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did I say framework? 



known knowns: 

ÅThings are changing 
and will continue to 
change 

ÅThe nature of change 
will be non-uniform 
across space and time 

 

ÅHydroclimatic alteration 

Åregional air temperature 
warming, but with less 
certainty in change of 
precipitation volume 

Åmed-montane climate 
persists 

Åasymmetric seasonal 
warming 

Åearlier onset spring melt 

Åearlier centroid timing 

Åreduction in mean annual 
flow, but monsoon influence 

 
Cayan, Maurer, Stewart, Knowles, Dettinger, Pierce, Das, and many others. 

Milly  et al. 



ÅUpper Tuolumne River 

ÅMay 1 Snow Cover 

ÅAvg of 20 WYs 

 

 

Å +0 C̄ (gray ) 

Å +2 C̄ (yellow ) 

Å +4 C̄ (orange ) 

Å +6 C̄ (red ) 

 



glaciers & snowfields 

headwaters & 
meadows 

2nd & 3rd order 
streams and tribs 

mainstem rivers 

steep creeks 
& fens 



Hydrology Geology 

Geomorphology  
(channel/ floodplain) 

Groundwater 
(aquifer characteristics) 

Riparian vegetation 

Surface water groundwater interaction 
(Hyporheic connectivity) 

Aquatic vegetation 

Water Quality 
(temperature, chemistry, contaminants, nutrient cycling, etc.) 

Mammals Reptiles Birds Amphibians  Fishes 
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 Climate 

Plankton, Periphyton, Primary productivity 

Macro/micro invertebrates 

ƹ Terrestrial         ź Aquatic Ʒ 

Adapted from Conceptual Model by René Henery  



Natural Flow Regime (Poff et al.) 
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Baseline 
Scenario (T+0) 

Warming 
Scenario (T+2) 

Warming 
Scenario (T+4) 

Warming 
Scenario (T+6) 

Simulated Hydrograph of  
Unimpaired Tuolumne River  

with Warming Scenarios 
1981 ɀ 2001 Average by WY Week 

Adapted from Young et al (2009); presented in Yarnell et al (2010) 



Spring Snowmelt Recession 

a one time annual event where high 
resources are coupled with stable 
predictable flows, resulting in high 
biological  producitivity ... 

Yarnell, Viers, & Mount 2010 (BioScience)  the physical, chemical 
and biological impact of 
this spring -time pulse of 
×ÁÔÅÒ ÉÓ ÐÒÏÆÏÕÎÄȣ 

Middle Fork San Joaquin 

 
Yarnell, Viers, and Mount (2010) BioScience 



  

 
Yarnell, Viers, and Mount (2010) BioScience 



261 Individual Watersheds modeled for 20 Water Years of 
Unimpaired Flows across 15 Sierra Nevada Basins with 3 Warming 

Scenarios (+2,+4, +6° C) 

Recession limb changes 

Viers unpub. data 



modeled unregulated stream temperatures  
ς Average annual weeks stream temperatures exceed 24°C 

12 

Null et al. 2012 
Climatic Change 
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habitat & flow 
fragmentation  

(serial discontinuity) 

reality? 



Å 15 basins 

Å 415 managed features:  

ï 56 reservoirs, 7.7 MAF 

ï 85 run-of-river hydropower plants 

ï 16 variable head hydropower plants 

ï 125 diversion channels 

ï 27 supply demands 

ï 106 instream flow requirement 
points 

Å !ÂÏÖÅ ȰÒÉÍȱ ÄÁÍÓ 

Å Weekly time step  

 

Applied using:  

Å 20 years (1981 -2000)  

Å Inflows:  
Young et al., 2009 

Å +0, 2, 4, and 6°C uniform warming  

Å Modeled with WEAP21 Rim dam 

Rheinheimer et al. In Review 
ASCE J. of Water Mgmt & Planning 



15 

Figure 11: Seasonal and annual hydropower generation with warming. 

Generation Warming scenario OND (Fall) JFM (Winter) AMJ (Spring) JAS (Summer) Annual 

Total (GWh) dT0 3,157 4,271 6,584 4,724 18,735 
 dT2 3,066 4,902 6,268 4,089 18,325 

 dT4 2,969 5,334 5,785 3,548 17,636 

 dT6 2,897 5,662 5,298 3,177 17,033 

Change (GWh) dT0 -- -- -- -- -- 
 dT2 -91 631 -316 -635 -410 

 dT4 -188 1,063 -799 -1,176 -1,100 

 dT6 -260 1,391 -1,286 -1,547 -1,702 

Change (%) dT0 -- -- -- -- -- 

 dT2 -3% 15% -5% -13% -2% 

 dT4 -6% 25% -12% -25% -6% 
 dT6 -8% 33% -20% -33% -9% 
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Change (GWh) dT0 -- -- -- -- -- 
 dT2 -91 631 -316 -635 -410 

 dT4 -188 1,063 -799 -1,176 -1,100 

 dT6 -260 1,391 -1,286 -1,547 -1,702 

Change (%) dT0 -- -- -- -- -- 

 dT2 -3% 15% -5% -13% -2% 

 dT4 -6% 25% -12% -25% -6% 
 dT6 -8% 33% -20% -33% -9% 

 

Rheinheimer et al. In Review (see also CEC PIER Report) 



whitewater recreation 

Ligare, ST, JH Viers, SE Null, DE 
Rheinheimer, JF Mount. In Press.  
Non uniform changes to whitewater 
ÒÅÃÒÅÁÔÉÏÎ ÉÎ #ÁÌÉÆÏÒÎÉÁȭÓ 3ÉÅÒÒÁ .ÅÖÁÄÁ 
from regional climate warming.  
River Research and Applications. 



known unknowns: 
Å7ÉÌÌ ×Å ÁÄÁÐÔ ȣ ÒÅÁÄÉÌÙȟ 
or with difficulty?  

ÅWill adaptations be 
reactive or 
anticipatory? 

ÅWill static approaches 
to policy be taken, or 
will flexibility become 
paramount? 

ÅEnvironment 

ÅMega Droughts 

ÅAtmospheric Rivers 

ÅDisease / Invasion 

ÅDisturbance Feedbacks 

ÅHumans 

ÅFreshwater Conservation 

ÅExisting Policies 

ÅWater Year Types 



Freshwater 
Conservation 
Areas 

Erman (1996) 
ÓÔÁÔÅÓȟ ȰIn short, 
reserves or key 
watersheds give 
a false sense of 
security about 
species 
conservationȱ 
(p. 1002).  

See also Nel et al. 2008 



Policy Arrows in the Adaptation Quiver 

Åcan we use existing authorities?  
ÅPublic Trust Doctrine 

ÅFPA / FERC Ą 4(e) / 10(j) / Fish Passage §18 / 401 cert (CWA) 

ÅCal F&G Code §5937 

ÅNEPA alternatives 

Åcan we institute catchment -level governance? 
ÅRiver Trusts & Environmental Water Allocations 

ÅIRWMPs 

ÅRegional Authorities / JPAs 

Åcatchment specialization?  





Water year type distributions are 
expected to push to extremes. 

ÅSan Joaquin Valley Index 
ÅA2 and B1 SRES  
Å6 GCMs 
ÅCNRM CM3 
ÅGFDL CM2.1 
ÅCCSR MIROC 3.2 
ÅMPI-OM ECHAM5 
ÅNCAR CCSM3.0 
ÅNCAP PCM1 

ÅBCSD VIC streamflow 
estimates 

 

Null & Viers 2013 Water Resources Research 



unknown unknowns: 
2008  

2010  

2011  



a real framework? 

see meadows.ucdavis.edu 
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