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Overview	  
•  Quan'fy	  impacts	  of	  changes	  to	  catchments	  in	  the	  
Colorado	  River	  headwaters	  (WWA	  project)	  

	  

•  Impacts	  on	  hydrology	  [modeling	  +	  observa'ons]	  
•  Expected	  outcomes…	  

Bark	  Beetle	   Desert	  Dust	  on	  Snow	  

www.csfs.colostate.edu	  
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Photo:	  Chris	  Landry	  

San	  Juan	  Mountains,	  CO	  
May	  9,	  2009	  



Courtesy:	  Eric	  Gordon	  

Bark	  Beetle	  (BB)	  impacts	  
•  Prevalent	  in	  western	  North	  America	  
•  Recent	  outbreak	  since	  1996	  
•  Colorado	  headwaters	  vital	  resource	  
•  Few	  large-‐scale	  studies	  to	  date	  

www.nachi.org	  



Dust	  on	  snow	  

•  Impacts	  reflec'vity	  of	  snowpack,	  rate	  of	  melt	  

www.cires.colorado.edu	  

San	  Juan	  Mountains,	  CO	  
May	  9,	  2009	  

photo	  courtesy	  Tom	  Painter	  
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Modeling	  framework	  

Ground	  observa'ons	  and	  satellite	  imagery	   Explore	  hydrologic	  sensi;vi;es	  to	  BB,	  dust	  

www.nsf.org	  
Snow	  Water	  Equivalent	  (SWE)	  Discharge	  (Q)	  magnitude	  and	  Eming	  

Domain:	  catchments	  with	  range	  of	  BB,	  dust	  ;	  
varying	  hydro-‐climatology,	  	   Distributed	  hydrology	  soil	  vegeta'on	  model	  
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Snake	  R.	  

Uncompaghre	  R.	  

100	  m	  spaEal	  resoluEon	  

-‐Courtesy	  Jeff	  Deems	  

Independent	  canopy	  and	  
understory	  layers	  

Turn-‐off	  canopy	  
transpiraEon	  (BB)	  
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Example:	  Snake	  R.	  
•  Changes	  in	  leaf-‐area	  index	  (LAI)	  used	  to	  

characterize	  beetle	  kill	  
•  Aerial	  surveys	  used	  to	  define	  BB	  extents	  
•  Explore	  ‘end-‐points’,	  2000	  -‐	  2011	  
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Snake River watershed, Max LAI (2006)

Mean LAI in MPB areas = 1.77
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Mean LAI in MPB areas = 1.80

Snake	  R.	  
Max.	  LAI:	  2003	  

Max.	  LAI:	  2006	  

-‐Courtesy	  Jeff	  Deems	   -‐Courtesy	  Brian	  Buma	  

500m	  MODIS	  satellite	  
imagery	  (2002-‐2011)	  

MPB	  Scenario	  1:	  	  
Apply	  maximum	  BB	  impact	  to	  all	  Evergreen	  
areas,	  reducing	  canopy	  LAI	  

Satellite	  derived	  	  SWE	  
reconstrucEons*	  (2002-‐2011)	  

*Molotch	  et	  al.,	  2010	  

SWE	  (m)	  

MPB	  Scenario	  2:	  	  
Apply	  maximum	  BB	  impact	  to	  observed	  
extent	  of	  BB	  disturbance	  (aerial	  survey)	  

MPB	  Scenario	  3:	  	  
Apply	  *graded*	  BB	  impact	  to	  sub-‐areas	  based	  
observed	  BB	  severity	  (aerial	  survey)	  
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Model	  Results:	  Snake	  R.	  

SWE	  (m)	  

CONTROL:	  Moderate	  dust,	  
no	  beetle	  impact	  

Avg.	  SWE	  1	  Apr.	  

•  BB	  leads	  to	  higher	  accumula'on	  of	  Snow	  Water	  
Equivalent	  (SWE)	  	  reduced	  canopy	  
intercep;on,	  sublima;on	  

•  Considerable	  varia'on	  between	  wet	  and	  dry	  
years	  (<=300%)	  versus	  BB	  impact	  (<30%)	  

SWE	  raEo	  

Difference	  Map	  

LESS	   MORE	  

Scenario:	  Graded	  BB	  impact	  

Avg.	  SWE	  1	  Apr.	  

RaEo	  of	  graded	  BB	  impact	  to	  
BB-‐free	  case	  
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Results:	  Fish	  Cr.	  
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Maximum	  BB	  impact	  	  

BB	  impact	  over	  observed	  extent	  

Graded	  BB	  impact	  

Apr.	  1,	  SWE	  difference	  vs	  
control	  

Apr.	  1,	  SWE	  difference	  vs.	  
control	  

Apr.	  1,	  SWE	  difference	  vs	  
control	  

Coincedence	  is	  
key	  
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Month	  
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Severity	  of	  past	  	  
BB	  events	  

Poten4al	  future	  
BB	  severity	  
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Average	  Water	  Yield	  (ac-‐a)	  

135000

150000
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Extreme	  Dust	  	  
	  albedo	  decay	  curves	  

•  based	  on	  2009	  &	  2010	  obs	  
•  faster	  melt	  season	  decay	  
•  lower	  minimum	  albedo	  

	  from	  Deems	  et	  al.	  (in	  prep)	  

Days	  arer	  storm	  

14	  



Preliminary	  
Streamflow	  
Results	  
•  Timing	  of	  peak	  
flow	  
–  very	  sensi've	  to	  

dust	  forcing	  

•  Mixed	  yield	  
response:	  
–  Increased	  yield	  with	  

more	  dust	  
–  ∆	  yields	  are	  small	  

rela've	  to	  
variability	  

Fish	  Creek	   Boulder	  Creek	  

Uncompahgre	  
River	  

Snake	  River	  

	  courtesy	  Jeff	  Deems	  
15	  



Preliminary	  Conclusions	  

•  BB	  leads	  to	  greater	  snowmelt	  runoff	  (SWE	  
accumula'on),	  and	  increased	  warm-‐season	  
flows	  (reduced	  transpira'on)	  

•  Bulk	  sensi'vi'es	  show	  reduc'on	  of	  canopy	  
cover	  increases	  water	  yield	  3%	  -‐	  15	  %	  
depending	  on	  loca'on,	  severity	  and	  'ming	  of	  
impacts	  <<	  clima'c	  variability	  

•  Work	  in	  progress:	  Currently	  examining	  annual	  
BB	  progression;	  individual	  dust	  years	  



Thank	  you!	  

•  Contact:	  ben.livneh@colorado.edu	  


