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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





Variability of Western Precipitation

Dettinger et al, 2011
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Slide courtesy of Mike Dettinger, 
U.S. Geological Survey
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Drought Risk for Local Supplies

Courtesy of University of Arizona



California’s 20th & 21st Century Statewide 
Droughts 

(consecutive dry years) 

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

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



USGS Calculated Statewide Runoff



Things Are Heating Up

These Aren’t Our Grandparents’ Droughts



Things Are Changing

Old
• Multi-year drought normal 

in reconstructed paleo & 
historical records

• Severely reduced CVP & 
SWP allocations

• Groundwater overdraft & 
land subsidence

• Impacts in San Joaquin 
Valley

New
• Droughts occur in warming 

climate, exacerbates 
impacts

• First Lower Colorado River 
Basin shortage declared, 
SWP & CVP health & safety 
allocations 

• Early stages of SGMA 
implementation 

• Impacts in Sac Valley



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



Change Is Happening





September 2022 Heatwave
• 134 Death Valley
• 125 Needles
• 124 Blythe
• 123 Palm Springs
• 121 Chico, Red Bluff
• 120 El Centro, Lake Cachuma, Lake Henshaw, Whiskeytown
• 119 Ojai, Redding
• 118 Calistoga, Elsinore, Ontario, Palmdale, Riverside
• 117 Chico, Healdsburg, Paso Robles, San Luis Obispo, Ukiah
• 116 Fullerton, Gilroy, Merced, Oroville, Sacramento
• 115 Bakersfield, Escondido, Madera, Pasadena
• 114 Fairfield, Fresno
• 113 Los Angeles
• 111 Long Beach, San Diego
• 110 San Rafael, Santa Cruz



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



And Wildfire Damage to Water Infrastructure



2012-16 Drought 

• 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



California’s Present Drought
• Zero allocation to most CVP ag contractors in WY 2021 and 

2022, CVP M&I health & safety allocation in WY 2022, 5% 
SWP allocation 

• Pending 2022 large-scale urban water use restrictions in 
Southern California due to infrastructure limitations

• First Lower Colorado River Basin shortage pursuant to the 
Interim Guidelines

• Record low Lake Oroville elevation in 2021, 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 







Lessons Learned from Recent 
Droughts

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

intensified impacts 
• Plan for cutbacks in historical irrigation deliveries affecting 

shallow drinking water wells due to absence of groundwater 
recharge sources or compensatory construction of deeper 
irrigation wells

• Plan for wildfire impacts
• 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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