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Etobicoke Creek Watershed Plan (ECWP)

Watershed Implementation

Future Management

Characterization Scenarios Planning
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Future Management Scenarios - ECWP
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Future Management Scenarios - ECWP
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Why Model Water Quality?

* Freshwater salinization
and damage to ecosystems from

year-long chloride ('Cl') peaks Land Use and
(Oswald et al., 2019) Management Climate Change

* Impacts of urbanization and
evidence of legacy effects on
stream Cl| (Mazumder et al., 2021)

* Metals and total phosphorus
also identified as water quality
concerns (represented by total
suspended solids or 'TSS')
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G a ps Dimensions of Change in a Watershed
Watershed
Process-based models that integrate hydrology and Management
water quality (H/WQ) response to different
change scenarios are critical for decision support

Often fail to initiate due to lack of data, time Land Use
and expertise

Goals

H/WQ Response
Set up an integrated, continuous, process model

for simulating H/WQ response to changes in
climate, land use and management

Address limitations in data, time and expertise in
predicting long-term watershed-scale H/WQ,
response for planning and decision support

Management
Scenario

e

Land Use Scenario
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Methodology

* Stormwater Management Model (SWMM) by the US EPA

* Free open-source
engine (SWMMD5) SWMM Processes

- SANITARY

* User-friendly GUI
available
(PCSWMM)

* Performs well with
minimal
parametrization
and calibration
with readily
available data

- STORMWATER

Atmosphere
(Hydrology)

= COMBINED

Land Surface
(Hydrology)

Conveyance
(Hydraulics)

Sub-Surface
(Hydrology)




Methodology

CLIMATE
VARIABLES

PRECIPITATION

Water Quality Inputs

SURFACE HYDROLOGY

Pollutant
Build-up/
Washoff

Snowmelt

DIRECT
INFLOWS

HYDRAULIC ROUTING

GROUND-

Water DWE WATER
Quality
Patterns
Treatment

Control
Rules

——————

* Cl: Build-up Wash-off Model
* TSS: Event Mean Concentration (EMC) Method

ET

Concentration

= Deep Percolation
= Evaporation

Evapotranspiration
Head/Depth
Infiltration
Precipitation

Flow

Rainfall Dependent
Infiltration & Inflow

Seepage
Temperature

= Velocity
= Wind Speed



Time Series Inputs

* Precipitation _ AN

* Temperature =
* Flow
* Water Quality
* Calibrated with \ ;
Open data | : Elr(;v;lisirt\:ti::t:;tc;uality data for calibration |*
- A Air temperature data / /(/
Highways 4 S o 7hs
. . ‘ Roads : NS & ‘ \/ ’
¢ Va||datEd W|th " Streams 75 NS
. = Etobicoke Creek Watershed \ 4
high-frequency | K 2
monitoring data D e
RN METP 5 LAKE ONTARIO
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Spatial Inputs

* Land use
* Soil classes
* Elevation

* 129 stream
segments

* 18
subcatchments
for tributaries

Land Use
Il Roads
B Industrial
8 Commercial
Institutional
Residential (High Density)
Residential (Low-Medium Density)
Airport
Park
Golf Course
“ Farm
B Natural Cover
Rural Residential
Cemetery
Water

Soil Class
= Clay
 Clay Loam

Loam
Sandy Loam
Water

=7 Modelled Subcatchments
~" Modelled Streams
Elevation (m)

Value

% 720.268
. 75.1
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Model Calibration

Flow (2020)
* NSE:0.63  §
* R2:0.66
* Error Rating:
Good
(based on 2
ISE score) 3
Chloride (2020)
* NSE: 0.44 3
* R?:0.62 °
* Error Rating:
Fair =
Similar for TSS ?
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Model Validation

Model diagnostics and hydrological signatures

Statistical model 2000 PV o ERTDS
Daily Cl estimates __ 6000
from the Weighted £ .
Regressions on Time ° El 44 o L
Season and Discharge ¥t | Rt Pt vt
(WRTDS) mOdel Jan2017 Jun2017 Nov2017 Apr2018 Sep2018 Feb2019 Jul2019 Dec2019 May2020 Oct 2020
Date/Time
High-frequency monitoring Modelled | —— Observed
Validation with 15-min 8000
conductivity in 2021 _ 6000 r
Poor NSE but 'Excellent’ ISE 2 000l
scores — most suitable for | JN w
planning and design purposes 0 G e 7O, U

(Shamsi & Koran, 2017) Jan 2021 Apr Jul Oct Jan 2022

Date/Time
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Average change in TSS

concentration (%)

Results - TSS
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Results - TSS

Mayfield 80007 Spring Creek Tributary 3 Lower Etob US Tributary 4 Little Etob CK 80006
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Average change in chloride

Results - Chloride
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Average change in chloride concentration (%)
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Results - Summary
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Next steps:
Model Improvements

Investigate each factor of
change (climate, land

use, management) individually
as well as combined

Validate the model
capacity for simulating changes
in watershed conditions

Use continuous, high-frequency
data for calibration

Represent groundwater and
legacy contribution to stream
concentrations




Modelling Change

Model validation using land use
and climate from around 2015
showed:

Watershed conditions are
being reasonably represented
despite many uncertain
variables

2015 Flow

NSE: 0.26,

R?: 0.34,

SWMM rating: Excellent

Management
Scenario

H/WQ Response

Land Use Scenario
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Modelling Change

* Model validation using land use
and climate from around 2015
showed:

* Watershed conditions are

being reasonably represented

despite many uncertain
variables

* 2015 Flow
NSE: 0.26,
R?: 0.34,
SWMM rating: Excellent

Management
(no change)

Chloride response to recent changes in
climate and land use (2015 to 2020)

Imperviousness
increased by 63%

Chloride load
increased by 36,576
tonnes (57%)

1

otal Infiltration decreased
by 2,490 mm (11%)

Land use change from
2015 to 2020

21



Chloride response

Interpreting Change to recent changes
in climate and \
» Change in stream concentrations land use
& _ (2015 to 2020)
does not always concur with
. . . % Change in Chloride Concentration
recent or immediate change in 4010 0
0to 100
land use 100 10 10°
: — 10°to 10™
* Time lags 105 1o 102
y Spatlal dynam|CS % Change in Impervious Surface
. . . C1-1t00
* Need to investigate different M101t0 1
periods and scenarios of change o
for informed decisions in - 11 to 31

watershed management

4
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& 2017 Conditions
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Humber River
Watershed
Plan

* Partnering with TMU

and collaborating with
ECCC

* What is the appropriate
model?

* 2 model approach?

* ECCC: semi-calibrated
SWAT model

* TMU: urban model

Integrated Watershed-Lake
Modelling

Southern Ontarlo Watersheds [TRCA]

Urban grov ITA (

L. Leon, W. Beoty, I. Wong, C. McCrimmon, P. Fong

SWAT Modeling Warkshop
University of Michigan, Ann Arbar, US
18-19 Mar, 2014




Humber River
Watershed
Plan

* Partnering with TMU

and collaborating with
ECCC

* What is the appropriate
model?

* 2 model approach?

* ECCC: semi-calibrated
SWAT model

* TMU: urban model

INCA-CI
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Objectives

* Water quality model
* Chloride
* Total Suspended Solids
* Total Phosphorus

* future management scenarios (urban
expansion and climate change)

* Cost-benefit strategy of management
approaches (sub-watershed scale)

* natural cover changes
* urban forest increases

* various levels of stormwater
retrofits and LID implementation

* Agricultural BMPs

»
Sustainable Technologies  Fostering sustainability

Through Innovation

EVALUATION PROGRAM

ABOUT US PROJECTS LIVING LABS EVENTS & TRAINING NEWS RESOURCE LIBRARY CONTACTUS

Risk and Return on Investment Tool (RROIT Version

1.0)

Trends in Canada and Ontario with respect to weather-related risk show
increases in damages borne by property owners and municipal governments
with respect to extreme rainfall and flooding events,[1] as well as increased
frequency of legal action being taken against municipalities to recoup
damages considered to have resulted from non-resilient infrastructure[2].
Predictive climate change modelling technology is becoming more advanced,
and is being used on an increasing basis to estimate increased risk due to
changes in climate patterns, such as more frequent extreme rainfall events;
however, a gap remains in understanding the full financial implication of these
events.

National Disaster Mitigation Program Stream 3, Disaster Mitigation Action
Fund (DMAF) and Infrastructure Canada’s Climate Change Lens require
climate change risk assessments and return on investment analyses as
prerequisites for infrastructure funding. With support through the National
Disaster Mitigation Program, Credit Valley Conservation Authority and
partners are developing a Risk and Return on Investment Tool for water
infrastructure to assist municipalities and conservation authorities to make
evidence-based, cost-effective decisions to reduce flood risk and meet funding
requirements.

Total Flooding Cost
($) Baseline
conditions
R:’ucﬁoani':n Total $ saved
Management > by reducing
Option flood risk
Rate of Return
L::‘em:me:? — Net Present Value
Option Payback Period

Toronto and Region Conservation Authority 26



Contact:
Bhaswati Mazumder
Toronto Metropolitan University (formerly Ryerson)

Email: bmazumder@ryerson.ca

Current research:

* Mazumder, B., C.J. Oswald & C. Wellen (2022).
Salt to Stream: A process-based integrated
watershed model for urban stream chloride
using SWMM. CMOS-CGU-ESC 2022 Joint
Congress 2022, Session 10050. (Received
the DM Gray Award for Best Student Paper in
Hydrology, manuscript submission in progress
for a special issue in Hydrological Processes).

* Mazumder, B., C. Wellen, G. Kaltenecker, R.J.
Sorichetti, & C.J. Oswald (2021). Trends and
legacy of freshwater salinization: Untangling
over 50 years of stream chloride monitoring.
Environmental Research Letters, 16(9), 095001.

Toronto Urban Water
YL eieul Research Centre

University




Upcoming ECS Lunch and Learns!

Tuesday, September 27 Tuesday, October 18
11:00am-12:00pm 11:00am-12:00pm
TRCA Trail Strategy Identifying and Prioritizing
Implementation Agricultural Best

Management Practices
By Corey Wells and J

Caitlin Harrigan By Aidin Akbari
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Scientific Knowledge Sharing Hub

EXPLORE THE RESOURCE LIBRARY

St a ff 6\ C Toronto and Region Hub Spaces | Staff Directory | Tools & Resources | Logout
77 o

nservation
Hub Authority

Recognition Support ~ More ~

Home > Scientific Knowledge Sharing

Knowledge Sharing: Learn

. epe = More
Scientific Knowledge Sharing )
Evidence-based decision making is at the core of what TRCA does. Several of e R
our Business Units engage in generating new scientific knowledge to support » TRCAR

watershed management actions and decisions.
Itis critical that the knowledge generated is effectively shared.

The Scientific Knowledge Sharing platform is dedicated to sharing the latest
scientific knowledge generated by TRCA and our partners. It is a place where
staff can learn about and engage in the scientific work TRCA is undertaking.

PLEASE NOTE: There are several TRCA teams engaged in generating new scientific
knowledge. Currently the content on the platform is specific to the Watershed
Planning and Ecosystem Science business unit. Additional content from other TRCA
teams will be added as the platform develops.

Knowledge Sharing: Latest
Updates

§
A

April 19, 2021 by Hub Admin (GERTES)




Past
Recordings

Watersheds and Ecosystems Reporting

Draft Web Application

Laura Del Giudice, Senior Manager, Watershed Planning & Reporting
Kristina Dokoska, Project Coordinator, Ontario Climate Consortium

‘September 21, 2020

Evaluating the effectiveness of fish habitat
restoration across the Toronto waterfront

Kaylin Barnes', Lyndsay Cartwright’, Rick Portiss’, lon
Midwood?, Christine Boston”, Monica Granados®, Thomas
Sciscione!, Colleen Gibson’, Olusols Obembe!

Hiorces and Region Conservation Autberhy
+Fiharis sl Ocaara Consda

I r——

Lake Ontario Restoration
Initiatives

RAP Deisting and the Adoption of the
Integrated Restoraton.
Toot: Compling TRCA data co walertcrt

Conoen - by Andrerw Ramesbolion e
Coteen Gib

Managing phragmites and DSV a2
Toronto watetrant park - by Jennter

Smith

ation Practitioners: Chialenes
nd conuiderations - by John Sl

e

& Conservalion

Praritzation

Batto at a Time:

BROADVIEW AND EASTERN

Alain Pietroniro
&Hayley Carlson

FLOOD PROTECTION

| Torowro

S comarizn

Chapter 4: Water Resources

Natural Systems Climate Change Adaptation:
Best Practices Review and Applications

20 My 2022

Introduction to the LID Treatment Train Tool

TRCA's Recent Floodplain Mapping

Updates ‘Working with Indigenous Communities

Planning
Lunch and Learn

Praseniod by

Michelle Sawka, Senior Research Scientist

AL m ins, R :h Analyst
Wiltredt Ho*, Christina Bright*, Mike Todd®* N

Ecosystem and Chmata Science

P ot s b

< Conservation

Erosion Risk Management Program
Lunch and Learn Presentation
Presented by: Matt Johnston, Associate Director

Ashour Rehana, Manager
David Gingerich, Analyst

? PRECISION
EIOMONJOHNG

eDNA: Applications, Advantages and

Implications!

g? May 12, 3021

Port Lands Flood Protection Enabling Infrastructure Project
2018-2023

Presented by:
Maryam ller
Managar, PMO

< Consariaiion

0 A 4

Biodiversity Offsetting 101

Lunch and Learn

Presestedby.  Mosh Geet. Senvor Munager
Ecompstem sod irate Scerce

[

= Conservation

Lunch and Learn

Wetlands, Warehouses or Both? — The Story of Project
Lonestar and the Lower Duffins Wetland Complex.

Presented by: Steve Heuchert, Develapment Planning and Permits

Bomaraen (2
Comsarvaiion & consergien
@ Nowsenter 10,2020 “ en owmiber 13, 020 Dacember 8, 2020

The Meadoway

rmal
imaging for
ecosystem
- conservation

TRCA's Natural Heritage System Update
Research Overview

y: TRCA @ Conservaiion

26 Mar 2021

Long-Term Monitoring of Lake Ontario Coastal
Wetlands Reveals Distinct Water Quality Profiles
Associated with Hydrogeomorphic Type

Kathryn Thomas®, Krista Chomick?, Andrea Kirkwood! Presented by: Shar Dahvmer

Profect Manager, Watershed Planning & Reportin
Shauna Fernandes Chagani, Planning Ecology of e 8 & Reporting

June 23,2028

Wildlife-vehicle collis nd hot spot

identification for roads in Peel and York Regions
Making the Connection

wildlife connectivity decisions.

2
Urban Landscapes, Mv.rsny‘ﬁumm co..mmny

Presented by; David La
, i Gk Cabedosnc> e b, M- Josde Fecin

ie, Research Scientist

TRCA Lunch and Lebm-

Septempar 1,202

Excess Soil Management in Ontario

An Overview of Regulation 406/19 and Implications to TRCA

TRCA Ecosystem Compensation Program

Lunch and Learn

Presented by: Don Ford, PGea, OF,, FGC (hefhim]

Presented by: ¥ §
Senior Manager, Hydrogeology and Source Water Protection

Kelly Jamieson
SoniorPrveet Manger, Sestoraton sedrseurce Maragert

oo e

= - Toosh el Pegee. rerts ond S
s Dec 15,201 < Congariaiion ey 28,2012 @ Consarvation

Green Infrastructure in Asset Management

Watershed and Ecosystems Reporting Hub

Explore TRCA’s Biodiversit

5 o

Lake Ontario Fish and
Aquatic Ecosystem Health

Eat Sate Fish: A Cosboratve

Ervagerert o Pe ssssaon of
e Credt First Nasion

Don River Mouth Naturalization
Project: Restoraton of Fish Habeat in
Torcnto - The First Prece in 3 Very
Large Puzzie - by Angeta Wattace

From Rivers
Ontano

W
Monitoring Programs - by Jan Monk
and Angeta Watace

TRCA Water Resource System

Methods and analysis for delineating Key Hydrolog

Introduction and Demo of TRCA’s New Reporting Hub

Presented by: Jonathan Ruppert, Research Scientist, Ecasyst
Climate Science, WPES, DES

oy
@ Conservalion
by 14,201

e Carruthers Creek Watershed P

The role of technology and habitat use in making good

Lunch and Learn - October 26, 2021

Presented by
Tony Maorris, Senior Project Manager

Uiz Speller, Project Manager

Watershed Planning and Reporting

sownows

V

/' Lunch & Learn

Best Practices & Strategies for
for the Urban Forest in a Climate

TRCA Stoff Change Context

March 29, 2022

AR

@ Conservation



Thank you

For guestions about the ECS Lunch and Learn Series, please contact:

Sharon Lam
sharon.lam@trca.ca
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