
Mountain	
  hydrology,	
  forest	
  management	
  &	
  water	
  
security	
  in	
  the	
  Sierra	
  Nevada	
  

Whitney	
  Crest	
  from	
  Kaweah	
  Basin,	
  copyright	
  Tom	
  Killion	
  

Phil	
  Saksa	
  
Sierra	
  Nevada	
  Research	
  Ins>tute,	
  UC	
  Merced	
  

Junc;on	
  Peak,	
  copyright	
  Tom	
  Killion	
  



Topics	
  in	
  this	
  talk:	
  
1.  Mountain	
  hydrology	
  background	
  
2.  Water	
  &	
  forest	
  management	
  
3.  Water	
  security	
  &	
  managing	
  ecosystems	
  



Topics	
  in	
  this	
  talk:	
  
1.  Mountain	
  hydrology	
  background	
  
2.  Water	
  &	
  forest	
  management	
  
3.  Water	
  security	
  &	
  managing	
  ecosystems	
  



Basic	
  water	
  balance	
  
Precipita>on	
  =	
  Evapotranspira>on	
  +	
  Runoff	
  

=	
   +	
  

Precipita>on	
  =	
  Evapotranspira>on	
  +	
  Runoff	
  

Evapotranspira>on	
  refers	
  to	
  evapora>on,	
  sublima>on	
  
plus	
  water	
  use	
  by	
  vegeta>on	
  

snow	
  
&	
  rain	
  



Sierra	
  Nevada	
  precipita>on	
  &	
  snow	
  water	
  
equivalent	
  (SWE)	
  –	
  climatological	
  es>mate	
  

Bales	
  et	
  al.,	
  2006	
  



CZO	
  sites	
  

MODIS	
  image	
  

600	
  
1200	
  
1800	
  
2400	
  
3000	
  

Elev.,	
  m	
  

San	
  Joaquin	
  
Experimental	
  

Range	
  
400	
  m	
  

Shorthair	
  
Creek	
  
2700	
  m	
  

CZO	
  
P301	
  

2000	
  m	
  

Soaproot	
  
Saddle	
  
1100	
  m	
  

E-­‐W	
  transect	
  of	
  flux	
  towers	
  

Relevant	
  UC	
  watershed-­‐scale	
  field	
  programs	
  

American	
  R.	
  &	
  SNAMP	
  -­‐	
  Last	
  Chance	
  

SNAMP	
  -­‐	
  Sugar	
  Pine	
  

PSW	
  -­‐	
  STEF	
  
YNP	
  –	
  Tioga	
  corridor	
  

Hemlock	
  &	
  SPI	
  



Oak	
  savannah	
  
E:	
  2000’	
  
Pave:	
  16”	
  
ET:	
  20”	
  

Pine/oak	
  forest	
  
E:	
  4000’	
  
Pave	
  :	
  28”	
  
ET:	
  33”	
  

Mixed	
  conifer	
  forest	
  
E:	
  7000’	
  
Pave	
  :	
  33”	
  
ET:	
  30”	
  

Subalpine	
  forest	
  
E:	
  9000’	
  
Pave	
  :	
  36”	
  
ET:	
  18”	
  

snow	
  
rain	
  

Evapotranspira>on	
  measurements	
  



Water	
  balance	
  –	
  Kings	
  R.	
  basin	
  

Precipita>on	
  

Runoff	
  
Goulden	
  &	
  Bales,	
  2014	
  

Evapotranspira>on	
  

snow	
  rain	
  



Runoff	
  declines	
  w/	
  higher	
  temperature	
  

-  Longer	
  growing	
  season	
  w/	
  temp.	
  increase	
  à	
  more	
  ET	
  
-  Average:	
  14%	
  drop	
  in	
  runoff	
  per	
  2oC	
  

ET	
  

Runoff	
  



Evapotranspira>on	
  is	
  currently	
  lower	
  in	
  colder	
  basins	
  

Goulden	
  &	
  Bales,	
  2014	
  

Ev
ap
ot
ra
ns
pi
ra
>o

n,
	
  



Topics	
  in	
  this	
  talk:	
  
1.  Mountain	
  hydrology	
  background	
  
2.  Water	
  &	
  forest	
  management	
  
3.  Water	
  security	
  &	
  managing	
  ecosystems	
  



Some	
  recurring	
  ques>ons	
  
around	
  water	
  &	
  forests	
  

1.  How	
  will	
  	
  the	
  the	
  post-­‐fire	
  
water	
  yield	
  differ	
  from	
  
before?	
  

2.  What	
  will	
  be	
  the	
  water	
  
yield	
  w/	
  climate	
  warming,	
  
vs.	
  today?	
  

3.  What	
  was	
  the	
  historical	
  
water	
  yield	
  prior	
  to	
  fire	
  
suppression?	
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  take	
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Three	
  issues	
  
	
  
1.  Water	
  use	
  by	
  

vegeta>on	
  

2.  Intercep>on	
  losses	
  

3.  Timing	
  of	
  snowmelt	
  &	
  
runoff	
  

Forest-­‐water	
  
scoping	
  report	
  

Also	
  climate-­‐warming	
  
context	
  



Thinned	
  unit	
  w/	
  control	
  in	
  background	
  

Stanislaus-­‐Tuolumne	
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  Forest	
  
Photo:	
  Eric	
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1200	
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Measuring	
  forest	
  effects	
  on	
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SNAMP	
  water-­‐team	
  approach	
  

3.	
  Transfer	
  to	
  large	
  watersheds	
  

2.	
  Model	
  headwater	
  processes:	
  control,	
  
treatment	
  &	
  	
  projected	
  forest	
  density	
  

1.	
  Measure	
  water-­‐balance:	
  response	
  to	
  
forest	
  treatments	
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Field	
  methods	
  

Upper,	
  lower	
  eleva>on	
  met	
  sta>ons	
  (4)	
  
North,	
  south	
  facing	
  sensor	
  nodes:	
  snow	
  
depth	
  (62),	
  soil	
  moisture	
  (164),	
  
temperature	
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Water	
  security	
  lies	
  at	
  the	
  heart	
  of	
  adapta>on	
  to	
  climate	
  change.	
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American	
  R.	
  basin	
  hydrologic	
  observatory	
  (in	
  progress)	
  

Integrate	
  these	
  sensors	
  with	
  remotely	
  sensed	
  data,	
  forecas>ng	
  	
  
tools	
  &	
  decision	
  support	
  

Plasorm	
  for	
  research	
  
&	
  core	
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new	
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Strategically	
  place	
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  sensors	
  to	
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  spa>al	
  
es>mates	
  of	
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  soil	
  
moisture	
  &	
  other	
  
water-­‐balance	
  
components	
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A	
  new	
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  integrated	
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eddy	
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  flow	
  

low-­‐cost	
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Ecosystem	
  services:	
  
managing	
  forests,	
  
wetlands,	
  rivers	
  

Making	
  a	
  water-­‐secure	
  California	
  

More	
  INFORMATION-­‐
intensive	
  decision	
  

support	
  

INFRASTRUCTURE:	
  
planning	
  

INSTITUTIONS:	
  
collabora>on	
  &	
  

integra>on	
  in	
  planning,	
  
management	
  

	
  	
  

Water	
  management	
  translates	
  into	
  managing	
  ecosystem	
  services.	
  
Adap>ng	
  to	
  climate	
  change	
  also	
  means	
  managing	
  ecosystem	
  
services.	
  	
  
	
  



ACWA	
  Policy	
  Principles	
  on	
  Improved	
  Management	
  of	
  
California’s	
  Headwaters	
  	
  

“…	
  managing	
  California’s	
  headwaters	
  is	
  integral	
  to	
  op>mizing	
  …	
  
water	
  supplies	
  …	
  Increasing	
  water	
  yield	
  and	
  quality;	
  reducing	
  the	
  
risk	
  and	
  impacts	
  of	
  catastrophic	
  wildfire;	
  and	
  enhancing	
  natural	
  
features	
  and	
  func>ons;	
  are	
  all	
  benefits	
  to	
  be	
  derived,	
  locally	
  and	
  
statewide,	
  from	
  improved	
  headwaters	
  stewardship.	
  Enhancing	
  the	
  
resiliency	
  and	
  adaptability	
  of	
  headwaters	
  is	
  overdue.	
  

California	
  can	
  no	
  longer	
  afford	
  to	
  relegate	
  management	
  of	
  its	
  
headwaters	
  to	
  the	
  margin.”	
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California	
  Roundtable	
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  Supply,	
  	
  2012	
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Water	
  storage	
  reservoirs	
  

California	
  Roundtable	
  on	
  Water	
  and	
  Food	
  Supply,	
  	
  2012	
  

Comprehensive,	
  >mely,	
  accurate,	
  accessible,	
  and	
  
transparent	
  data	
  and	
  resul>ng	
  informa>on	
  about	
  our	
  
water	
  resources	
  is	
  an	
  essen>al	
  founda>on	
  for	
  
effec>vely	
  managing	
  water	
  storage	
  in	
  California.	
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Monthly	
  dry	
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  evapotranspira>on	
  at	
  mixed	
  
conifer	
  site	
  (Providence	
  Creek)	
  –	
  drought	
  effects	
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  in	
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4.  Beqer	
  informa>on	
  is	
  cri>cal	
  for	
  water	
  management,	
  
especially	
  in	
  a	
  warming	
  &	
  more-­‐variable	
  climate	
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