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Ontario Climate Consortium

Figure 1. The OCC’s Collaborative Model. The OCC was established in 2011 as a
centre of expertise providing research
and analysis services to municipalifies,
conservation authorities, and the
broader public sector.
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Objectives of Today’s Forum

what climate information currently exists and
how it can be included in Watershed Planning;

open discussion on ideas, needs & examples on
climate data and watershed planning;

watershed planning experts in Ontario with
those working in climate information; and

knowledge and experience of how climate change
could be considered in watershed plans.
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CLIMATE CONSORTIUM

A Brief Introduction to
Climate Information and its
Translation

Glenn Milner, Ontario Climate Consortium
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What is Climate Information?

* Climate Information Is the
Interpretation of observed
and modeled data

 Information Is processed
and comes in a meaningful
form — generates
knowledge

« Confidence limits,
variabllity, etc.

Adapted from: UNEP (2009) Climate information and
capacity needs for Ecosystem Management under a
Changing Climate.
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Why do we need Climate
Information?

(a) Global average surface temperature change
6.0 —_— Mean over
- 2081-2100

: e historical
| e RCP26
| e RCP8.5

RCP8.5 [l

RCP4.5
RCP6.0

RCP2.6 IHlD

1950 2000 2050 2100 Credit: IPCC(2013)

To understand the exposure to hazards to humans, infrastructure, and other systems.
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Climate Information Requires Effective
Communication

The Response

The Challenge

Confusion with climate data
slows adaptation

Data on climate change can
get ‘lost in translation”

- Environmental
Commissioner of Ontario,
2015

&

TRANSLATION

1

Climate data

must be made
understandable
to the average
person, which can
be done by people
and/or technology.

COLLABORATION

2

: Thereisan

: opportunity for
- the public and

- private sectors and
: academia to work
together in new and
: innovative waysto :
. ensure climate data :
: meets the needs of -
+ end users.

. Experts need to

: guide climate data
:  end users on choices
. such as where to

:  find and use reliable

GEIEREN )

. understanding its

limitations.

Climate information must be communicated and transferred efficiently depending on
the user ‘s needs to convey the optimal meaning — OURANOS (2014)
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Climate change information in Studies
and Plans

Basic:

| . General trends for adaptation

ncreasing: | B ——
- Parameter complexity _/
- 1 \
Eeso!#t{on Intermediate:

- Specificity Characterizations for risk and

- Level of effort vulnerability assessments

- Uncertainty ~

~

Advanced:
Scenarios for modeling and
guantitative analysis. )

Adapted From: Charron, I. (2014). A Guidebook on Climate Scenarios: Using
Climate Information to Guide Adaptation Research and Decisions. Ouranos, p. 86
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Confidence in Climate Information

Temperature, Extreme Heat: Very Likely Increase

Extreme Cold: Very Likely Decrease

Precipitation, Extreme Precipitation: Likely Increase*

Wind Velocity: About as Likely as Not to remain unchanged

Term Likelihood of the Outcome
Virtually certain 99 — 100% probability

Very likely 90 - 100% probability
Likely 66 — 100% probability
About as likely as not 33 - 66% probability
Unlikely 0 — 33% probability

Very unlikely 0 - 10% probability
Exceptionally unlikely 0 - 1% probability

*Likely more precipitation overall, however more will fall as short-isolated events. Greatest
increases are winter & spring.

‘@ ONTARIO
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Remember...

- Climate data is available, and is becoming more accessible &
understandable — it should be leveraged

- Climate data cannot be used in isolation, and a “single best
scenario” does not exist (instead, think: range of futures to
stress test).

- Consider the best use of data in specific contexts, while taking
stock of broader approaches that can help address uncertainty

YorkU’s Climate Projections Portal Ontario Climate Change Data Portal
http://lamps.math.yorku.ca/OntarioClimate/ www.ontarioccdp.ca

Ontario Climate Data Por al O'f‘

University
“Regina
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http://www.ontarioccdp.ca/
http://lamps.math.yorku.ca/OntarioClimate/
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1. What is watershed planning?

2. Why watershed planning needs to consider climate change

3. The evolving provincial policy context for watershed planning
and direction on climate change
— Provincial land use plans

— Conservation Authorities Act review

Discussion Points

Member of Conservation Ontario TORONTO AND REGION CONSERVATION AUTHORITY



History of Watershed Management

T )

Member of Conservation Ontario
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Community Dimensions
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- )
1. Existing watershed conditions

2. Assessment of the impact of HOW WATERSHEDS WORK
future changes

3. Recommendations for long-
term, sustainable protection
and restoration of watershed
health

What’s in a watershed plan?

TORONTO AND REGION CONSERVATION AUTHORITY

Member of Conservation Ontario



Ongoing Rapid Urbanization Green infrastructure
and Intensification

Regulating

Air quality, dimate, water
runoff, erosion, natural
hazards, pollination

Supporting

Nutrient cycling, water
cyding, soil formation, PP
Photos|nethsis Provisioning
Food, fiber, biomass
fuel, freshwater,
and natural medicines

Climate change Ecosystem Services

Member of Conservation Ontario TORONTO AND REGION CONSERVATION AUTHORITY



- More frequent severe weather events,
Including high intensity rainfall

- More rapid and frequent snowmelts
- More frequent and prolonged droughts
» Longer ice free periods on lakes

» Changes to stream and wetland
hydrology

Climate Change and Watersheds

Member of Conservation Ontario

TORONTO AND REGION CONSERVATION AUTHORITY



Societal Impacts:
* Increased flooding and erosion

- Poorer water quality; greater costs
required to treat water

« Greater competition for water supplies

- Reduced flow and water levels in rivers,
lakes, streams and groundwater

Ecosystem impacts:

- Diminished cold water fisheries, and
sensitive water-dependent wetland
habitats and species

* Increase In invasive species

Some Resulting Effects

Member of Conservation Ontario

TORONTO AND REGION CONSERVATION AUTHORITY
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g Preparing for Climate Change Through
Watershed Planning

- Assess and prepare for the combined
Impacts of climate change, land use
change and other factors

- Develop green infrastructure and natural
heritage strategies that build resilience

- Design management actions that are
viable in both current and potential
future climates

*  Apply adaptive management to
evaluate and adjust on an ongoing basis

Member of Conservation Ontario TORONTO AND REGION CONSERVATION AUTHORITY



PLACES TO GROW

sETTER © H TURE.

Growth Plan for the Greater
Golden Horseshoe (2017)

Planning for
Health, Prosperity
and Growth ;s

Recommendations of the Advisory Panel on the Coordinated
Review of the Growth Plan for the Greater Golden Horseshoe,
the Greenbelt Plan, the Oak Ridges Moraine Conservation Plan

and the Niagara Escarpment Plan Ezé
B Ontario

Member of Conservation Ontario TORONTO AND REGION CONSERVATION AUTHORITY



g Watershed Planning Now Must Inform:

*  Where growth can occur

- Water and wastewater servicing
*  New or expanded infrastructure
- Stormwater management plans
* Protection of water resources

Member of Conservation Ontario

TORONTO AND REGION CONSERVATION AUTHORITY



g Connecting watershed planning,
climate change, and land use planning

Integrate climate change considerations into planning and
managing growth such as planning for more resilient
communities and infrastructure that are adaptive to the impacts of
a changing climate...

...Recognizing that watersheds are the most important scale for
protecting the quality and quantity of water, municipalities are
required to undertake watershed planning to inform the protection
of water resource systems and decisions related to planning for

growth.
-Guiding Principles, Growth Plan for the Greater Golden Horseshoe

TORONTO AND REGION CONSERVATION AUTHORITY



Formalizing

Watershed
Planning in
Ontario

Guidance for land-use planning
authorities

DRAFT February 2018

é}? Ontario

Provincial Guidance

6.4 CLIMATE CHANGE & WATERSHED MANAGEMENT

How to do it?

Currently, there is no common list of best practices for climate adaptation, since climate
change and its impacts vary from one location to another, and communities vary in their
exposure and capacity to cope. Visions, risk tolerance, capacities, and other factors
vary from community to community, so even those facing similar risks and opportunities
may make different adaptation choices on a watershed basis.

Organizations such as ICLEI Canada have been working to assist municipalities and
other planning authorities with climate change mitigation and adaptation. ICLEI has a
range of useful resources and programs for municipalities to consult in undertaking
climate adaptation projects. Also, organizations such as Federation of Canadian
Municipalities have provided support to communities seeking to plan for and adapt to
impacts of climate change. Information sources provided in this section should be
consulted to gain insight into potential impacts of climate change, and potential
mitigation/adaptation strategies.

The following steps provide considerations and tools for addressing climate change on
a watershed basis:

Member of Conservation Ontario

TORONTO AND REGION CONSERVATION AUTHORITY



@ Conservation Authorities Act
s Review OQutcomes 2015-2017
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Bill 139: Building  conserving our Future:
Better N A Modernized CAA
Communities and (June 2017) plan for

Conserving moving forward
Watersheds Act
December 12, CONSERVING

OUR FUTURE

L

2017




& Purpose Statement (new)

Purpose

The purpose of this Act is to provide for the
organization and delivery of programs and
services that further the conservation,
restoration, development & management of
natural resources in watersheds in Ontario

[27])




& “Powers” (retained)

21 (1) For the purposes of accomplishing its
objects, an authority has power,

(a) to study and investigate the watershed
and to determine programs and services
whereby the natural resources of the
watershed may be conserved, restored,
developed and managed; ...




@ CAA (new)

onservation
ONTARIO
Natural Champions

Programs and Services

The following are the programs and services

that an authority is required or permitted to

provide within its area of jurisdiction:

1. Mandatory programs and services that are
required by regulation

2. Municipal programs and services that the
authority agrees to provide on behalf of
municipalities... in jurisdiction under a MOU

3.Such other programs as the authority may
determine are advisable to further its objects




& Addressing Climate Change

rvation

*# in Program and Service
Regulation(s) (new)

40(2) The standards and requirements
established for programs and services in a
regulation made under clause (1) (c) may
include standards and requirements to
mitigate the impacts of climate change and
provide for adaptation to a changing
climate, including through increasing
resiliency.




& Conserving our Future (pp14-15)
the MNRF intends ... to propose regulations
to outline the roles and responsibilities of
CAs, and provide greater certainty, including:
» Natural Hazard Management
» Plan Review
o Wetland Conservation
o Climate Change (with MOECC)

o Watershed planning and management

(with multi-ministry working group)




« Watershed Planning and
sw Climate Resilience in Ontario
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In Closing...

« Approaches for effectively incorporating climate considerations
iInto watershed planning and land use planning are needed

« Changes in provincial policy and the Conservation Authorities
Act provide an opportunity to:

o Work collaboratively towards common, state-of-the-art
technical and non-technical approaches for considering
climate and land use impacts together

o Collectively consider how watershed planning can be a tool
for building climate resilience in communities through
application of these approaches



CLIMATE INFORMATION
and SERVICES for
WATERSHED PLANNING
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Heather Auld, M.Sc.(Meteorology) § «4 .,
Principal Climate Scientist ‘
Risk Sciences International




Different Spatial Scales Different Temporal Scales r51

Splgltbial and Time Scale of Weather Systems and Climate Phenomena
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A wide variety of weather and climate events drive flood risks

(drought too). Each likely responds differently under climate change.




Trends in Number of archived TBRG stations Trends in the # of Adjusted and Homogenized Climate

Dataset (AHCCD) precipitation time series
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State of the Existing Climate Data — Declining # stations, Declining quality

Use of outdated or unrepresentative IDF curves can result in critical under-design or
expensive over-design of key water infrastructure




Compare with U.S. Extreme Rainfall Networks and Climate Trends

Mekis et al. (2015) ... only two-thirds of the higher quality IDF stations used in Canada have sufficient /E-';'
data to compute trends in rainfall intensities (about 185 stations). e

MORE DOWNPOURS

Increase in Heaviest Precipitation Events

Southern Michigan Frequency of 2-Inches-Plus Storms, 1964-2013

254 Trend 1964 to 2013:

128% increase over 50 years

% CHANGE Trends in number of
(1958-2016) 20-] ~50mm storms in
Southern Michigdn

Storms per station per year

Heaviest events defined as top 1% of events

Source: USGCRP Climate Science Special Report 2017 CLIMATE@CENTRAL &

0 =]

AR SRR :
g8 8 &8 g g &

Figure 5. As Figure 1.on page 3, except with respect only to southem Michigan, defined here as the Lower Peninsula south of
|attude 44 north. See the Appendix for details of sources and methodology.
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Meanwhile...State of Climate Change Information in Canada?
Many Portals, Sources...

. Do | need all the results?

Are they relevant to my needs?
Are they in the right format for me?
Do they really support my decision making?

N W) W) W)

/Here are all the
results you

—

i
'/ES! |

“c3alps-projects-capitalising-climate-

.

change-knowledge-for-adaptation-in-the-alpine-space



Uncertainties in Climate Change Projections Vary

Most Less/Least

Confident Confident
e CERTAINTY Less

Longer More heat Snow; More

growing waves _ Wioreé  severe ice Increase in

season More winter m?ense storms '

precipitation wind extremes

Warmer
winters




BUT... A~

How to get good RSL
local to regional R&D: data Decision-
climate maker

information...
Bridge the Gaps?

WATERSHED PLANNERS NEED:

* Good data, defensible science

* Decision relevant information

* Some longevity/consistency to
information

* Gaps in baseline data “fixed”;
more complete data network

* Understanding of uncertainties




Global

Regional

Local

Many Types of Expertise are needed fﬁgl

Climate scientists:

Earth system

Climate services

modellers
Earth observati Impact Fr.o m- 5”.”"”“ et a/.' 2017: De} /.Op 'ng
h climate information portals Wth users

experts remzalishiels Promises and pitfalls

Statistical/ Knowledge

. Purveyors
dynamlF Societal end-
downscaling USErs

Policy makers
m — Practitioners

R&D Impacts & Adaptation Research ~Xnowledge Brokers Decigion-makers

Climate Impact Climate policy and

modelling assessment practice



how we convey information is as important as the information we convey

Research
... Data

Knowledge brokers

The keystone of an arch is the one
piece without which the rest will fall.
Similarly, without effective knowledge
brokers, climate information providers
and users are destined to remain
unconnected. The users’' needs go
unmet and the effort spent producing
the information could be wasted.

Decision-
MELES




Realities:
* Scientific community agrees climate will
continue changing... safety margins needed
e BUT, significant uncertainties over
LOCATION, TIMING, MAGNITUDE, sometimes
DIRECTION

Assessment of flood hazard projections for Europe
— their causes, consequences for decision-making

Conclusion:

Confidence in climate model projections
DOES NOT support projections of amounts of
changes to flood occurrence and flood zone
risks (Kundzewicz et al, 2017)




o all | >

European Flood and CC Risk
Studies: An Assessment

e Concluded that many of the CC
projection results were not robust and
often not supported by observed trends.

Recommended Adaptation Approaches:
Iterative policies, flexibility, ability to
make adjustments based on new
information and learning, diversified
flood risk strategies, risk based decision-
making and safety margins

* Resilience to floods enhanced if multiple
Flood Risk Management Strategies
implemented simultaneously and
aligned i.e. Increased BACKUPs




Contact:

Heather Auld
Principal Climate Scientist
Risk Sciences International

Email: hauld@risksciences.com
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Integrating Climate Information
into Watershed Planning

Regional Municipal Perspectives

Christine Tu,

Director, Office of Climate Change and
Energy Management

Teresa Cline, Senior Planner, Long Range
Planning

York Region




Land Use Planning Context

CIntario
Planning

I 'LI_“ . -‘

< Provincial
=Y Policy
N Growih Plan for the Greater

Statement 3 -'z ¥ '-: Golden Horseshos (2017)

Under the Planning Act

Ontario.caFFS

Planning decisions need to conform to Provincial Plans



York Region Growth Context

York Region’s population is expected to grow from York Region’s employment is expected to grow from

1.2:p1.8°  621-p900:

MILLION .=

1,800,000
1,600,000 -
1,400,000 -
1,200,000 -
1,000,000 -
800,000 -
600,000 -
400,000 -
200,000 -

York Region Population

MILLION.= THOUSAND.= THOUSAND .=

York Region Population Growth - 1971 to 2041

I Population [ Employment

1971 1981 1991 2001 2011 2021 2031 2041
Year

48



Peel Region Growth Context

Peel Population and Employment Growth - 1971 to 2041

Population and Employment (000s)

2031

Historical Forecast

M Population ® Employment

The continued success of both Region’s depends on responsible
planning for growth



State of Practice in Flux




Uneven Playing Field




Vulnerability Assessments in Peel

Water Infrastructure
Systems Vulnerability to
Climate Change in the
Region of Peel
Final Technical Report

o
June 2017

Prepared for.

P Region of Peel

Working fox o0

Prepared by:

A% CREDIT VALLEY

CV | CONSERVATION

REPORT ON HEALTH

B] 0 CLIMATE CHANGE: ASSESSING

PO VULNERABILITY T
EXPOSURE, SENSITIVITY, AND ADAPTIVE CAPACITY IN THE REGION OF PEEL

Report Prepare
Chris Buse, MA, Ph.D. C:

Report Prepared for
Peel Public Health

edby

s Buse, MA, andidate
Dalla Lana School of Public Health
rsity of Toronto

July 2012

Vulnerability Assessments

conducted across sectors to

provide baseline for
municipal risks related to

climate change

|
VULNERABILITY ASSESSMENT SUMMARY . ﬁ

Community Services and
Assets in Peel Region:
Port Credit Case Study

Propared for: Prepared by:

Progonctrest 2 camimion @O0 it conomumn (RS S

Natural Systems in
Peel Region

Propared for:

o

VULNERABILITY ASSESSMENT SUMMARY

Agricultural Systems
in Peel Region

Propared for: Propared by:

])

Proonctre B OO Eiliitomonu (RS I
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Balancing Multiple Priorities
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Time is of the Essence




Opportunity to Chart the Course

by
3 ‘;.:‘a <y ‘
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THANK YOU

For more information
Contact Name

Email, extension YOl’k Region
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g Scenario Analysis — Stationary Climate

(@)

6.0

2ol

Global average surface temperature change

: e historical
| e RCP2.6
| e=me RCP8.5

1950

Credit: |

PCC(2013)

2000

2050

2100

Mean over
2081-2100

RCP8.5

RCP4.5

RCP6.0

Member of Conservation Ontario

TORONTO AND REGION CONSERVATION AUTHORITY
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g Challenge: Uncertainty

-25% +40%

2080-2099

l 1
-30 -20 -10 0 10 20 30 40
A Precitipation (%)

Member of Conservation Ontario TORONTO AND REGION CONSERVATION AUTHORITY



Challenge: Scale

Global climate change,
seasonal climate, CGCM3 GRID

teleconnections

Low pressure systems,
frontal systems, :
tropical storms a8

Organized
" thunderstorms,
lake and sea
breezes,

topography |

Thunderstorm <l
cells '

Member of Conservation Ontario TORONTO AND REGION CONSERVATION AUTHORITY
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g Challenge: Uncertainty + Scale

100

Q0

80

/0

60

50

40

Intensity (mm/hr)

30

20

10

Member of Conservation Ontario

2-hr duration

100

TORONTO AND REGION CONSERVATION AUTHORITY
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& Challenge: Uncertainty + Scale

=== W 7)) ~

Uncertainty in climate .
forcing scenarios
Uncertainty in Global
Climate Models

/‘\
RN

Uncertainty in Regional
Climate Models

Uncertainty in statistical
downscaling

Uncertainty in impact
modelling

Uncertainty in
adaptation response

Member of Conservation Ontario TORONTO AND REGION CONSERVATION AUTHORITY



Conventional / Top-Down

Global Climate
Model Output

v

Downscaling
Methods

v

Future Climate Time
Series

v

Impact Modelling

{J “Reverse-Engineer” Decision-Making

Bottom-Up / Risk Based

Assess Sensitivity of
Receiving System

v

Identify Local Climatic
Conditions that Cause
Impact

v

Could the Future
Global Climate Create
Those Conditions?

v

Assess Likelihood and
Risk

Member of Conservation Ontario

TORONTO AND REGION

CONSERVATION AUTHORITY



g Today’s Risks are Tomorrow’s Risks

Basement Flooding Complaints
(August 19, 2005)

History

Over 4,200 basement
Q¥ y{ flooding complaints to
the City

TORONTO AND REGION CONSERVATION AUTHORITY

Member of Conservation Ontario
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Adaptive Management!
Assess ~ Adaptation

Climate .

Risk Planning
CLIMATE CHANGE » DATA AND ’ CLIMATE \
SCIENCE INFORMATION ADAPTATION
x. ~—__-- / A Adjust CYCLE Implementation
\
N
N ~ P
\Verification /
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Overview

* Climate Change poses significant risks for water resource systems
(rivers, lakes, water supply systems)

* Uncertainty of climate change at a particular location is largely
irreducible, paralyzes traditional planning approaches

* Decision Scaling was developed to address this challenge during the
International Upper Great Lakes Study — producing a new regulation
plan

* Generalized as the Climate Change Guidance Framework for the
International Joint Commission



Why is the future climate uncertain?

1. We don’t know the future emissions of Green House Gases (GHG)
*  Only really significant after 2050
* Irreducible

2. We aren’t certain about climate sensitivity to GHG emissions
e Significant
* Intheory, reducible
3. We are limited in our in ability to model the climate system
e Significant
* No uncertainty reduction in sight (could increase)
4. There is large natural variability of the climate system

e Significant, dominant at scales of adaptation
* Irreducible



What has been the typical
approach?
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Climate Change: what future to plan for?
CNRM—-CMJ3

S0 30 20 15 10 S O 5 10 15 20 30 50%

from S. Hallegatte The Meteo-France model, from IPCC



Climate projections disagree

CNRM—CMJ3 CSIRO—=MkJ3.0

50 30 20 15 10 5 O 5 10 15 20 30 50%

from S. Hallegatte The Meteo-France and the Australian model, from IPCC



... and we have a lot of models...

CGCM3.1.T47 CGCM3.1.T63 CCSM3

from S. Hallegatte



... and future climates depend on future climate
policies and socio-economic trends...
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Motivations for a Bottom-up Approach

http://www.politico.com/news/stories/1012/83043.html

There might be less water than we expect Or there might be more

We don’t try to guess what the future conditions will be,
we try to be robust and flexible.



Bottom-up approach

: o GCM
Identify thg I|keI|h9(?d of | St
problematic conditions )

!

Assess performance across
many plausible futures with
“Stress Test”

T

Identify key performance
targets
(water flows & levels)
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Board Self Assessments

Board Preparedness 1 to 10 scale

Lake Ontario and GLAM Osoyoos

Rainy Lake Health
Kootenay of the Professionals
St. Croix Woods Advisory Board

_ Red River Souris River

» St. Croix * Red River * Niagara
* Lake Ontario and GLAM » Kootenay » Rainy Lake of the Woods

Health Professionals Advisory Board - Osoyoos * Souris River




Framework Overview
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Framework Overview
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- Define objectives, measures
of success, thresholds
-Define uncertain factors that
can affect the system
-Compile what has been
done, is being done



Framework Overview
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- What climate changes,
trends, etc., could affect ability
to meet objectives?

-Is there evidence of
problematic climate changes?
-What is the importance and
uncertainty of the possible
effects?



Framework Overview
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-Consider and decide possible
actions:

-Plan for additional
monitoring of key uncertain
factors

-Commission vulnerability
assessment
-Communicate current efforts



Framework Overview
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Informal and/or formal monitoring of key uncertainties and
status of performance indicators




TERNATIONAL

International Upper Great Lakes Study hv“ﬁci'e tLakes

*  20% of world’s freshwater

* 40 million people affected

| ¢ Multiple Objectives:

* Ecosystem

* Navigation

* Recreation

Hydroelectricity Production
Coastal real estate

Ontarig

Environnement
Canada Canada
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Stakeholder defined risks: threshold lake levels

Lake Superior - coastal coping zones
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Residual Climate risks by Climate Info Source

1
B Historic
0.9r *  Stochastic | -|
* Paleo
=] GCM
0.8 . V¥V RCM
0.7
Q,
g 0.6
c |
Il
14
>
£ 0.5
8 y
Q
=
o 04f

0.3 il
0.2-
0.1+ *
v T
0 : :
Low High Low High
Michigan Michigan Superior Superior

Huron Huron



Current Management of Lake Superior Regulation

Cycle Period = 30 years

{ Management ]

Plan J e.g., gate
N setting

“forcing”

5 Lake
System >
“output”
e.g.
Lake Level
Adaptive ¢
Management

IF Complaints > Tolerance then Study for new Management Plan
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St. Croix Watershed

Transboundary river along the Canada and United States border between New Brunswick and Maine

25 Miles.
)

St. Croix River Watershed 4:__

L
T
125 25 Kilometers

89



IJC mandates for the St. Croix Watershed

Location Mandate Minimum
Forest City Dam Discharge 2.12 m3/s
Vanceboro Dam Discharge 5.67 m3/s
St. Croix at Baring Discharge 21.2 m3/s




Stress Test

Climate/Weather Generator
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Minimum flow violations

Grand Lake at Forest City (Forest city Dam)
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Minimum flow violations

Grand Lake at Forest City (Forest city Dam)
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Temperature change (°C)

Minimum flow violations

Grand Lake at Forest City (Forest city Dam) Spednic Lake at St. Croix (Vanceboro Dam)

Temperature change (°C)

St. Croix River at Baring, Maine
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Final Remarks

Decision Scaling approach is a stakeholder driven
bottom-up approach to climate change risk
management.

Stakeholders perform a key role in the process: define
what “successful performance” looks like

Climate model information is incorporated at the final
stage of the analysis.

The framework can be used to gain a better
understanding of how climate uncertainty affects
project performance

Implemented on Great Lakes and with 1JC basins.
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Incorporating Climate Change
Into Water Resources Modelling
— A Case Study

Integrated modelling in the Great Lakes

Craig McCrimmon, Luis Leon, Ram Yerubandi (ECCC-WSTD)
Laxmi Sushama, Oleksandr Huziy (McGill University)

Ontario Climate Consortium 2018 Forum:
Integrating Climate Information into
Watershed Planning

June 11, 2018



Climate Change Adaptation Modelling Overview

Research Questions
* How does climate influence nutrient loadings from tributaries to the Great Lakes?

* How does climate control the physical, chemical, and biological regimes of the Great
Lakes?

» Are current BMPs (beneficial management practices) and nutrient targets adequate in
the future climate?

Study Design

« Measure/analyze lake surface processes (e.g. evaporation), tributary loadings, and
limnology

» Model watersheds; identify pollutant hot spots; BMP and climate scenarios
« Contribute to next generation coupled climate-lake models
« Evaluate Great Lakes future climate ecosystem health (e.g. HABs, hypoxia)

Outputs
« Lake data sets: water temperature, DO, chla, energy budgets
* Models and decision support tools for assessing climate change impacts

« Input to HABs tracking Bulletin and Lake Erie climate change impacts (Annex 4 & 9-
GLWQA)
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Background

Great Lakes integrated modelling framework

Integrated GIS Data

Land Use Soils DEM

EC WSC,

EC MSC (MESH/WatFlood)

EC (intermittent study based
ADCPs)

MODELS
Terrestrial

In-Lake

EC MSC, EC Met Buoys,

EC WQMS (StarDatabase) &

EC WHERD / Watershed Stressors
and Nutrients. S. Watson (specific
phyto & cyano data), Cladophora (V.
Hiriart-Baer), C. Binding (remote
sensing imagery, Chla & surface

Non-Point Source Pollutant Models
Continuous (e.g., SWAT)

Integrated Modelling

Hydrodynamic/Aquatic Ecological Models
(e.g., ELCOM/CAYDYM, 9 Box)

4

Integrated Modelling Outputs
Transport and dispersion of pollutants,
Waves and storm seiches,
Eutrophication states, Anoxic conditions,
Biological production and mortality rates, Nutrient
concentrations, Toxicant levels, Response
Curves, Water quality conditions, Biological
response (cladophora, cyanobacteria, Chl a,
mussels)

Integrated Modelling

Decision Support jys/te’m/

compare/
eedback

temps), EC WQMS (mussels)

NWRI regression estimates), CA
modelled (SWAT & CanSWAT) - use of
EC WQMS WQ data,

Data Synthesis
BMP Scenarios

Climate Change Adaptation Scenarios

Output Visualization
Sensitivity Analysis
Model Output Analysis
Scenario Gaming/Feedback
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Climate Change Adaptation

Obijective: Contribute to ensure Canada will have data, information and knowledge needed to assess present and future
adverse effects of climate change on aquatic ecosystems & identify, quantify and predict effects of climate change on
water fluxes, water quality and aquatic ecological health, in the Great Lakes regions, to inform adaptation strategies ™

and support water policy development and decision making.

® |mpacts on flow and TP in Grand River watershed & Lake Erie: climate change scenarios for two future time
periods: (1) mid-century (2050-2062) and (2) end-century (2088-2100). Other watersheds include Thames,
Sydenham

® |deally use data from a number of climate models to get uncertainty of outputs. Time consuming to build data sets.
ELCD lake model computation time lengthy.

"‘GrandS
3 ‘Hpmberd
: JLakeOntariod

N JGrand‘{ JlakeOntario2

Upper: T}ame‘s N e ! akeOntario

Upper: ThamésM.‘
4

Upper/Thames SV s N
3 1gUpper Thames SE&=
JSydenham4 4.°p |

) JGrand
‘Lower Thames N
JLake ErielE basin 452

JLake Erie CINE basin
‘[’éwer Thames'S

JLake ErielC SE basin
Lake Erie C NW basin
Lake Erie Vybasin 357 akeriecbasingd

JLake Erie C SW,basin

Locations of extracted meteorological parameters (air temperature, precipitation, humidity, wind speed and solar radiation) from Climate
Change scenarios model output used in SWAT for watersheds and ELCOM-CAEDYM for lakes.




Modelling Climate Change Forcing

Expected under climate change in the Great Lakes:

e changes in the frequency, timing and intensity of storms on nutrient loading with
longer growing periods...

e potential impacts of reduced ice cover and increased water temperatures resulting in
increased evaporation, lower water levels and changes in ecosystem health...

Current Collaboration with UQAM (L'Université du Québec a Montréal)
* CRCM5 model developed includes lake models Hostetler (1D), NEMO (3D).

* Goes step further to simulate water balance of lakes — inflow, outflow, impact
on stream flow.

* Lakes dampen increases in air temperature, particularly near the lakes.

Climate change model: 5t generation of the Canadian Regional Climate Model (CRCMS5)
driven by Canadian Earth System Model (CanESM2) at the boundaries for Representative
Concentration Pathway 8.5 emissions scenario (RCP8.5: business as usual).

Page 101 — July 26, 2018
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Watershed and lake model climate inputs

Watershed Model, SWAT (Soil and Lake Model, ELCD (Elcom-Caedym)
Water Assessment Tool)

Daily climate inputs: Sub daily climate inputs:

® Air temperature max and min ® Air temperature

® Precipitation ® Solar radiation

® Solar radiation ® Wind speed and direction

®* Wind speed ® Relative humidity

® Humidity ® |ncoming longwave radiation

® Atmospheric CO2 °

atmospheric pressure

Watershed and lake model simulations/objectives:
Assess climate change adaption scenarios

Assess combined BMPs and climate change scenarios

Page 102 — July 26, 2018
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Climate Change data - Grand River watershed

e ‘“delta change” method: changes in mean monthly values between baseline and future periods,
typically 30 years each (Charron, 2014)

— calculated fraction changes or differences (for air temperatures).
— delta changes applied to the baseline datasets to obtain the future climate projection.

® Statistical Downscaling Climate Scenarios from PCIC (Pacific Climate Impacts Consortium)

(http://www.pacificclimate.org/data/statistically-downscaled-climate-scenarios).

— Provide downscaled model climate outputs, based on combinations of the emission
scenario, downscaling method, and model ensemble.

— Based on Global Climate Model (GCM) projections from the Coupled Model
Intercomparison Project Phase 5 (CMIP5) and Canadian historical daily gridded climate

data.

— Daily precipitation, and minimum and maximum daily air temperature, downscaled to a
gridded resolution of approximately 10 km across Canada. Precipitation, followed by air
temperature, are the dominant climate inputs for the SWAT.

® Changed atmospheric CO, : SWAT default 330 ppm vs future 716 ppm
® \We chose a climate model representative of worst case (MPI)

® Compared base case 1990-2014 to future late century
Il
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Watershed - Scenario Modelling
Current case with BMP scenarios.

BMP Scenarios AL
(spring TP 40% reduction objective) n /VFS .
: ~(wetland

5 e (vegetative
73 T restoration)

b S filter Strips){""‘ ~

WR

—
2
# BMPs 3 2
4 »
dot s N VFS: 20.0m
Kitchener NM: 28.6%
M e WR: 260/0 Cce
L“pr ) 1:2.070
CC: 31% NM ““{cover crop)

nutrient

: p Brantford! management)

Y

O km

0510 20 30 40 Blue areas sub-basins with BMP applied on them, white areas have no BMPs

Modeling different beneficial management practices (BMPs) in the Grand River watershed to
achieve nutrient objectives for the east basin of Lake Erie and reduce phosphorus loads at the
watershed outlet.

-> Multiple BMPs scenarios developed using CanSWAT

> Will combine BMPs with climate change scenarios




WaterShEd = Scenario MOdE"ing Preliminary results...&

c 200 - Grand River monthly total precipitation, 10 year average
1 2 150 1 mBase Base Case vs Climate Change
s 8 €100 | ™ ClimateCh
o a g
B EE NN N EEESN
w i — — EE—— —
Q- 0 _J T I T I T T T T T T T T T 1
J F M A M J J A S o) N D
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z Grand River cummulative precipitation
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(_B .9 /
3 ®5.0E+03
E x
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%'_ 0.0E+00 - . : : ClimateCh
2005-01-01  2007-01-01  2009-01-01  2011-01-01  2013-01-01  2015-01-01
5.0E+06 - ] ]
® 4 0E406 - Grand River outlet cummulative TP load
e Base Case vs Climate Change /
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0.0E+00 ‘/'/ﬂ/ T T T ClllmateCh T
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Grand River CanSWAT model output at watershed outlet 1989-2014 simulation and with end of
century Climate Change (MPI model + CO2 716 ppm + point sources future population)




Climate Change data - Lake Erie ELCD model

Assess the impact of proposed best management practices (BMPs) and
climate change adaptation strategies on the lake’s water quality,
HABs/hypoxia for effective management.

Base case forcing:
® mostly from observations (buoys, both US & Canadian),

® multiple gaps filled with data from land stations and climate models
output (i.e., CRCM5)

1%t climate change modelling inputs:
® “delta change” method

® PCIC + World Data Center for Climate for the same scenario used for the
Climate Cha nge scena riO (http://cera-www.dkrz.de/WDCC/ui/EntryList.jsp?acronym=MXEL)



Lake modelling [multi-year simulations]

20 7 Climate change scenario compared to base case 15t climate change
15 5 Jun  ng dataset monthly
10 ! 0 average changes:
m Aug
> = " o-Mar——= Apr
0 o Mer w Jan m Jan m 1o . Maximum
- m Average
-5 . Minimum
@ Aug
-10 o Aug
'15 T T T T T 1
air relative shortwave longwave rad wind speed atmosphere
temperature humidity (%) rad (%) (%) (%) press (%)
()

e 2" Climate scenarios: CRCM5 +Hostetler or +NEMO
® Simulation at 2km grid resolution for 6yrs,,os.5014

® Selected two future periods and extract 6yrs forecast datasets: one around mid-
century.,q:c ,05, and other at end-century.,ygs 5094
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Modelling Climate Change Forcing

e future climate from Regional Climate
models (compared to currently
observed)

® two coupled models for the Great
Lakes analyzed...

80°W 70°W

CRCM5_HL CRCM5_NEMO

Climate scenario: Huziy, O. and Sushama, L., 2016. Lake—-river and
lake—atmosphere interactions in a changing climate over Northeast
Canada. Climate Dynamics, pp.1-20.

Climate scenario data: Centre ESCER (Etude Simulation du Climat &

I'Echelle Régionale), University of Quebec at Montreal, Montreal, QC,
Canada

Hostetler

NEMO

 Ld

Canada



Modelling Climate Change Forcing

Winter Spring Summer Fall

-

-;.iéw

mm/day
1.6
0.8
0.0
-0.8
-1.6

Climate model with Hostetler
2070-2100 compared to
1980-2010

(Huziy and Sushama, 2016)

Precip Temperature

mm
120
60
0
-60
-120

W/m?

WE

S

Latent heat

Flow

-160

not significant

. Fig. 9 Projected changes for the 2070-2100 period with respect to significance level are indicated with dots. The changes are based on
I*l Er!Vlronment and | the 1980-2010 period to 2-m air temperature (°C), total precipita- CanESM2-CRCM5-L simulation results between 1980-2010 and
Climate Change Canada tion (mm/day), SWE (mm), latent heat flux (W/m?) and streamflows 20702100 periods
(m?/s): the grid-cells where the changes are not significant at the 5 %




Comparison of Climate Data for Observed (base case),
CRCMS5 +Hostetler and CRCM5 +Nemo

Met forcing: Model output (ELCOM):

WEST 2002-14 midC 2050-2062 endC 2088-2100 forced with CRCM5-Hostetler
CRCM5-  CRCM5- | CRCM5-  CRCM5- | CRCM5-  CRCMS- Water Temperatures
Ai r_Te mp BaseCase-Obs Hostetler NEMO Hostetler NEMO Hostetler NEMO Min I\[/)Iax Avg
max 32.1 38.1 33.7 40.1 43.2 2008-14 28 12.00
min -24.3 -14.8 -21.2 -13.5 -6.8 2056-62 33 16.75
avg 10.3 13.7 10.9 16.1 18.8 2088-94 34 18.25
CENTRAL 2002-14 midC 2050-2062 endC 2050-2062
CRCM5- CRCM5- CRCM5- CRCM5- CRCM5- CRCM5-
Air_Temp BaseCase-Obs ) tetler NEMO Hostetler NEMO Hostetler NEMO 2008-14
max 31.9 35.8 30.6 38.4 40.9
min -24.5 -14.5 -21.4 -12.3 -5.9
avg 9.7 13.4 10.5 15.8 18.5 2056-62
EAST 2002-14 midC 2050-2062 endC 2050-2062
CRCM5- CRCM5- CRCM5- CRCM5- CRCM5- CRCM5-
Ai r_Te mp BaseCase-Obs Hostetler NEMO Hostetler NEMO Hostetler NEMO 2088-94
max| 315 34.7 31.0 37.1 40.8 | | |
min -24.8 -16.8 -21.1 -14.4 -6.9 | | |
-10 0 10 20 30 40
avg 9.4 12.8 9.9 15.2 17.9

NOTES:

1 Hostetler right out the bat overestimates current base case period (W+6, C+4, E+3)

2 In contrast, CRCM5-NEMO matches way better current climate (UQAM-CC sims in progress)

3 In bothe cases, warming is consistent with latitude gradient from west to east (OK)
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Lake Erie Modelling [ELCOM-CAEDYM]

3D hydrodynamic and bio-chemical modeling in Lake Erie.
Part of an ensemble of models for binational GLWQA 2012 Annex 4 (Nutrients)
Lake Erie ecosystem objectives > phosphorus load-response curves for Lake Erie relating phosphorus

loads to basin-wide phytoplankton biomass and extent-duration of hypoxia in the central basin.
J

Base Case outputs ’
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Base case 2008-2014

Water temperature 2008-2014: Iow temperature threshold grey area <2.5° C (~ spring initial conditions)

ELCOM 59,27 Temperature (degC)
10 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
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...some zoomed in time periods (upwelling, thermocline depth,
etc.)
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ELCOM Climate Change Output (end of century)

CRCMS5 Hostetler RCP 8.5... greenhouse gas emissions continually increasing
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...markers @ random date
variation for

bound/duration (<2.5° C)
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...showing warming (+3 ° C) no
ice; CB shorter stratification
period; deeper thermocline;
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Water Quality-ELCD

(a) Present Climate: 2002-04; 2008-10 Preliminary results...
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(b) Climate Change — end of century: 2088-90; 2094-96: warming (+4 ° C); CB show stronger stratification period; deeper
thermocline; strong evidence of increased hypoxia...seasonal shifts in TChl-a (results for 3 phytoplankton groups)
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Summary

* We have used a few different climate models for the watershed and lake
modelling

* Seeing increase in flow and loadings to the lake; less ice cover in lake

* Climate models that include lake models appear to be important for our areas
of interest

* |deally would like to run more models for better uncertainty analysis

 Still to run watershed and lake models with same climate change model and
use watershed climate change loading as input to lake

* Planning to test using climate model output directly in watershed model
(instead of delta change method)

* Several GTA watershed SWAT models ready to go for climate change scenarios
- Rouge, Duffins, Carruthers, and Humber (almost)
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What did we hear today?

Uncertainty in climate data remains challenging,
but doesn’'t mean we can avoid addressing climate
change.

Need to "take stock™ more broadly of the state of
practice in climate related assessments and
consider the best use of data in specific contexts.

New approaches based on risk-tolerance and
decision making under uncertainty could be
opportunities to be used in watershed planning

Stay tuned for more...
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Next Steps for OCC

- Synthesis of what we documented
and heard foday

- Summary Report identifying examples,
key barriers, information gaps and
Ideas to overcome them

 Information sharing 1o attendees and
others in the community
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