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Global climate change: An overview 



“Climate is what 
you expect ...” 



“Climate is what 
you expect ...” 

“Weather is what 
you get.” 



“Climate is what 
you expect ...” 

“Weather is what 
you get.” 

“What we expect” … is changing 



Or in other words … 

• Expect the unexpected 

• Likely to be warmer, wetter 
conditions (generally) 

• But more extremes, more 
variability, more drought 

• Expect the science to evolve 
and improve 

• Cities should plan for long-
term change; adapt / mitigate 

 



“What we expect” is changing 



The changes are not uniform in time 



Nor are they uniform in space 



Increased heat waves 
(70 years from now) 

Chicago 



Longer growing season 
(70 years from now) 



Changes in energy use 
(70 years from now) 

Monthly electricity demand in Ontario 



Schneider, P., and S. J. Hook (2010), Geophys. Res. Lett., 37. 

Warming of the world’s lakes 



Rapid warming of Lake Superior 
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Lower Great Lakes water levels 



Spence et al. (2013) Journal of Hydrometeorology (in press) 
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Lake	Superior	cumula ve	evapora on	

Figure	1.	Four	years	of	cumula ve	evapora on	from	Lake	Superior,	using	direct	
meteorological	measurements	at	Stannard	Rock	lighthouse.	Each	annual	curve	
begins	at	the	date	of	ice	breakup	and	con nues	through	the	remainder	of	the	

evapora on	season.	Note,	in	par cular,	the	much	higher	total	evapora on	during	
the	2010/11	season	–	roughly	20	cm	greater	than	the	other	three	years.	This	high-

evapora on	year	resulted	primarily	from	an	early	onset	of	the	evapora on	season	
during	the	par cularly	warm	summer	of	2010	(highlighted	in	orange).	

Higher rates of evaporation 

25 cm 

Lake Superior 



Ontario 

Lake Superior 

Michigan 

Minnesota 

Wisconsin 

Stannard 

Rock 

Granite 

Island 

Lake Superior monitoring sites 



Great Lakes evaporation network 



Global warming? 



Global warming? 
or 

Global “weirding?” 





Sea level rise at Charlottetown, 
Prince Edward Island (1911-1998) 



Storm surge vulnerability 

40-year return period 



Future sea level rise 



Less snow? Not necessarily 

20-year change 



Seemingly “remote” problems … 
Are not remote 



Generally wetter conditions 

1991-2011 
(compared to 

1901-1960) 



Generally wetter conditions 



Shifting seasons 

Future changes 



Shifting seasons 

Future changes 

Trends in Seasonal Cycle of Great Lakes Water Levels 349

139-year record. The reconstruction is based on the
linear regression of L* versus time (done separately
for each month of the year). Months for which the
two curves are statistically distinct (the linear trend
in L* is significant at at least the 90% level) are in-
dicated in Figure 6 by the “+” symbol.

Most striking in Figure 6 is a distinct shift in the
seasonal cycles of Lakes Erie and Ontario, by ap-
proximately 1 month. Given the course nature of
the monthly timescale, neither the magnitude nor
the statistical significance of this phase shift is
being precisely assessed in this study (only the
trend for individual months). A more detailed time-
series analysis of daily lake levels is left for future
studies. Nevertheless, the preliminary results of this
analysis suggest that the annual rising and falling of
Lakes Erie and Ontario are occurring roughly 1
month earlier than they did 139 years ago (Figs.
6c–d). Lakes Superior and Michigan-Huron show
less pronounced seasonal shifts, but there is some
indication that the autumn peak in the level of Lake

TABLE 1. 139-year trends in month-to-month
change in lake level (DL) for each of the Great
Lakes. Trends are based on linear regressions
over the period 1860 to 1998 and have been con-
verted from cm/month to m3/s by multiplying by
lake area. Statistically significant trends are
shown in bold (90% level or greater), and insignif-
icant trends are bracketed.

Superior Mich-Huron Erie Ontario

Oct–Nov [432] [736] [46] [–75]
Nov–Dec 1,187 1,668 [216] [183]
Dec–Jan [158] [–244] 398 577
Jan–Feb [–345] –873 658 304
Feb–Mar –1,143 –1,529 666 [–69]
Mar–Apr [232] 1,425 [–357] 391
Apr–May [222] [108] –607 [277]
May–Jun [–313] [–786] –352 –312
Jun–Jul [377] [–32] [–111] –458
Jul-Aug [–246] [–87] [–106] –324
Aug-Sep [–405] [648] [–187] –251
Sep–Oct [–685] [–56] [–74] [–216]

FIG. 6. Reconstructed lake level anomalies (in cm) for 1860 (open circles) and 1998 (closed
diamonds or “+” symbol) based on the endpoints of the linear regression of L* vs. time. Months
for which the linear trend in L* is statistically significant (at at least the 90% level) are denoted
by the “+” symbol.
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(1958-2011) 
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(1958-2011) 

(2001-2100) 





Extreme rainfall and stormwater infrastructure 



2011 



Don River Watershed (Toronto):  
Changing Land Use with Time 

From Amirsalari, 2007, Masters Thesis University of Waterloo, Dept. of Geography 

1990 – 70% Impervious 2005 – 84% Impervious 
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River / Wetland 

Restoration Plan 

• The challenges  
– Urbanized watershed 

– Changing lake levels 

– Competing uses 

– Climate impacts 
 

• Adaptation strategy 
– Design for: 

– Low baseflow 

– Range of lake levels 

– Flashy hydrology, floodwater 

– Improved sediment discharge 

 

 

 



Final thought 

We are the cause … 

We can be part of 
the solution 



Let’s chart a new future for 
the Great Lakes … 



Let’s chart a new future for 
the Great Lakes … 

Thank you! 


