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First a Word About Defining Drought 
When Does “Dry” Become “Drought”?
• Meteorological drought
• Hydrological drought
• Regulatory drought
• Drought indices, US Drought Monitor
• Sector-based definitions
• Drought is a function of impacts (which are 

typically regional or local)



When Does “Drought” Become 
“Drought Emergency”?

• Depends on impacts, and ability to mitigate 
impacts

• Drought differs from traditional “emergencies” 
(flood, fire, etc) in its very slow timescale

• California Emergency Services Act
– Role of local government (counties)
– Role of state



About Drought

• Drought impacts are site-specific and sector-specific
• The greatest drought impacts are related to 

unmanaged water uses – e.g., rangeland grazing, 
wildfire 

• The greatest economic impacts of drought in California 
have been associated with wildfire and forestry 
damages, not with urban & agricultural water uses

• Small water systems in rural areas are most at risk of 
public health and safety impacts

• Larger urban water agencies can manage multi-year 
drought with minimal impacts to customers



Expected Impacts of Multi-Year 
Drought

• Unmanaged systems
– Risk of catastrophic wildfire (health & safety, economic)
– Non-irrigated agriculture (livestock grazing) 
– Fish & wildlife (e.g., salmonids)

• Managed systems
– Small water systems (health & safety)
– Irrigated agriculture
– Green industry (urban water supplies)
– Fish & wildlife (e.g., wildlife refuges, salmonids)
– Other environmental (e.g., land subsidence)



Droughts in the Holocene





Courtesy of Connie Woodhouse, U of AZ

Droughts in Reconstructed Paleo Record



Courtesy of University of Arizona

Understanding Southern California Drought Risk



California’s 20th & 21st Century 
Statewide Droughts

• 1918-20
• 1922-24
• 1929-34
• 1947-50
• 1959-61

• 1976-77
• 1987-92
• 2007-09
• 2012-2016
• 2020- ??



Driest 4 Consecutive Water Years
Based on Statewide Precipitation

Year 4-Year Total, inches
2012-2015 62.2
1917-1920 63.1
1923-1926 63.3
1928-1931 64.5
1931-1934 65.1
1921-1924 65.7
1922-1925 65.9
1918-1921 66.8
1929-1932 67.3
1987-1990 67.3
1930-1933 68.0

WRCC data 



USGS Calculated Statewide Runoff



Remember the 1970s?
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1976-77

• Delta salinity barriers
• Marin County 

emergency pipeline
• Statewide reservoir 

storage at 37% at end of 
WY 1977

• Bricks in toilet tanks
• Estimated 125,000 

acres fallowed



Remember the 1980s?
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1987-92

• Longest drought in near-modern times
• State population of 30 million in 1990
• Single driest year – 1991 – was 5th driest on 

record
• Delta conditions: D-1485, no ESA biological 

opinions until 1992
• CVP & SWP cutbacks in 1991 & 1992



1987-92
• Santa Barbara emergency 

pipeline & desalter
• Widespread small water 

system problems
• About 500,000 acres 

fallowed
• First state drought water 

bank
• Water rights legislation 

regarding conservation & 
water transfers



How About the 2000s?



2007-09 

• Surplus water no longer available 
from Colorado River

• Delta: D-1641, new Biological 
Opinion in 2008

• CVPIA provisions in effect
• First-ever statewide proclamation 

of drought emergency
• Agricultural impacts in San 

Joaquin Valley: combined effects 
of drought + recession

• About 500,000 acres fallowed
• Small water system problems



And the 2010s?



2012-16 

• Included warmest years on record, record low 
statewide snowpack

• State response actions not seen since 1976-77
• First-ever zero CVP ag contractor allocations
• About 500,000 acres fallowed
• First-ever state emergency response for areas of 

dry private residential wells
• First-ever use of InSAR to monitor statewide land 

subsidence



2020 - ??

• Zero allocation to most CVP ag contractors in 
WY 2021, 5% SWP allocation 

• Record low Lake Oroville elevation, Hyatt PP 
unable to generate

• 70% statewide snowpack in WY 2021, yet 
runoff comparable to 2014-2015

• Groundwater impacts similar to San Joaquin 
Valley in 2012-16 now seen in parts of 
Sacramento Valley 



Things Are Changing in 21st Century 



1977
a year with no water

2014
a hot year with no water

2021
a hotter year with no water

Climatic Water Deficit, USGS Basin Model

Slide courtesy of Lorrie Flint, USGS



One Year Ago – WY 2021 Was Extreme
Watersheds w/ 70% or less of average precipitation AND 80th percentile temperature



Catastrophic Wildfire Risk
• 1991 Oakland Hills fire (25 lives 

lost)
• October – November 2003 

Southern California wildfires (22 
lives lost) 

• October 2007 Southern 
California wildfires (1 million 
people evacuated)

• 2017 Tubbs Fire, 2018 Camp 
Fire, 2021 Dixie Fire (urban 
water distribution system 
destruction) 

• All but 2 of the state’s 20 largest 
& 20 most damaging fires have 
occurred from 2000 onward



What’s Old is New Again

Old
• Multi-year drought in 

reconstructed & historical 
records

• Severely reduced CVP & 
SWP allocations

• Groundwater overdraft & 
land subsidence

New
• Droughts occur in warming 

climate
• First-ever Lower Colorado 

River Basin shortage 
declared (although CA not 
cut)

• Early stages of SGMA 
implementation 



Lessons Learned from Recent Droughts

• Act sooner when dry conditions emerge
• Recognize that increased temperatures are 

creating new or intensified impacts (e.g.
wildfire)

• Transition from thinking of drought as an 
occasional emergency to thinking in terms of 
creating resiliency in a more arid climate
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