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Question	
  1:	
  Is	
  the	
  future	
  already	
  apparent	
  
in	
  our	
  low	
  flows,	
  too?

• Climate	
  change	
  hydrologic	
  projections	
  predict:
–Warmer	
  temperatures,	
  little	
  precipitation	
  change
– Less	
  snow,	
  more	
  rain
– Earlier	
  runoff	
  timing
– Lower	
  low	
  flows

• We	
  have	
  seen	
  less	
  snow
• We	
  have	
  seen	
  earlier	
  timing
• Are	
  we	
  also	
  seeing	
  lower	
  low	
  flows?
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  flow	
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Question	
  2:	
  Really?

Can	
  we	
  now	
  attribute	
  these	
  lower	
  low-­‐flows	
  to	
  
climate	
  change?

Or	
  phrased	
  alternatively

Are	
  the	
  declines	
  a	
  consequence	
  of	
  warming	
  
temperatures,	
  or	
  …	
  ?
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April	
  1	
  SWE	
  Sensitivity	
  to	
  3°C	
  Temperature	
  Increase

After	
  Luce	
  et	
  al.,	
  2014	
  and	
  Lute	
  and	
  Luce,	
  2017
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The	
  Plot	
  Twist



Declines	
  in	
  Annual	
  Runoff	
  from	
  Mountain	
  Basins	
  1948-­‐2013
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Precipitation	
  
and	
  
Streamflow
Not	
  
Measured	
  in	
  
the	
  Same	
  
Places!	
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Nov-­‐Mar	
  Westerly	
  Winds
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  N,	
  115-­‐130	
  W	
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Two	
  Signals	
  from	
  Streamflow:
• Timing	
  (height	
  of	
  snowman)	
  
• Total	
  Flow	
  (size	
  of	
  puddle)
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Summary	
  Thoughts
• Keep	
  alternative	
  paths	
  to	
  a	
  result	
  in	
  mind!!
– “Sure	
  you	
  have	
  found	
  a	
  solution,	
  but	
  have	
  you	
  found	
  the	
  only
solution?”

• Trends	
  and	
  Sensitivities	
  are	
  contextual
– Keep	
  spatial	
  patterns	
  in	
  mind
– Use	
  them	
  to	
  find	
  testable	
  relationships

• The	
  Case	
  is	
  still	
  under	
  investigation	
  …
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Future	
  Wind	
  Changes	
  – from	
  GCMs

20	
  of	
  24	
  models	
  show	
  a	
  decline	
  for	
  the	
  region	
  studied!



Ashfaq et	
  al.,	
  2016Annual	
  Precipitation
RegCM4
2011-­‐2050	
  
minus	
  1981-­‐2005



Typical	
  Northwest	
  Climate	
  Seasonality


