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Outline  
 Natural Processes 

 Anthropogenic processes 

 Background on my current research. 
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https://www.youtube.com/watch?v=cPSZ3i

MmdT8 



Anthropogenic Influences 
 Mining 

 Water diversions, dams, and irrigation 

 Logging 

 Climate Change 

 



 



 

Malakoff Diggins SP 



 

Old hydraulic mine and 

dump, canyon of Stanislaus 

River near Parrott bridge. 

The tailings are said to have 

been arrested by a brush 

dam, which afterwards gave 

way. Big Trees quadrangle, 

Tuolumne County, 

California. 1905. 



 



 



 



Diversions 
 Mining resulted in large ammounts of water 

diversions 

 Laid foundaitno for irrigation districts and water rights 

laws. 



 



Dams 
 



Groundwater use 
 



 



 



California has been warming in recent 

decades, following the global trend 

Land surface temperatures 

5-yr average departure from 1901-2000 mean 



Observed changes in water cycle 

go beyond historical levels 

 

Knowles et al., 

2006 

-2.2 std devs 

LESS as snowfall 
+1 std dev 

MORE as snowfall 

less snow 

more rain 

Mote, 2003 

TRENDS (1950-97) in  

April 1 snow-water content at  

western snow courses 

less spring 

snowpack 

earlier snowmelt 

Stewart et al., 2005 

Related effects: 

− Earlier greenup, Cayan 2001 

− Greater fire severity in warm/dry years, 

Westerling 2006 

− Increasing forest mortality, van Mangten 

2009 

− Reduced summer streamflows, Stewart 

2006 



Influence of +3ºC on SNOW vs RAIN 

Bales et al., 2006 

Historical, 0 to -3oC 

More rain, less snow Earlier snowmelt More winter floods 

The water cycle in California’s mountains is 

undergoing long-term shifts. 



Snowpack loss & water storage: 30-yr horizon 

Likely loss of ~3.5 MAF of snowpack storage in next 1-3 decades 

Sacramento Valley storage San Joaquin Valley storage 

snowpack annual storage 

MAF: million acre feet Data from DWR 



Rising sea level threatens Delta & water 

supplies 
San Francisco Bay sea level 
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+ 6-10 inches by mid century  

+ 20-30 inches by end of century 
Sea level scenarios: 



Rising sea level 

threatens Delta & 

water supplies 

Sacramento R. inflow 

Pumping outflow 
Map from DWR 



 

Still awake? 



 Less than 1% of land area 

 Drastically different 

landform than forest 

 Shallow water table 

 Marshlike vegetation 

 Wet, fine textured soils 

 Disproportianate 

ecosystem services 

 

Viers et al., 2013 



 

Source: http://www.nps.gov/yose/learn/nature/meadow-health.htm 



 

Source: http://www.nps.gov/yose/learn/nature/meadow-health.htm 



 

Source: Podolak, K., D. Edelson, S. Kruse, B. Aylward, M. Zimring, and N. 

Wobbrock. 2015. Estimating the Water Supply Benefits from Forest Restoration 

in the Northern Sierra Nevada. An unpublished report of The Nature 

Conservancy prepared with Ecosystem Economics. San Francisco, CA.  



California Water Action Plan 
Restore Key Mountain Meadow Habitat 

The Department of Fish and Wildlife in coordination with other 

state resource agencies will restore 10,000 acres of mountain 

meadow habitat in strategic locations in the Sierra Nevada and 

Cascade mountain ranges, which can increase groundwater 

storage and provide habitat  for more than  100 native 

species, many of which are at  risk as threatened or 

endangered. 



 

Source: THE POND-AND-PLUG TREATMENT FOR STREAM AND MEADOW RESTORATION: RESOURCE EFFECTS 

AND DESIGN CONSIDERATIONS A Briefing Paper for Plumas National Forest Resource Specialists and Managers 

(2010) 



Is restoration 

worth the cost? 

Wawona Meadow's restoration is 

meant to repair human impacts like 

the CCC's 1936 ditch digging. 

• Early reports suggest 

potential for 50,000-500,000 

acre-feet increase in 

groundwater storage 

• Recent studies suggest 

25,000-50,000 acre-feet 

more reasonable effort 

• Lake McClure currently 

has ~92,000 acre-feet. 
Source: http://www.nps.gov/yose/learn/nature/meadow-health.htm 



My questions: 

What are the dominant terms of the meadow water 

balance? 

How do meadow hydrologic processes relate to the greater 

watershed? 



Location 

250 

meters 

P301 Meadow 

Elevation – 1900m  

Area ~ 2 hectares 

~ 1-2 m alluvium, 10’s m weathered 

bedrock (saprock or saprolite). 

No defined stream channel in the 

meadow.  Defined surface water 

output from middle and lower 

meadows 

 

SSCZO and KREW provide 

supporting data from the 

Providence Creek catchment 

including SM/T/met data/snow 

depth/Q/flux data: H2O and CO2. 



P301 Meadow 
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Monitoring Wells for 

monitoring ground water 

elevation, calculating ETg, 

and collecting GW samples 

Piezometer clusters—

monitor depth specific 

hydraulic head, 

calculate groundwater 

gradient and Darcy 

velocity 
Meteorological 

station 

Methods: Meadow Instruments 

Snow depth and soil 

moisture instrument nodes  
 



Data: Hydrologic data 
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GW Gradient – 

0.053  

April 1, 2013 



GW Gradient – 

0.045  

Sept. 30, 2013 



1D – 69% 

2D – 84% 

3D – 91% 



Bedrock 

Mineral Soil 

During snowmelt, the groundwater table is high, 

groundwater discharges from the meadow edge 

to the meadow center. 

As snow melt subsides and the soil dries out, the 

deeper saprock layer provides water that feeds 

the groundwater discharge at the center of the 

meadow.  The shallower sub surface water that 

was feeding the groundwater discharge at the 

edge of the meadow has dissipated and 

groundwater is now being recharged at the 

meadow edge. 
Saprock 



 



 



Long Meadow, Sequoia National Park 



 



Conclusions 
 Meadow has multiple groundwater sources. 

 Timing and magnitude reflect watershed processes. 

 Meadow groundwater storage may be insignificant 

compared to overall Sierra water storage. 

 Meadow soil properties may play a key role in 

retarding GW discharge 

 Meadow ET highest in dry years, less variable than 

forest ET, and small fraction of watershed ET. 



 
Questions? 


