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Ontario Centre for Climate Impacts and Adaptation 

Resources (OCCIAR) 

OCCIAR is a university-based resource hub for researchers and stakeholders and provides information on 

climate change impacts and adaptation. The Centre communicates the latest research on climate change 

impacts and adaptation, liaises with partners across Canada to encourage adaptation to climate change 

and aids in the development and application of tools to assist with municipal adaptation. The Centre is 

also a hub for climate change impacts and adaptation activities, events and resources. 

www.climateOntario.ca  

For more information, please contact:  

Annette Morand 

Community Adaptation Coordinator 

Ontario Centre for Climate Impacts and Adaptation Resources (OCCIAR) 

705-675-1151 x5117 

amorand@mirarco.org  

 

 

Ministry of Natural Resources and Forestry – Parry Sound 

District  

The purpose of the Ministry of Natural Resources and Forestry is to provide opportunities for resource 

development and outdoor recreation for the continuous economic and social benefit of the people of 

Ontario; and to administer, protect, and conserve public lands and waters. The ministry's programs are 

concerned with the use of the physical resources such as land, water, trees, fish, animals and certain 

minerals for resource utilization and recreation. 

For more information, please contact:  

Mara Kerry 

Partnership Specialist 

Ministry of Natural Resources and Forestry – Parry Sound District Office 

705-773-4218 

Mara.Kerry@Ontario.ca  

 

 

 

 

This workshop was made possible in part through federal funding support from Natural Resources Canada’s Regional 

Adaptation Collaboratives Program. 

http://www.climateontario.ca/
mailto:amorand@mirarco.org
mailto:Mara.Kerry@Ontario.ca
https://www.nrcan.gc.ca/environment/impacts-adaptation/regional-initiatives/10631


Climate Change in Muskoka: A Workshop on Extreme Weather and Emergency Management  

 

 

2  |   

 

TABLE OF CONTENTS  

 
1.0 About the Workshop ............................................................................................................................ 3 

1.1 Workshop Objectives and Expected Outcomes .......................................................................................................... 3 

1.2 Who was in Attendance? ...................................................................................................................................................... 4 

2.0 Agenda ....................................................................................................................................................... 5 

3.0 Presenters ................................................................................................................................................. 6 

4.0 Presentation Summaries .................................................................................................................... 12 

4.1 Keynote Presentation on Climate Change .................................................................................................................. 12 

4.2 Emergency Management in Ontario ............................................................................................................................. 13 

4.3 Self-Reliance............................................................................................................................................................................ 14 

4.4 Extreme Weather and Risks to Infrastructure ............................................................................................................ 15 

4.5 Climate Change Liability ..................................................................................................................................................... 16 

4.6 MNRF’s Natural Resource Climate Adaptation Strategy ....................................................................................... 17 

4.7 The Value of Natural Green Infrastructure .................................................................................................................. 18 

4.8 Land Use and Climate Change ......................................................................................................................................... 19 

4.9 Evidence-informed partnership-based climate change planning in Peel Region ....................................... 20 

4.10 Climate Change Adaptation Planning within the Chippewas of Georgina Island First Nation ........... 21 

5.0 Breakouts Sessions .............................................................................................................................. 22 

5.1 Breakout Session 1: Impacts, Needs and Barriers .................................................................................................... 23 

5.2 Breakout Session 2: Taking Action, Information Needs and Roles ................................................................... 24 

6.0 Concluding Thoughts ......................................................................................................................... 27 

Appendix 1: Delegate Package Information ...................................................................................... 28 

 

 

 

 

 



Climate Change in Muskoka: A Workshop on Extreme Weather and Emergency Management  

 

 

3  |   

 

1.0 ABOUT THE WORKSHOP  
The Ontario Centre for Climate Impacts and Adaptation Resources (OCCIAR) and the Ontario Ministry of 

Natural Resources and Forestry (MNRF) Parry Sound District Office, with support from Natural Resources 

Canada’s Regional Adaptation Collaboratives Program, were pleased to present this special one-day 

workshop – Climate Change in Muskoka: A Workshop on Extreme Weather and Emergency Management.  

Climate change continues to bring challenges that municipalities need to face head-on and manage 

proactively. The effects of climate change have already been felt across Ontario, as the province is 

experiencing warming temperatures, changing precipitation patterns, and is facing more extreme weather 

events with unparalleled damage. These changes in our climate and weather have resulted in a variety of 

environmental, social and economic impacts. For example, the increasing frequency and intensity of 

weather extremes poses risks to infrastructure, including transportation, buildings, stormwater, and 

shorelines.  

It is the responsibility of municipalities to identify how climate variability/change will manifest itself and 

how those climate hazards will translate into impacts and risks for communities. This workshop took 

participants through the science of climate change, the importance of considering climate change in 

emergency management, risks to municipal infrastructure, legal liability and due diligence, as well as 

various presentations on risk mitigation and adaptation planning in other municipalities and First Nations 

communities. The day featured two break-out discussion sessions where participants had the opportunity 

to discuss climate change impacts, barriers, needs, actions and solutions with fellow municipal 

representatives from other communities in the Muskoka area.  

1.1 Workshop Objectives and Expected Outcomes  

The overall goal of the workshop was to increase participants’ knowledge of climate change science, 

impacts and adaptations and to provide information and tools to help increase municipal resilience to 

extreme weather events. The workshop introduced participants to:       

 The science of climate change, and what future climate models are projecting for temperature 

and precipitation changes in the area;   

 The impacts that climate change will bring to the Muskoka region, including the increasing 

frequency of extreme rain events (resulting in high water levels/floods), drought (resulting in low 

water levels), wind, etc.; 

 The effect that these climate change impacts will have on municipal infrastructure, and the 

importance of conducting risk assessments; 

 The available tools and resources for incorporating climate change knowledge into emergency 

response plans and the suite of mitigation tools/methods available for reducing the effect that 

climate change impacts will have on infrastructure.   

 The role of land use planning and planning controls (e.g. bylaws) in mitigating emergencies due 

to extreme weather; and  

 The role of wetlands and other natural landscape features in building community resilience.  



Climate Change in Muskoka: A Workshop on Extreme Weather and Emergency Management  

 

 

4  |   

 

 

1.2 Who was in Attendance? 

The workshop was geared towards municipal representatives who were interested in learning more about 

the unique issues that climate change will bring to the Muskoka region, the importance of considering 

climate change in emergency management planning, and what adaptation strategies and resources are 

available to help mitigate these impacts.  

 

The workshop was attended by approximately 50 participants including mayors, senior municipal planners 

and advisors, community emergency management coordinators, fire chiefs, fire prevention officers, 

directors of development services, directors of public works, and directors of environmental and 

watershed programs. Also in attendance were provincial representatives from the Ministry of Natural 

Resources and Forestry and the Ministry of Municipal Affairs and Housing.  
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2.0 AGENDA  
7:30am - 8:00am  Registration and light breakfast  

8:00am - 8:15am  Welcome and opening remarks  

8:15am - 9:00am  Morning Keynote: Climate Change in Ontario   

Dr. David Pearson (Laurentian University)  

9:00am - 9:20am Emergency Management in Ontario 

Aileen Cassells (Emergency Management Operations, Office of the Fire Marshal and 

Emergency Management)  

9:20am - 9:40am Climate Change and Emergency Management   

Don MacIver (Mayor, Township of Amaranth; Dufferin County Councillor) 

9:40am - 10:00am  Extreme Weather and Risks to Infrastructure 

Heather Auld (Risk Sciences International) 

10:00am - 10:20am Legal Liability and Due Diligence 

Travis Allan (DeMarco Allan LLP) 

10:20am - 10:40am   Morning refreshment break 

10:40am - 10:50am  Introduction to Breakout Session 1 

10:50am - 11:20am  Breakout Session 1: Impacts, needs and barriers 

11:20am - 12:00pm Report back and facilitated discussion 

12:00pm - 1:00pm  Lunch  

1:00pm - 1:20pm MNRF’s Natural Resource Climate Adaptation Strategy  

Joshua Cornfield (Ministry of Natural Resources and Forestry) 

 

1:20pm - 1:40pm   The Value of Natural Green Infrastructure  

Kevin Rich (Ducks Unlimited Canada)  

 

1:40pm - 2:00pm The Role of Land Use Planning in Adaptation  

Paul Cobb (Ontario Centre for Climate Impacts and Adaptation Resources) 

 

2:00pm - 2:20pm   Evidence Informed Partnership-based Climate Change Planning in Peel Region  

Mark Pajot (Regional Municipality of Peel)  

 

2:20pm - 2:40pm Climate Change Adaptation in First Nation Communities 

Kerry-Ann Charles (Chippewas of Georgina Island First Nation)  

 

2:40pm - 3:00pm   Afternoon refreshment break  

3:00pm - 3:10pm  Introduction to Breakout Session 2 

3:10pm - 3:40pm   Breakout Session 2: Taking action, information needs and roles 

 

3:40pm - 4:20pm  Report back and facilitated discussion  

4:20pm - 4:30pm  Workshop wrap up and farewell  
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3.0 PRESENTERS  
DR. DAVID PEARSON – Professor of Science Communication, 

Laurentian University  

Dr. Pearson is an earth scientist and member of the Co-operative Freshwater 

Ecology Unit at Laurentian University. He is a Science Advisor to Science North, 

where he was the Project Director and then Founding Director from 1980 to 1986. 

He is currently engaging remote First Nation communities in a two year climate 

change impact and adaptation study in the far north of Ontario. 

From 2001 to 2007 David was Chair of the Ontario Office of the Canadian Climate 

Impacts and Adaptation Research Network at Laurentian University. He is now 

science advisor to the Ontario Centre for Climate Impacts and Adaptation 

Resources (OCCIAR), and was Co-Chair of the Ontario Government's Expert Panel 

on Climate Change Adaptation. From 2008 to June 2010 David chaired the Science 

Advisory Panel for Ontario's Far North Initiative.  

He has hosted two TV series: "Understanding the Earth" (TV Ontario) and "Down to 

Earth" (Mid Canada TV); and was the scientist for CBC Northern Ontario's weekly 

Radio Lab" from 1982 to 1997.  

In 2000 David received the Geological Association of Canada's Ward Neale Medal 

for communication of the earth sciences, and in 2003 he was awarded the McNeil 

Medal of the Royal Society of Canada for public communication of science.  

 

 

AILEEN CASSELLS – Deputy Chief, Emergency Management 

Operations, Office of the Fire Marshal and Emergency Management  

Aileen Cassells is the Deputy Chief, Emergency Management Operations, at Office 

of the Fire Marshal and Emergency Management. Aileen has worked in the field of 

Emergency Management for over 15 years in the Ontario Public Service (OPS). As 

Deputy Chief, Aileen is responsible for the Provincial Emergency Operations Centre 

and the MCSCS Ministry Emergency Operations Centre, the Provincial Emergency 

Field Operations and the OPS and MCSCS Emergency Management Programs.   

Aileen has coordinated the development of the Continuity of Operations Program 

in the OPS and managed the development of the MCSCS Ministry Emergency 

Management Program and led a number of key emergency management initiatives 

including Continuity of Government Sector Working Group, Pan/Parapan Am 

Games Integrated Exercise Program, and the Accessibility Planning Working Group, 
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which have resulted in the establishment of best practices inside and outside of the 

OPS.  

Aileen has established and managed corporate and ministry operations centres 

during emergency events including G8/G20, SARS, National Day of Action and 

H1N1. 

 

 

DON MACIVER – Nobel Laureate  

As a meteorologist, climatologist, forester, farmer and Professor, Don has worked at 

all four levels of Government and three Universities, as well as Vice-Chair of Credit 

Valley Conservation. In 2007 he was a co-recipient of the Nobel Peace Prize (IPCC), 

in 2012 he was awarded the Queen’s Diamond Jubilee Medal and in 2013 the 

Mentorship Award from the Association of Canadian Education Resources. Don has 

published more than 200 papers and given hundreds of keynote addresses to a 

diversity of audiences, workshops and Conferences, locally and internationally. 

Elected twice by UN agencies, Don chaired the organizing committee for World 

Climate Conference-3.  

As a Politician for more than 16 years, Don has also served on many Emergency 

Management Boards and Committees and helped organize many community-

based Workshops on hazardous weather. As the former Director of the Adaptation 

and Impacts Research Group in Environment Canada, Don helped develop many 

adaption solutions on climate change, biodiversity, competitiveness, and extreme 

weather.   

 

 

HEATHER AULD – Principal Climate Scientist, Risk Sciences 

International   

Heather Auld joined Risk Sciences International (RSI) in 2011 as Principal Climate 

Scientist after 32 years with Canada’s Federal Government. She has worked both 

with Environment Canada and the Department of National Defence across Canada 

in climate science, climate services and climate change adaptation, weather 

forecasting and operations, training, and stakeholder consultations.  

As one of Canada’s foremost engineering climatologists, Heather brings nationally- 

and internationally-recognized expertise in climate change impacts and adaptation 

research, engineering climatology for national codes and standards, energy-climate 

research, extreme event and forensic analyses, disaster risk reduction planning, and 

science-policy linkages.  
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She has served on both World Meteorological Organization (WMO) and 

International Panel on Climate Change (IPCC) expert groups. In Canada, Ms. Auld is 

a main climate science advisor to Canada’s National Codes Commission, is routinely 

called upon by industry groups and built infrastructure design standards 

committees for expert advice, and has provided climate risk-related training to a 

range of industrial players as well as public sector agencies.  

She has developed weather hazards information for disaster risk reduction and 

provided expert testimony to many disaster-related inquiries including the 

Walkerton Inquiry into water contamination. Ms. Auld has been central to the 

development of decision-support applications for the interpretation and use of 

historical climate information, forensic data, and climate model outputs for the 

purpose of “on-the-ground” decision-making.  

Ms. Auld has worked with practitioners and decision makers across a range of 

sectors, including but not limited to: municipal planning, engineering design, 

emergency response; airport management and operations; forest management; 

and, electricity systems, water resources and other infrastructure.    

  

 

TRAVIS J. ALLAN – Partner, DeMarco Allan LLP 

Travis J. Allan is a partner at DeMarco Allan LLP. Travis advises on corporate and 

commercial legal matters, climate change and land use policy, carbon credit 

development and sale, renewable energy, electric vehicle policy and a variety of 

regulatory matters including energy and privacy. Travis has written and spoken 

extensively about changes to land use planning law and policy that can support 

climate change adaptation and mitigation, focusing on promoting location-efficient 

and transit-oriented development and the preservation and cultivation of natural 

capital. He recently co-authored a report for the Ontario Ministry of the 

Environment and Economy on intersections between climate change mitigation and 

adaptation and regional land use planning.   

Before joining DeMarco Allan LLP, Travis practiced at one of the world’s largest law 

firms in New York, NY focusing on project finance and corporate restructuring. 

Travis is a member of the Ontario and New York bars. He serves on the boards of 

the Climate Change Lawyers Network (as co-chair) and Project Neutral (as acting-

chair) and formerly served as a governor of the Ontario Land Trust Alliance. 
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JOSHUA CORNFIELD – Senior Policy Advisor, Climate Change, Ontario 

Ministry of Natural Resources and Forestry   

Josh Cornfield works as a policy advisor with the climate change team of the 

Ontario Ministry of Natural Resources and Forestry (MNRF). His team coordinates 

ministry efforts in climate change mitigation and adaptation, and supports 

implementation of Ontario’s Climate Change Strategy and Action Plan.    

Josh has been leading the development of a Natural Resource Climate Adaptation 

Strategy, which advances an integrated and coordinated approach for MNRF in 

taking climate change adaptation actions which support the ongoing delivery of its 

natural resources mandate in a changing climate. 

In previous positions with MNRF, he has led the development of policy and 

regulations to support the ministry’s role in implementing the Green Energy Act, 

developed natural heritage technical guidance for renewable energy projects, and 

supported the delivery of ministry objectives under the Planning Act.  Josh holds a 

Master of Arts Degree in Political Science / Environmental Studies from the 

University of Toronto.  

 

 

KEVIN RICH – Provincial Policy Specialist, Ducks Unlimited Canada  

Since joining Ducks Unlimited Canada (DUC) in 1999, Kevin has lead a habitat 

program team and developed DUC’s first-ever municipal extension program to 

encourage strong municipal policies for wetlands. Kevin’s current position is Head 

of Industry and Government Relations for Ontario, where he works with 

government, industry, and other stakeholders to improve wetland conservation by 

advocating for stronger policies and programs.  Kevin holds a B.Sc. in zoology and 

a MA.Sc. in environmental engineering. 

 

 

PAUL COBB – Project Manager, Ontario Centre for Climate Impacts 

and Adaptation Resources (OCCIAR) 

Paul Cobb has over 10 years’ experience in climate change, including community-

based greenhouse gas management and sustainability strategies, climate impacts 

and adaptation, and environmental policy. From 2004-2012, he led sustainability 

and greenhouse gas mitigation projects through the Sustainable Communities 

group at the Pembina Institute, a leading national environmental NGO. In this role, 

Paul helped over 50 communities and First Nations assess their emissions and 

devise strategies for increased sustainability. This included supporting energy 

efficiency and renewable energy feasibility studies, as well as identifying policy 

options to improve environmental performance. Paul later worked in the Public 
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Sector Consulting group at Pembina, focusing on collaboration with public sector 

agencies and departments at all levels, as they sought to identify strategies to 

support increased sustainability. 

Since 2013, Paul has been a project manager with OCCIAR. His projects have 

spanned multiple sectors and disciplines, focusing on developing knowledge, 

strategies, policies and tools needed to support adaptation to climate change 

impacts. The recent study, in collaboration with partners from (former) Zizzo Allan 

Demarco, York University and the Ontario Climate Consortium, examined the 

linkages between land use and climate change.  

 

 

MARK PAJOT – Principal Planner, Climate Change, Integrated 

Planning Division, Region of Peel  

Mark Pajot is one of Canada’s first Climate Change Principal Planners. He holds a 

BA, BSc, MES, and certificate in EIDM. He has over ten years’ experience conducting 

research, policy and program planning in Public Health and Planning with a focus 

on achieving improved environmental health outcomes.  

He’s published numerous peer reviewed articles on climate change, is expert 

advisor to the Canadian Standards Association (CSA) and sustainable cities initiative 

and Dalla Lana School of Public Health, Healthier Cities and Communities Hub. He 

is in process of launching a new Office of Climate Change in Peel Region – A first of 

its kind in Canada.  

 

 

KERRY-ANN CHARLES – Environmental Coordinator, Chippewas of 

Georgina Island First Nation 

Kerry-Ann is a Member of the Chippewas of Georgina Island First Nation and is the 

Environmental Coordinator/By-Law Enforcement Officer for her Community. She is 

involved in and manages several diverse environmental programs such as the First 

Nations Waste Management Program and the Climate Change Adaptation Program 

among many others within her community.    

Some of her duties and responsibilities include, project scheduling, report writing, 

invoicing, and evaluation of the status of project deliverables. Ms. Charles is also 

responsible for researching and the development of funding proposals which help 

sustain the Environment Department, initiating and building relationships with 

various environmental organizations, developing partnerships to coordinate and 

carry out various activities as well as promoting education and community 

involvement in Environmental Health within her community. 
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3.1 Workshop facilitator  

ALLAN G. DOUGLAS – Director, Ontario Centre for Climate Impacts 

and Adaptation Resources (OCCIAR)  

Al Douglas is the Director at the Ontario Centre for Climate Impacts and Adaptation 

Resources, located at Laurentian University in Sudbury. He has been working in the 

field of climate change impacts and adaptation for 15 years and has partnered with 

many different organizations in Ontario and Canada to develop and deliver 

adaptation resources and strategies.  

Al specializes in facilitating adaptation planning at the local and watershed level 

and has expertise in climate science; climate change impact, vulnerability and risk 

assessment; policy development and adaptation planning in natural resource 

sectors. He has had the privilege of contributing content to 2 Canadian National 

Assessments of climate change and acted as an expert reviewer for the last 2 

Intergovernmental Panel on Climate Change assessment reports. Most recently, Al 

was the co-chair of the National Climate Change Adaptation symposium held in 

Ottawa in April of this year. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Climate Change in Muskoka: A Workshop on Extreme Weather and Emergency Management  

 

 

12  |   

 

4.0 PRESENTATION SUMMARIES 
The following are brief summaries of the presentations made at the workshop. Copies of the 

presentations (in PDF format) are available for download at www.climateontario.ca/w_CCinMuskoka.php.  

4.1 Keynote Presentation on Climate Change 

David Pearson (Laurentian University) 

While water vapour stores the greatest amount of energy in our atmosphere, carbon dioxide is the trouble 

maker – carbon dioxide warms up the atmosphere enabling water vapour to act like a greenhouse gas. 

Thus, carbon dioxide is the driver of global warming. When we talk about global warming we often talk 

about air temperature, however we must also look at the energy stored in the oceans. More than 90% of 

the energy captured by the greenhouse effect is transferred to the oceans. When oceans become warmer 

they expand (more than half of the sea level rise that is affecting coastal areas has come from warming 

oceans). The difference in average annual temperature between an ice age and present time is between 5 

and 7°C, so when you reflect on the range of temperature projections for the coming decades, it is 

important to remember that big changes can result from just a few degrees change.  

 

 

 

 

 

 

 

Since 1985, Muskoka has seen an increase in annual temperature of 0.5°C-1.0°C and an increase in annual 

precipitation of 20%. Temperature and precipitation projections indicate that the area will continue to 

become warmer (particularly in winter) and wetter (although harder to project). Some of the impacts in 

the Muskoka area include changes in the ice-on/ice-off periods (posing risks to snowmobiles and other 

winter activities due to thin ice) as well as summer droughts causing lower water levels (posing risks to 

boats and people). In terms of water resources, an average rise in temperature will result in increased 

evaporation; this could lead to impacts such as lower lake levels, lower soil moisture, less groundwater 

recharge and a lower water table, water quantity and quality issues, loss of wetland habitat and species, 

loss of spawning beds, as well as shoreline infrastructure issues. Increased evaporation will also lead to 

drier forests, which can lead to forest fire risks. It is also important to look at extremes and the potential of 

heat waves and heat strokes that could result. For example, summer in 2050 could potentially include 

three weeks of temperatures over 40°C. 

http://www.climateontario.ca/w_CCinMuskoka.php
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4.2 Emergency Management in Ontario 

Aileen Cassells (Office of the Fire Marshal and Emergency Management) 

Climate change is influencing how Ontario’s 

Office of the Fire Marshal and Emergency 

Management (OFMEM) does business and how 

they plan for, and respond to, weather related 

emergencies. The core activity emergency 

managers undertake is how to prevent, prepare, 

mitigate, respond and recover from a myriad of 

hazards. Several questions arise, including: what 

hazards exist? How frequently do they occur? 

How severe can their impact be on the 

community, infrastructure, property and the 

environment? Which hazards pose the greatest 

threat to the community? The Hazard 

Identification and Risk Assessment (HIRA) attempts to assist emergency managers in answering these 

questions in order to better improve public safety and to protect against property and infrastructure 

damage by providing a tool that can be used to assess the consequence and frequency of a hazard. The 

outcome of the HIRA is to identify which hazards should be the focus of emergency management 

programs at a particular point in time.  

OFMEM develops and maintains the Provincial HIRA, which provides guidance for risk assessment for 

hazards in accordance with the definition of an emergency in the Emergency Management and Civil 

Protection Act. Climate change is built into the HIRA methodology. The changing risk variable accounts 

for future changes in vulnerability and frequency which would include those due to climate change. As 

part of the update underway, OFMEM is incorporating climate change considerations throughout the 

hazard narratives because it is changing the overall risk profile for the hazards. The Ministry of the 

Environment and Climate Change (MOECC) has also initiated a full review of their Ministry HIRA to 

address climate change impacts. 

Municipalities maintain a HIRA that assess which hazards are the greatest risk in their community. The end 

result is the creation of a Community Risk Profile, which identifies the hazards most likely to occur and 

with the highest potential impact. Hazards may change over time, so the profile for each community must 

be reviewed on an annual basis. For example, climate change will result in rising temperatures, increased 

storm intensity and frequency, changing drought and fire risk, and shifting threats to human health and 

disease patterns. Climate change is a priority at the provincial level, and this priority is reflected in two 

initiatives currently underway: the Provincial Emergency Management Review and the 2017 Emergency 

Management Conference. The OFMEM will be hosting the conference in Toronto on October 24 and 

October 25, 2017. The conference theme is Resilient Communities and Organizations: Building 

Comprehensive Emergency Management Programs in Ontario. The conference will focus on evolving 

threats and in particular the impact of climate change.  
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4.3 Self-Reliance 

Don MacIver (Township of Amaranth) 

Don’s presentation revolved around six main points: 

1. The atmosphere is unforgiving and we are seeing visible impacts with extreme weather events.  

2. We are already seeing evidence of climate change in the Georgian Bay area. Since 1895, average 

annual temperature has increased by 0.5-1.0°C, minimum temperatures have increased up to 2°C, and 

average annual precipitation has increased by up to 20%.  

3. Global climate model projections for the 2050’s for the Georgian Bay area are showing a warmer and 

wetter climate, with mean annual temperature increasing by 2.2-4.0°C and mean annual precipitation 

increasing by 2.5-2%. 

4. From a political viewpoint, taxpayers have high expectations that municipal leaders will be there to 

protect them during extreme weather events. There are some existing tools and resources to help 

municipalities prepare. For example, the Township of Amaranth was the only municipality included in 

the UN/ISDR Resilient Cities Campaign, which includes a 10 item checklist of ways to create a resilient 

community, workshops, mock exercises, etc. Another tool is radar/satellite and early warning systems 

that are free and directly accessible from your cell phone, however training may be needed in order to 

ensure the public knows how to interpret the radar images. Also, heat alert and hot weather response 

systems are important to help adapt to extreme events.  

5. Individuals need to be ready for extreme events. For example, making sure that 72 hour kits are well 

supplied, fresh and ready to go is very important. There is also a need for better interoperability 

between emergency services and the public, with increased communication between fire, policy, 

ambulance, school buses, etc. Improved coordination and communication during emergencies could 

be accomplished through public cell phone alerts and radio announcements.  

6. Build self-reliance and 

adapting to the risks of 

climate change. Emergency 

managers can incorporate 

climate change risks into their 

work through the Hazards 

Identification and Risk 

Assessment (HIRA) Tool. 

Although HIRA considers a 

number of different risks that 

municipalities face, a survey of 

the top 10 risks for 

municipalities’ shows that 

severe weather and weather-

related hazards are by far the 

biggest threat to municipalities.   
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4.4 Extreme Weather and Risks to Infrastructure 

Heather Auld (Risk Sciences International) 

There are four cornerstones of climate and 

infrastructure resilience: knowledge 

(knowing what to expect), monitoring and 

detecting (knowing what to look for), 

preparing for response (knowing what to 

do), and responding (knowing what has 

happened). It is important to look at 

temperature and precipitation changes that 

have happened in the Muskoka region, as well as future projections. One of the biggest changes in the 

region is an increase in precipitation to the lee side of the Great Lakes, especially during the winter. Ice is 

forming later in the season and the lakes are staying open longer, thereby increasing lake-effect snow and 

the number of heavy snowfall days in the area. Shorter winters, more winter precipitation (rain and snow), 

plus more lake-effect snow is increasing the risk of roof collapses and winter-spring flooding.  

Climate change will impact infrastructure in a number of ways. Climate variables such as ice and snow 

loads, extreme rain and extreme wind can affect critical infrastructure such as roads, bridges, electrical 

power distribution structures and buildings. The sensitivity will vary with the type of infrastructure and 

types of extreme weather events. In terms of adapting asset management for the changing climate, there 

are opportunities, challenges, uncertainties and liabilities. For example, an opportunity for adaptation is 

that, given the infrastructure deficit, there is a need to replace aging assets in the next couple of decades. 

However, a challenge is that the climate design values in current codes and standards is outdated (1960’s); 

thus, replacements need to incorporate climate change uncertainties and future climate risks.  

There are many actions that can be taken in order to adapt municipal infrastructure to climate change. 

Some hard engineering options include better and new building and engineering codes, standards and 

practices; larger ‘safety factors’ and more redundancy in infrastructure design; extensive retrofits of the 

most vulnerable “at risk” structures; and phased adaptation structures (i.e. berms built for additional 

height/safety). Some examples of soft engineering options include maintaining ecosystem services; 

merging soft (green) and hard infrastructure solutions; and land use and municipal planning. There are 

also some no-regrets options, including green infrastructure (i.e. constructed systems that mimic natural 

processes to infiltrate, evapotranspirate, or reuse stormwater or runoff).  

Municipalities can adapt to extreme rainfall by gathering more rainfall data, improving rainfall design 

values and updating Intensity-Duration-Frequency (IDF) curves, upgrading infrastructure, investing in Low 

Impact Development (LID) (e.g. rain gardens, bioswales and impervious pavement), and supporting the 

use of back-water valves and sump pumps. Of course municipalities cannot afford to adapt to everything 

at once, but if the critical thresholds of infrastructure are known, they can plan accordingly. There are 

many examples of good adaptation solutions available, but the key is knowing what to expect, what to 

look for, what to do, and what has happened.  
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4.5 Climate Change Liability 

Travis J. Allan (DeMarco Allan LLP) 

Municipalities need to consider adaptation in order to 

make good planning decisions. It may not be about 

comprehensive action at this stage, but adaptation is 

an iterative process about making conscious decisions 

that include analyzing current and future climate 

impacts and new ‘norms’. The reasons why 

municipalities may choose to respond to climate 

change (through mitigation or adaptation) can be 

voluntary or required by law. Required adaptation can 

be a result of common law obligations (e.g. under negligence, how can increasingly reasonable 

foreseeability of climate impacts change our understanding and use of this tort) or legislated obligations 

(e.g. securities disclosure issues where stakeholders are asking for more fulsome disclosure of climate 

change risks in financial reporting and the need for consistency across statements).  

When it comes to extreme weather events, municipalities are responsible for water supply, stormwater 

management, transportation, public health and sometimes the delivery of electricity. If municipalities are 

providing these services, they must do it in a way that is not negligent, and one of the aspects that 

determines negligence is reasonable foreseeability. For example, would a reasonable person know there 

was a possibility of risk and a particular damage/issue would have resulted from the act or omission? 

Negligence occurs when there is injury to person(s) or property because another has failed to take 

reasonable care, and there is a need to look at statutory authority to see if policy reasons exist to negate 

or limit the duty of care. Now that we have reasonable foreseeability about the effects of climate change, 

those making decisions must take into account these impacts to avoid legal liability.  

The concern from a municipal perspective is that foreseeability is changing as we have more frequent and 

intense storms and we should all be preparing and shoring up our systems accordingly. For example, 

decision-makers for municipal drinking water systems (owners, officers/directors, councilors) who fail to 

act reasonably to ensure protection and safety of the users (standard of care) are guilty of offense (fines 

from $20k-$100k and possible jail time).  

Some take-home messages include:  

1) It is a mistake to be passive on the risks of climate change. 

2) Assign someone to be accountable for receiving climate information and distributing it to the 

appropriate parties. 

3) Review existing bylaws and policies/plans. Do your policies and rules give enough leeway for 

decision-makers to consider adaptation?  

4) Protect projects currently being planned by making sure they consider new climate change 

information. 

5) Make sure this is not a one-time exercise – the information is not going to stop coming. 
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4.6 MNRF’s Natural Resource Climate Adaptation Strategy  

Joshua Cornfield (Ministry of Natural Resources and Forestry) 

The Ministry of Natural Resources and Forestry (MNRF) has played an active role in Ontario’s efforts to 

address climate change by: supporting ongoing science and research on climate impacts and carbon 

dynamics; conducting climate change vulnerability assessments; considering climate change in policy 

development and operations; and leading and supporting actions under the new Ontario Climate Change 

Action Plan and Cap and Trade program. The MNRF has had an internal adaptation strategy in place since 

the late 1990s and is currently working on a public-facing climate change adaptation strategy for 2016-

2020 titled “Naturally Resilient – MNRF’s Natural Resource Climate Adaptation Strategy”. This 5-year 

strategy seeks to adapt sustainable natural resource management to minimize the impacts of climate 

change through actions that maintain, enhance, and restore the resilience of Ontario’s natural resources 

and ecosystems. The focus is on looking at how to adapt the ministry’s work and to ensure continued 

delivery of its mandate in light of a changing climate. 

The Strategy is organized around 5 high-level goals for adapting ministry business which will be 

supported by specific ministry actions. These 5 goals are: 

1. Mainstream adaptation  

2. Ensure landscape resilience  

3. Optimize services and response  

4. Increase knowledge and information  

5. Increase awareness and motivation 

Under the emergency management theme, there are potential adaptation actions such as considering 

climate change during policy review, development, implementation and science/research. Some of the 

areas for opportunity include: emergency response strategies; infrastructure management; landscape 

resilience; natural hazard risk reduction strategies; vulnerability assessments, modelling, and information 

gathering; and wildfire management. The Strategy also recognizes the unique vulnerability to the effects 

of climate change experienced by Indigenous peoples. It encourages MNRF actions that consider 

traditional observations/understandings, improve Indigenous quality of life, build capacity community, 

and involve collaboration. In terms of next steps, the Strategy will be up on the EBR Environmental 

Registry in late fall and will be launched in winter 2016/17.   
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4.7 The Value of Natural Green Infrastructure 

Kevin Rich (Ducks Unlimited Canada) 

Ducks Unlimited Canada (DUC) works to conserve, manage and restore wetlands and associated habitats 

for North America’s waterfowl. DUC Ontario has been working with landowners, governments and other 

organizations in Ontario since 1974 to preserve over 940,000 acres of habitat in the province. Wetlands 

and associated habitats are working landscapes that provide essential ecosystem services such as clean 

water, cultural connection and identity, recreational opportunities, but also carbon storage to offset 

climate change, and maintaining and improving local economies.  

In the context of climate change and extreme weather, 

natural green infrastructure provide primary services 

that address specific issues related to climate change 

(e.g. flood mitigation, stormwater management, water 

quality improvements, carbon sequestration) as well as 

secondary services (or co-benefits) that are ancillary 

benefits of the natural infrastructure that is being 

‘deployed’. These co-benefits can be environmental 

(e.g. replenished groundwater, improved pollinator 

health, better connected natural heritage systems); 

social (e.g. improved human health and quality of life, 

pedestrian and bicycle access, healthy childhood 

development); and economic (create jobs and business 

opportunities, increase property values, reduce 

hard/grey infrastructure capital and life-cycle costs). It 

is important to note that grey infrastructure does not 

normally offer these types of co-benefits. The World Resources Institute states that natural infrastructure 

is more cost-effective when compared to built assets that provide similar services for the utility.  

In order to take advantage of the opportunities that natural green infrastructure presents, municipalities 

can: incorporate natural assets into municipal asset management plans; invest in natural infrastructure 

restoration and securement; do the economic analysis to compare green to grey; conduct a cost-benefit 

analysis or cost-effectiveness analysis; and explore opportunities through land use planning and 

development approvals to stop/minimize impacts to natural infrastructure. 

In terms of their utility for emergency management, natural green infrastructure provides water storage 

and minimizes the impact of flooding and storms on municipal infrastructure. Perhaps the two most 

important lessons learned from natural infrastructure efforts to date are the power of individuals and the 

importance of partnerships. Behind successful natural infrastructure programs are consistently the often-

unsung source water coordinators, conservation staff, and sustainability officers creating real change. 
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4.8 Land Use and Climate Change 

Paul Cobb (Ontario Centre for Climate Impacts and Adaptation Resources) 

Specific land use planning tools and implementation approaches can be effective at introducing and 

requiring action on climate change. Official plans, development controls, approvals, financial incentives 

(i.e. taxes and charges), and design guidelines are just a few examples. Regulatory instruments such as 

defined hazard zones, permits or zoning requirements strengthen and define the land use direction for 

climate change response, which can be further incentivized by financial incentives. In 2015, OCCIAR, in 

partnership with the Ontario Climate Consortium, the Toronto and Region Conservation Authority, 

DeMarco Allan LLP and York University, participated in a project to identify linkages between land use 

planning and actions to mitigate and adapt to climate change, seek out best practices from leading 

comparable jurisdictions, and make recommendations to support mitigation and adaptation in land use 

planning in Ontario. In order to develop the recommendations, the project team looked at the key land 

use planning linkages with adaptation, mitigation, as well as the major gaps in Ontario’s current policy 

framework. In total, the team developed 7 high-level recommendations: 

1. Mainstream climate change into land use plans. 

2. Protect and enhance green infrastructure (natural and built), through land use planning.  

3. Explore opportunities that provide economic incentives for the preservation, establishment and 

maintenance of natural heritage features and supportive green technologies that sequester 

carbon and help build resilience to extreme weather. 

4. Require improved stormwater management through protection, enhancement and/or 

construction of new permeable surfaces, run-off control and LID. 

5. Undertake adaptation planning by local and regional governments, engage broadly, and identify 

best available climate impacts research, floodplain mapping, and climate scenarios.  

6. Develop climate change risk inventories and adaptation implementation plans. 

7. Develop indicators, monitor and review. 

 

The strongest links of land use and adaptation 

are through infrastructure and water 

management. For example, municipalities can 

protect and enhance green infrastructure, 

improve stormwater management through low-

impact development, and encourage effective 

and collaborative adaptation planning by local 

and regional governments. Monitoring and 

evaluation of both the planning effort to enact 

climate change responses, as well as the 

adaptation and mitigation responses themselves are important. This can be done with process- and 

outcome-based indicators. Process-based indicators evaluate the implementation of an enabling 

environment needed to achieve low carbon climate resilient outcomes, while outcome-based indicators 

monitor the effectiveness of policies and activities towards an explicit outcome/action.  
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4.9 Evidence-informed partnership-based climate change 

planning in Peel Region 

Mark Pajot (Region of Peel) 

There are many climate change policy drivers in Peel Region, including a) the Region of Peel’s Strategic 

Plan which names climate change as a Term of Council Priority; b) Conservation Authorities in the region 

are the only ones in Ontario with a special levy to address climate change; c) municipal 

environmental/climate change action plans; and d) the Peel Climate Change Strategy. The Peel Climate 

Change Strategy was adopted by Regional Council on June 23, 2011 and partners have been attempting 

to achieve six goals by implementing 38 actions outlined in the Strategy aiming to: 1) strengthen the 

partnership; 2) reduce community vulnerability; and 3) reduce community greenhouse gases. Peel Region 

follows an evidence informed approach to 

climate change adaptation and mitigation 

planning that includes 7 main steps (see 

diagram). The Region is using well-

established planning frameworks and 

have adopted the International Council 

for Local Environmental Initiatives (ICLEI) 

adaptation planning framework and 

Partners for Climate Protection (PCP) for 

mitigation planning. 

A substantial amount of effort also went into undertaking a series of vulnerability assessments focused 

around climate trends, public health, agriculture, community assets, natural systems, and infrastructure. 

These vulnerability assessments were summarized into a draft synthesis report. For example, the natural 

systems vulnerability assessment was a largely qualitative assessment of natural systems, and key 

ecosystem services, to climate change and involved the quantification of current and future vulnerabilities 

to groundwater discharge and stream temperature. Results showed that 55% of Peel’s terrestrial system is 

highly vulnerable and this trend is expected to increase in the future. Thus, over 15 management 

considerations were developed for ecosystem managers, including increasing (and maintaining) the 

connectivity of terrestrial areas and aquatic systems in the region, protecting and conserving wetlands, 

and updating monitoring of natural systems to track trends in resilience. 

Some key takeaways from Peels’ climate change work include: 

 Assessing climate change impacts should be comprehensive in scope and take a long view to 

minimize unforeseen unintended consequences. 

 Planning in partnership is the most effective way to research and consider solutions. 

 Adopt planning frameworks and set milestone planning targets. 

 Frame the problem as an opportunity to enhance resiliency (build capacity/strengthen 

partnership) rather than as a threat to be managed.  

 Present complex information in a visually appealing and accessible way. 
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4.10 Climate Change Adaptation Planning within the 

Chippewas of Georgina Island First Nation 

Kerry-Ann Charles (Chippewas of Georgina Island First Nation)  

The Chippewas of Georgina Island First Nation (GIFN) is located off the east shore of Lake Simcoe and is 

approximately 100 km north of the GTA, within the Township of Georgina. The sensitivity of the natural 

environment to changes in weather and climate affect the ecosystems and socioeconomic aspects of 

every community, especially indigenous communities. With GIFN being a remote community, climate 

change poses big risks. In 2011, GIFN submitted a proposal to Indian and Northern Affairs Canada to 

develop a Climate Change Adaptation Plan for the community. 

In order to assess the vulnerabilities and risk associated with climate change, 

a Climate Change Adaptation Framework was developed. The project team 

collected Traditional Ecological Knowledge (TEK) related to changing 

weather and climate, as well as impacts to various facets of Traditional Ways 

of Life on Georgina Island. Results of the TEK survey, along with western 

science, were used to help identify and understand the vulnerabilities and 

risks within the community that might become worse with climate change. 

From the TEK survey results, impact trees were created to help visualize how 

changes in weather and climate have already impacted the community, and 

risk assessments were conducted to estimate the likelihood and 

consequence for each of the vulnerabilities occurring in the future. With 

emphasis on the highest priority risks, the project team developed a series of adaptation 

recommendations to respond to risks associated with current and future climate change. The adaptation 

recommendations vary from policy adjustment, adaptive natural resource management, health and safety, 

monitoring, more outreach and communication, and infrastructure renewal and upgrades.  

Since initiation of the Climate Change Project in 2011, GIFN has been incorporating a climate change lens 

into all of their projects including their emergency management plan. After conducting a policy review in 

order to identify the barriers and drivers of adaptation, GIFN developed a series of recommendations for 

their emergency management planning:  

 An emergency plan should be proactive, as much as possible when dealing with the impacts of 

climate change; 

 Update the plan to include a list of what would constitute an emergency (e.g. extreme or severe 

weather, flooding, drought, blow-down, wildfire, etc.; all of which may become more frequent or 

intense with climate change); 

 Update the plan to specify that adaptive measures such as debris clearing and removal from 

culverts and ditches should also be conducted before extreme weather is expected; 

 In addition to providing information on rising flood waters, plan should be amended to include 

monitoring ice conditions, ice road (including landings), and ice jams/pile-up; and 

 Encourage households to have a ’72 hour’ emergency preparedness kit. 
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5.0 BREAKOUTS SESSIONS 
The workshop included two breakout discussion sessions. The first session was focused on climate 

impacts, needs and barriers, while the second was focused on taking action, information needs and roles. 

Participants were divided up into smaller groups for the discussions, which were guided by three 

discussion questions.   

Guiding questions for breakout session 1: 

1) Share your experience with extreme weather in the Muskoka area. What changes have you 

observed and how has it impacted your work? 

2) Which climate change-related hazards/risks do you feel are the biggest threat to key 

infrastructure/emergency management in the Muskoka region? Why? 

3) What are some of the barriers that might hinder adaptive action in emergency management? 

What is needed in order to overcome these barriers? 

Guiding questions for breakout session 2: 

1) What adaptation options could be developed/implemented in the Muskoka region in order to 

increase community resilience to mitigate damage from extreme events and resulting 

emergencies? What is needed? 

2) What type of information/resources would you need in order to develop and implement adaptive 

actions and/or plans? 

3) What do you see as your role in increasing resilience to extreme weather events? 

The goal of the discussion sessions was to give participants the opportunity to discuss climate change 

impacts, barriers, needs, actions and solutions with fellow municipal representatives from other 

communities in the Muskoka area. The following sections summarize the discussions and outcomes of the 

two breakout sessions.  

 



Climate Change in Muskoka: A Workshop on Extreme Weather and Emergency Management  

 

 

23  |   

 

5.1 Breakout Session 1: Impacts, Needs and Barriers 

The workshop participants shared various stories of extreme weather events that have taken place in the 

Muskoka area, and described what changes they have seen in the area as a result of climate change. One 

of the impacts mentioned most frequently was flooding due to increasing extreme rain events. The area 

has seen more intense rainfall events over the past few years, which have resulted in localized flooding 

causing road and culvert washouts and damage to bridges and dams. Participants noted that this is more 

than just seasonal flooding; the volume of rain in a single rainfall event seems to be increasing. Many of 

the participants referenced the three significant (and record breaking) rainfall events in March and early 

April, 2016 which caused extensive flooding and ice damage to waterfront properties in the area. Along 

with increasing spring rainfall, the area is also experiencing warmer winters, causing sudden thaws and 

earlier spring freshets. There is particular concern over extreme precipitation occurring when the ground is 

frozen or extremely dry, thereby reducing the absorption rate and causing more overland flow. One 

participant noted that the impacts associated with this increase of rainfall and flooding are not evenly 

distributed throughout the area; there are variances between the north and south branches of the 

Muskoka River.  

 

Other climate change impacts highlighted by the participants include: water levels (both high and low lake 

levels can impact docks, boathouses, and waterfront properties); warmer summer temperatures (weeks of 

consistently hot and dry summer weather can impact human health); extreme wind events (various 

episodes of severe winds storms have affected the area); increasing snow (the area has seen a higher 

average snow cover, including more snow squalls); fire (increasing fire conditions and fire bans); and 

forest impacts (e.g. more invasive pests and diseases, which can also affect human health (Lyme Disease)).   

 

When asked which climate change-related hazards/risks are the biggest threat to key infrastructure or 

emergency management in the area, the participants quickly identified extreme precipitation and flooding 

as a big risk, causing potential damage to infrastructure such as roads, bridges, culverts and dams, as well 

as risks to human health. Impacts to roads from flooding, freezing rain, and freeze/thaw cycles, as well as 

heavy snow were of particular concern as they affect transportation, accessibility, public safety, and are 

often a huge hit to municipal budgets. Power outages caused by extreme weather events are also a big 

concern. For example, it can be expensive for hydro companies to clear the right of way for hydro lines; 

therefore, they are more susceptible to potential damage from downed trees during an extreme weather 

event such as an ice storm, snow storm, or high winds. Although many residents have generators to 

provide heat during emergency situations in the winter, power outages are a huge risk to residents and 

businesses who do not have generators, or if the power outage persists for an extended period of time. 

Power outages also pose concerns for communication, as many residents rely on cell phones which 

cannot be charged during a power outage. Finally, the risk of wildfire is also expected to rise as a result of 

climate change. As one participant explained, municipalities may not be fully prepared to handle this type 

of increasing risk as fire departments are often stretched in terms of resources, and may not be able to 

take proactive steps to mitigate fire risks.  
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A number of barriers to adaptive action in emergency management were identified by the participants, 

with the biggest barrier being access to sufficient financial resources. Municipalities often have limited 

budgets and need to prioritize those funds, which could make it difficult to invest in proactive adaptive 

measures. As well, many municipalities do not have disaster funds and have minimal emergency 

management funding; thus, they are not planning financially for the increasing frequency and intensity of 

extreme weather events that we can expect to see as a result of climate change. Inter-governmental 

communication and coordination is also a barrier to action. Regional workshops could increase the 

dialogue between key players and provide the opportunity to share formal, as well as informal/anecdotal 

information.  

 

Barriers also exist with respect to municipal planning and policy. For example, one participant explained 

that municipal planners are still using floodplain maps from the 1990s which do not account for the 

recent changes in precipitation the area has experienced in the past few decades. With these outdated 

maps, municipalities are signing off on developments that may be at risk from flooding, and could be a 

potential liability. However, it was stated that councilors in Muskoka are concerned about the threat that 

climate change poses to flooding and are currently seeking funds for updated floodplain mapping.  

 

A barrier that was mentioned a number of times by participants is the need for better public 

communication and education. Residents often have a lack of understanding about the risks that climate 

change and extreme weather will bring to the area and their role and responsibilities in mitigating these 

risks. Municipalities have a big role to play in mitigating risks associated with extreme weather, but 

individuals also have to play their part (e.g. knowing what damage is covered by insurance). Another 

barrier to adaptation is the large surge in population in the Muskoka area, particularly during the 

summertime. People migrating to the area to take advantage of the lakes, towns and scenery can cause 

big issues during emergency situations. For example, the social infrastructure can start to decline (i.e. 

empty grocery stores) and these seasonal residents may not be adequately prepared for an emergency 

situation (e.g. 72 hour kit). Emergency management personnel should be considering what this influx of 

people means when it comes to long-term emergency management planning.  

 

Finally, another barrier identified by the participants is access to the necessary data, information and 

expertise required to make informed decisions. Unlike municipalities in southern Ontario, the Muskoka 

region does not have a Conservation Authority to conduct the much needed research and monitoring of 

environmental conditions; thus, more research and monitoring efforts are required.  

 

5.2 Breakout Session 2: Taking Action, Information Needs 

and Roles 

When asked what adaptation options could be developed or implemented in the Muskoka region to 

increase community resilience to mitigate damage from extreme events and resulting emergencies, a 

number of ideas were suggested by the participants. The discussion focused largely around the impacts 

that climate change and extreme weather will have on infrastructure, and green and natural infrastructure 
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were brought up a few times as no-regrets adaptation options. One participant suggested that 

municipalities develop bylaws or policies to encourage waterfront homeowners to plant vegetation along 

their shorelines, acting as a buffer and reducing the amount of runoff reaching waterbodies. However, 

new shoreline protection bylaws or policies would be for new builds; therefore municipalities would need 

to find a mechanism to grandfather in existing shoreline property owners. Incentives could also be 

developed in order to encourage homeowners to better manage their shorelines (e.g. tax breaks). 

Additionally, it was mentioned that risk and vulnerability assessments would be needed for both hard 

infrastructure and green infrastructure, after which municipalities would be able to better plan for their 

resilience.   

A few other adaptation strategies were mentioned by the group. First, municipalities should update their 

floodplain mapping in order to identify the most at-risk areas to flooding, then revise building standards if 

necessary. Second, recognizing the limits to capacity, more strategic partnerships could be developed 

within the Muskoka region in order to advance climate change adaptation in the area. For example, there 

are good resources available to help municipalities communicate the impacts of climate change (e.g. 

OCCIAR, Intact Insurance) so municipalities do not have to undergo the process alone. Lastly, the risks 

associated with climate change and extreme weather need to be better communicated no only to mayors, 

members of city council and other municipal government representatives, but also to local residents. Both 

formal and informal education, communication and engagement would be beneficial, as well as general 

and individual messages (e.g. a targeted campaign providing information to residents via their tax bill). 

Since top-down efforts from the province do not always reach those making changes on the ground, 

more bottom-up engagement is needed. 

When asked what types of information or resources would be needed in order to help municipalities 

develop and implement adaptation strategies and plans, there was general agreement from the 

participants that greater financial resources are needed. Smaller municipalities may not have the 

necessary funds to conduct risk assessments, vulnerability assessments, or implement adaptive actions. As 

well, it was mentioned that there is a need for better alignment between existing government grants for 

upgrades to wastewater and stormwater management systems and what is needed in smaller 

communities. Many of the existing grants are designed for large urban centres as opposed to small rural 

municipalities, who may not be eligible to receive the funding.  

Additionally, municipalities are in the process of updating their asset management plans and should be 

considering how to incorporate climate change mitigation and adaptation. Currently, provincial guidelines 

only “talk” about climate change mitigation and adaptation; thus, what may be needed is stronger 

guidance from the province to incorporate climate change adaptation and mitigation into municipal asset 

management plans (and other plans/strategic documents). One participant noted that municipal strategic 

plans and long-term financial plans are also weak when it comes to incorporating climate change 

strategies. What would also be helpful for municipalities is cost-benefit analyses of adaptation options in 

order to justify the financial investments needed. For example, if the benefits of an adaptation action are 

high and communicated to municipal decision-makers, then it might be easier to postpone other 

projects/work in order to implement the adaptation action.  



Climate Change in Muskoka: A Workshop on Extreme Weather and Emergency Management  

 

 

26  |   

 

Finally, the participants were asked what they see their role being in increasing resilience to extreme 

weather events. A local Mayor saw their role as being well informed on the topic of climate change and 

sharing that knowledge with their municipal staff and other members of council, as well as local residents. 

It is important to keep this conversation going at the local level as it is an evolution; we must be open to 

those conversations. As well, a representative from the local forest industry discussed the role that forestry 

can play in both forest fire management and carbon management, but identified the need for greater 

engagement and leadership from local municipalities. This highlights the need for more cross-sectoral 

conversations in the Muskoka region. Similarly, there was also a discussion around multi-disciplinary 

collaborations and partnerships at the watershed level, as there are opportunities for municipalities (and 

others) to work together on increasing resilience to climate change and extreme weather in the Muskoka 

watershed.  
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6.0 CONCLUDING THOUGHTS 
Overall the workshop was a huge success. Climate change continues to bring challenges that 

municipalities need to face head-on and manage proactively and this workshop increased participants’ 

knowledge of the unique issues that climate change will bring to the Muskoka region, the importance of 

considering climate change in emergency management planning, and what adaptation strategies and 

resources are available to help mitigate these impacts.  

 

A post-workshop survey garnered feedback from the participants on their experience at the event and 

when asked about their level of knowledge before and after the workshop, all survey respondents 

identified an increase in their level of awareness and understanding of these topics. When asked if they 

planned to incorporate any of the information provided at the workshop into their work going forward, 

90% of survey respondents said ‘yes’. One participant noted that they had already provided key staff and 

council with a synopsis of the workshop, offered the workshop delegate package to staff for review, and 

made some observations for staff consideration and implementation in their community (e.g. stormwater 

management, wind management, increasing financial reserves for severe weather events, etc.). Another 

participant mentioned that they had already prepared a report for senior management to be tabled at 

their next meeting and will work on incorporating climate change into their HIRA more aggressively.  

 

From the survey responses, one of the main takeaways from the workshop seemed to be that we are in a 

critical situation with our climate and the time to act and implement is now. We can expect to see more 

extreme events in the future and many municipalities look to the government(s) to supply them with 

extreme weather, protection, mitigation and supplies but the government does not always have the 

capacity to do so. Therefore, municipalities must take the lead and identify how climate variability/change 

will manifest itself, how those climate hazards will translate into impacts and risks for communities, and 

implement adaptation options to mitigate these risks.  
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1.0 CLIMATE CHANGE: A BRIEF 

INTRODUCTION   
Over the course of the past few decades the science behind climate change has become increasingly clear 

– our climate is changing in a way that is unlike any other time in Earth’s history. The Intergovernmental 

Panel on Climate Change (IPCC), the leading international body for the assessment of climate change, 

states that the degree of warming that Earth has experienced since the 1950s is unequivocal, and many of 

the changes are unprecedented over decades to millennia. The evidence of this warming is all around us: 

the atmosphere and oceans have warmed, snow and ice cover have diminished, sea level have risen, and 

the concentration of greenhouse gas emissions (GHGs) has increased (IPCC, 2013).   

Figure 1: Observed change in global surface temperature 1901-2012 (source: IPCC, 2013). 

The globally averaged combined land and ocean surface temperature shows a warming of 0.85°C over the 

period 1880 to 2012. Each of the last three decades has been successively warmer at the Earth’s surface 

than any preceding decade since 1850, and in the Northern Hemisphere, 1983-2012 was likely the 

warmest 30-year period of the last 1,400 years (IPCC, 2013). The IPCC states that it is extremely likely that 

human influence has been the dominant cause of the observed warming since the mid-20th century, 

particularly through carbon dioxide (CO2) emissions. If we continue along the path that we are currently 

on (i.e. no significant effort is made to reduce our consumption of fossil fuels), global surface temperature 

could rise by another 4.8°C by 2100 (IPCC, 2013).   

 

 

 

 

 

CO2 LEVELS ARE AT THEIR HIGHEST IN 

650,000 YEARS. 

- NASA 
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This year is also breaking warming records. According to NASA’s Goddard Institute for Space Studies 

(GISS), August 2016 was the planet’s warmest August since record-keeping began in 1880 (see Figure 2). 

This record warming in August continued a streak of 11 consecutive months dating back to October 2015 

that have set new monthly high-temperature records (NASA, 2016).  

Figure 2: August 2016 was the warmest August in 136 years of modern record-keeping, according to a monthly 

analysis of global temperatures by scientists at NASA's Goddard Institute for Space Studies (GISS) in New York 

(source: NASA, 2016). 

 

1.1 Climate Change in Canada  

Over the last six decades, Canada has become warmer, with average temperatures over land increasing by 

1.5°C between 1950 and 2010 (see Figure 3). This rate of warming is about double the global average 

reported over the same time period. Warming has been occurring even faster in many areas of northern 

Canada, and has been observed in all seasons, although the greatest warming has occurred in winter and 

spring. The annual number of extreme warm days has also risen, while the number of cold nights has 

declined (Warren and Lemmen, 2014). Over the same time period (1950–2010), Canada as a whole has 

become wetter, with increasing annual average precipitation trends in many parts of the country and for 

the nation as a whole. Trends in annual precipitation have been less uniform across the Canadian 

landmass than those of annual air temperature (see Figure 4).  
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Figure 3: The average annual surface temperature in Canada has increased by 1.5°C between 1950 and 2010, with the 

greatest warming in the winter and spring (the triangle size is proportional to the magnitude of the trend) (Warren 

and Lemmen, 2014). 

 

Figure 4: Average annual precipitation has increased by 16% in Canada between 1950 and 2010. This includes an 

increase in heavy rainfall and extreme events (the triangle size is proportional to the magnitude of the trend) (Warren 

and Lemmen, 2014). 
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1.2 Climate Change in Ontario   

Between 1948 and 2008, almost every region in Ontario experienced an increasing temperature trend, 

with the greatest warming taking place in the western part of the province (see Figure 5). Across the 

province, mean annual temperature has increased by 1.4°C since 1948 – nearly double the global average. 

This seemingly small number may look insignificant, but relatively small changes in average temperatures 

can result in significant impacts.  

 

 

 

 

 

 

  

Figure 5: Since 1950, and relative to 1961-1990 baseline, average annual temperatures across Canada increased by 

1.5°C, and Ontario by 1.4°C (source: Adapted from Vincent et al., 2015). 

As you can see from Figure 6, precipitation patterns in Ontario are already changing. The annual 

precipitation difference between two normals periods (1951-1980 and 1971-2000) shows that some areas 

of the province, including the Muskoka region, have seen increases in precipitation of between 150mm 

and 250mm per year.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: Annual precipitation difference between two normals periods (1951-1980) and (1971-2000) (Comer, 2011).  
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Figure 7 provides an example of temperature and precipitation changes at a local scale. Between 1979 

and 2008, Barrie experienced an average annual mean temperature increase of 1.5°C, right in line with the 

provincial average. One of the many impacts of a warming climate is changes to precipitation patterns; 

Barrie saw a total annual precipitation increase of 42 mm between 1979 and 2008.  

 
Figure 7: Barrie has seen a 1.5°C increase in average annual mean temperature and a total annual precipitation 

increase of 42 mm between 1979 and 2008. 

With the help of global climate models, scientists are able to simulate changes in climate based on a set 

of scenarios of anthropogenic forcings. Figure 8 represents projections in surface air temperature and 

relative precipitation changes for the winter season in Ontario for the middle of the century relative to the 

reference period (1986-2005) (Environment Canada, 2015). In northern countries such as Canada, the 

largest temperature change is likely to occur during the winter season.  

 

 

 

 

 

 

 

 

 

Figure 8: Temperature change and precipitation change for RCP8.5 in 2046-2065 for the winter season (December-

February), 50th percentile (source: Adapted from Environment Canada, 2015). 
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1.3 The Impacts of Climate Change  

In Ontario, warming temperatures and changing precipitation patterns are expected to result in a variety 

of environmental, social and economic impacts. Some of these impacts include: reduced ice cover on the 

great lakes; increased snowfall; increased ice storms; increased freeze-thaw cycles; increased viability of 

pests and diseases; increased flooding; increased soil erosion; degraded water quality; earlier peak flow in 

streams and rivers; decreased total flow in streams and rivers; and potential for drought conditions and 

forest fires.  

 

 

 

Since warmer air holds more moisture, climate change will result in more frequent and intense extreme 

weather events (Warren and Lemmen, 2014). Municipalities are at the front lines of seeing and feeling the 

impacts of these often destructive weather events (Vaughan, 2012). The increasing frequency and intensity 

of weather extremes poses risks to municipal infrastructure including transportation, buildings, 

stormwater/wastewater, drinking water, communication, energy, and shorelines. The effects of climate 

change have already been felt in Ontario, as the province has faced more frequent and intense weather 

events over the past decade with unparalleled damage (ECO, 2014):  

 On July 14-15, 2004, a state of emergency was declared in Peterborough after 175mm of rain fell in 

the city, resulting in $95M in insured losses.  

 On August 19, 2005, 150mm of rain fell in Toronto, causing $647M in damages, washing out a part of 

Finch Avenue and causing flash flooding across the city.  

 On August 20, 2009, 19 tornadoes touched down in Southern Ontario, causing extensive damage to 

homes and killing one in Durham.    

 On April 28, 2011, a sever wind storm with 150 km/hr winds hit Southern Ontario, resulting in 

sweeping power outages and one death.   

 On October 25, 2012, Wawa declared a state of emergency as 133mm of rain fell in just 9 hours, 

causing the washout of five major roads and the destruction of one business.  

 In April, 2013, the Muskoka region experienced extreme flooding due to a combination of partially 

frozen ground, later-than-usual snowmelt, persistent lake ice, and largely heavy, warm rains. Eight 

regions across the area declared a state of emergency. 

 On July 8, 2013, 126mm of rain fell in Toronto in only two hours, resulting in close to $1B in insured 

property damage and $60M in uninsured costs to the City (to date, it is the most expensive natural 

disaster in Ontario’s history).  

Toronto, 2005 Brampton, 2013 Wawa, 2013 Tecumseh, 2016 
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 From December 20-22, 2013, waves of freezing rain hit Southern Ontario, resulting in up to 3 cm of 

ice accumulation and over 600,000 power outages due to fallen trees, branches and utility poles.  

 On May 11, 2014, rising flood waters forced the evacuation of 2,000 residents in the northern Ontario 

First Nation communities of Kashechewan and Attawapiskat, where 40 homes and buildings were 

damaged by sewage and flood waters. It marked the third straight year an evacuation was required 

because of flooding concerns. 

 On June 17, 2014, an F2 tornado touched down in Angus, Ontario (18km southwest of Barrie) with 

winds between 200 and 220 km/hr which damaged up to 102 homes (14 beyond repair) and left 300 

people homeless.  

 On August 4, 2014 over 150mm of rain fell in Burlington, Ontario which led to flooded basements 

and intersections and forced the closure of many roads. 

 November 19-20, 2014, strong cold winds and relatively warm waters off the Great Lakes combined 

to produce intense snow squalls. The strongest affected regions were near Georgian Bay, dumping 

snow amounts of 90cm near Parry Sound, 40cm in Huntsville, and 20cm in Bracebridge and Barrie. 

 In 2016, rainfall records were broken in the Muskoka region with a new March rainfall record. During 

the last week of March and first week of April, Muskoka received three significant rain events, 

depositing 171.5mm of rain into the watershed (the historic average for April is 77mm of 

precipitation). These rain events were preceded by an unusually early spring freshet that began in 

early March, about a month earlier than normal, causing flooding in the area. 

 On September 28, 2016, between 135mm and 195mm of rain fell in the Windsor and Tecumseh 

regions respectively. The mayors of Windsor and Tecumseh declared states of emergency due to 

flooding of streets and upwards of 2,500 flooded basements.  

These events appear to be on an upwards trend not only in Ontario, but around the world (see Figure 9).   

Figure 9: Natural catastrophes worldwide from 1980-2015 (source: Munich RE, 2016). 
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1.4 Municipal Response to Climate Change  

Taking action at the municipal level is important, as local responses need to accompany local impacts. The 

majority of local governments are taking steps to respond to climate change through mitigation (i.e. 

reducing greenhouse gas emissions) (CAP, 2011). However, adaptation is gaining momentum in many 

communities and local governments across Canada as an essential response to climate change that 

complements mitigation efforts (Warren and Lemmen, 2014).  

Figure 10: Communities can respond to climate change in two ways: mitigation and adaptation (source: Vaughan, 

2012). 

 

Adaptation involves making adjustments in our decisions, activities and ways of thinking in response to 

observed or expected changes in climate, with the goals of reducing harm and taking advantage of 

potential opportunities (see Figure 10) (IPCC, 2013). This can include behavioural changes, operational 

modifications, technological interventions, planning changes and revised investment practices, regulations 

and legislation. All levels of government, researchers, the private sector and non-government 

organizations now view adaptation as an essential complement to mitigation (Warren and Lemmen, 

2014).  

 

 

 

 

 

 

 

 

 

 

“THERE IS INCREASING ATTENTION TO ADAPTATION 

AMONG PLANNERS AT ALL LEVELS OF GOVERNMENT 

BUT PARTICULARLY AT THE MUNICIPAL LEVEL, WITH 

MANY JURISDICTIONS ENGAGING IN ASSESSMENT 

AND PLANNING PROCESSES” 

- IPCC 
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In Ontario, there are many factors that drive adaptation at the local level including standards and 

regulatory requirements, legal liability, recent or projected costs of extreme weather on municipal 

budgets, peer competition and image, as well as ensuring the health and safety of local residents (CAP, 

2011). One of the ways in which municipalities can begin the adaptation process is by incorporating 

adaptive management approaches in order to deal with changes in climate and other related 

uncertainties (see Figure 11). Adaptive management involves ongoing monitoring, adjusting, 

experimenting and re-evaluating, and requires a flexible and responsive approach to adaptation (Warren 

and Lemmen, 2014).  

 

 

 
Figure 11: Flow chart showing the steps in the risk assessment process using adaptive management (source: Warren 

and Lemmen, 2014). 

 

1.5 Provincial Response to Climate Change  

The provincial government is also taking action on climate change. In 2016, the Government of Ontario 

released its Climate Change Action Plan, a 5-year plan that will help Ontario fight climate change over the 

long term by reducing greenhouse gas emissions and helping to move us to a prosperous low-carbon 

economy. Building on Ontario’s new Climate Change Mitigation and Low-Carbon Economy Act, the plan 

will ensure that proceeds from the province's recently finalized cap and trade program are invested in a 

transparent and accountable way back into green projects that will help households and businesses 

reduce greenhouse gas emissions and save on energy costs (MOECC, 2016).  
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While the primary focus of the Plan is on mitigation of greenhouse gases, Ontario’s plan for adapting to 

climate change and becoming more resilient will be released in 2017. The upcoming plan will build on 

Climate Ready: Ontario’s Adaptation Strategy and Action Plan, which was released in 2011, and was 

Ontario’s first public commitment to address climate impacts across government (MOECC, 2016). The new 

adaptation plan will provide details of a new climate modelling collaborative which will help decision-

makers understand potential climate impacts so they can make effective, climate-resilient decisions. The 

collaborative will be useful for provincial and municipal governments, Crown agencies, utilities, 

conservation authorities, the private sector, First Nations and Métis communities, and others (MOECC, 

2016). 

 

1.6 Emergency Management   

Emergency managers will have to deal with the impending, uncertain, and possibly extreme effects of 

climate change; yet, many are not aware of the full range of possible effects and are unsure of their place 

in the effort to plan for, and adapt to, these climate change effects (Labadie, 2011). Under the Emergency 

Management and Civil Protection Act, every municipality in Ontario is required to have an emergency 

response plan in place. Since climate change is projected to result in more extreme weather conditions 

which may cause new problems not currently addressed in emergency response plans (Expert Panel, 

2009), community officials are advised to be cognizant of how climate variability/change will manifest 

itself (e.g. intense precipitation, droughts, wind events, increased seasonal temperatures, etc.) and how 

those climate hazards will translate into impacts and risks for the community (e.g. flooding, water 

shortages, infrastructure damage, heat stress, etc.).  

In essence, municipalities already address weather-related impacts, though existing plans and policies 

may not be labelled as “adaptation” (Vaughan, 2012). Emergency planning uses the term mitigation in 

reference to mitigating impacts, therefore there is no need for a radical shift in thinking or concept 

(Labadie, 2011). Stormwater management plans, summer cooling centres, and emergency management 

and response work, are just a few examples of common municipal plans and actions that contribute to a 

community’s ability to adapt (Vaughan, 2012).  

In order to reduce risks, emergency managers must identify hazards and assess the associated risks in 

order to determine which hazards are most likely to result in an emergency. Systematic risk assessment 

tools, such as a Hazard Identification and Risk Assessment (HIRA), can help shift the focus of emergency 

management from reactive, to a more proactive approach (Emergency Management Ontario, 2012b). 

HIRA’s help emergency managers assess which hazards pose the greatest risk in terms of how likely they 

are expected to occur, and how great their potential impact may be (Emergency Management Ontario, 

2012a). In essence, HIRA’s indicate where communities need additional resiliency. The Province of Ontario 

provides guidance material on how to conduct a HIRA, which now makes reference to future conditions 

for the likelihood of events, and not just historic occurrence rates (Emergency Management Ontario, 

2012b).  
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Figure 12: The four steps to creating and maintaining a HIRA (source: Emergency Management Ontario, 2012a). 

It is vital that emergency managers take an active part in all aspects of planning for and implementing 

climate change adaptation (Labadie, 2011). There is a significant opportunity to strengthen the Municipal 

Emergency Response Programs and Plans through the development and transfer of knowledge of climate 

change impacts to municipal emergency management officials and other municipal personnel (Expert 

Panel, 2009). There are a number of options to increase the adaptive capacity of emergency management:  

 Adopt a risk-based land use and emergency response planning framework;  

 Encourage closer collaboration between planning and engineering communities; 

 Determine and climate-proof the critical transportation infrastructure needed for evacuation and 

hospital access; and 

 Plan non-structural measures including education, forecast and warning systems, communications, 

and periodic drills of evacuation and rescue (Feltmate and Thistlethwaite, 2012).  

 

1.7 Climate Change Resources   

Earlier this year, the Muskoka Watershed Council released a report (Sale et al., 2016) which provides an in-

depth look at how climate change will impact the Muskoka area by mid-century. The report, ‘Planning for 

Climate Change in Muskoka’, is a follow-up to the Council’s first report on climate change published in 

2010 (Muskoka Watershed Council, 2010). It suggests that a typical year by mid-century will be 

characterized by approximately half the number of extremely cold winter nights (<-20°C), four times the 

number of winter nights that remain above freezing, half the number of winter days in which maximum 

temperature breaks through 0°C (from 36 days to 56 days), and seven times as many days in which the 

maximum temperature exceeds 30°C (from 4 days to 27 days). The Muskoka region is also likely to see a 
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10%-20% increase in the total amount of precipitation, most of 

which is likely to occur in late fall/early spring. This increase in 

precipitation during November to April will largely be driven by 

the Muskoka’s proximity to Georgian Bay, as warmer winter 

temperatures will result in less ice coverage and more 

evaporation, which can bring rain or snow squalls to the Muskoka 

region (Sale et al., 2016).  The report also suggests that what is 

needed is long-term adaptation planning by individuals, 

businesses, community groups and local governments in order to prepare Muskoka communities for 

climate change. It outlines 15 recommendations around four types of action: 1) actions to improve 

understanding of the ecological functioning of the Muskoka environment, 2) actions to address 

anticipated impacts of climate change on the Muskoka environment, 3) actions to prepare our built 

infrastructure and its management for the climate of mid-century, and 4) action to facilitate the effective 

implementation of these recommendations.  

 

 Also published in 2016 is a resource from the Federation of Ontario Cottagers’ 

Associations on ‘Managing Your Waterfront Property in a Changing Climate’ 

(FOCA, 2016). The document provides information on climate change impacts 

and adaptation options for waterfront properties owners to help them increase 

the resiliency of their shoreline. This particular topic is important to the Muskoka 

region as the large lakes in particular are very developed with cottages, 

commercial tourism, and marinas. In some cases (Lake Muskoka, Lake Joseph 

and Lake Rosseau), virtually all the shoreline is privately owned with extensive 

shoreline development including docks and boathouses. The amount of 

shoreline development within Muskoka makes the area unique when compared 

with other regions. The FOCA resource offers 5 top actions shoreline owners can 

take: 1) keep your shoreline natural and enhance it if possible, 2) keep aquatic plant populations intact, 3) 

maintain and improve your waterfront property’s health and biodiversity, 4) manage pests and diseases, 

and 5) stay informed.  

 

There is a large number of resource for municipalities in order to help them incorporate climate change 

impacts and adaptations into planning, policies, and emergency management practices. See Appendix A 

for a list of useful resources and Appendix B for a list of useful websites.  

 

 

 

 

 

 

 

http://www.muskokawatershed.org/resources/planning-for-climate-change/
https://foca.on.ca/managing-your-waterfront-property-in-a-changing-climate/
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2.0 FINAL THOUGHTS 

The evidence is clear – climate change is bringing new challenges that Ontario municipalities need to face 

head-on and manage proactively. Emergency managers will have to deal with the impending, uncertain, 

and possible extreme effects of climate change. Preparedness is prudent and adaptation enlisted now will 

ensure adequate levels of service and resilient infrastructure given the impending, uncertain, and possible 

extreme changes in our weather system. 

Climate Change in Muskoka: A Workshop on Extreme Weather and Emergency Management will focus on 

the unique issues that face the Muskoka region. The workshop will take you through the science of 

climate change, the importance of considering climate change in emergency management, risks to 

municipal infrastructure, legal liability and due diligence, as well as various presentations on risk 

mitigation and adaptation planning in other municipalities and First Nations communities. The day will 

feature two break-out discussion sessions where you will get to discuss climate change impacts, barriers, 

needs, actions and solutions with fellow municipal representatives from other communities in the 

Muskoka area. The day will leave you with a better understanding of the key impacts that municipalities 

are facing when it comes to climate change and extreme weather, and how we can plan accordingly.   
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3.0 GLOSSARY OF TERMS 

The definitions are drawn from the Intergovernmental Panel on Climate Change (IPCC) Working Group II 

Contribution to AR5 report, “Climate Change 2014: Impacts, Adaptation, and Vulnerability” (IPCC, 2014).  

 

Adaptation  

The process of adjustment to actual or expected 

climate and its effects. In human systems, 

adaptation seeks to moderate or avoid harm or 

exploit beneficial opportunities.  

 

Adaptive Capacity 

The ability of systems, institutions, humans, and 

other organisms to adjust to potential damage, 

to take advantage of opportunities, or to 

respond to consequences. 

 

Adaptive Management 

A process of iteratively planning, implementing, 

and modifying strategies for managing 

resources in the face of uncertainty and change. 

Adaptive management involves adjusting 

approaches in response to observations of their 

effect and changes in the system brought on by 

resulting feedback effects and other variables. 

 

Capacity Building 

The practice of enhancing the strengths and 

attributes of, and resources available to, an 

individual, community, society, or organization 

to respond to change. 

 

Climate 

Climate is the average weather, or more 

rigorously, the mean and variability of relevant 

quantities over a period of time ranging from 

months to thousands or millions of years. The 

classical period for averaging these variables is 

30 years. 

 

Climate Change 

A change of climate which is attributed directly 

or indirectly to human activity that alters the 

composition of the global atmosphere and 

which is in addition to natural climate variability 

observed over comparable time periods. 

 

Climate Model  

A numerical representation of the climate system 

based on the physical, chemical, and biological 

properties of its components, their interactions, 

and feedback processes, and accounting for 

some of its known properties. Climate models 

are applied as a research tool to study and 

simulate the climate, and for operational 

purposes, including monthly, seasonal, and 

interannual climate predictions.  

 

Climate Projection 

A climate projection is the simulated response of 

the climate system to a scenario of future 

emission or concentration of greenhouse gases 

and aerosols, generally derived using climate 

models.  

 

Climate Scenario 

A plausible and often simplified representation 

of the future climate, based on an internally 

consistent set of climatological relationships that 

has been constructed for explicit use in 

investigating the potential consequences of 

anthropogenic climate change, often serving as 

input to impact models. Climate projections 
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often serve as the raw material for constructing 

climate scenarios, but climate scenarios usually 

require additional information such as the 

observed current climate.  

 

Community-Based Adaptation 

Local, community-driven adaptation. 

Community-based adaptation focuses attention 

on empowering and promoting the adaptive 

capacity of communities. It is an approach that 

takes context, culture, knowledge, agency, and 

preferences of communities as strengths. 

 

Disaster 

Severe alterations in the normal functioning of a 

community or a society due to hazardous 

physical events interacting with vulnerable social 

conditions, leading to widespread adverse 

human, material, economic, or environmental 

effects that require immediate emergency 

response to satisfy critical human needs and that 

may require external support for recovery. 

 

Disaster Management 

Social processes for designing, implementing, 

and evaluating strategies, policies, and measures 

that promote and improve disaster 

preparedness, response, and recovery practices 

at different organizational and societal levels. 

 

Disaster Risk 

The likelihood within a specific time period of 

disaster.  

 

Disaster Risk Management  

Processes for designing, implementing, and 

evaluating strategies, policies, and measures to 

improve the understanding of disaster risk, 

foster disaster risk reduction and transfer, and 

promote continuous improvement in disaster 

preparedness, response, and recovery practices, 

with the explicit purpose of increasing human 

security, well-being, quality of life, and 

sustainable development. 

Disaster Risk Reduction  

Denotes both a policy goal or objective, and the 

strategic and instrumental measures employed 

for anticipating future disaster risk; reducing 

existing exposure, hazard, or vulnerability; and 

improving resilience. 

 

Downscaling 

Downscaling is a method that derives local- to 

regional-scale (10 to 100 km) information from 

larger-scale models or data analyses. Two main 

methods exist: dynamical downscaling and 

empirical/statistical downscaling.  

 

Emission Scenario 

A plausible representation of the future 

development of emissions of substances that are 

potentially radiatively active (e.g., greenhouse 

gases, aerosols) based on a coherent and 

internally consistent set of assumptions about 

driving forces (such as demographic and 

socioeconomic development, technological 

change) and their key relationships.  

 

Ensemble 

A collection of model simulations characterizing 

a climate prediction or projection.  

 

Extreme Weather Event 

An extreme weather event is an event that is rare 

at a particular place and time of year. 

 

Greenhouse Gas  

Greenhouse gases are those gaseous 

constituents of the atmosphere, both natural 

and anthropogenic, that absorb and emit 

radiation at specific wavelengths within the 

spectrum of terrestrial radiation emitted by the 

Earth’s surface, the atmosphere itself, and 
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clouds. This property causes the greenhouse 

effect.  

 

Hazard 

The potential occurrence of a natural or human-

induced physical event or trend or physical 

impact that may cause loss of life, injury, or other 

health impacts, as well as damage and loss to 

property, infrastructure, livelihoods, service 

provision, ecosystems, and environmental 

resources. In this report, the term hazard usually 

refers to climate-related physical events or 

trends or their physical impacts. 

 

Impacts (Consequences, Outcomes) 

Impacts generally refer to effects on lives, 

livelihoods, health, ecosystems, economies, 

societies, cultures, services, and infrastructure 

due to the interaction of climate changes or 

hazardous climate events occurring within a 

specific time period and the vulnerability of an 

exposed society or system. Impacts are also 

referred to as consequences and outcomes. 

 

Maladaptation 

Actions that may lead to increased risk of 

adverse climate-related outcomes, increased 

vulnerability to climate change, or diminished 

welfare, now or in the future. 

 

Mitigation 

A human intervention to reduce the sources or 

enhance the sinks of greenhouse gases. 

 

Mitigation (of disaster risk and disaster) 

The lessening of the potential adverse impacts of 

physical hazards (including those that are 

human-induced) through actions that reduce 

hazard, exposure, and vulnerability. 

 

Projection 

A projection is a potential future evolution of a 

quantity or set of quantities, often computed 

with the aid of a model. Unlike predictions, 

projections are conditional on assumptions 

concerning, for example, future socioeconomic 

and technological developments that may or 

may not be realized.  

 

Resilience 

The capacity of social, economic, and 

environmental systems to cope with a hazardous 

event or trend or disturbance, responding or 

reorganizing in ways that maintain their essential 

function, identity, and structure, while also 

maintaining the capacity for adaptation, 

learning, and transformation. 

 

Return period 

An estimate of the average time interval 

between occurrences of an event (e.g., flood or 

extreme rainfall) of (or below/above) a defined 

size or intensity.  

 

Risk 

The potential for consequences where 

something of value is at stake and where the 

outcome is uncertain, recognizing the diversity 

of values. Risk is often represented as probability 

of occurrence of hazardous events or trends 

multiplied by the impacts if these events or 

trends occur. Risk results from the interaction of 

vulnerability, exposure, and hazard.  

 

Risk Assessment 

The qualitative and/or quantitative scientific 

estimation of risks. 

 

Risk Management 

Plans, actions, or policies to reduce the 

likelihood and/or consequences of risks or to 

respond to consequences. 
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Scenario 

A plausible description of how the future may 

develop based on a coherent and internally 

consistent set of assumptions about key driving 

forces (e.g., rate of technological change, prices) 

and relationships.  

 

Vulnerability 

The propensity or predisposition to be adversely 

affected. Vulnerability encompasses a variety of 

concepts and elements including sensitivity or 

susceptibility to harm and lack of capacity to 

cope and adapt.  
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APPENDIX B: USEFUL WEBSITES 

 

Adaptation Organizations 

Great Lakes Adaptation Assessment for Cities (GLAA-C) brings together researchers and practitioners 

to develop actionable climate adaptation programs for cities in the Great Lakes region: 

www.graham.umich.edu/glaac   

Great Lakes Integrated Sciences and Assessments (GLISA) contributes to the long-term sustainability 

of the region in the face of a changing climate and facilitates smart decision-making backed by scientific 

knowledge: www.glisa.umich.edu  

ICLEI – Local Governments for Sustainability provides technical consulting, training, networking 

opportunities, and information services to build capacity, share knowledge, and support local 

governments in becoming more sustainable and resilient: www.icleicanada.org    

Institute for Catastrophic Loss Reduction (ICLR) is a world-class centre for multi-disciplinary disaster 

prevention research and communications: www.iclr.org   

Ontario Centre for Climate Impacts and Adaptation Resources (OCCIAR) is a university-based 

resource hub for researchers and stakeholders searching for information on climate change impacts and 

adaptation: www.climateOntario.ca    

Ontario Climate Consortium (OCC) works collaboratively with university researchers and partners from 

the public, private and NGO sectors on projects aimed at answering specific questions related to climate 

change and creating the intelligence necessary to address climate risk: www.climateconnections.ca 

Ouranos acquires and develops knowledge on climate change, its impact and related socioeconomic and 

environmental vulnerabilities, in order to inform decision makers about probable climate trends and 

advise them on identifying, assessing, promoting and implementing local and regional adaptation 

strategies: www.ouranos.ca/en   

General Adaptation Resources 

Adaptation Library is a publicly accessible and searchable collection of community, forestry, and energy 

related adaptation products: www.adaptationlibrary.ca   

Adaptation Wizard is a 5-step process that provides a framework and resources to help you generate 

information to inform your own adaptation strategy: www.ukcip.org.uk/wizard   

Building Adaptive & Resilient Communities (BARC), offered through ICLEI, is a program that offers a 

comprehensive way to respond to the impacts of climate change, develop and implement an adaptation 

plan, and protect the people, property, and prosperity of your community: 

www.icleicanada.org/programs/adaptation/barc    
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Canadian Institute of Planners (CIP) climate change resource library provides access to a variety of tools 

and resources that have been produced to date from CIP climate change initiatives: www.cip-

icu.ca/ClimateChangePolicy#   

Climate Adaptation Knowledge Exchange (CAKE) aims to build a shared knowledge base for managing 

natural and built systems in the face of rapid climate change and is intended to help build an innovative 

community of practice: www.cakex.org  

Climate Change Adaptation Community of Practice (CCACoP) is an interactive online community 

dedicated to advancing knowledge and action in the area of climate change adaptation, and serves as a 

location where researchers, experts, policy-makers and practitioners from across Canada can come 

together to ask questions, generate ideas, share knowledge, and communicate with others working in the 

field of climate change adaptation: www.ccadaptation.ca  

Climate Impacts & Adaptation Tool (CIAT) is a climate adaptation planning support tool for decision 

makers at the city level in the Great Lakes Region of North America: http://graham-

maps.miserver.it.umich.edu/ciat/home.xhtml  

Climate Resilience Framework helps clarify factors that need to be included in the diagnosis of climate 

vulnerability, structures the systematic analysis of vulnerability in ways that clearly identify the entry points 

for responding, and supports strategic planning to build resilience to climate change: www.training.i-s-e-

t.org   

Collaboratory for Adaptation to Climate Change is a resource for research, education, and 

collaboration in the area of adaptation and climate change: www.adapt.nd.edu 

Federation of Canadian Municipalities (FCM) offers a variety of climate change adaptation resources 

for municipalities: www.fcm.ca/home/issues/climate-change-and-resiliency/climate-change-

adaptation.htm    

Georgetown Climate Center seeks to advance effective climate, energy, and transportation policies in 

order to help communities adapt to climate change: www.georgetownclimate.org   

Great Lakes Coastal Resilience Planning Guide aims to connect planners and coastal, floodplain and 

stormwater managers with the tools and data they need to account for natural hazards and climate 

change in the Great Lakes: www.greatlakesresilience.org   

Flood/Water  

FloodSmart Canada is a hub of information related to floods, flood risks, and emergency preparedness: 

www.floodsmartcanada.ca 

Muskoka Watershed Council provides information to decision-makers, managers and the general public 

on ways to protect and restore the resources of our watersheds: www.muskokawatershed.org   

Muskoka Water Web was developed by The District Municipality of Muskoka to provide a portal to 

information about Muskoka’s most cherished resource – water: www.muskokawaterweb.ca    

http://www.cip-icu.ca/ClimateChangePolicy
http://www.cip-icu.ca/ClimateChangePolicy
http://www.cakex.org/
http://www.ccadaptation.ca/
http://graham-maps.miserver.it.umich.edu/ciat/home.xhtml
http://graham-maps.miserver.it.umich.edu/ciat/home.xhtml
http://www.training.i-s-e-t.org/
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http://www.adapt.nd.edu/
http://www.fcm.ca/home/issues/climate-change-and-resiliency/climate-change-adaptation.htm
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Partners for Action is an applied research network advancing flood resiliency in Canada in the face of a 

changing climate and extreme weather: www.uwaterloo.ca/partners-for-action   

WaterBudget.ca is an invaluable resource for anyone interested in water quantity within Ontario and 

beyond, and is designed to communicate advancements in water quantity assessment: 

www.waterbudget.ca   

Real-Time Hydrometric Data Map Search provides public access to real-time hydrometric data 

collected at over 1800 locations and access to historical data collected at over 7600 stations (active and 

discontinued) in Canada: 

https://wateroffice.ec.gc.ca/google_map/google_map_e.html?searchBy=p&province=ON&doSearch=Go 

The Umbrella is an online tool to share knowledge about green stormwater infrastructure. All members 

have free access to resources and discussions: www.theumbrella.ca  

Climate Data 

Canadian Climate Data and Scenarios (CCDS) supports climate change impact and adaptation research 

in Canada through the provision of climate model and observational data: www.cccsn.ec.gc.ca    

Climate Change Hazards Information Portal (CCHIP) is a web-based tool that helps empower 

organizations of all sizes and capacities to integrate climate change impacts into their planning and 

design decisions to help protect private and public infrastructure, resources and public health: 

www.cchip.ca  

National Climate Data and Information Archive, hosted by Environment Canada, provides practitioners 

with historical climate data that can be used to determine a baseline and be used in planning, design and 

implementation activities: www.climate.weather.gc.ca   

Ontario Climate Change Data Portal was launched to ensure technical or non-technical end-users (e.g. 

municipalities, private sector) have easy and intuitive access to the latest climate data over the Province of 

Ontario: www.ontarioccdp.ca   

Government of Ontario 

Emergency Management Ontario provides tools to support emergency planning efforts, information 

about current emergency-related events, training opportunities, resources for teachers and educators, and 

more: www.emergencymanagementontario.ca  

Flood Forecasting and Warning Program prepares provincial and local authorities in the event of a 

flood: www.ontario.ca/law-and-safety/flood-forecasting-and-warning-program   

The Flood page includes hazard information, safety tips, and frequently asked questions in the event of a 

flood: www.ontario.ca/page/floods  

The Climate Change page provides an overview of how Ontario is fighting climate change and helping to 

build a cleaner, more sustainable future for generations to come: www.ontario.ca/page/climate-change  
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FOR MORE INFORMATION, PLEASE VISIT: WWW.CLIMATEONTARIO.CA  

http://www.climateontario.ca/

