Y s prem
. <:f s o U R c E 2 0 2 5 gfgr?i:t::znr:;e;rosion

L
...|
q

.'f"f"":' OSTREAM Conference and Sediment Control

7 N - Conference

Thank you to our

I
& . ,
DS iie®y Hgreen wTRCUPOLEX B N

Owr reason is watear™
MEXT STORM

"@Ji . ! .
otdcastie nfasiuctie PERMACON Techoigies a stormTrap - GerrafixX

y geosynthetics inc.

BEOOUL AR DOMCREITE
ATORMEATIR

A CRH COMPANY EVALUATION PROGRAM o

i B v o tale . - e )
RACKIA CDAWMNICAD
VIiC ‘:,-f ¥ ﬁ.‘ia\"rhgjg.__*aﬁ A l'-‘!n"f{"sﬁ 3%

et et ot e R e S b |

Presented by: In association with:

Environmental
> . 4 credit valley
e Toronto and Region
g:gﬁ::cﬂng "« Conservation @ el &‘? Conservation

MAGAZINE



L~

@ - Lisa Bowering
I ' Water Resources Engineer

Navigating Watershed Futures:

Muskoka River Ecological Flow Assessment
in a Changing Climate

Source to Stream Conference 2025

Welcome




Background — Muskoka River Watershed

We are here

Context ‘
— Historic Flooding Chiraci it Jtamt|
— Provincial Funding

— Muskoka River Watershed Hydrologic
Model Development

Objectives

— Understand Watershed Processes &
Potential Impacts to Flow Regime

— Improve Watershed Health

Source to Stream Co

This study was done in partnership with District Municipality of Muskoka with funding from the Provincial Government of Ontario
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Background — Muskoka River Watershed

— ~5,100 km?
— Mainly forested

Legend

©® Communities

— Several urban centres District Municipality of Muskoka
Muskoka River Watershed

— 42 water control structures

— 38 significant wetlands

— Peak flows during freshet

Wetland
35%

Urban

1% pasture
0.5%
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Approach — Ecological Flow Assessment

Ministry of Natural Resources and Forestry’s (MNRF) Aquatic Ecosystem Assessment for Rivers

— A science-based framework for assessing baseline riverine ecosystems and identifying potential changes from
alteration of physical and biological processes.

NORTH BRANCH MUSKOKA RIVER AT PORT SYDNEY
2019 Daily Discharge (m3/s)
1. Select indicators 250 Riparian Flows

2. Compare future scenarios
against Baseline (30-years daily

150

data)
3. Calculate degree of alteration Channel Forring
(Low, Medium, High) High Flow

(0]

Baseflows Pul_se_s’_,\_‘/ 2V A

lan Feb Mar Apr May un Jul Aug Sep Oct Now De

Ecologically Important Components of the Flow Regime. Adapted from Metcalfe et. al, 2013
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Approach — Ecological Flow Assessment

Indicators
Subsistence Flows (Q95)

Infrequent, naturally occurring, very low

flows

Flows are exceeded 95% of the time

Can be used to evaluate worst-case
impacts to fish and fish habitat

Channel Forming Flows (Magnitude,
Duration, & Timing)

Flow with recurrence interval of 1.5 years
Bankfull flow stage
Exceed threshold for sediment erosion

Produce and maintain natural channel
structures

Legend

Channels

Major Waterbody

D Muskoka River Watershed
[ 1 Basin1
[ IBasin2
[ ]Basin3
I Basin 4
B Basin 5

Big East River Near Huntsville

3

# j North Branch at Port Sydne
e South Branch at Baysville §

e &, 5y
Indian River (Port Carling) [ &
Ty

Muskoka River below Bala Dams
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Approach — Scenario Analysis

35

— What-if?? .
— Compare existing conditions to s B Historic (1976.2005)
potential “future” conditions < e s o
— Explore possible impacts to m I || “ ‘ ‘l I I I e
ecological flows -3 ] Jl ‘
— ldentify topics and areas for further = . jﬂ-n !:b I or ey o e s o I' .
study ’
Scenario Categories
« Climate Change (11) g mbistorc (19762005
« Development (5) : |I l ‘ ‘ I j h e
« Wetland Enhancement (6) . ' el ol ; | i
« Deforestation (6) gF F F
« Forest Fire (1) l

« Dam & Storage Alteration (4)
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Approach — Scenario Analysis

Climate Change

— 11 Scenarios SSP5

Fossil-fueled Development
Taking the Highway

— 2100 & 2050 projections for Dry, Median, and Potcy fousacan e
Wet precipitation with 2100 & 2050 median
projection for temperature change

— 2100 and 2050 Wet scenarios with historic
temperature (Cold & Wet scenarios)

SSP3

Reglonal Rivalry

Palicy focused on securty

Bamers to international trade
High consumption
High inequality
Effective intermational
cooperation Slow economic growth
Reduced inequality Low population growth in rich
countries, high in other
High economic grawth countries

Low poputation growth

— Coincident spring melt

Increasing challenges to mitigation

SSP1 SSP4
ppeaia Inequality
— RCP5-8.5 and RCP4-8.5 e G et A Ront O
:::::rn;c:::rd on sustainable Policy focused on elite

High consumption
Effective intermational cooperation
High inequality
Reduced inequality within and
across couniries. Low to medium economic growth
Low consumption Low population growth in rich
countries, high in other countries

>

Low population grawth

Increasing challenges to adaptation
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Approach — Modelling

SWAT+ is a public domain hydrological
modelling software used to simulate the
quantity and quality of streamflow at a

watershed scale

SWAT+ Editor 2.0.4 / Muskoka_Model

File Edit View Help

S W

>
v

SWAT+ Editor 2.0.4
Read our release notes to

learn more about this release.

Open another project
Create a new project

RECENT PROJECTS

Muskoka_Model

Muskoka_Model

Muskoka_Model

Muskoka_Model

Status

+ Set up weather stations and weather generators
+ Wrote SWAT+ input files
+/ Ran SWAT+

X Imported SWAT+ output into a database for analysis

Project information

Total area 532,389.29 ha Software

Simulation period 1974 - 2005 Last saved

Object totals

154 Subbasins
9331 HRUs

85

Channels
156 Aquifers

2

R

Reservoirs
1114 Routing Units
1114 Landscape Units

853 Recall (point source/inlet data)

o

Export Coefficients

Run Model / Save Scenario

BRR% Q*reHPP A

Browser

- g ]
Favorites

» " Spatial Bookmarks

» [¥ Project Home

» [8] Home

r [OCy

r [0

Layers

o B ® T & AO

T
» v/ (2 Lakes (Lakes_Rev1)
D Subbasins
v D Subbasins_Rev3
» ¥ Land_Use Raster Revi_Gap_Filled
Grid streams (Channels Revé)

- o X
] »
B Value Tool @®
V| Enable
Table | Graph  Options
v Decimals 2 |
Layer Value  Row Zolumr
SWAT+ Editor 2.0.4, QSWAT+2.0.6
Fri, Dec 2, 2022 4:57 PM
Land use distribution = No valid layers to display - change layers in options.
A Type to locate (Ctrl+K)
) and QSWAT

Select Project

Main Steps

Done Delineate Watershed

Done Create HRUs
QSWAT+ Parameters

Step 3 Edit Inputs and Run SWAT+
Export Table
Reports Step 4 Visualise

Select report to view ~ oK Cancel

C:/SWAT/SWATPIus/SWATPlus_Projects/7-Full Model/Baseline Model Revl

s
o “ '%ﬁﬁjﬁ‘

Coordinate | 683789,4971511 % Scale|1:734219 s ﬂ Magnifier | 100%

— Command-line executable file that runs text file
inputs and uses two interfaces: SWAT+ Editor

+| Rotation |0.0° = ||V Render

Processing Toolbox @&
B(AOCY I
L Search...
() Recently used
Cartography
Database
File tools
Interpolation
Layer tools
Mesh
Network an...
Plots
Raster anal...
Raster creat...
Raster terra...
Raster tools
@ Vector analy...
@ Vector creat...
@ Vector gene...
@ Vector geo...
@ Vector overlay
Q@ Vector selec...
@ Vector table
Q@ Vector tiles
& GDAL
» & GRASS
r & SAGA

DDDDDDDDDDDD

v Y Y Y Y Y YT ETTYTYTYTYTYTYTYTYTYTYTY YTy

@ epsci26017 @
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Approach — Modelling

SWAT+

- Predicts impacts of changes to watershed

- Model includes the following hydrologic
processes:

Snowmelt/accumulation
Evapotranspiration
Infiltration

Reservoir operation
Groundwater flow
Surface runoff
Streamflow

- Model does not calculate:

10

Water levels/extents
Water quality

The hydrologic cycle

Precipitation

Groundwater flow . .’

Figure 1.1 Hydrological cycle (statcan.gc.ca)
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https://www150.statcan.gc.ca/n1/pub/16-201-x/2017000/sec-1/fig/fig1.1-eng.htm

Approach — Modelling

DATA INPUTS
Watershed, Channel Delineation < Elevation Data
(Subbasins, Watersheds)
Hydrologic Response Unit “ Land Use, Soil, Slope Data
Generation (vary by scenario)
_ . < Lake Bathymetry, Reservoir
Reservoir Characterization Operations Data (MNRF)

Hydrological Process Selection,

A

Climate Data
(vary by scenario)

Calibration and Validation <«<——  Observed Streamflow Data
(WSC)
Streamflow Analysis <—  Ecological Flow
Assessment

Parameterization, Simulation Settings

11 Source to Stream Conference 2025 — Muskoka River Watershed Ecological Flow Assessmentl GHD



Approach — Modelling

Main Computational Codes

SO
i Process
S of N ‘ Evapotranspiration | Hargreaves
A Infiltration Curve Number
iy Overland Routing | Triangular UH
R Channel Routing Variable Storage

Method

Types of Calibration Parameters

....... - Snowmelt (snowfall temp, snowpack
temp, snowmelt factors)

o [ - Evapotrans.piratic?n (factors controlling
- _ 20\ ) a8/ Al ET from soil, aquifers)
‘ \ e - Groundwater flow (factors controlling
- Climate inputs: 32-year daily timeseries of occurrence and rate of baseflow)

precipitation, minimum and maximum temperature
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Approach — Modelling

Observed
- = = Simulated

=

L

888 8

(5/cw) mojjueanns

o

LBGT/T/TT
LEGT/T/E
LBBT/T/L
LBET/T/S
LEGT/T/E
LEEL/TIT
9E6T/T/TT
986T/T/6
BEGTT/L
ag6T/T/S
9EET/T/E
9EBT/T/T
SEGT/T/TT
SEET/T/E
SEET/T/L
SHET/T/S
SEGL/T/E
SEELT/T
FEEL/T/TT
FEGL/T/G
FEGL/T/ L
FERL/T/S
YHET/T/E
FEGT/T/T
EBGL/T/TT
E86T/T/6
£86T/T/L
EET/T/S

Basin 5 Observed and Modelled Streamflow During Calibration Period

£HET/T/E

EEET/T/T

Figure 20

Model was calibrated and

del

inuous mo
Daily streamflow evaluated at

ions
daily cont

validated for both low and high

flow condi
30-year,

select locations along Muskoka

River

I66T/T/TT

Z66T/T/6
ZEET/T/L
Z6BT/T/S
IRRT/T/E
Z66T/T/T

Observed
= = = Simulated

I66T/T/TI
I66L/T/6
T66T/T/L
TGET/T/S
IGEL/T/E
IGEL/T/T
DEBT/T/TI
DEGT/T/6
DBGT/T/L
DEBT/T/S
06GT/T/E
DEET/T/T
BEET/T/TT
BEGT/T/E
BEGL/T/L
BEBT/T/S
6E6T/T/E
BEET/T/T
BEGT/T/TT
B86T/T/6
BEGL/T/L
BEET/T/5
BEGT/T/E

BERT/T/T

(5/cW) Mojjealisg

Basin 5 Observed and Modelled Streamflow During Validation Period

Figure 21
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Results — Subsistence Flows

m . Subsistence Flows — Degree of Alteration
Descripion ™ Bagin1 | Basin2 | Basin3 | Basind | Basin5

SLO2 Climate Change LOW LOW LOW LOW LOW
: . SL02B Climate Change LOW LOW LOW LOW LOW
IndlcatOr. Q95 (tOtaI streamflow) SL03 Climate Change MEDIUM LOW LOW HIGH MEDIUM
SL04 Climate Change LOW LOW LOW MEDIUM LOW
SLO5 Climate Change LOW LOW LOW LOW LOW
SL26 Climate Change LOW LOW LOW LOW LOW
H SL27 Climate Change LOW LOW LOW LOW LOW
imate Change
Degree Of Alterat|0n (Change SL28 Climate Ch LOW LOW LOW LOW LOW
. SL29 Climate Change LOW LOW LOW LOW LOW
Compared to baselme) SL30 Climate Change MEDIUM LOW LOW MEDIUM MEDIUM
SL31 Climate Change LOW LOW LOW HIGH MEDIUM
SL06 Population Growth LOW LOW LOW LOW LOW
o 5L07 Population Growth LOW LOW LOW LOW LOW
Low: > 95% exceedance flow SL08 Population Growth LOW LOW LOW LOW LOW
5L08 Population Growth LOW LOW LOW LOW LOW
. . . SL10 Population Growth MEDIUM LOW LOW HIGH MEDIUM
ﬂOW IS hlgher Compared to 5112 Extreme Event LOW LOW LOW LOW LOW
i SL13 Land Use LOW LOW LOW LOW LOW
baseline SL14 Land Use LOW LOW LOW LOW LOW
. . 0 SL15 Land Use LOW LOW LOW LOW LOW
Medium: > 99% exceedance flow sL16 Land Use oW oW oW oW oW
. ] SL17 Land Use LOW LOW LOW LOW LOW
— flow is slightly lower compared to sL18 Land Use LOW LOW LOW LOW LOW
i SL19 Land Use LOW LOW LOW LOW LOW
baseline SL20 Land Use LOW LOW LOW LOW LOW
SL21 Land Use LOW LOW LOW LOW LOW
- . )
ngh. < 99% exceedance flow SL22 Land Use LOW LOW LOW LOW LOW
SL23 Land Use LOW LOW LOW LOW LOW
. SL24 Land Use LOW LOW LOW LOW LOW
— flow is much lower Compared to SL37 Physical Change LOW LOW LOW LOW LOW
baseline SL38 Physical Change LOW LOW LOW LOW LOW
SL39 Physical Change LOW LOW LOW LOW LOW
SL40 Physical Change LOW LOW LOW LOW LOW
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Results — Subsistence Flows

Climate Change (all scenarios SSP5-8.5 unless otherwise noted). All other scenarios = LOW

mmmmm

2100 Wet

2100 Wet & Cold LOW LOW LOW LOW LOW
2100 Dry MEDIUM  LOW LOW HIGH LOW
2100 Median LOW LOW LOW MEDIUM  LOW
Coincident Spring Melt LOW LOW LOW LOW LOW
2050 Wet LOW LOW LOW LOW LOW
2050 Wet & Cold LOW LOW LOW LOW LOW
2100 Wet (SSP2-4.5) LOW LOW LOW LOW LOW
2100 Wet & Cold (SSP2-4.5) LOW LOW LOW LOW LOW
2050 Dry MEDIUM  LOW LOW MEDIUM  MEDIUM
2050 Dry (SSP2-4.5) LOW LOW LOW HIGH MEDIUM

2100 Dry + Increased Development MEDIUM  LOW LOW HIGH MEDIUM

15 Source to Stream Conference 2025 — Muskoka River Watershed Ecological Flow Assessmentl GHD



Results — Channel Forming Flows

16

Indicators

Magnitude: Flow with recurrence interval of 1.5 years
Duration: Median Duration (days) of all CFF events in record

Timing: Modal Month of all CFF events in record

Degree of Alteration (change compared to baseline)

Low Medium
Magnitude = baseline = 80% of baseline
Duration Within 38t — 62d 13th — 38t or
percentiles 62nd — 87t percentiles
Timing Same month +1 month

Source to Stream Conference 2025 — Muskoka River Watershed Ecological Flow Assessmentl GHD



Results — Channel Forming Flows

D | Basin1 | Basin2 | Basin3 | Basin4 | Basin5 [l Basin1 | Basin2 | Basin3 | Basin4 | Basin5 |l Basin1 | Basin2 | Basin3 | Basin4 | Basin5 |
SLO01 Baseline Mar Apr Apr Apr Apr
SL0Z Climate Change | MEDILUM LOW LOW LOW LOW LOW HIGH MEDILIM HIGH HIGH MEDILIM HIGH HIGH HIGH HIGH

SL0Z28 Climate Change LOW LOW LOW LOW LOwW HIGH HIGH HIGH HIGH HIGH MEDILIM LOW LOW LOW LOwW
SL03 Climate Change HIGH HIGH HIGH MEDIUM | MEDIUM MEDIUM | MEDIUM | MEDIUM | MEDILIM | MEDIUR MEDILIM HIGH HIGH MEDIUM | MEDILUM
SLO4 Climate Change HIGH LOW MEDILIM LOW LOW MEDILIM LOW LOW MEDILIM LOW MEDILIM HIGH HIGH MEDIUR | MEDIUM
SL05 Climate Change LOW MEDIUM | MEDILIM LOW MEDILIM LOW LOW LOW LOW LOW LOW LOW LOW LOW LOW
SL26 Climate Change LOW LOW LOW LOW LOW MEDIUM HIGH MEDILIM HIGH HIGH LOW MEDIUM | MEDIUM | MEDIUKM | MEDILIM
SL27Y Climate Change LOW LOW LOW LOW LOW MEDILIM HIGH MEDILIM HIGH HIGH LOW LOW MEDILIM LOW LOW
5L28 Climate Change LOW LOW LOW LOW LOW MEDILIM HIGH MEDILIM HIGH HIGH LOW HIGH MEDIUM | MEDIUM | MEDIUM
5L29 Climate Change LOwW LOW LOW LOW LOwW MEDILM HIGH MEDILIM HIGH HIGH LOW HIGH MEDIUM | MEDIUM | MEDIUM
SL30 Climate Change | MEDILUM LOW HIGH MEDIUM | MEDIUM MEDIUM | MEDIUM | MEDIUM LOW LOW LOW MEDIUM | MEDILIM LOW MEDILIM
SL31 Climate Change | MEDIUM | MEDIUM HIGH MEDIUM | MEDIUM MEDIUM | MEDIUM | MEDIUM | MEDILM | MEDIUR HIGH HIGH MEDIUM | MEDIUM | MEDIUM
SLOG Fopulation Growth LOW LOW MEDIUM LOW LOW LOW LOW LOW LOW LOW LOW LOW LOW LOW LOW
SLO7 Fopulation Growth LOW LOW LOW LOW LOW LOW LOW LOW LOW LOW LOW LOW LOW LOW LOW
5L03 Fopulation Growth | MEDILIM LOW LOWW LOW LOW LOW LOW LOW LOW LOWW LOW LOW LOW LOW LOW
SL09 Population Growth | MEDILIM LOW LOW LOW LOW LOW HIGH MEDILIM HIGH HIGH MEDILIM HIGH MEDILM HIGH HIGH
sL10 FPopulation Growth HIGH HIGH HIGH MEDIUM | MEDIUNM MEDIUM | MEDIUM | MEDIUM | MEDILM | MEDIURM MEDILIM HIGH HIGH MEDIUM | MEDILURM
5L12 Extreme Event LOW LOW LOW LOW LOW MEDIUM LOW MEDILIM LOW LOW LOW LOW LOW LOW LOW
SL13 Land Use LOW LOW LOW LOW LOwW LOW LOW LOW LOW LOW LOW LOW LOW LOW LOwW
sL14 Land Use LOW LOW MEDIUM LOW LOW LOW LOW LOW LOW LOWW LOW LOW LOW LOW LOW
SL15 Land Use LOW LOW LOW LOW LOW LOW LOW LOW LOW LOW LOW LOW LOW LOW LOW
SL16 Land Use LOW LOW MEDIUM LOW LOW LOW LOW LOW LOW LOW LOW LOW LOW LOW LOW
sL17 Land Use LOW LOW LOW LOW LOW LOW LOW LOW LOW LOW LOW LOW LOW LOwW LOW
SL18 Land Use LOW LOW LOW LOW LOW LOW LOW LOW LOW LOW LOW LOW LOW LOW LOW
5L19 Land Use LOW LOW LOW LOW LOW LOW MEDILIM LOW LOW LOW LOW LOW LOW LOW LOW
SL20 Land Use LOwW LOW LOW LOW LOwW LOW LOwW LOW LOW LOW LOW LOW LOW LOwW LOW
SL21 Land Use LOW LOW LOW LOW LOW LOW MEDILIM LOW LOW LOW LOW LOW LOW LOW LOW
5L22 Land Use LOW LOW LOW LOW LOW LOW LOW LOW LOW LOW LOW LOW LOW LOwW LOW
5L23 Land Use LOW LOW LOW LOW LOW LOW LOW LOW LOW LOW LOW LOW LOW LOW LOW
SL24 Land Use LOW LOW LOW LOW LOW LOW LOW LOW LOW LOW LOW LOW LOW LOW LOW
SL37 Physical Change LOW LOW LOWW LOW LOW LOW LOW LOW LOW LOWW LOW LOW LOW LOW LOW
SL38 Physical Change LOW LOW LOW LOW LOW LOW LOW LOW LOW LOW LOW LOW LOW LOW LOW
S5L39 Physical Change LOW LOW LOW LOW LOW LOW LOW LOW LOW LOW LOW LOW LOW LOW LOW
SL40 Physical Change LOW LOW LOW LOW LOW LOW LOW LOW LOW LOW LOW LOW LOW LOW LOW
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Results — Channel Forming Flows

18

Climate Change

Strong Impact

Timing shifts
earlier in nearly
all scenarios —
sensitive to
warming

Flow sensitive to
dry scenarios

Duration very
sensitive
(increases with
wet, decreases
with dry)

I
[
Development

Minimal impact
on watershed
level

Development
combined with
climate change
shows similar
impact to CC

Y.

Land Use

Deforestation
and Wetland
changes show
minimal impact
on watershed
level

Basin 2 (upper
watershed)
duration slightly
impacted by
deforestation
(higher)

4

Physical Change

* Local changes
had no impact on
watershed level

Source to Stream Conference 2025 — Muskoka River Watershed Ecological Flow Assessmentl GHD



Key Takeaways

— Subsistence flows are sensitive to dry climate change
scenarios

— Channel forming flows (CFF) are sensitive to most climate
change scenarios =

« Magnitude is mainly impacted by “Dry” scenarios

« Timing is impacted in most (by temperature) shifting
earlier

« Duration is impacted by most, increasing with “Wet”
scenarios, decreasing with “Dry” scenarios

— An increase in channel forming flows with climate change
may lead to increased erosion in the channel

— Changes to CFF may impact natural channel structures
which impacts fish spawning and migration habits. Timing
shifts can impact fish life histories.

— Of all factors modelled, climate change is predicted to
have the strongest impact on ecological flows in the
watershed.

19 Source to Stream Conference 2025 — Muskoka River Watershed Ecological Flow Assessmentl GHD




Next Steps

20

Additional studies that integrate baseline fish and fish
habitat data

|dentification of key indicator fish species most
sensitive life history processes (spawning, rearing,
migration) to interpret impact of timing shifts

Detailed modelling at key locations

Re-visit assessment as new climate change modelling SiEEss
becomes available '

Source to Stream Conference 2025 — Muskoka River Watershed Ecological Flow Assessmentl GHD
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