgets, will become tighter.

ÅResiliency/climate change/adaptation competing for limited 
dollars



Current State 
ςKey 
Opportunities

Å/ŀƴŀŘŀΩǎ bŀǘƛƻƴŀƭ !ŘŀǇǘŀǘƛƻƴ {ǘǊŀǘŜƎȅ ς
emphasis on system-based approach

ÅDesignated funding available to support 
municipal investment in adaptation ςemphasis 
on ROI, GI/LID/Nature based solutions

ÅGrowing emphasis on infrastructure asset 
planning and management to mitigate risk (e.g., 
Ontario Reg 588/17)

ÅGrowing understanding of the implications of 
stormwater asset deficits combined with climate 
variability and rapid urbanization



Municipal Considerations ςInvesting in Resiliency/Adaptation



Optimization-
based 
Approach to 
Achieving 
Flood 
Resiliency

ÅTarget priority areas, including 
considerations for social 
vulnerability/health

ÅShift investments to integrated solutions: 
LID, natural assets, conventional 
infrastructure, operational BMPs and 
emergency preparedness

ÅShift to intermunicipal collaboration, 
support for private investment (SWM 
rates/incentives)

ÅAsset management that considers climate 
change and future scenarios

ÅMultiple Co Benefits (Meet Net Zero 
Targets)



Credit River Watershed



Credit River Watershed



Legend

ôHot Spotsõ for health 

impacts (injury, illness)

Step 1: Identify assets at 

risk of flooding

Step 2: Quantify property 

and infrastructure damages

Step 3: Prioritize high risk 

areas for targeted 

investments

Return 
Period 

Buildings 
Flooded 

(Riverine)

Buildings 
Flooded 
(Urban)

100-yr 368 3121

350-yr 477 4223

Prioritizing Risk and Collective Actions to Achieve Flood 
Resiliency with the Greatest Return on Investment



Scenario
Net Emissions

(kt)

10 SWMPs 71

Option # 1 824

Option #2 704

Step 4: Assess cost-benefit and GHG emissions of solutions

Prioritizing Risk and Collective Actions to Achieve Flood 
Resiliency with the Greatest Return on Investment



Step 5: Support the business case for funding applications, partner plans, and in-the-ground action

Prioritizing Risk and Collective Actions to Achieve Flood 
Resiliency with the Greatest Return on Investment



Case Study 1 - Current and Future 100 -year Storm Floodplain Boundary

Assess 
Existing and 
Future Flood 

Risk



Understanding Emerging Climate Risks:
Innovative Research to Support 

Decision Making

έUnderstanding the locations of high groundwater risk areas is 
critical to informing development, stormwater masterplanning, 
ŀƴŘ ǎǘƻǊƳǿŀǘŜǊ ǊŜǘǊƻŦƛǘǎΦέ

Cassie Schembri, Senior Project Manager,  Stormwater Engineering

Services Department, Town of Caledon

Groundwater 
Level

Number of 
houses at risk

0 m (ground level 
and above)

0

0 ς2.6 m (below 
ground level)

11

2.6 ς5 m (below 
ground level)

23



Understanding Urban Overland Flood Risks



Understanding Potential Risks to the Sanitary 
System



Prioritizing Infrastructure at Risk of Erosion to Support Stormwater 
Development Guidelines and Emergency Preparedness Planning 



Optimize Investment 
Through Targeted Action

άMaking smart decisions 
about risk and prioritizing 
retrofits is part of how we 
build resilient communities. 
²ŜΩǊŜ ƭŜŀǊƴƛƴƎ ŦǊƻƳ ǘƘŜ 
RROIT to inform our decision-
ƳŀƪƛƴƎΦέ

Muneef Ahmad, P.Eng
Manager-Stormwater Projects & Approvals, 
Environmental Services
City of Mississauga

Riverine Urban



Prioritizing Retrofit Investments to 
Reduce Long-Term Municipal 
Asset Costs

ά¦ǎƛƴƎ /±/Ωǎ wwhL¢ ǇǊƻǾƛŘŜŘ 
us with urban overland 
flooding, groundwater, and 
social vulnerability mapping 
to help our team identify 
priority areas for more 
detailed future 
ƛƴǾŜǎǘƛƎŀǘƛƻƴǎΦέ 

- Olivia Sparrow, P.Eng, Manager, Stormwater 
Programs, City of Brampton

KF



Natural Assets for Protection and Parkland 
Acquisition

άLƳǇƻǊǘŀƴǘƭȅΣ ǘƘŜ ǘƻƻƭ ǿƛƭƭ 

assist with translating 

watershed plan targets for 

integration into municipal 

master plans by 

highlighting where 

ǊŜǘǊƻŦƛǘǎ ŀǊŜ ƴŜŜŘŜŘΦέ

- Olivia Sparrow, P.Eng, Manager, Stormwater 

Programs, City of Brampton



Assess Priority Areas
for Social Vulnerability 
Considerations 



Investing in Climate-Resilient Infrastructure
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Climate Scenario

Baseline

Scenario 1 (Urban Flooding, 15mm) + SWMPs with Bypass

Scenario 2: Targeted LID in Industrial Commercial (I/C) areas and I/C Road right of way (water quality) - 15mm

Stormwater Management Ponds with bypass

LID in New Development (25mm)

Land Acquisition and Parkland Creation

Selecting the 
Right 
Combination of 
Grey, Green 
and Natural 
Assets to 
Reduce Future 
Damages



Working with Together on 
Climate Action

άThe partnership with the CVC has directly 
assisted .. in several of the action items 
ŎƻƴǘŀƛƴŜŘ ǿƛǘƘƛƴ ǘƘŜ /ƛǘȅΩǎ /ƭƛƳŀǘŜ /ƘŀƴƎŜ 
Action Plan.. applying a climate lens to 
corporate business continuity plans for 
ŎǊƛǘƛŎŀƭ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ǎŜŎǘƻǊǎΦ Φ Φέ 

Ben Gallagher

Emergency Planning, Office of Emergency Management

City of Mississauga 

CZ



Working Together to Protect Public 
Health for Our Most Vulnerable 
Populations

ά¢ƘŜǎŜ ƳŀǇǎ Ǉǳǘ ǳǎ ƛƴ ŀ ƎƻƻŘ ǇƭŀŎŜ ǘƻ 
assist schools with flood evacuation 
planning and general public education 
ƛƴƛǘƛŀǘƛǾŜǎΦΦ LΩƳ ƎǊŀǘŜŦǳƭ ǘƻ ōŜ ǇŀǊǘ ƻŦ 
this ǘŜŀƳΗέ

- Nicholas Ogilvie, Coordinator, Emergency 
Management, Brampton Fire and Emergency 
Services

CZ



Partners In Action
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RROIT Water Quality 

Module

Date: February 24, 2023

Time: 1-2pm



What is the RROIT WQ Module?

RROIT WQ Module WQ Model

Planning Tool Multi-parameter Model

Geospatial Analysis Complex Processes

Simple Inputs Detailed Data & Assumptions

Easy to Use Requires experience to use

GIS Outputs Detailed File Outputs

For decision making To support design



SMFMPM Model Process

Figure 2. Simplified schematic model process



SMFMPM Model Process

Figure 2. Simplified schematic model process



Input Shape Files

Figure 3. Input land use layer Figure 4. Input pond drainage layer



Input Files

Pond Drainage Area Land Use



BMP Pollutant Removal

LID BMPs TP* TSS

Permeable Pavement 40-55% 60-80%

Green Roof highly variable 70-90%

Filter Strips <0-45% 80-85%

Dry Swales & Enhanced Grass Swales <0-10% 0-30%

Bioretention (without underdrain) <0-30% 70-90%

Biofiltration (with underdrain) <0-30% 70-85%

Stormwater Tree Trenches / Soil Cells 44% 85%

Infiltration Basins 15-90%

Infiltration Trenches 15-90%

Below-ground Recharge Systems 50-80% 70-90%

Roofwater Harvesting 40%

Stormwater Harvesting 45-95% 65-80%

Case Study ïCity of Brampton



Case Study ïCity of Brampton

Mitigation Input for each Drainage Area

Å Input: % of land use treated by the BMP

ÅMethod: RROIT updates EMC based on pollutant removal of mitigation

Mitigation Measures

Land Use Bioretention Perm. Pavement

Business Corridor20% 10%

Residential 20%

Prov. Highways20%



Merged Input Pond Drainage Area

Variable Unit Description

ELC_Code None Ecological Land Classification code for different land use

Eff % SWMF removal efficiency

ID None Pond ID

Volume_m3 m3 Pond storage volume

LANDUSE None Land use type

DA_(ha) hectare Drainage area

Area m2 Land use area

IU % Percent imperviousness

TSS_EMC mg/L Event mean concentration for total suspended solids

TP_EMC mg/L Event mean concentration for total phosphorus

Required Fields within Merged Shapefile (.shp)



SMFMPM Model Process

Figure 2. Simplified schematic model process



TSS/TP Loading Estimation Method

Required Input Notation Units Example Value

Annual precipitation P [mm] 735

Bulk density of the 

suspended solids
” [kg/m3] 1230

Sediment load threshold Lt [fraction] 0.05

TP load estimation options TP_option None 2

Required Input Parameters



SMFMPM Model Process

Figure 2. Simplified schematic model process



Output: Pond Cleanout Frequency



Case Study ïCity of Brampton

Case study 

3 ponds ïT69, T63, C53

Goals

1. Estimate volume of accumulated sediment

2. Estimate the frequency of pond cleanouts

3. Identify the impact of mitigation measures 

on sediment loading

T63

T69

C53



Case Study ïCity of Brampton

C53 T63

T69



Case Study ïCity of Brampton

WQ Module 

Output:

Pond 

Cleanout 

Frequency

Under 

Existing 

Conditions



BMP Pollutant Removal
LID BMPs TP* TSS

Permeable Pavement 40-55% 60-80%

Green Roof highly variable 70-90%

Filter Strips <0-45% 80-85%

Dry Swales & Enhanced Grass Swales <0-10% 0-30%

Bioretention (without underdrain) <0-30% 70-90%

Biofiltration (with underdrain) <0-30% 70-85%

Stormwater Tree Trenches / Soil Cells 44% 85%

Infiltration Basins 15-90%

Infiltration Trenches 15-90%

Below-ground Recharge Systems 50-80% 70-90%

Roofwater Harvesting 40%

Stormwater Harvesting 45-95% 65-80%

Case Study ïCity of Brampton

Case Study ïCity of Brampton

Mitigation Options



Case Study ïCity of Brampton

C53 T63

Mitigation Measures

Land Use
Bioretentio

n

Perm. 

Pavement

Business 

Corridor
20% 10%

Residential 20%

T69



Case Study ïCity of Brampton

Pond

Sediment Load (m3/ha)

No Mitigation Mitigation

C53 0.47 0.33

T69 0.37 0.28

T63 0.36 0.25



Case Study ïCity of Brampton

Pond
Years until Cleanout (yr)

No Mitigation Mitigation

C53 28 40
T69 23 30
T63 20 29



Case Study ïCity of Brampton

Pond

Phosphorus Load (kg/ha)

No Mitigation Mitigation

C53 235 211

T69 61 57

T63 55 50


