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Regional Climate Change and Variability Projections 



Easterling and Wehner, 2009 

Is the climate warming or cooling? 



IPCC 

2007 



Anthropogenic warming and sea level rise would continue for centuries, 

even if greenhouse gas concentrations were to be stabilized.  

Climate Projections (IPCC 2007) 



Canada contributes about 

40% of the total runoff 

in Columbia River, 

with only 15% of the area. 



Trends in date of center of mass of annual flow 

Stewart et al. 2005 



…even after accounting 

for the role of known 

patterns of climate 

variability, there is a 

substantial downward 

trend in overall snowpack 

in the West that is 

consistent with the 

observed warming. 

Mote, 2006 

Trends in April 1 SWE, 1960–2002 



Hamlet et al. 2005 



Prairie Drainage Basins (source: PFRA) 



•! Alberta Vulnerability Assessment Project, Alberta Environment 

o! Climate Change Scenarios  

o! Biophysical Impact Assessment 

o! Integrated Vulnerability Assessment 

•! Prairies Chapter, National Assessment of Climate Change 

Impacts and Adaptation 

•! Institutional Adaptation to Climate Change, Elqui (Chile) and 

South Saskatchewan (Canada) River Basins 

Prairie Adaptation Research Collaborative 

PARC is a partnership of the governments of Canada, Alberta,  

Saskatchewan and Manitoba mandated to pursue 

climate change impacts and adaptation research 

in the Prairie Provinces. 



Annual Temperature  

1961-1990 

oC       -2     -1     0      1     2     3      4      5     6      7      8     9     10    11   12  

2050s 

These median scenarios were derived from the Canadian Global 

Climate Model (CGCM) version 3.1/T47 and greenhouse gas 

emission scenario B1(2).  
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Annual Precipitation  

These median scenarios were derived from the Canadian Global 

Climate Model (CGCM) version 3.1/T47 and greenhouse gas 

emission scenario B1(2).  
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The recent warming exceeds the global average 

Future climates are outside the range of natural variability 





Global Warming Amplifies Hydro-Climatic Variability 



Streamflow Projections 



Seasonal Scenarios 
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Temperature – Lethbridge - Precipitation 



On average, there will be slightly to significantly less surface 

and soil water  

One of the most certain projections is that extra water will 

be available in winter and spring, while summers 

generally will be drier 



We are losing the advantage of a cold winter 



Prairie Drainage Basins (source: PFRA) 



AMEC. 2009. South Saskatchewan River Basin in 

Alberta: Water Supply Study. Alberta Agriculture and 

Rural Development.  

Martz et al. (2007) 

Potential Climate Change (%) Impacts on Natural Flows in the SSRB 
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Annual Precipitation, Medicine Hat, 1884-2002 



many regional climate changes can be 

described in terms of preferred patterns of 

climate variability  

changes in the strength and phase of these 

patterns can lead to larger-amplitude regional 

responses to forcing than would otherwise be 

expected 

it is therefore important to consider the extent 

to which observed changes are linked to 

internal variability or to anthropogenic 

climate change  

Climate Variability 
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Waterton River near Waterton 1950-2007 

Waterton 

negativePDO 

Trend 

Significant trend 

p-value = 0.004 



Carbon cycle: the capacity oceans and ecosystems to sequester 

carbon changes in warmer world; in general, it declines 

Changes in snow and ice cover: over 90% of the incident solar 

radiation is reflected by snow and ice surfaces 

Specific humidity: increasing in a warming world; with rising 

amounts of water vapour in the atmosphere, there are widespread 

increases in the numbers of heavy precipitation events; BUT 

drought duration and intensity has also increased 

Important Climate Feedback Mechanisms 



There will be greater variation in hydroclimate 

Both drought and unusually wet years could occur with 

greater frequency and severity  



Major ecological changes are 

expected.  



Hogg and Hurdle, 1995 



Extreme weather and climate are “wild cards” because 

the effects of increasing frequency and severity are 

generally not considered well or at all in climate change 

impact assessments. 



Coping  

Range  

Climate Trends and Variability 

mean conditions 

departures from mean conditions 

adaptation 



The impacts of climate change will depend on how 

well we adapt and how much adaptation is required 

The net impacts of climate change are not clear 




