
Hydrologic context

Topics for class
1. Introduction to California water plan
2. Snapshot of California water conditions
3. History of water development in California

Goals
1. Develop an understanding of the multi-faceted and changing objectives of 

water management in California
2. Place water resources management in the context of hydrologic variability
3. Begin to understand how California’s water resources management system 

has evolved

Questions
1. Your definition of water security, globally & for California?
2. For California, major areas for conflict? Compromise?
3. Fundamental barriers to water security, social, political, science, engineering?
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Note: In-class activities & discussion notes accompany these slides



California Water Plan, 2013

http://www.waterplan.water.ca.gov/cwpu2013/



CA Water Plan, 2013



CA Water Plan, 2013

Calif. water sources 

More precipitation & 
runoff north of Delta

More water use south of 
Delta

Sierra Nevada

N



CA Water Plan, 2013

Water conveyance & storage

California Aqueduct

Moving water 
north  south 
mountains  coast



Applied water use

Data from DWR, adapted from Nor. Cal. Water Assn.

Water supplies:
Agriculture: 80%
Urban 20%

Precip: 200 MAF
Applied: 80 MAF
Ag: 33 MAF
Urban: 8 MAF
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Statewide water uses and 
supplies are highly variable

How California uses and supplies water

CA Water Plan, 2013



CA Water Plan, 2013



Regional diversity requires 
regional solutions

CA Water Plan, 2013



Sierra Nevada precipitation & snow water 
equivalent (SWE) – climatological estimate

Bales et al., 2006



Comparison of SWE measured by LiDAR w/ indirect 
estimates of SWE & precipitation, Kaweah R. basin

WY 2010

Future: data from 
distributed, 
wireless sensor 
networks, 
blended w/ 
remote sensing 
data

Kirchner et al., 2015.

SWE: Guan et al., 2013



Basic water balance
Precipitation = Evapotranspiration + Runoff

= +

Precipitation = Evapotranspiration + Runoff



Extending flux-tower results to the basin scale

Precip based 
on PRISM

Runoff by 
difference

Runoff

Goulden & Bales, 2014

Rain-snow 
transition

ET extended 
using satellite 

indices

Kings R. basin

IC-2



Southern Sierra averages

Precipitation (P) from 
PRISM

Evapotranspiration (ET) 
from NDVI: “canopy-
acclimated ET”

P – ET is difference

dry yr wet yr
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Unimpaired runoff

CA Water Plan, 2013

How frequent are 
critically dry years?



CA Water Plan, 
2013
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American River floods

CA Water Plan, 2013



California’s networks of dams, canals, levees, and water treatment plants,
along with the laws, regulations, and institutions that govern them, were
not developed in concert as part of a grand vision or plan. Rather, they
evolved over the course of more than 160 years, responding to a rapidly
growing population, changing demographics and demands, and the
occasional drought, flood, and lawsuit.

Hanak, 2011

Water development



Historical development



CA Water Plan, 2013

Water conveyance & storage



Central Valley Project The CVP operates 18 dams and reservoirs, 11 power plants, and 
500 miles of canals and other facilities between the Cascade 
Range near Redding and the Tehachapi Mountains near 
Bakersfield. It serves agricultural, municipal and industrial 
needs in the Central Valley, urban  centers in parts of the San 
Francisco Bay Area, and is the primary water source for many 
Central
Valley wildlife refuges. In an average year, the CVP delivers 
approximately 7 maf of water, for agriculture, urban and 
wildlife use, irrigating about one-third (3 million acres) of 
California’s agricultural lands and supplying water for nearly 
one million households



Central Valley Project – Shasta Dam

http://www.shastalake.com/

californiawaterblog.files.wordpress.com



Central Valley Project – Whiskeytown Dam & Trinity Diversion

http://www.usbr.gov/



Central Valley Project – Sacramento River

Aerial photograph of the Sacramento River and Redding, Shasta County, California. View to the west.
Copyright Michael Rymer, all rights reserved



Central Valley Project – Delta Pumping Plant

http://www.usbr.gov/



Central Valley Project – Delta-Mendota Canal

http://www.usbr.gov/http://mavensphotoblog.com/



Central Valley Project – San Luis Reservoir

articles.latimes.com

http://www.usbr.gov/



State Water Project



State Water Project

http://www.water.ca.gov/



Before 2003, California’s 
annual use of Colorado 
River water ranged 
between 4.5-5.2 maf

Colorado River Supplies

In recent years, Arizona has 
begun to exercise full use of its 
basic apportionment, & Nevada 
has approached full use of its 
entitlement & surplus allocation California has had to 

reduce its dependence 
on Colorado R. water to 
4.4 maf in average years

A record 8-yr drought in the 
Colorado basin has reduced 
current reservoir storage 
throughout the river system 
to just over 50% of total 
storage capacity

And …



Colorado River Supplies

Glen Canyon Dam, en.wikipedia.org



Colorado River Aqueduct

http://www.inkstain.net/

http://www.inkstain.net/



Regional diversity requires 
regional solutions

CA Water Plan, 2013



Regional redistribution 
of water

CA Water Plan, 2013 IC-3



CA Water 
Plan, 2013



California Water Plan, 2013

http://www.waterplan.water.ca.gov/cwpu2013/



California Water Plan – themes

CA Water Plan, 2013



California Water Plan Highlights – summary 

CA Water Plan, 2013



California’s diversity

Context for water-resources management

The highly diverse population, climate and ecosystems result in many 
objectives that stakeholders consider important considerations for 
water-resources management 

Examples
– Facilitate access to safe drinking water for disadvantaged communities.
– Achieve environmental-water quality objectives.
– Control invasive species.
– Maintain a reasonably high standard of living and quality of life.
– Enhance economic stability.
– Minimize greenhouse-gas emissions in water management activities.
– Improve water supply reliability.
– Reduce direct property damage resulting from floodwater.
– Reduce high-severity wildfires.
– Many more …



USDA Forest Service — 20,741,000 acres.
U.S. Bureau of Land Management — 15,128,485 acres.
National Park Service — 7,559,121 acres.
U.S. Fish and Wildlife Service — 472,338 acres.

All of California is about 100 million acres

Public lands



Climate change is affecting California’s water
CA Water Plan, 2013



Rain versus snow

CA Water Plan, 2013



Monthly average runoff in Sacramento River system

CA Water Plan, 2013



Climate change impacts on State Water Project inflow to Oroville

CA Water Plan, 2013



How earlier runoff affects water availability

CA Water Plan, 2013



CA Water Plan, 2013



California water futures

CA Water 
Plan, 2013



Recent groundwater use

CA Water Plan, 2013



California groundwater level trends

Aquifer response to changing demand 
& management

CA Water Plan, 2013

Well locations
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California groundwater level trends

Aquifer response to changing demand 
& management

CA Water Plan, 2013

Well locations



Water-energy nexus

CA Water Plan, 2013



Climate change is affecting California’s water

CA Water Plan, 2013



Investments to increase resilience

CA Water Plan, 2013 IC-4



Costs of inaction 

CA Water Plan, 2013



Hydrologic context

Topics for class
1. Introduction to California water plan
2. Snapshot of California water conditions
3. History of water development in California

Questions
1. Your definition of water security, globally & for California?
2. For California, major areas for conflict? Compromise?
3. Fundamental barriers to water security, social, political, science, engineering?

January 2015
Roger Bales

Goals
1. Develop an understanding of the multi-faceted and changing objectives of 

water management in California
2. Place water resources management in the context of hydrologic variability
3. Begin to understand how California’s water resources management system 

has evolved
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