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Saskatchewan	
  River	
  Basin	
  	
  

Area	
  406,000	
  km2	
  

• Drains	
  from	
  
con?nental	
  divide	
  
in	
  Alberta,	
  	
  
through	
  
Saskatchewan	
  to	
  
Manitoba	
  

-­‐	
  a	
  GEWEX	
  Regional	
  Hydroclimate	
  Project	
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Prairie	
  Drought	
  of	
  1999-­‐2004	
  
Described	
  as	
  Canada’s	
  most	
  costly	
  natural	
  disaster	
  

•  $5.8	
  billion	
  decline	
  in	
  
GDP	
  2001-­‐2002	
  

•  $3.6	
  billion	
  drop	
  in	
  
agricultural	
  
produc?on,	
  2001-­‐2002	
  

•  41,000	
  jobs	
  lost	
  

•  BC,	
  Alberta	
  forest	
  fires	
  
•  Saskatchewan	
  dust	
  
storms	
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available from 1400 A.D.	
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Linear correlation coefficients 
between the growth rates and the water year flows  
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  Chronology

North	
  Saskatchewan	
  River Red	
  Deer	
  River Bow	
  River Oldman	
  River Series2 Series3

5% two-tailed 
significance level	
  

o  28 Chronology Sites 

o  4 Streamflow Gauges 
Data 
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(a)	
  1687-­‐1691	
  

Banff

(b)	
  1714-­‐1718	
  

05BN012
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(d)	
  1934-­‐1938	
  (c)	
  1841-­‐1845	
  

Contour maps of  
five-year average growth rates  
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North Saskatchewan River 

Oldman River 
Historical	
  Records	
   	
  ReconstrucOon	
  using	
  Best	
  Model 	
  ReconstrucOons	
  using	
  Different	
  Models	
  



                

North Saskatchewan River 
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Drought	
  and	
  Forest	
  Dieback	
  
Climate	
  Moisture	
  Index	
  CMI	
  (P-­‐ETP)	
  	
  
2001-­‐2002	
  vs.	
  	
  
Long-­‐term	
  Mean	
  	
  
(Ted	
  Hogg,	
  CFS)	
  
• Drought	
  was	
  unusually	
  
severe	
  in	
  2001-­‐2002,	
  driest	
  in	
  
>100	
  years	
  across	
  a	
  large	
  
area	
  

• Led	
  to	
  massive,	
  sustained	
  
aspen	
  dieback	
  and	
  mortality,	
  
especially	
  along	
  the	
  northern	
  
edge	
  of	
  the	
  prairies	
  

• CMI	
  maps	
  by	
  D.	
  Price,	
  M.	
  
Siltanen	
  &	
  D.	
  McKenney,	
  CFS	
  	
  

2001-­‐02	
  Severe	
  
dieback	
  
area	
  

Long-­‐term	
  
mean	
  CMI	
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(photo	
  by	
  Mike	
  Michaelian,	
  CFS)	
  

SK	
  Parklands	
  	
  
August	
  2004	
  

Regional,	
  post-­‐drought	
  decline	
  in	
  aspen	
  growth	
  of	
  
30%,	
  widespread	
  aspen	
  dieback	
  and	
  mortality	
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Boreal Ecosystem Research and 
Monitoring Sites (BERMS, 1994+) 

• Southern edge 
of Boreal Plains 
Ecozone in 
central SK 
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Old Aspen 
(Deciduous) 

Old Black Spruce 
(Wet Coniferous) 

Old Jack Pine 
(Dry Coniferous) 

100 km 

Fen 
(Wetland) 

Flux Towers (in operation) 
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OJP 

Fen 

Black Spruce 41% 
Wetlands 22% 
Aspen 17% 
Jack Pine 12% 
Harvested 8% 

White Gull Creek Watershed  
 

OBS 
H02 

H94 

H75 

OA 100 km to SW 

603 km2 
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Spruce Pine 

Annual Precipitation and Streamflow 
White Gull Creek, Oct-Sept Hydrologic Years 
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Stand-Level Precipitation, Evapotranspiration  
and Lateral Outflow (R = P-E*-ΔS) 
(Shaded area shows 2001-2003 drought) 
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Normalized May-Sept Storage (mm)     

Annual Stand-Level Outflow R  
in Relation to Soil Water Storage 
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Contras?ng	
  Changes	
  in	
  Stem	
  Density	
  and	
  
Tree	
  Mortality:	
  Before	
  and	
  Aber	
  Drought	
  



Modelling	
  complex	
  water	
  resource	
  systems	
  
South	
  Saskatchewan	
  River	
  Basin	
  in	
  Alberta	
  



Vulnerability	
  assessment	
  	
  
Water 

resources 
system	


models	


	



Performance 
measures	



Climate 
models	



Hydrological 
models	



Water 
resources 
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Performance 
measures 	



∆ Natural 
Flow 
regime	



Scenario-­‐based	
  assessment	
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Vulnerability	
  analysis	
  –	
  SSR	
  in	
  Alberta	
  

Nazemi et al. 2013 WRR 49(1): 291-305 

Probability 
of system 
failure under 
changing 
headwater 
flows 
(annual 
peak, 
Peak timing) 





Downstream	
  –	
  a	
  play	
  by	
  Kenneth	
  T.	
  Williams	
  

§  2014	
  forum	
  theatre	
  	
  
produc?on,	
  Downstream,	
  took	
  
audience	
  members	
  through	
  an	
  
exercise	
  in	
  decision-­‐making	
  
when	
  drought	
  and	
  floods	
  
threaten.	
  	
  

§  Four	
  performances	
  across	
  
Western	
  Canada	
  	
  -­‐	
  Calgary	
  &	
  
Medicine	
  Hat,	
  Alberta,	
  
Saskatoon	
  &	
  Cumberland	
  
House,	
  Saskatchewan.	
  


