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City of Barrie 

The City of Barrie is central Ontario’s premier waterfront city. It is located on the west shore of beautiful 

Lake Simcoe, and boasts an expansive beach-lined waterfront overlooking Kempenfelt Bay. An 

abundance of parkland, totaling over 90 parks and 300 hectares, are scattered throughout the city. With 

a population of over 136,000, Barrie has been designated an Urban Growth Centre by the Province of 

Ontario due to its emergence as a bedroom community for nearby Toronto. The City is committed to 

providing its residents with opportunities to enjoy an enhanced and secure quality of life in a prosperous 

and ecologically sustainable community.  

www.barrie.ca  

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  

Insurance Bureau of Canada (IBC) 

Established in 1964, IBC is the national industry association representing Canada’s private home, auto 

and business insurers. Its member companies represent 90% of the Canadian property and casualty 

insurance market. IBC works on a number of fronts to increase public understanding of home, auto and 

business insurance.  

www.ibc.ca 
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1.0 OVERVIEW   
Climate change continues to bring challenges that municipalities need to face head-on and manage 

proactively. Ontario is experiencing warming temperatures and changing precipitation patterns, 

resulting in a variety of environmental, social and economic impacts. 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 the community. With this in mind, Mayor Jeff Lehman 

and the City of Barrie, in partnership with the Ontario Centre for Climate Impacts and Adaptation 

Resources (OCCIAR), and sponsored by the Insurance Bureau of Canada, was pleased to present this 

special two-day conference – Building Municipal Resilience in Central Ontario.  

The conference was attended by approximately 60 municipal representative including elected officials, 

planners, engineers, public works, and emergency managers, and members of the provincial 

government and NGO’s. The conference presented the science of climate change, best practices from 

the City of Barrie and other municipalities, risk mitigation, emergency management, non-governmental 

organization’s practices and research, leading edge case studies, and adaptation planning. The day 

featured break-out sessions on two main themes: Infrastructure and Asset Management and Emergency 

Management. The main take-home message form the event was that climate change is here, and 

collaborative action must be taken now in order to help our communities become more resilient to 

extreme weather events.    
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2.0 AGENDA  

Wednesday, May 20 (Michael and Marion’s, 89 Bayfield Street, Barrie, ON)  

6:30pm – 7:00pm  Registration Open, Networking and Cocktails at the Side Door    

7:00pm – 7:15pm  Welcome by Mayor Lehman (City of Barrie)  

7:15pm – 7:20pm Welcome by Doug DeRabbie (Insurance Bureau of Canada)  

7:20pm – 8:30pm   Dinner Service Begins  

7:30pm – 8:30pm  Keynote: David Phillips (Environment Canada) 

 

Thursday, May 21 (Holiday Inn – Hotel and Conference Centre, 20 Fairview Road, Barrie, ON) 

8:00am – 8:20am Breakfast and Registration  Churchill Ballroom SOUTH 

8:20am – 8:25am  Welcome by Mayor Lehman (City of Barrie) Churchill Ballroom SOUTH 

8:25am – 8:30am 
Welcome by Doug DeRabbie (Insurance Bureau of 
Canada) 

Churchill Ballroom SOUTH 

8:30am – 9:15am   
Morning Keynote: Mayor Rick Goldring (City of 
Burlington) 

Churchill Ballroom SOUTH 

Session #1 
9:15am – 10:15am 

Asset Management / Infrastructure 
Sally Turney (Insurance Bureau of Canada) 

Churchill Ballroom SOUTH 

Emergency Management 
Barney Owens (Office of the Fire Marshal and 
Emergency Management) 

Churchill Ballroom NORTH 

Session #2  
10:15am – 11:15am   

Asset Management / Infrastructure 
Jacqueline Weston (City of Barrie)  

Churchill Ballroom SOUTH 

Emergency Management 
Paul Kovacs (Institute for Catastrophic Loss Reduction) 

Churchill Ballroom NORTH 

11:15am – 11:30am Morning Break  

Session #3  
11:30am – 12:30pm 

Asset Management / Infrastructure 
Heather Auld (Risk Sciences International)  

Churchill Ballroom SOUTH 

Emergency Management 
Dr. Greg Kopp (University of Western Ontario, Institute 
for Catastrophic Loss Reduction) 

Churchill Ballroom NORTH 

12:30pm – 1:30pm  Lunch Break Churchill Ballroom SOUTH 
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12:45pm – 1:30pm  
Lunch Keynote: Dr. David Pearson (Laurentian 
University) and Al Douglas (OCCIAR)  

Churchill Ballroom SOUTH 

1:30pm – 2:00pm   

Panel Discussion: 

 Al Douglas (OCCIAR) 

 Dr. David Pearson (Laurentian University) 

 Mayor Jeff Lehman (City of Barrie) 

Churchill Ballroom SOUTH 

Session #4 
2:00pm – 3:00pm  

Asset Management / Infrastructure  
Darla Campbell (Ontario Coalition for Sustainable 
Infrastructure) 

Churchill Ballroom SOUTH 

Emergency Management 
Jeff Weber (Barrie Fire and Emergency Services) 

Churchill Ballroom NORTH 

3:00pm – 3:15pm Afternoon Break   

3:15pm – 4:00pm  

Afternoon Speaker Series: 

 Alexandra Service (Ducks Unlimited Canada) 

 Kerry-Ann Charles (Georgina Island First Nation) 

 Mike Walters (Lake Simcoe Region Conservation 
Authority) 

Churchill Ballroom SOUTH 

4:00pm – 4:45pm  Closing Keynote: Mayor Jeff Lehman (City of Barrie) Churchill Ballroom SOUTH 

4:45pm – 5:00pm  Farewell Churchill Ballroom SOUTH 
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3.0 PRESENTERS  

JEFF LEHMAN – Mayor, City of Barrie 
Jeff Lehman is the 46th Mayor of the City of Barrie and the Chairman of Ontario’s 

Big City Mayors' Caucus (LUMCO), representing Ontario's 27 largest cities. As the 

head of Council and Chief Executive Officer of the City, he is leading Barrie 

through a period of rapid change. During his first term in office, local 

unemployment was cut in half, major new campuses were developed in Barrie by 

IBM, TD Bank, Cogeco, Napoleon, and others, and Barrie was named the safest big 

city in the country.  In October 2014, Mayor Lehman was re-elected with 92.3% of 

the popular vote. 

 

He holds a B.A. from Queen’s University, and a Master’s Degree with first class 

honours from the UK’s London School of Economics, where he lectured for two 

years following graduation.  As an economist, he worked with cities across the 

country to manage redevelopment and invest in their urban infrastructure, and 

writes and speaks frequently on issues affecting Canada’s cities.  Mayor Lehman is 

a passionate believer in transforming urban economies through public and private 

entrepreneurship. 

 

DAVID PHILLIPS – Senior Climatologist, Environment 

Canada 
As a senior climatologist for Environment Canada, David Phillips is Canada’s 

weather guru. He has been working with Environment Canada`s weather service 

for over 40 years. His work activities relate to the study of the climate of Canada 

and to promote awareness and understanding of weather and climate in Canada.  

 

He has published several books, papers and reports on the climate of Canada, 

including several essays in The Canadian Encyclopedia, and seven books including 

two bestsellers: The Day Niagara Falls Ran Dry and The Climates of Canada, Blame 

It on the Weather. He is the originator and author of the Canadian Weather Trivia 

Calendar, the most popular calendar sold in Canada, and now in its 25th year. For 

nearly ten years he wrote the Weather-wise column in the Canadian Geographic 

magazine.  

 

David frequently appears on national radio and television as a commentator on 

weather and climate matters. David is a fellow of both the Royal Canadian 

Geographical Society and the Canadian Meteorological and Oceanographic 

Society. He has been awarded the Patterson Medal for Distinguished Service to 

Meteorology in Canada, the Commemorative Medal for the 125th Anniversary of 
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the Confederation of Canada, the Queen Elizabeth Diamond Jubilee Medal and 

has twice received the Public Service Merit Award.  

 

David is the recipient of two honorary doctorates from the University of Waterloo 

and Nipissing University. In 2001, David was named to the Order of Canada. 

 

RICK GOLDRING – Mayor, City of Burlington 
Rick Goldring took his oath of office for his second term as mayor of the City of 

Burlington on December 1, 2014. Prior to being sworn in as mayor in 2010, he 

served as the Ward 5 City & Regional Councillor for four years. A lifelong 

Burlington resident, Mayor Goldring went to Nelson High School and earned his 

Bachelor of Arts (Economics) from McMaster University. He and his wife, 

Cheryl, have a combined total of seven daughters. 

 

As a member of the Burlington business community for over 30 years, most 

recently as a senior financial advisor with Assante Financial Management Ltd., 

Mayor Goldring has always been actively involved in community affairs. In 

addition to co-hosting Taking Care of Your Future on TV Cogeco, he is a member 

and past president of the Hamilton Chapter of Advocis - Canada's largest 

association of financial advisors.  

 

As mayor, he serves as a member of Halton Regional Council, is on the Board of 

Directors for the Burlington Economic Development Corporation, Burlington 

Hydro, the Greater Toronto Marketing Alliance and the Association of Ontario 

Municipalities (AMO). Mayor Goldring is also a member of the Large Urban 

Mayor's Caucus of Ontario (LUMCO) and Chair of the LUMCO Subcommittee on 

Emergency Services. 

 

SALLY TURNEY – Director, Corporate Communications and 

Events, Insurance Bureau of Canada  
With over 20 years of experience in the marketing and communications arena, 

Sally Turney has worked in government, not-for-profit and financial services 

sectors. Through integrated marketing, public relations and communications 

strategies, Sally has led her teams to develop eye-catching and thoughtful 

campaigns that generated sales and fostered employee engagement. 

 

For the past 14 years, Sally has worked in the insurance industry in Canadian and 

international roles, leading the development of strategic branding, corporate 

responsibility and communication initiatives. 
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In 2013, Sally joined the Insurance Bureau of Canada (IBC) as Director, Corporate 

Communications and Events, and is responsible for the development and delivery 

of all corporate communications and government relations in support of the 

organization’s business goals. 

 

BARNEY OWENS – Director of Operations and Interim 

Deputy Fire Marshal, Office of the Fire Marshal and 

Emergency Management  
Barney Owens is a graduate of Laurentian University in Sudbury, with a degree in 

Political Science and Sociology. With a career in the Ontario Public Service 

spanning 34 years, Barney has worked in the Emergency Management field for 

over 20 years, and has been involved in the response to provincial emergencies 

including most recently the December 2013 Ice Storm in Ontario, the 1998 

Eastern Ontario Ice Storm, SARS, the Power Blackout, the Peterborough and 

James Bay Coastal flooding, the Forest Fires of 2011 and 2012 as well as numerous 

other responses. 

 

In 1998 Barney was the recipient of the Amethyst Award for his involvement in 

the response to the Eastern Ontario Ice Storm and is also a recipient of the 

Ovation Award 2007 in the category of partnerships for his leadership in the 

development of a Ministry Pandemic Plan. In 2011 Barney received the Ovation 

Award again for his leadership in the MCSCS United Way Campaign raising over 

$95,000.00 in support of the United Way, and has served as Campaign Chair for a 

number of other MCSCS Federated Health and United Way Campaigns. 

 

Since 2005, Barney has served as Ministry Emergency Management Coordinator in 

MCSCS, Director of Continuity of Operations for the Ontario Public Service, 

Director of Support Programs, Director of Operations and most recently as Interim 

Deputy Fire Marshal for Ontario, in OFMEM. 

 

JACQUELINE WESTON – Director of Engineering, City of 

Barrie  
Jacqueline Weston is the Director of Engineering at the City of Barrie and is very 

happy to work in such a beautiful natural environment on the shores of 

Kempenfelt Bay and Lake Simcoe.  Jacqueline is lucky to work with a team of very 

talented and dedicated staff who share a vision of “effectively delivering 

sustainable infrastructure for the community”.   

 

Jacqueline is a Professional Engineer with a Master’s Degree in Engineering and is 

also a Certified Project Management Professional.  In her spare time, Jacqueline 
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enjoys spending time outdoors - either playing sports or walking, biking or 

kayaking with family and friends.   

 

PAUL KOVACS – Executive Director, Institute for 

Catastrophic Loss Reduction 
Paul Kovacs is founder and Executive Director of the Institute for Catastrophic 

Loss Reduction at Western University, and CEO of PACICC.  

 

Since 1996 Paul has been a contributing author to the Intergovernmental Panel on 

Climate Change, the world's leading forum for the study of climate issues. The 

Panel won the 2007 Nobel Peace Prize "for their efforts to build up and 

disseminate greater knowledge about man-made climate change". He is Canada’s 

leading authority on insurance and climate change and has been a contributing 

author to numerous international and Canadian reports on reducing the risk of 

loss from earthquakes, flood and severe wind. 

 

For more than thirty-five years Paul has been a popular commentator on 

insurance, disaster safety and economic policy. He has written more than 200 

publications and articles and he is a passionate champion for insurance, disaster 

resilience and adaptation to climate extremes. 

 

Paul has worked in private industry, the public sector and academia. He is Co-

Chair of the Infrastructure and Housing Working Group of Canada’s Adaptation 

Platform. He is Co-Chair of the Science and Technology Working Group of 

Canada’s Platform on Disaster Risk Reduction. Paul is also a member of a number 

of Boards and Advisory Panels. He is a proud husband and father, with a growing 

collection of bow ties. 

 

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.     

 

DR. GREGORY A. KOPP – Associate Dean, Graduate and 

Postdoctoral Studies, and Professor, Department of Civil & 

Environmental Engineering, University of Western Ontario 

Management Committee, Institute for Catastrophic Loss 

Reduction 
Professor Kopp received a B.Sc. from the University of Manitoba in 1989, an 

M.Eng. from McMaster University in 1991 and a Ph.D. in Mechanical Engineering 

from the University of Toronto in 1995. He is currently Professor of Civil & 

Environmental Engineering at the University of Western Ontario.  

 

Dr. Kopp’s expertise relates to mitigating damage to structures during extreme 

wind storms such as tornadoes and hurricanes. Details include wind tunnel and 

full-scale testing of buildings, field surveys of damage caused by tornadoes, 

building aerodynamics, wind effects on building component and cladding systems 

and wind-borne debris. 

 

He has conducted damage surveys with Environment Canada following tornadoes 

for more than a decade, including last year's EF2 tornado in Angus, Ontario. His is 

a member of building code committees in Canada and the United States, and Past-

President of the American Association of Wind Engineers. 
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DR. DAVID PEARSON – Co-Director, Graduate Diploma 

Program in Science Communication, Laurentian University  
Dr. Pearson is a Professor of Earth Sciences and a member of the Co-operative 

Freshwater Ecology Unit at Laurentian University. He is the Co-Director of the 

Laurentian University / Science North Graduate Diploma program in Science 

Communication, and Senior Science Advisor to Science North, where he was the 

Project Director and then Founding Director from 1980 to 1986.  

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, and Co-Chair of the Ontario Government's Expert Panel on Climate 

Change Adaptation. From 2008 to June 2010 he 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.  

 

ALLAN G. DOUGLAS – Director, Ontario Centre for Climate 

Impacts and Adaptation Resources  
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 13 years and has 

partnered with many different organizations in Ontario and Canada to develop 

and deliver adaptation resources.  

Al played leading roles in 2 large, regional climate change vulnerability 

assessments in Lake Simcoe watershed and in Eco-region 3E-1 (Claybelt) and co-

authored an ecosystems climate change vulnerability assessment guidebook for 

Ontario. Al has contributed content to a host of municipal climate change 

adaptation guidebooks and specializes in facilitating adaptation planning at the 

local and watershed level. He has also contributed 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.  

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

assessment; policy development and adaptation planning in natural resource 

sectors.  
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DARLA CAMPBELL – Executive Director, Ontario Coalition 

for Sustainable Infrastructure 
Darla Campbell is a behaviour change specialist experienced in municipal and 

provincial infrastructure development from environmental assessment through 

design, construction and operation. Adding to her infrastructure experience with 

the Ontario Clean Water Agency, United Water/Suez and several consulting firms, 

she is a certified trainer and leadership coach. She is adamant that strategic 

thinking and public engagement are essential in solving the infrastructure deficit.  

 

Darla Campbell is passionate about inspiring leaders to move impossible to 

possible.  From her experience leading national organizations as president of 

Business and Professional Women (BPW) to her 3-year term on the international 

executive of BPW and her role as Director on the Oakville Chamber of Commerce, 

she exemplifies the values of inclusive leadership every step of the way. 

 

Darla demonstrates effective team leadership, communication and skillful 

presentation of technical information.  With nearly 20 years of experience in 

project management, Darla has worked with a variety of companies and 

government agencies developing large infrastructure projects.  Darla has 

experience in working and volunteering with associations and other non-

governmental organizations.  Recent projects of particular interest 

are:  Leadership Success training for the College Student Alliance; and Member 

Expectation Survey and Strategic Planning for Water Environment Association of 

Ontario (WEAO). 

 

Darla is President, Amonavi Consulting Group Inc. and Executive Director of the 

Ontario Coalition for Sustainable Infrastructure (OCSI). 

 

JEFF WEBER – Deputy Fire Chief of Prevention and CEMC, 

Barrie Fire and Emergency Services  
Jeff Weber is a 23 year veteran of the fire service. He has come to Barrie after 

serving 17 years in the City of Kitchener in various roles up to the rank of Deputy 

Fire Chief of Fire Prevention and Communications, and the past 5 years in the City 

of Burlington, where he was the Deputy Fire Chief of Fire Prevention, Technology 

Integration and CEMC.   

 

Jeff has worked throughout the fire service focusing in training and fire 

prevention. He has also been the Community Emergency Management 

Coordinator for a time in each municipality he has worked in, and brings with him 

7 years of emergency management experience. 
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ALEXANDRA SERVICE – Conservation Programs Specialist, 

Ducks Unlimited Canada 
Alexandra Service is a Conservation Programs Specialist with Ducks Unlimited 

Canada, focused on municipal wetland policy in Ontario. She has a background in 

public policy, climate change, and economic development, and is currently 

researching the economic value of wetlands to adapt to extreme weather and 

flooding in Ontario.  

 

She has a Master’s degree in Public and International Affairs from York University 

and a bachelor in Political Science from the University of Waterloo, where she also 

studied hydrogeology. 

 

KERRY-ANN CHARLES – Environmental Coordinator/By-Law 

Enforcement Officer, Chippewas of Georgina Island First 

Nation 
Kerry-Ann Charles is the Environmental Coordinator and By-Law Enforcement 

Officer for Georgina Island First Nation and a member of the Lake Simcoe 

Coordinating Committee. She manages a number of environmental projects 

within her First Nation including the Species at Risk Mapping Project, the Species 

at Risk Prevention Project and is a leading member in their Community Climate 

Change Adaptation Project.   

 

Kerry-Ann is also the lead in coordinating many environmental community events 

such as the TD Tree day event in 2013 where a number of community members 

and local TD Bank staff turned a vacant lot into a Memorial tree park, planting a 

variety of tree species including some of which are on the endangered species list. 

 

MIKE WALTERS – Chief Administrative Officer, Lake Simcoe 

Region Conservation Authority  
Michael Walters graduated in 1983 with an Honours Degree in Physical 

Geography from the University of Western Ontario and has co-authored a number 

of research and journal publications, and a book on watershed monitoring. 

Throughout his thirty year career, Michael has applied his expertise locally and 

internationally, developing and implementing strategic plans, pollution control 

strategies, planning policy, integrated watershed plans, and subsequently 

implemented programs to protect and improve ecosystem health.  

 

As CAO of the Lake Simcoe Region Conservation Authority (LSRCA), Michael has 

the full charge and direction of all employees and is responsible for providing the 

leadership in all operational matters pertaining to the LSRCA's mandate. He is 
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responsible for providing recommendations on policy and operational matters to 

the board of directors, coordination of strategic planning, visioning, long term 

business and annual work plans, the Corporate Culture initiative and performance 

measures.  

 

Michael is currently serving on the Federal Great Lakes Science Annex, Provincial 

Lake Simcoe Protection Plan Coordinating Committee, Conservation Ontario 

Council and Conservation Authorities Moraine Coalition. He is a member of the 

International Water Association (IWA) and Canadian Water Resources Association 

(CWRA), and the Water Environment Federation (WEF).  

 

Specialties: Strategic and Business Planning, Water Management, Land Use 

Planning, Research and Development, Watershed Modeling and Monitoring. 
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4.0 PRESENTATION SUMMARIES  
The following are brief summaries of the presentations made at the conference. The presentations (in 

PDF format) are available for download at www.climateontario.ca/w_BMRCO.php.   

 

Dinner Keynote Speaker   

4.1 KEYNOTE PRESENTATION (DAVID PHILLIPS, ENVIRONMENT CANADA)   

Our weather is changing. One could argue that ‘weather happens’ and we have been witnessing 

extreme events for a long time; however, we are now seeing greater extremes in weather and greater 

variability. Often times, municipal infrastructure is not able to keep up with the extreme precipitation 

that Ontario has been experiencing. Some of the most notable examples include floods in Peterborough 

(2004), Barrie (2013), Toronto (2013) and Burlington (2014). Other extreme weather events such as the 

2013 ice storm and the 2011 Goderich tornado have also lead to the destruction of municipal 

infrastructure. In response to the increasing frequency and intensity of these extreme events, the 

Insurance Bureau of Canada has evidence that they are doubling payouts every 10 to 20 years, and more 

claims are now for water damage as opposed to fire damage. Climate change is making it harder to 

balance budgets, and 90% of companies are now concerned about extreme weather.  

It is hard to ignore the fact that 97% of scientists agree that the climate is changing and humans are a 

dominant player. Thirteen of the fourteen warmest years have happened since the year 2000, sea levels 

are rising, glaciers are melting, and we are seeing more wildfires and invasive species. Although many 

parts of eastern North America experienced a relatively cold winter this year, British Columbia 

experienced one of the warmest winters on record with hardly any snow. We can expect this type of 

variability to continue into the future, along with warmer, wetter, and extreme weather. 

Municipalities can no longer 

ignore these severe storms, and 

some jurisdictions are already 

thinking about how to adapt to 

climate change. For example, 

creating and/or maintaining 

green infrastructure can play a 

significant role in flood 

mitigation, and updating and 

strengthening the building codes 

can help build more resilient 

homes (e.g. hurricane straps). As 

http://www.climateontario.ca/w_BMRCO.php
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well, the Confederation Bridge that joins Prince Edward Island and New Brunswick was built 1 m higher 

in the centre to account for sea level rise). Climate change should be taken seriously, we need to take 

action and prepare for the expected changes, as ignoring it will result in more issues. We can adapt to 

climate change by anticipating disaster and reducing our risk. Instead of fighting against climate change, 

we should find ways to live better with the climate that we will experience in years to come.   

 

Morning Session  

4.2 WELCOME (MAYOR JEFF LEHMAN, CITY OF BARRIE & DOUG 

DERABBIE, INSURANCE BUREAU OF CANADA)  

Mayor Lehman welcomed everyone to the conference and set the stage for the day’s events by 

introducing climate change as one of the greatest issues of our time. Although there are still some 

people who question whether or not global warming is occurring, we are seeing the destabilization of 

our weather (i.e. different patterns of weather and more severe weather events). Central Ontario is 

feeling these impacts acutely, and municipal staff, as well as fire and emergency personnel have a 

vested interest in responding to climate change. The focus of the conference is on municipal resiliency in 

Central Ontario because the weather patterns here are unique – we have lake effect snow, we are at the 

northeast end of Ontario’s tornado alley, and we have recently witnessed extreme weather variability.  

A leader working on the front lines in addressing climate change is the insurance industry, which has put 

a lot of work into understanding the impacts of climate change and increases in severe weather. Doug 

DeRabbie described the work of the Insurance Bureau of Canada, which is the national trade association 

for Canada’s home, car and business insurance. Being in the business of risk management and helping 

people to recover from disasters, insurers are all too familiar with the impacts of severe weather. 

Insurance companies paid out more than $8.5 billion dollars in 2009 to help Canadians recover from 

tornadoes, ice storms, flooding and other severe weather events. This number is insured losses only, 

therefore the total economic impact was much greater. More action is needed in order to better 

prepare our communities and our people for natural catastrophes. That is why we are all here today – to 

move the discussion forward on municipal resiliency and to take action that will result in well-built 

communities that are strong, livable and healthy.  

4.3 THE BURLINGTON FLOOD (MAYOR RICK GOLDRING, CITY OF 

BURLINGTON) 

“No infrastructure can handle that amount of water” – David Phillips 

Mayor Goldring described the flooding in Burlington which occurred on August 4, 2014. An isolated, 

narrow band of intense rainfall dumped almost 200mm of rain in just 8 hours – which is 2.5 times the 

average rainfall over an entire summer, and double the 1-in-100-year storm frequency. The storm was 
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centered over the creeks in north 

Burlington, but little flooding was 

seen in this area since the houses 

were newer builds, and built to a 

higher standard. Within the first 24 

hours the city activated its Emergency 

Operations Centre, staff responded to 

flooding and closed roads, and 

opened an evacuation centre for 

residents. The City worked with a 

number of community partners during 

the emergency, including the Halton 

Region 311 system. In total, there 

were 3,100 flood related calls (which 

eventually totaled to over 6,000). To 

support the people experiencing flooding, the City approved a grant program that gives people $1,000 

to help with sanitary sewer backups (to date, the City has paid out $2M in Halton Region). Additionally, 

in order to assist homeowners reduce the potential for future flooding from sanitary sewer backups, 

Halton Region provides a one-time Basement Flood Prevention Subsidy. This program subsidizes a 

portion of the costs to install backflow valves, sump pumps, and disconnection of eaves droves.  

 

To assist with the recovery, the local Health Unit advised residents on issues around mould and sewer 

contamination, the city lifted the bag limit on garbage and allowed residents to park on the roads to 

account for restoration attempts. There was so much devastation that, although many of the residents 

had insurance, it was not enough to cover their losses. Consequently, the City asked the Burlington 

Community Foundation to raise funds that would be matched 2:1 by the Ontario Disaster Relief Fund to 

help people in need. There were over 310 claims submitted and 270 were approved by committee, with 

an average of $9,000 for necessary infrastructure. In order to understand what happened during the 

storm the City of Burlington (with the help of Halton Region and Conservation Hamilton) began a 

thorough analysis of their stormwater infrastructure system, sanitary sewers, and watercourses. Several 

committees are currently working on the analysis and reports are expected in June or July of 2015.  

It is now clear that adaptation is just as important as mitigation. Adaptation used to be considered 

‘waving the white flag’ but it is now recognized as a necessary way to increase resilience to extreme 

weather and climate change. Some of the immediate actions Burlington is taking to adapt its 

infrastructure include: review of Conservation Halton and City policies regarding watercourse 

management, evaluating recommendations for potential flood mitigation measures (i.e. additional catch 

basins, replace inlet grates, berms), and undergoing a climate change impact study on current 

infrastructure.  
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Concurrent Session 1: Asset Management / 

Infrastructure 
 

4.4 MRAT: FIGHTING URBAN FLOODING (SALLY TURNEY, INSURANCE 

BUREAU OF CANADA) 

When it comes to severe weather disasters in Canada, Alberta suffers the brunt of it; in the last four 

years, half of all the insured losses due to catastrophic weather events in Canada have been in Alberta. 

However, Ontario is not immune. In 2013, 90mm of rain fell in the space of two hours, overwhelming 

sewer and storm water systems and flooding hundreds of basements. This event left insurers with a 

clean-up bill in excess of $850 million. Extreme weather has become the new normal, and it is battering 

our infrastructure and hurting our communities.  

The Insurance Bureau of Canada is the trade association that represents Canada’s property and casualty 

insurance companies. Insurers have a unique perspective on the impact of severe weather; they see the 

devastating impact first-hand. Therefore, it has provided them with some clear ideas of how to better 

prepare citizens and communities for disaster. Six years ago, IBC members identified adaptation to 

severe weather as a priority policy issue within the organization because they could not ignore the 

alarming increase in claims payouts related to severe weather. Between 1983 and 2008, yearly 

catastrophic losses in Canada averaged $400 million. Then, for the next four years they hovered around 

$1 billion a year. Then came 2013 where catastrophic losses related to severe weather hit $3.2 billion 

(the Alberta floods accounted for a large portion of that amount, with insured losses of approximately 

$1.72 billion). It is important to note that these numbers are insured losses only, therefore the total 

economic costs of the disasters are far greater.  

The Federation of 

Canadian Municipalities 

(FCM) estimates Canada’s 

sewer and stormwater 

infrastructure alone carries 

a deficit of $55 billion. The 

aging infrastructure across 

Canadian communities 

cannot cope with the new 

weather reality. IBC 

produced a document 

called “Telling the Weather 

Story” and it suggests that 

we will have more intense 

rain within much shorter 
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time periods; therefore, we need to rethink past assumptions, we can no longer achieve resilient 

communities based on what we thought we knew.  

IBC is currently conducting research to help build the case for investing in adaptation by gauging the 

economic costs of weather related hazards. IBC is also developing the Municipal Risk Assessment Tool 

(MRAT) – a statistical, web-based tool designed to help communities evaluate the impact of current and 

future climate change on their municipal sewer and stormwater infrastructures.  MRAT is to be used 

exclusively by municipalities and governments to improve infrastructure where it is needed most.  A 

number of pilot case studies are taking place with positive results.  Although the tool has not yet been 

implemented in other communities, any municipality with a population greater than 20,000 is a good 

MRAT candidate. IBC is now in the process of looking for partners to help with this next stage to bring 

MRAT to every sizable community in Canada.  

4.5 CITY OF BARRIE CASE STUDY: BUILDING MUNICIPAL RESILIENCE 

(JACQUELINE WESTON, CITY OF BARRIE) 

“Don’t let perfect get in the way of good” – do the best you can with the information you have.  

Although the City of Barrie does not currently 

have a formal adaptation strategy, it is in the 

2015 work plan to develop a framework for a 

climate change adaptation strategy, which is to be 

developed in 2016. Each municipality is unique, 

and stormwater is a big challenge for Barrie since 

there are many creeks that flow through the city 

into Kempenfelt Bay. For this reason, much of the 

adaptation efforts in Barrie are focused around 

managing stormwater. Barrie is noticing changing 

weather patterns that lead to community, 

infrastructure and financial impacts. Storms are 

more intense and are happening more frequently. For example, the June 9, 2005 rain event exceeded 

the 1:100 return interval. The rainfall amount was not able to be measured since the amount of rain 

overloaded all of the rain gauges. Barrie is responding to climate change in different ways. It is a 

collaborative approach between engineering, operations, planning and maintenance to reduce the 

carbon footprint, adapt to impacts, and increase resilience. The following are the top 10 actions that 

Barrie is taking in order to adapt to climate change: 

1) Policy development. Official plan includes the protection of natural heritage and parklands 

which help to manage stormwater.  

2) Education and outreach. Joined Partners for Climate Protection, completed GHG Inventory and 

Community Energy Plan, hosted a climate change workshop in partnership with OCCIAR, as well 

as a municipal stormwater management discussion group.  
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3) Energy efficient buildings. Energy Management Plan and Energy Management Group, facility 

optimization programs (i.e. “Run it Right” does walk through energy and water audits and “Save 

Adam” raises awareness for energy/water conservation), and capital improvements have been 

made, including a new standard to achieve LEED silver in all new facilities.  

4) Reduced GHG emissions. Solar panels, green roofs, landfill gas collection system, biogas 

utilization project, battery charging stations and LED streetlight conversion.  

5) Increasing carbon storage. Recycling office paper, community recycling through Sustainable 

Waste Management Strategy, annual tree planting program and reviewing tree species for 

adaptation. 

6) Transportation system. Multi-Modal Active Transportation Master Plan, Active Transportation 

Barrie Working Group, Sidewalk infill program, bicycle lane construction, and traffic control 

signal coordination.  

7) Programs and by-laws. Water efficiency program, infiltration/inflow reduction program, rainfall 

monitoring, creek water quality and flow monitoring program, road weather information system 

and updated site alteration by-law.  

8) Engineering standards. Stormwater standards were updated in 2009 to account for climate 

change (updated IDF curves, 15% increase), all standards are being updated, and new standards 

are being created (Low Impact Development).    

9) Infrastructure improvements. Updated the Infrastructure Master Plan and Asset Management 

Plan, and work towards maintaining, repairing and redesigning infrastructure on a priority basis 

(i.e. some of the projects include waterfront restoration and creek naturalization, stormwater 

ponds, culverts and pipes, and water, sanitary and roads).  

10) Emergency plan. Building community resilience (improve ability to respond and recover) and 

the annual tabletop exercise.  

4.6 BUILDING MUNICIPAL RESILIENCE TO FUTURE STORMS (HEATHER 

AULD, RISK SCIENCE INTERNATIONAL) 

Ms. Auld began by describing the four cornerstones of infrastructure resilience to the changing climate: 

projections/anticipation (knowing what to expect), monitoring (knowing what to look for), response 

(knowing what to do) and learning (knowing what has happened). It is important to look at temperature 

and precipitation changes that have happened over Central Ontario over the past few decades, as well 

as future projections. Ensemble climate models show that projected annual temperature trends for 

Ontario show significant warming. In terms of precipitation, each generation of climate models have 

projected an increase in total annual precipitation for Central Ontario. However, the largest increase will 

likely be for extreme rainfall; 7% of the total annual precipitation currently comes from extreme events, 

which is expected to increase to 18% by the 2080s. Given that GHG emissions continue to rise, the 

reality is that we will likely experience the higher end of the projections from the climate change 

models. We have to adapt. We can reduce/mitigate the emissions which will reduce the rate of 

increase/change in climate, and will perhaps reduce the amount of the changes we see, but it is 

inevitable. It is important to note that climate change models are still evolving; they do some things 
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quite well (i.e. longer growing 

season, more heat waves, warmer 

winters, more winter 

precipitation, etc.) but there is still 

a lot of uncertainty (i.e. more 

intense rainfall, more severe 

ice/snow storms, increase in wind 

extremes, etc.).    

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 

event. 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; priority 

retrofits of the most vulnerable “at risk” structures; and phased adaptation actions (i.e. berms built for 

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

services; and merging of soft (green) and hard infrastructure solutions. 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) such as rain gardens, bioswales, impervious pavement, etc.; and 

supporting the use of back-water valves and sump pumps. In the United States, some municipalities 

have water credits on water bills for those who have taken action to increase infiltration on their 

property. As of 2015, the National Building Code of Canada has a provision where climate change 

adaptation can be added, provided there is sufficient evidence that adaptation is needed. The Canadian 

Standards Associations has adopted 4 new northern adaptation standards dealing with permafrost 

thaw, snow loads and drainage. Codes and standards help to level the playing field for resilience, and 

are best practices or legislated so that action is standardized across the country. Building code has 

outdated climate design standards (1968 wind standards – very conservative at the time, that’s why 

we’ve done so well, but who knows if that will be good for the future).  

We cannot afford to adapt to everything at once, but if we know the critical thresholds of the 

infrastructure, we know how much time we have to buy. There are lots of good adaptation solutions out 

there; the key is to know what to expect, what to look for, what to do and what has happened.  
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4.7 WHEN THE BOUGH BREAKS: HELPING MUNICIPALITIES PRIORITIZE 

INFRASTRUCTURE INVESTMENT TO BUILD RESILIENT WASTEWATER AND 

STORMWATER SYSTEMS (DARLA CAMPBELL, ONTARIO COALITION FOR 

SUSTAINABLE INFRASTRUCTURE) 

The Ontario Coalition for Sustainable Infrastructure is a six member association with representation in 

assets classes of roads, bridges, transit, water, wastewater and stormwater. On September 4, 2014, the 

coalition hosted “Courageous Conversations: Infrastructure Forum” where more than 70 leaders from 

the municipal and public works sectors in Ontario met to discuss challenges in delivering infrastructure 

services, with a focus on two important subjects: service levels and sustainable funding. Attendees were 

divided throughout the day into different groups, each of which discussed the challenges facing 

municipalities in delivering infrastructure (excluding funding from higher tier governments). All tables 

collectively generated a long list of 25 challenges, and each participant was invited to vote for their own 

five challenges from this list. The overall top five challenges currently faced by municipalities in Ontario 

are: 

1. Lack of appreciation for infrastructure and value it provides (by end user) 

2. Zero tolerance for risk by the municipality limits innovation (risk adverse) 

3. Full cost recovery and comprehensive long term plans 

4. Climate change influence on level of service 

5. Customer/rate-payer awareness and education 

 

The Wastewater Infrastructure Needs Assessment (WINA) project was established in order to help 

municipalities prioritize infrastructure investment to build resilient wastewater and stormwater 

systems. A workshop and a survey helped to gauge the challenges in wastewater and stormwater 

infrastructure management. The online survey was distributed to all 444 communities across Ontario. 

Survey results showed some key 

messages: funding from the province 

helped smaller communities develop 

their integrated asset management 

plan; need to increase the awareness 

of climate change impacts in asset 

management planning; more tools 

and support are needed to help 

municipalities with asset 

management planning; and 62% of 

municipalities are not using climate 

change information in asset 

management planning. Ten 

recommendations were developed 

as a result of the survey: 
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1) Develop self-assessment rating and report card of the sustainability and resiliency of 

wastewater and stormwater systems; 

2) Develop guidelines to build resilient wastewater and stormwater systems which include 

adaptability to climate change and growth;  

3) Identify what additional data on stormwater system performance monitoring and reporting 

would be useful; 

4) Pilot a risk-based prioritization tool with variety of municipalities to develop a standard 

approach for municipalities to evaluate and prioritize infrastructure needs for wastewater and 

stormwater systems for inclusion in Asset Management Plans; 

5) Identify learning needs for Asset Management Planning and Sustainability Plans; 

6) Develop terms of reference and on-going support for “peer-to-peer” municipal groups for 

wastewater and stormwater Asset Management Planning and Sustainability Plans; 

7) Develop a best practices guide for small communities adapting to extreme rainfall; 

8) Develop communication tools targeted to the general public and elected officials; 

9) Promote the principles of life-cycle costing and the benefits of full-cost recovery for water, 

wastewater and stormwater services; and 

10) Advocate for a systems approach in managing drinking water, wastewater and stormwater 

systems that includes a watershed approach, as defined by integrated water resources 

management. 

 

 

Concurrent Session 2: Emergency Management  

4.8 PREPARING FOR SEVERE WEATHER EVENTS (BARNEY OWENS, OFFICE 

OF THE FIRE MARSHAL AND EMERGENCY MANAGEMENT) 

There are several categories of emergencies, 

including natural, human-caused and 

technological. Natural emergencies, including 

severe weather, can be gradual (expected) or 

sudden (unexpected). Gradual emergencies can 

be planned for since we know when and where 

they will occur (e.g. polar vortex). We need to 

become better prepared for sudden 

emergencies, such as tornadoes, ice storms, and 

flooding. Responding to emergencies (i.e. 

emergency response) is how they do business in Ontario, and the response changes depending on the 

nature and scope of the emergency. Response begins at household levels and expands as needed (e.g. 

individual 72 hour kit, municipal emergency response). Provincial level emergency response gets 

involved when: local level response becomes overwhelmed; there are multiple jurisdictions involved; 
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provincially coordinated resources are required; or the emergency is provincial by legislated authority 

(e.g. human health, diseases, etc.). The province can also request Federal assistance if needed.  

 

Severe weather events have occurred all over Ontario including the ice storm in eastern Ontario (1998), 

forest fires in northwestern Ontario (2011), extreme heat in southern Ontario (2011), the ice storm in 

the Greater Toronto Area (2013), tornadoes in Vaughn (2009), Midland (2010), Goderich (2011), and 

Angus (2014), and flooding in Thunder Bay (2012), Toronto (2013), Muskoka (2013), and Belleville 

(2014). Preparing for severe weather includes making the adaptation process a component of existing 

decision-making and planning frameworks; mainstreaming adaptation considerations into policies, 

programs, and operations; understanding that secondary impacts may change the severity or frequency 

of emergency events (e.g. flood and forest fire events requiring evacuations); incorporating climate 

change considerations into Hazard Identification and Risk Assessments (HIRA); ongoing emergency 

planning for vulnerable populations; and identifying and implementing adaptive measures as part of 

climate change strategies. Ontario’s Emergency Public Warning System is an early warning system to 

alert people about actual or potential emergencies including protective actions. 

 

4.9 BUILDING MUNICIPAL RESILIENCE IN A CHANGING CLIMATE (PAUL 

KOVACS, INSTITUTE FOR CATASTROPHIC LOSS REDUCTION) 

There is growing evidence of climate change. With 

every assessment report, the Intergovernmental 

Panel on Climate Change (IPCC) is becoming more 

forceful that the climate is changing. In Canada, the 

average temperature has increased 1.6°C over the 

past 65 years which is twice the global average. In 

the arctic, average temperature has increased 2.2°C, 

nearly three times the global average. Modeled 

projections of climate change suggest that Ontario 

could expect increases of 2.5 to 3.0°C toward the 

middle of the century.  The number of hot days (>30°C) is expected to increase, which will increase the 

risk of extreme heat incidents and death. The extreme rainfall and drought curve is changing, and 

Canada will experience more times when we have little water and others when we have too much 

water. Projections suggest that precipitation will double into the future which could lead to increased 

water damage to homes. Canada will experience more large storms leading to daily disruptions to our 

lives. Risk management and adaptation can reduce the impact of these changes; however, adaptation is 

not the only answer – we need to mitigate or reduce emissions of greenhouse gases.   

In Canada, the cost of disasters has also increased. The Institute for Catastrophic Loss Reduction (ICLR) 

has partnered with local governments and insurers, and has produced a series of resources to help 

municipalities and homeowners reduce the risks associated with extreme weather. ICLR has submitted 5 

proposals to change the 2015 building code. From a municipal perspective, we must adapt to protect 
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health (e.g. establish local response plans), build resilience (e.g. green and safe standards for 

development), and reduce disruption (e.g. plan for more disaster response, invest in resilience). Canada 

will be warmer, wetter and stormier, and some of the expected impacts can be offset by investing in 

resilience. 

4.10 CAN WE BUILD DISASTER RESILIENT COMMUNITIES? A NEW LOOK 

AT WIND EFFECTS ON HOUSES (DR. GREGORY A KOPP, UNIVERSITY OF 

WESTERN ONTARIO) 

What’s the problem? Typical types of failures in wind storms include damage to windows, siding, soffits, 

shingles, and roof sheathing. Loss of a single roof panel can lead to significant damage to contents (e.g. 

rain water damage). Roofs are vulnerable to uplift. Failures of wall components, or openings (e.g. open 

or broken doors and windows from wind-blown debris) increases the internal pressure of a home, often 

leading to roof failures. Also important are the presence of roof-to-wall connections. After a tornado 

touched down in Angus in 2014, 7 houses in a row sustained significant damage to their roofs in part 

due to incorrectly toe-nailed, roof to wall connections. Analysis suggests that 2 missing nails per 

connection reduces the failure inducing wind speed by approximately 40%. Hurricane straps exist as an 

alternative to toe-nailing the roof to the walls. These inexpensive straps (approximately $150 per house) 

roughly double the strength of the connection of roofs to walls. Building shape also plays an important 

role in the response and performance of wood-frame structures. Hip roofs have a larger capacity due to 

connections on 4 walls compared to two walls for gable roofs.  

The loss of roof sheathing presents a double 

hazard during wind/rain events. Its loss 

allows rain to enter the home, but it can 

also act as airborne debris that can cause 

significant damage to surrounding homes. 

To help keep sheathing on the roof, it’s 

important that nails actually align with roof 

trusses to secure the panels. Nail guns do 

not allow the builder to ‘feel’ if the nails are 

entering the truss, in which case a risk of 

misses.  In addition, plywood sheets 

attached with 2” nails have about half the capacity of one nailed with 2.5” nails, which translates to a 

40% increase in failure due to extreme wind. Analysis shows that the current National Building Code 

recommendations for roof sheathing panels is less effective to safeguard against extreme wind, but the 

changes to the code to improve resiliency are simple (e.g. number and spacing of fasteners). 

Keeping roof structures intact would reduce the effects of wind-borne debris impacts, to protect lives, 

and to mitigate the economic losses in wind storms. Much of this type of damage can be mitigated for 

approximately $200 per house (new builds). Building codes also need to be enforced to ensure 
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structural performance during extreme wind events. With roof structures in place, we would be left with 

shingles and siding losses, with significantly lower associated costs. 

4.11 EMERGENCY MANAGEMENT RESILIENCE (JEFF WEBER, BARRIE FIRE 

AND EMERGENCY SERVICES) 

If you look at the definition of resilience, it is the ability of an item or system to return to homeostasis 

regardless of the deviation or distance removed from the normal state. Resilience is not only the ability 

to handle and manage the emergent need or alteration of normal, but the ability to adapt to that 

change until it returns to normal or becomes the new normal. So when we consider how a community 

deals with resilience, it is about emergency and business continuity planning. Thinking of resilience as a 

system, it takes a holistic approach to all-hazards, is an inherently attractive argument, focuses money 

and effort towards prevention and preparedness (not towards response and recovery as much), and 

changes the perspective to that of risk and vulnerability. For example, it is not 

just the probability of a fire happening, but also what is the ability of the 

emergency responders to reach that place and get a full, effective team to 

that particular area.  

The 5 pillars of emergency management (prevention, mitigation, 

preparedness, recovery and response) increase community resilience. With 

respect to prevention, we have very little influence on what Mother Nature 

serves us, but we can increase our vigilance. For example, we need to 

maintain what we own (infrastructure) and encourage the public to be 

prepared with at 72-hour emergency kit. Good critical infrastructure planning 

helps to identify 1) the location of the infrastructure, 2) its stage of service life and 3) key vulnerabilities, 

all of which serve as inputs to build resilience.  

HIRAs (Hazard Identification Risk Assessment) should be considered as tools to help assess climate and 

weather risks. Communities can identify their main risks which helps them prioritize resiliency efforts. 

Risk, vulnerability, and needs are different for each community (there is no strict formula); therefore, 

municipalities must adapt to their own surrounding risks (i.e. preparedness). Investment effectiveness is 

much greater in prevention and preparedness than in response and recovery. Response involves 

working with police (i.e. security, enforcement and investigation), fire (i.e. rescue, hazard abatement 

and safety), EMS (i.e. patient medical care and transport) and utilities. Response must be practiced and 

maintained, with effective communication. Recovery must follow a planned approach with a specific set 

of recovery objectives and priorities. This involves communication to staff, councils and the general 

public with a focus on public safety, security and health. The more planning that takes place, the faster 

and more efficient recovery will be – which helps municipalities become more resilient. How do we 

measure resilience at a household, community, and corporate level? The next phase is too look at 

indicators of community resiliency and take an all-hazards approach to see where to focus resiliency 

efforts.  
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Lunch Keynote 

4.12 CLIMATE CHANGE OVERVIEW (DR. DAVID PEARSON, LAURENTIAN 

UNIVERSITY & ALLAN DOUGLAS, OCCIAR) 

The fundamental problem at hand is the warming of the atmosphere due to increases in greenhouse 

gases (e.g. CO2, water vapour, methane, etc.). The structure and composition of the atmosphere is 

changing; the whole system is changing. One example is that the Jet Stream has become more 

wavy/pronounced as a result of warming temperatures in the Arctic. This allows cold arctic air to 

penetrate deeper into the south (i.e. “Polar Vortex”). It is also important to consider the specific location 

of warming around the planet. Some parts of the Pacific Ocean were 2.5-3.5°C warmer than normal this 

past year while some were colder. It is important to consider the interactions between the atmosphere 

and the oceans as over 90% of the energy trapped around the earth by greenhouse gases is going into 

the oceans. The warming in the oceans is being stored at depths close to 700m but oceans are 5km 

deep, so there is a lot more room for warming.  

The 2014 National Climate Change Assessment for Canada (produced by Natural Resources Canada) 

reports that changes in annual total precipitation between 1950 and 2010 for Ontario have been most 

pronounced in the southern parts of the province. Some moisture is picked up by the Great Lakes, while 

some travels long distances and is picked up from the landscape (evaporation from the soil). Heavy 

precipitation days (>10mm) have also increased in Ontario, particularly in the south. For example, 

Toronto has seen six 100 year storms and three 50 years storms in the past 25 years. It is clear that 

climate change is accelerating and it is not affecting the entire province equally. Hudson Bay has a 

significant effect on the climate of Ontario and when the bay is ice-covered it reflects the sun’s energy 

into May/June, while the dark water soaks up the sun’s energy. Hudson Bay has a cooling influence in 

the spring, and a warming influence in early winter. Global and regional climate projections for Ontario 

suggest increases of 7.5-8°C toward the end of the century driven both by increases in greenhouse 

gases, but also from the 

reinforcing effect of the 

warming of Hudson Bay.  

When we hear of temperature 

projections of 4-6°C warming 

by the end of the century, this 

is basically game over. While, 

climate change may be good 

for the growing season in 

Ontario, other parts of the 

world will become 

uninhabitable. We cannot, as 

a planet, tolerate increases of 
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6 to 8°C toward 2100. We need to re-conceptualize our communities, re-think the way we generate and 

use energy and significantly reduce greenhouse gas emissions. We must not forget the importance of 

mitigation.  

The adaptation planning process is important and many different methods, frameworks and processes 

have been developed to support that planning. All of the frameworks have common features; top-down 

adaptation planning (e.g. impact modelling on a system component) involve delineating the influence of 

changing climate on a unique system or process. Bottom-up adaptation planning entails a participatory 

approach to engage the community to understand existing vulnerabilities, collecting information on how 

things could change into the future, and develop adaptation measures. 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. Adaptive management involves 

ongoing monitoring, adjusting, experimenting and re-evaluating, and requires a flexible and responsive 

approach to adaptation. We strongly advocate for a risk-based approach, as adaptive management 

helps communities take future uncertainty into account but still move forward with action to respond to 

the climate risks.    

 

This is a climate impacts risk assessment framework developed by the UK Met Office. The framework 

was specifically designed for emergency planning and helps risk and emergency managers walk through 

the risk assessment process. It is not only about emergency planning, but it is more about prevention 

(you have to build resiliency up front to reduce the impacts of events). The pervasive nature of climate 

change spreads across all sectors, municipal departments, businesses, etc. so the responses we have to 

manage those risks differ, and are specific to those particular situations. For example, green 

infrastructure is a great adaptation strategy for flood mitigation and refers to both existing natural 

features (i.e. wetlands, urban forests or parklands that retain and filter stormwater) and human-made 

features (i.e. green roofs/walls, permeable pavement and rain barrels). These measures are not new or 

unique, but climate change is a reinforcing 

reason for their application in communities.  

 

Adaptation is also about building capacity; 

strengthening the facets that you have in your 

community to adapt to climate change. For 

example, www.iswm.ca is an online database of 

innovative and Low Impact Development 

stormwater management practices in Ontario, 

developed by the Toronto and Region 

Conservation Authority for the Ontario Ministry 

of the Environment. It is a free, publicly 

accessible archive for municipalities, 

developers, consultants and others to share 

information regarding these types of practices. 

Adaptation is also about knowing where your 

http://www.iswm.ca/
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vulnerabilities are (e.g. heat maps are important for emergency response but strategically they build 

resilience).  

 

Planners are at the top of the list of those who can enable adaptation in a municipality. They have a 

whole series of land-use planning tools at their disposal that can affect adaptation in local settings.  As 

well, engineers can play a large role in adaptation. Having up to date information on the types of events 

that are striking your community and making smart decisions to deal with those changes is important. 

There are many policies that are driving adaptation, helping to enable climate change at the municipal, 

regional and bi-national level (e.g. Climate Ready, Provincial Policy Statement, Growth Plan for Northern 

Ontario, Great Lakes Water Quality Agreement, etc.). The Durban Adaptation Charter is the epitome of 

what municipalities ought to be doing in Ontario to build local resilience and adapt to climate change. 

 

 

Afternoon Speaker Series 

4.13 WETLAND INFRASTRUCTURE: NATURAL RESILIENCE IN A CHANGING 

CLIMATE (ALEXANDRA SERVICE, DUCKS UNLIMITED CANADA) 

Climate change impacts on water resources in southern Ontario (including water quality and quantity) 

are significant. Green infrastructure is not a new concept, but is one that is gaining traction within the 

context of provincial policy. It refers to both natural and human-made elements on the landscape that 

provide important ecological and hydrological functions and processes which provide resilience at the 

local and watershed level. Some examples include parklands, streets trees, urban forests, permeable 

surfaces and green roofs. Incorporating green infrastructure into planning and development can help 

build resiliency and has also been shown to be more cost-effective than using grey infrastructure alone. 

Wetlands are essential green infrastructure and serve to reduce peak flows, store water, and then 

release it slowly over a period of time. Wetlands also help limit the pollutants and nutrients in runoff 

from entering rivers and lakes, acting like giant sponges. These are just two critical functions that 

wetlands provide, but there are many other services including groundwater recharge, drought 

prevention, and providing habitat for species that are increasingly vulnerable to climate change. 

Protection of wetlands is critically 

important in the context of changing 

climate. Southern Ontario has lost 

on average 72% of its original large 

wetlands area and up to 95% in 

some areas. Central Ontario is 

unique in that there is still good 

wetland coverage, but wetland 

losses are growing. Ontario has a 

patchwork of policies that protect 
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wetlands, but they are not sufficient. Land Use Planning is critical to protecting wetlands, through 

municipal Official Plans, zoning by-laws and individual development decisions. Another way to protect 

wetlands is by including them as part of a municipality’s infrastructure assets, inventory them and 

manage them accordingly (e.g. York Region includes forests as capital assets). Restoring wetlands is also 

an effective way to address historic wetland loss, and goes hand in hand with protection. Municipalities 

can work with local landowners, conservation authorities and organizations like Ducks Unlimited to 

support wetland restoration. 

In conclusion, wetlands are natural green infrastructure that can help build resiliency to extreme 

weather. Protecting and restoring wetlands is the most cost-effective way to realize stormwater and 

water quality benefits. Combining green with grey infrastructure will provide the highest return on 

investment to meet current and future climate change challenges. Think differently about your natural 

assets; think about them as natural water management infrastructure. 

4.14 CHIPPEWAS OF GEORGINA ISLAND CLIMATE CHANGE ADAPTATION 

PROGRAM OVERVIEW (KERRY-ANN CHARLES, 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. Changes in weather and 

climate have already affected the community. In 2011, GIFN submitted a proposal to Indian and 

Northern Affairs Canada to develop a climate change adaptation plan for the community.  

A survey was developed to collect Traditional Ecological Knowledge (TEK) related to changed weather 

and climate, as well as impacts to various facets of Traditional Ways of Life on Georgina Island to gather 

information on the impacts of the changing climate. In order to assess the vulnerabilities and risk 

associated with climate change, a climate change adaptation framework was developed. Results of the 

TEK survey, along with Western Science, were used in the framework 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 Georgina Island visualize how 

changes in weather and climate have already 

impacted the community. An advisory 

committee, established at the onset of the 

project, were asked help identify the priority 

areas for the community of Georgina Island and 

its members.  

Perceived as current vulnerabilities, the impacts 

were used in the next step of the process which 

involved a risk assessment to estimate the 

likelihood and consequence for each of the 
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vulnerabilities. This step was important as it helped the project team prioritize future risk to Georgina 

Island and its members. This estimation was done keeping in mind the projections of climate into the 

future. The risks were reviewed by the advisory committee and the community (via an interactive 

workshop). The final table of prioritized risks was a combination of the results of the project team 

estimating risk, the advisory committee comments, and the community feedback from the interactive 

workshop.  

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.  

Community engagement and involvement was a crucial component of this project. Bingo/information 

sessions, and interactive workshops engaged the community, providing t hem with updates on the 

project as well as an opportunity to share project results.   

4.15 CLIMATE CHANGE: MANAGING RISK (MIKE WALTERS, LAKE 

SIMCOE REGION CONSERVATION AUTHORITY) 

The Lake Simcoe Watershed can expect to see 

significant changes in climate by 2100 that will result in 

significant shifts in ecosystem health, including an 

increase in average temperature of 2.7°C, an increase 

in average annual precipitation of 6%, changes in the 

seasonal distribution of precipitation, and an increase 

in severe weather and extreme events. The 

Conservation Authority (CA) is updating subwatershed 

plans within the Lake Simcoe basin using an integrated 

watershed management approach. Climate change is 

considered one of the most significant ‘stressors’ in the 

basin and some of the impacts that the CA is tracking include water quantity (i.e. increases in 

precipitation in the winter/spring with a decline in summer/fall) as well as water quality (i.e. increases in 

phosphorus loading to Lake Simcoe due to increased runoff resulting in a decline in dissolved oxygen). 

What is missing is the idea of risk assessment and including climate change as a bigger component of 

adaptive management/watershed planning, which is now a priority for subwatershed plans. 

Risk Analysis is a combination of threat (the likelihood or frequency of an occurrence) and vulnerability 

(the potential loss and degree of impact which could result from an occurrence). As an example of 

assessing threats to stormwater infrastructure, the CA has been working with the town of Newmarket 

on a flood-vulnerable area. There has been a significant increase in the number of extreme rain events 

across the area, with return periods of high intensity summer rainfall events shortening significantly. 

Yet, accurately predicting the timing, location and extent of extreme events is nearly impossible.  
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Flood events can cause loss of life, property damage and social disruption, resulting in significant 

economic cost ($3.2 billion in 2013) and a reduced quality of living. When looking at the vulnerability of 

infrastructure throughout the watershed, an estimated 60% of urban areas have no stormwater controls 

(i.e. they were built prior to standard guidelines). The 40% that do have controls use conventional 

stormwater practices such as ponds, which control peak flow but do nothing for the cumulative impact 

of growth. Of all the existing stormwater facilities in the watershed, 59% need maintenance and are 

operating at or below design standards. From a vulnerability point of view, we are at risk.  

Results of the risk assessment for infrastructure classified flood threats as high, and vulnerability as 

severe, therefore action needs to be taken immediately. Determining management needs for reducing 

urban runoff from new and existing development can involve policy (a complete overhaul of stormwater 

management policies towards Minimal Impact Design Standards (MIDS)), remediation (maintain 

stormwater management facilities), and tools/training (stormwater calculator tool, LID training and 

rainscaping).  

In summary, a risk management approach is needed in the development of adaptation strategies, with 

the integrated watershed management approach lending itself to developing adaptation plans and 

strategies. An adaptive framework is essential and requires follow up monitoring to assess success.   

4.16 CLOSING COMMENTS (MAYOR JEFF LEHMAN, CITY OF BARRIE) 

The main message we have learned today is that the science is clear, locally as well as globally – climate 

change is happening. A lot of capacity exists (especially compared to 5 years ago), but the key is to start 

implementing this capacity in a timely way. It is clear that aggressive action on mitigation is needed 

around the world and we can play a part in that effort. Many times, climate change champions are 

needed to start working towards mitigation and adaptation, and it is hoped that many champions are at 

this conference. Green infrastructure was a hot topic today due to the many benefits it has, including 

flood mitigation. There were a lot of pilot projects mentioned here today, and there is nothing as 

compelling as an effective green infrastructure prototype to support the next project that needs to be 

built. Scientists are emphasizing the need for narrative stories, the qualitative ties that support the 

numerical cases. These stories reinforce the powerful impact of stories, and we should not be shy to tell 

them. Despite the issues we are facing, adaptation is no longer a choice, but a necessity.  
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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 1820 to 2012 (see Figure 1). 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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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 2). 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 2: 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 ENVIRONMENT CANADA, 2008). 

 

The graphs below give a sense of changes to temperature and precipitation 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 3: 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. 
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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 4 represents projections in surface air temperature and 

relative precipitation changes for the winter season in Ontario for the middle of the century (2046-2065) 

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 (e.g. winters in 

Central Ontario are projected to be 3 to 4°C warmer).  

 

 

 

FIGURE 4: TEMPERATURE CHANGE RCP8.5 IN 2046-2065 FOR THE WINTER SEASON (DECEMBER-FEBRUARY), 50TH PERCENTILE. PRECIPITATION 

CHANGE RCP8.5 IN 2046-2065 FOR THE WINTER SEASON (DECEMBER-FEBRUARY), 50TH PERCENTILE (SOURCE: ENVIRONMENT CANADA, 2015). 

 

CLIMATE CHANGE IMPACTS 

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.  

 

 

(°C) (mm) 

PROJECTED CHANGES IN WINTER TEMPERATURE IN 

ONTARIO (2046-2065)  
PROJECTED CHANGES IN WINTER PRECIPITATION IN 

ONTARIO (2046-2065)  
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Since warmer air can hold more moisture, climate change will result in more frequent and intense 

extreme weather events (Warren and Lemmen, 2014). 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.  

 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).  

 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.  

 These events appear to be increasing not only in Ontario, but around the world (see Figure 5).   

 

 

 

 

 

 

 

FIGURE 5: NATURAL 

CATASTROPHES WORLDWIDE 

FROM 1980-2011 (SOURCE: 

MUNICH RE, 2012). 

Toronto, 2005 Brampton, 2013 Wawa, 2013 
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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. Extreme heat events, floods, as well as altered distributions of 

infectious diseases and carriers pose risks to human health. In some Ontario communities, climate 

change impacts on the economy may be significant. Tourism-, agriculture- and natural resource-based 

economies stand to experience both positive and negative effects of climate change.   

MUNICIPAL RESPONSE 

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 6: 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 6) (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” 

- 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 7). Adaptive management involves ongoing monitoring, adjusting, 

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

(Warren and Lemmen, 2014).  

 

 
FIGURE 7: FLOW CHART SHOWING THE FIVE STEPS IN THE RISK ASSESSMENT PROCESS USING ADAPTIVE MANAGEMENT (SOURCE: WARREN AND LEMMEN, 2014)  

The provincial government is also taking action on climate change. In succession to Climate Ready: 

Ontario’s Adaptation Strategy and Action Plan 2011-2014, the province released a climate change discussion 

paper in early 2015. The purpose of the discussion paper is to resume a converstaion among Ontario’s 

residents about climate change. In order to do this, the province engaged residents from across Ontario 

in focused conversation groups, with results intended to culminate in a comprehensive provincial 

climate change mitigation and adaptation strategy (MOECC, 2015). While the primary focus of the 

activities is on mitigation of greenhouse gases, one of the immediate actions of the strategy will be to 

promote climate resilience and risk management to ensure Ontario is prepared to effectively manage 

the risks of climate change. 
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CONFERENCE THEMES  

There are two main themes of Building Municipal Resilience in Central Ontario: 1) Asset Management 

and Infrastructure, and 2) Emergency Management. 

Asset Management and Infrastructure  

Infrastructure is highly vulnerable to climate change; roads will be more prone to potholes, sewers more 

likely to overflow, power grids more likely to fail, and bridges more susceptible to wash out (ECO, 2013). 

In a 2008 study, the Public Infrastructure Engineering Vulnerability Committee (PIEVC), a national 

committee established to ensure the integration of climate change into all facets of public infrastructure 

in Canada, concluded that properly maintained infrastructure increases resilience to climate change by 

allowing the system to function as designed (CCPE, 2008). This finding was further confirmed in a series 

of case studies and aligns with a broader assessment of the state of Canadian infrastructure, which 

highlights the importance of improving asset management (Félio, 2012).  

A recent Canada-wide study suggests that municipal infrastructure is Canada’s number one climate 

change adaptation priority (Feltmate and Thistlethwaite, 2012). This is not simply due to the costs of 

repairs and upgrades, but also for the possibility of class action lawsuits against municipalities for 

neglecting to manage climate risk (CBC News, 2012). In 2011, Ontario released its 10-year infrastructure 

plan, Building Together, as well as supplemental guidance material. The plan requires municipalities to 

undergo an assessment of all direct/indirect costs and benefits associated with infrastructure options, 

including vulnerability to climate change impacts (i.e. damage due to extreme weather). Considering 

climate change as an element of adaptive asset management encourages the consideration of climate 

factors as part of ongoing system monitoring, and informs decisions regarding the most cost-effective 

approaches for infrastructure design, operation and maintenance (Warren and Lemmen, 2014).  

There are a number of adaptation actions that can be taken at the local level in order to increase the 

resilience of municipal infrastructure to a changing climate:    

 Identify climate change trends early on and incorporate these considerations into infrastructure 

design and operation manuals; 

 Undertake detailed vulnerability assessments on critical municipal infrastructure;  

 Update floodplain boundaries for 100-year events to help determine appropriate adaptation 

measures for threatened properties within the revised boundaries; and  

 Review and reinforce historical or traditional flood prevention facilities (Feltmate and 

Thistlethwaite, 2012).  
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Emergency Management    

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 cognisant of how climate 

variability/change will manifest itself (e.g. intense precipitation, droughts, wind events, etc.) and how 

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

shortages, infrastructure damage, 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 (MCSCS, 2013). 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).  

 

 
FIGURE 8: THE FOUR STEPS TO CREATING AND MAINTAINING A HIRA (SOURCE: EMERGENCY MANAGEMENT ONTARIO, 2012A). 
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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 transport 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).  

FINAL THOUGHTS 

The evidence is clear – climate change is bringing new challenges that municipalities in Central Ontario 

need to face head-on and manage proactively. 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. 

Building Municipal Resilience in Central Ontario will focus on the unique issues that face the Central 

Ontario region. The conference will take you through the science of climate change, best practices from 

the City of Barrie and other municipalities, risk mitigation, emergency management, non-governmental 

organization's practices and research, leading edge case studies and adaptation planning. Breakout 

sessions on infrastructure and asset management, as well as emergency management, will leave you 

with a better understanding of the key impacts that municipalities are facing and how we can plan 

accordingly.   
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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 

often serve as the raw material for constructing 



Final Report 

|  44 
 

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 
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Earth’s surface, the atmosphere itself, and 

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. 
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Risk Management 

Plans, actions, or policies to reduce the 

likelihood and/or consequences of risks or to 

respond to consequences. 

 

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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“From tornadoes and flooding to 

severe temperature and long 

term shifts, climate change 

affects us in unique ways in 

Central Ontario. Join us as we 

tackle one of the most important 

issues of our time.” 

-  Mayor Jeff Lehman 


