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•  Observed and Anticipated Climate Change 
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•  How do we Respond? 



Director: Dr. Daniel Scott 
Associate Director: Sarah Brown (BES, MPL) 

•  Established in 2008 – building on 25 previous years of climate 
change research and practice at UW 

•  IC3’s Mission – to provide scientific information to improve 
decision-making in business, government and civil society to 
respond effectively to weather events and climate change. 



IC3’s Deepening Talent Pool 
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Over 60 affiliated faculty members: 
•  With diverse expertise in climate adaptation, including: 

planning, community health, climate modeling, hydrology, 
transportation, insurance 

•  Research collaborations with over 50 international, 
Canadian and local government agencies, scientific 
organizations, NGOs and businesses 
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60 IC3 members across 
14 departments in all 
6 faculties and 
4 external organizations 
 

Million in earned media 
(2013-14) 

 

16 undergraduates and 2 IC3 
advisors attend COP19 in 

Warsaw, Poland 

+600 
Peer-reviewed 
Publications 

High school students attend climate 
change workshop and lecture 250 

 

80 
Books and Book 
Chapters 

230+ 
Graduate Students  

Supervised on Climate  
Change Topics since 2008 

 

     31Master of Climate 

                Change Students from  

             14 Countries 

8 
Contributing 
Authors/Expert 
Reviewers AR4  

 31 Members cited 
in AR5 
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•  North America’s 1st graduate climate change program 
(est. 2013) 

•  1 year, course-based program with capstone internship  
     or major research paper 
•  First two cohorts:  31 students from 14 countries 



A warming ‘pause’?  
… not if account for 

data poor Arctic 

1998 

2010 and 2005 remain the 
warmest years since records 
began in the 19th Century 

The Climate IS Changing: 
Instrumental Record of Global Surface Temperatures (as of 2013) 

The Telegraph online (2014) 

Source: RealClimate.org 2013 



Global Temperature Change: 
Decadal Averages (°C)  
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temperature anomaly estimated at 0.54°C 
above the 14.0°C baseline, followed closely 
by 2005. The least warm year was 2008, with 
an estimated anomaly of +0.38°C, but this 
was enough to make 2008 the warmest La 
Niña year on record.

The 2001–2010 decade was also the 
warmest on record for both land-only and 
ocean-only surface temperatures. The 
warmest worldwide land-only surface-air 
temperature was recorded in 2007, with 
a temperature anomaly of +0.95°C. The 
warmest worldwide ocean-only surface 
temperature was measured in 2003, with 
an anomaly of +0.4°C above the 1961–1990 
average. This is consistent with climate-
change science, which projects that the 
ocean surface will warm more slowly than 
the land because much of the additional 
heat will be transported down into the ocean 
depths or lost through evaporation.

When considered region by region, most 
areas of the world also experienced above-
average temperatures during the decade, 

particularly in 2010, when records were 
broken by over +1°C in some areas. At the 
national level, a large majority of countries 
responding to the WMO survey reported 
that they experienced their warmest 
decade on record. Many geographically 
large countries and regions saw decadal 
temperature anomalies over 2001–2010 that 
exceeded +1°C relative to the long-term 
average of  1961–1990.

Europ e  ex p er ien c e d  ab ove - nor mal 
temperatures between 2001 and 2009, 
with 2007 the warmest year on record for 
large parts of the region. Europe, including 
Greenland, saw a median temperature 
anomaly of +1.0°C for the decade. Greenland 
recorded the world’s largest decadal mean 
temperature anomaly of +1.71°C.

Much of Asia also saw anomalies exceeding 
+1°C over the course of the decade, including 
China, the Islamic Republic of Iran, Mongolia 
and the Russian Federation. For the whole 
continent the median temperature anomaly 
of the decade was +0.84°C.
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Figure 1. Decadal global 
combined surface-air 
temperature over 
land and sea-surface 
temperature (°C) 
obtained from the 
average over the three 
independent datasets 
maintained by the UK Met 
Office Hadley Centre and 
the Climatic Research 
Unit, University of East 
Anglia, in the United 
Kingdom (HadCRU), 
NOAA-National Climatic 
Data Center (NCDC) 
and the US National 
Aeronautics and Space 
Administration-Goddard 
Institute for Space 
Studies (NASA-GISS). 
The horizontal grey line 
indicates the long-
term average value for 
1961–1990 (14°C).

Combined land and sea-surface temperature  

What I 
grew up 

with 

What my 
daughters 
growing up 

with 

Source: WMO 2013 



Energy Accumulation 
in Each Component 
of Earth’s Climate 
System between 

1971–2010 

9Annual Greenhouse Gas Progress Report 2014

Extreme weather events 
have become much 
more common; exactly 
as predicted by climate 
change models.

last 30 years has been stored in the oceans (in the form of higher 
ocean temperatures), with much of it being transferred to the deep 
ocean levels. Not only have increased amounts of heat been stored 
in the oceans, the rate at which this heat has been absorbed has 
accelerated over the past decade. Only a very small percentage 
of the energy coming into the climate system is accumulating in 
the atmosphere and serving to increase surface temperatures. 
Recent research indicates that while the deeper oceans have been 
very efficient at absorbing the excess heat, this is a short-term 
phenomenon. Once the oceans stop absorbing high levels of  
excess energy, rapid atmospheric warming is projected in the 
coming decades. 

Figure 3:

Energy accumulation 
in each component of 
Earth’s climate system 
expressed in zettajoules 
(1021) between 1971–2010, 
relative to 1971. (Source: 
IPCC, 2013: Chapter 3, 
Observations: Oceans, in 
Climate Change 2013: The 
Physical Science Basis. 
Contribution of Working 
Group I to the Fifth 
Assessment Report of the 
Intergovernmental Panel 
on Climate Change).

IPCC 2013  

~ 90% of the Earth's extra heat is 
stored in the oceans due to the 
atmosphere's limited storage 

capacity (only ~2%) 



•  “Warming of the climate system is 
unequivocal.” 

 
•  “The atmosphere and oceans have 

warmed, the amounts of snow and ice 
have diminished, sea level has risen, 
and the concentrations of greenhouse 
gases have increased.” 

 
•  “Human influence on the climate 

system is clear.” 

•  “Globally CO2 is by far the strongest 
driver of climate change.” 

•  “Climate change will persist for many 
centuries even if emissions of  CO2 
are stopped.”  

Global Climate Change: IPCC Synopsis 

Adaptation is therefore not a choice but an imperative. 



Global Climate Changing Has Just Begun 

RCP8.5 
 = Business-as-Usual 

emission 

20th century warming 
+0.85°C 

21st century warming 
     +1°C to +4.2°C 

Current emissions 
trajectory slightly higher 

than ‘worst case’ scenario 
(RCP8.5) 

 

RCP2.6 
 = Low Carbon Economy (-70% 
emission reduction by 2050s) 

In 2009, the global community adopted a goal to limit global warming to 2°C 
compared to pre-industrial temperatures. We are approaching the half-way point 

towards threshold of ‘dangerous’ climate change.  

IPCC 2013 



Localizing Climate Change Projections: 
Southern Ontario in 2050 

•  Temperature:	  
–  Annual	  increase	  of	  2-‐4⁰C	  
–  Doubling	  of	  days	  over	  30⁰	  C	  in	  summer	  

•  Precipita.on	  (rain	  and	  snow):	  
–  5	  to	  20%	  increase	  in	  winter,	  10	  to	  15%	  in	  spring	  
–  40%	  increased	  frequency	  of	  freezing	  rain	  during the 

months of December, January and February	  

•  Storms:	  
–  10%	  increase	  in	  severity,	  double	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
the	  frequency	  

–  8	  to	  15%	  increase	  in	  intensity	  of	  wind	  



Localized Projections:  
Monthly Temperature Change at WR Airport (wrt 1981-2010) 
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2050s 
+1.6 to 3.8⁰C 
 
 

2080s 
+1.6 to 6.1⁰C 
 
 



Changing Freeze-Thaw Frequency 

based on 1994-2012 daily average low (blue) daily average high (red)  

+4°C scenario 
means average daily 
high is above 
freezing every 
month 



Extreme Heat:  
days with maximum temperature >30°C 
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Localized Projections:  
Monthly Precipitation Change  
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Changing conditions à Impacts 

Around the world… 
 
 

… and close to home 
 

10 Annual Greenhouse Gas Progress Report 2014

Precipitation Events

Increased air temperatures have an impact on the amount of  
water vapour that is held in the atmosphere (given that warmer  
air can hold more water). As such, precipitation patterns are  
also affected by warmer temperatures. While these patterns show 
regional variation, the IPCC has concluded that for North America 
the frequency and intensity of heavy precipitation events has likely 
increased since 1950. Within Canada, one only needs to look at 
how Toronto and Calgary were deluged during the summer of 
2013 to see examples of ferocious downpours (Figure 4). While it 
is challenging to attribute such single extreme events to climate 
change, these types of storms are consistent with the predictions 
that are being made for North America in a warmer world. For 
example, the Insurance Bureau of Canada estimates that extreme 
storms of a magnitude expected to happen every 40 years are now 
predicted to occur every six years. 

Toronto: July 8 2013 Calgary: June 21 2013

Figure 4:

Flooding in Toronto and 
Calgary during the summer 
of 2013. (Source for 
Toronto photo: Canadian 
Press).

Diminishing Frozen Areas and the Impact on Sea Level Rise

In response to higher temperatures, there have also been  
significant changes to the frozen parts of Earth’s surface – the 
global cryosphere – over the past 20 years. While the Greenland  
and Antarctic ice sheets, along with most of the world’s glaciers, 
have experienced significant ice mass loss, the rate at which  
this has occurred has increased substantially over the past two  
decades. Between 1992 and 2001, for example, the average rate  
of ice loss from Greenland’s ice sheets was 34 gigatonnes (Gt)  



Top Ranked Impacts Identified by Cities 



How do we respond? 
Mitigation: 

“Implementing policies to 
reduce greenhouse gas 

(GHG) emissions and 
enhance sinks.” 

- IPCC, 2007 

Adaptation: 
“[An] adjustment in natural or 
human systems in response to 

actual or expected climatic stimuli or 
their effects, which moderates harm 
or exploits beneficial opportunities.” 

- IPCC, 2007 

CLIMATE
READY
Ontario’s  
Adaptation Strategy
and Action Plan

CLIMATE READY  Ontario’s Adaptation Strategy and Action Plan

CLIMATE
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Adaptation Strategy
and Action Plan
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¡  ‘current national emission reduction targets 

give virtually no chance of constraining 
warming to +2.0°C  (Rogelj et al 2009) 

¡  ‘Politically realistic (emission reduction)  
 objectives will leave most of the burden  
 of coping with climate change to 
adaptation.’    (Stehr and von Storch 2005) 

 
¡  ‘we should be planning to adapt to at least 

+4.0°C of warming’        (Parry et al. 2009) 

¡  ‘The necessity for adaptation to climate change 
is becoming a much higher priority for Ontario 
… There is a need to build a more climate-
resilient economy and society.’           

 (Province of Ontario 2010) 
 

 

The Adaptation Imperative 



For more information: 
 
 

daniel.scott@uwaterloo.ca 
519-888-5467 ext. 35497 
 
s6brown@uwaterloo.ca 
519-888-5467 ext. 36755 
 
  

41Who’s doing what?

1992

Patrick Leung (BA ’92, Chartered 

Accountancy; MAcc ’92, Accounting) 

has been appointed chief financial 

officer for GuestLogix Inc.

1993

Mark Conrad (BASc ’93, Civil 

Engineering; MASc ’97, Civil 

Engineering) was appointed 

principal to Delcan.

1995

Glenn Feltham (PhD ’95, 

Accounting) has been appointed 

member of the Standards Council  

of Canada.

1996

Shelley (Anne Michelle) 

Macbeth (BA ’96, Psychology) is 

the owner of Blue Heron Books 

in Uxbridge, Ont. Her store has 

been named Canadian Bookseller 

of the Year 2012 by the Canadian 

Booksellers Association, and listed 

as one of the best bookstores in 

North America by the Globe and 

Mail. It was also recognized as one 

of the top 10 favourite Canadian 

bookstores by the CBC.

Paul Croft (BES ’96, Urban & 

Regional Planning) was appointed 

principal at Delcan.

1998

Andrew Lawrence (BASc ’98, Civil 

Engineering) has been recognized as 

an associate in the TLC Engineering 

for Architecture board of directors. 

1999

Jennifer Sheridan (BA ’99, English 

Rhetoric and Professional Writing) 

has won “Entrepreneur of the  

Year 2013“ at the FDM everywoman 

in Technology Awards in London, 

England.

2000

Sarah Tate, (nee Burke) (BA ’00, 

English Language and Literature) 

talks about her role as executive 

director of Habitat For Humanity, 

Peterborough and District.

Matt Farrell (BA ’00, Economics), 

now a professor at Fanshawe 

College, is teaching Canada’s first 

Massive Open Online Course (MOOC) 

delivered by a community college. 

2001

Jennifer Lapierre (BSc ’01; MSc ’03, 

Biology) hopes her research into 

the sleep physiology of northern 

fur seals will help solve human 

sleep disorders.

2002

Frank Clifford (Honourary 

LLD, ’02) is the recipient of the 

2013 Chancellor John Sweeney 

Award for Catholic Leadership.

Malgosia Green (BASc ’02, Systems 

Design Engineering) has been 

appointed as chief product officer 

of Top Hat Monocle, an education 

company.

Phil Tilker (BMath ’02, 

Combinatorics and Optimization; 

MMath ’05, Computer Science) 

played for Team Canada at 

the Ford World Men’s Curling 

Championship.

2003

Joseph Puopolo (BES ’03, 

Planning) is a co-founder 

of Printchomp, a company that 

acts as an online broker for print 

services.

Robert Earley (MES ’03, Planning) 

recently became transport program 

manager for Clean Air Asia. He 

has also been appointed as the 

executive director of the Beijing 

Energy Network.

2005

Erik Wilhelm (BASc ’05, Chemical 

Engineering; MASc ’07, Chemical 

Engineering) is an assistant 

professor in the Engineering 

Product Development Pillar at the 

Singapore University of Technology 

and Design (SUTD).

2007

Diana Li (BA ’07, Psychology) has 

launched MallDatabase.com, the 

largest public directory of malls  

in the world.

Christopher Henderson (BA ’07, 

Social Development Studies) has 

been appointed as head coach  

for the Halton Hills Blue 

Fins, effective August 1.

2008

Sara Haider (BSE ’08, Software 

Engineering/Cognitive Science) is 

a lead software engineer at Twitter.

Dustin Little (BSc ’08, Biochemistry) 

has won the Lindau Award, a 

prestigious national prize that will 

have him rubbing elbows with  

Nobel laureates.

Jeffrey McLarty (BASc ’08, 

Mechatronics Engineering) 

and Danilo Malanczyj (BASc ’09, 

Mechatronics Engineering), co-

founders of They Innovate, have 

debuted their pilot invention. The 

patent-pending ‘Clipless’ makes 

it possible to secure phones and 

tablets to a variety of new surfaces, 

including clothing.

Rami Alhamad (BASc ’08, 

Mechatronics Engineering) 

and Suresh Joshi (BASc ’08, 

Mechatronics Engineering) have 

founded PUSH, a company that uses 

a chip device to analyze, manage 

and track the progress of a person’s 

weight-training workout.

2009

Hamoon Ekhtiari (BMath ’09, 

Info Sys Mgt Option; MACC ’09, 

Accounting, Professional) has been 

awarded an $834,600 Trillium  

Future Grant to develop online  

links between young entrepreneurs 

and resources.

Eric Migicovsky (BASc ’09, Systems 

Design) announced that his Pebble 

smartwatch project has secured 

$15 million in funding from George 

Zachary and Charles River Ventures, 

one of Silicon Valley’s oldest venture-

capital funds.

2010

David Isern (BA ’10, Political Science; 

MA ’11, Global Governance) is one 

of a group of student legal advisers 

featured in the Guardian video 

“Filling the gap: the rise of pro  

bono justice.”

Dr. Pamela Bederaux-Cayne  
(OD ’10) has joined the Dr. Robert 

Downey practice in Chatham.

THANK YOU!

To each and every alumnus from around the 
world who has taken the time to give back by 
volunteering your talents: THANK YOU.
Year after year, your hard work and dedication 
advances our institution, and we are very grateful.

To learn more about volunteering with Alumni Relations, 
visit uwaterloo.ca/alumni.



January Average Daily Temperature in Toronto 
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