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MANAGING DROUGHT AND FLOODS IN CALIFORNIA, USA 
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ABSTRACT 

 
In early 2015 California was in the fourth year of below average precipitation.  
Beginning in the late fall of 2015 and continuing into early 2016, precipitation caused 
by El Nino weather patterns increased significantly. This caused some minor flood 
damage and some opportunities for increasing groundwater and surface water 
storage and some relaxing of restriction of water use. 
 
The four years of drought during 2010-2011 to 2014-2015, rendered the snowpack in 
the mountains as low as 20% of normal and natural runoff in the Sacramento River 
was less than 40% of normal in 2014 and 2015. A state of emergency was declared 
by the governor of California, and drought restrictions were implemented, which 
reduced urban water supply by as much as 36% in 2015 compared to use in 2013, 
with a state-wide goal of reducing water use by 25%.  No specific restrictions were 
made for irrigation users; however water allocations from the federal Bureau of 
Reclamation for irrigation customers were significantly reduced. 
 
Throughout California, urban water supply was reduced by 23.9 percent, slightly 
missing the goal of 25 percent.  Savings for individual water agencies ranged from a 
low of about 13% to a high of over 37%.  Irrigation water users also reduced their use 
of surface water, with some pumping increased amounts of groundwater and others 
fallowing some of their land. 
 
While precipitation returned to near-normal in Northern California, the anticipated El 
Nino wet weather pattern almost entirely missed Southern California, where dry 
condition continued.  Throughout the State there was only minor flood damage. 
 
Water managers in the state are taking steps to maximize groundwater recharge, 
increase surface water storage, reuse wastewater, desalinate sea water, and promote 
water conservation.  The State plans to spend up to $200 million on projects to 
capture storm water, including groundwater recharge basins.  There are several 
proposed projects that would significantly increase surface water storage. 
 
California, along with federal and local agency partners, has a system for predicting 
and managing major floods, and provides assistance for those impacted by flood 
events.  The last major flood in California occurred in 1996 and 1997.  In December 
1996 and January 1997 storms brought large amounts of precipitation to California 
and other states in the western United States.  Over a nine day period, over 51 cm 
(20 inches) of rain fell in some locations.   
 
Keywords: Drought, Water Conservation, El Nino, Municipal Water, Floods, Water 
Storage, Groundwater Recharge, California, USA 
 

1. INTRODUCTION 
 
The State of California is located in the south-western corner of the United States with 
the Pacific Ocean to its west (Figure 1).  The State encompasses approximately 
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424,000 square kilometres (163,700) square miles) and has a population approaching 
40 million. 

 
In early 2015 California was in the fourth year of below average precipitation.  
Reservoirs were at historically low levels, and snowpack in the mountains was at only 
about 20 percent of historic levels.  Natural runoff in the Sacramento River near 
Sacramento in Northern California was about 72 percent of the long term average in 
2012.  In 2013 it was about 81 percent of average, but then it reduced significantly to 
less than 40 percent of average for both 2014 and 2015. 
 
 

 
 

Figure 1.  State of California, United States. 
 
Beginning in the late fall of 2015 and continuing into early 2016, precipitation in 
Northern California caused by El Nino weather patterns increased significantly. The 
increased precipitation caused some minor flood damage and some opportunities for 
increasing groundwater and surface water storage and some relaxing of restriction of 
water use. Water agencies throughout California are making major efforts to balance 
water supply with water demand with an ever increasing mix of water sources. 
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The last major flood in California occurred in the winter of 1996 – 1997.  Recovering 
from the damage required funding and efforts at the local, state and federal levels. 
 

2.   2012 – 2015 DROUGHT 
 

2.1  Drought Conditions 
 
After a very wet water year in 2010 - 2011 (water years are from October to 
September) four years (2011 - 2012 to 2014 - 2015) of below average precipitation 
occurred. Reservoirs reached historically low levels, and snowpack in the mountains 
was as low as only about 20% of historic levels.  Natural runoff in the Sacramento 
River near Sacramento in Northern California was about 72% of the long term 
average in 2011 - 2012.  In 2012 - 2013 it was about 81% of average, but then it 
reduced significantly to less than 40% of average for both 2013 - 2014 and 2014 - 
2015.  Precipitation in Southern California was also at or near record low levels. 
Historically, multi-year droughts have occurred ten times in the last one hundred 
years, and there have been three multi-year droughts since the year 2000. 

 
2.2  Water Use Restrictions 
 
Facing the driest year on record, on January 17, 2014 the governor of California 
proclaimed a state of emergency and asked Californians to reduce water 
consumption by 20% of historic usage levels. On May 5, 2015 the California State 
Water Resources Control Board (SWRCB) enacted drought restrictions designed to 
help Californians reduce their water use by 25% statewide (California State Water 
Resources Control Board, May 5, 2015).  Depending on their per capita urban water 
use in 2013, Urban Water Suppliers were asked to reduce water use in 2015 by up to 
36%. The year 2013 was chosen as the base year because by 2014 some areas of 
the state had significantly reduced water use, while other areas had not. 
 
Urban Water Suppliers were defined by the SWRCB as a public or private entity that 
supplies water to more than 3,000 customers or supplies more than 3.7 million cubic 
meters (3,000 acre-feet) annually.  For those suppliers whose per capita water use in 
2013 was less than 240 liters per day (65 gallons) the required reduction for 2015 
was 8 percent, and varied up to 36 percent for those whose per capita water use in 
2013 was over 800 liters per day (215 gallons).  The Metropolitan Water District of 
Southern California (MWD) which supplies water to 19 million urban customers in the 
Los Angeles and San Diego areas was asked to reduce water use by 22 percent.  By 
contrast, the Nevada Irrigation District (NID) which supplies water to 18,000 urban 
customers in Northern California was asked to reduce water use by 36 percent. 
 
While irrigation water users were encouraged to conserve water, no specific 
restrictions were made by the state.  The United States Bureau of Reclamation 
(BuRec), which operates the Central Valley Project (CVP) in Northern California, 
reduced its allocation to irrigation districts in the Sacramento Valley to 75 percent of 
their full contract amount (Northern California Water Association, 2016). BuRec 
irrigation contractors in the San Joaquin Valley had their allocations reduced to 25% 
or less, with some contractors receiving no water in 2014 and 2015.  
 

2.3 Water Conservation Results 
 
Although some areas met their target for reduced water use, Californians as a whole 
reduced municipal water use by 23.9 percent from June 2015 to February 2016 as 
compared to the same months in 2013 and 2014.  The total amount saved was 1,470 
million cubic meters (1.19 million acre-feet) (California State Water Resources Control 
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Board, April 4, 2016). Thus the statewide goal of 25 percent reduced water use was 
just slightly missed.  Most of the water conservation took place in the dry summer 
months of June to September, when outdoor irrigation use is generally the greatest 
and the potential for reduced water use is the highest.  In the Sacramento 
metropolitan area, savings ranged from a low of 26% in Davis and Folsom to a high of 
37% in Orangevale, with savings in Sacramento being 29% (The Sacramento Bee, 
April 5, 2016).  In nearby Nevada County, the NID’s municipal water customers saved 
31%, missing their goal of 36%.  Other municipal water suppliers in Nevada County, 
including the cities of Grass Valley and Nevada City, either met or exceeded their 
savings goal of 25%  (City of Grass Valley, 2016). 
 
In Southern California, MWD annually supplies over 2,300 million cubic meters (1.9 
million acre-feet) of water to its 26 member agencies in most years (Goshi, 2016).  
During the drought, it reduced the supply by 15 percent. Member agencies savings in 
2015 ranged from a high of 28.7percent for the Las Virgenes Municipal Water District 
to a low of 12.7 percent for the City of Compton.  The largest city, Los Angeles saved 
15.8 percent (Metropolitan Water District of Southern California, 2016). 
 
The Glenn-Colusa Irrigation District in Northern California’s Sacramento Valley 
obtained about 65 percent of its normal supply from the BuRec and allocated the 
reduced supply to its irrigation customers.  Farmers fallowed an estimated 10 to 15 
percent of their land and some pumped groundwater or obtained water from their 
neighbors (Bettner, 2016). 
 
In the Sacramento-San Joaquin Delta of Northern California, farmers reduced their 
irrigation use by 32% compared to use in 2013 (The Union, March 12, 2016). As 
farmers in the San Joaquin Valley received little or no contract water from BuRec or 
the State Water Project, many used increasing amounts of groundwater.  This has 
resulted in declining water levels, increased overdraft, and in some areas, land 
subsidence (California Department of Water Resources, 2016). 

 
3.   2016 WATER CONDITIONS 
 

3.1  Anticipated El Nino 
 
Historically, there have been many multi-year droughts, with recent onesoccurring in 
the 1970’s and 1990’s.  The droughts usually end with a year with precipitation being 
in the range of about 150 percent of normal (California Departmentof Water 
Resources, 2016).  Many weather forecasters, including those with the National 
Oceanic and Atmospheric Administration’s Climate Prediction Center predicted a 
strong El Nino weather pattern with precipitation peaking in the winter of 2015 – 2016 
and transitioningto a more normal pattern by late spring or early summer of 2016 
(Western Regional Climate Center. 2015). 
 

3.2  Actual Weather and Water Supply 
 
As of the end of January 2016, the El Nino weather pattern had brought snowpack in 
the Sierra Nevada Mountains to almost 120% of normal for that date.  No major 
flooding had occurred in Northern California and reservoir storage had significantly 
increased.  Folsom Reservoir, near Sacramento in Northern California, had increased 
from less than 20 percent capacity to over 60 percent capacity.  In Southern 
California there had been some localized flooding and landslides.  A dry weather 
pattern in early February brought record high temperatures and little precipitation to 
the state.  Precipitation returned in late February, bringing more snow to the Northern 
California mountains.  As of April 1, 2016 snowpack in the Sierra Nevada Mountains 
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of Northern California was at 87 percent of the long-term average.  Three of Northern 
California’s largest reservoirs were at flood control stage and were making mandated 
releases (The Sacramento Bee, March 31, 2016). 
 

The situation in Southern California was different, however.  In 2016 the El Nino 
weather pattern had shifted to the north, with the heaviest precipitation occurring in 
the states of Washington and Oregon.  Northern California received the southern 
edge of El Nino, and Southern California continued to receive less than normal 
precipitation. 
 

In the past El Nino has brought the heaviest rains in the months of March and April, 
however this pattern did not materialize in 2016.  Forecasters are now predicting a La 
Nina weather pattern starting in the fall of 2016, bringing drier weather for California 
and other states in the southwestern United States (The Union, April 15, 2016). 
 
While water conservation mandates are still in place, some easing of the required 
water conservation has occurred.  On May18, 2016, the SWRCB adopted a localized 
“stress test” to replace the prior percentage reduction approach to water 
conservation.  The new standards require that local water agencies develop a plan to 
ensure a three year supply of water during drought conditions as severe as those that 
occurred during 2011 - 2012 to 2014 - 2015.  If a water agency then projects a 
shortage, it would be required to implement a mandatory conservation standard to 
alleviate the shortage (California State Water Resources Control Board, 2016). 
 

4.   STEPS TO MAXIMIZE WATER SUPPLY 
 
Throughout the state, water managers are taking steps to maximize groundwater 
recharge, surface water storage, and other water supply options. There are several 
proposed projects that would significantly increase surface water storage. 
 
Groundwater is an important source of water in California, with groundwater storage 
capacity being over 10 times the capacity of surface water reservoirs.  Over 85 
percent of the population depends on groundwater for at least part of their drinking 
water supply, and over 2 million hectares (5 million acres) of crops are irrigated with 
groundwater in most years, with more irrigated in dry years (Juricich, 2016). 
 
While California has been regulating surface water for over 100 years, it was not until 
2014 that the State passed the Sustainable Groundwater Management Act, with the 
purpose of ensuring the sustainable yield of groundwater basins.  The Act mandates 
that 127 medium and high priority groundwater basins achieve sustainability by the 
year 2040, with intermediate targets and requirements.  These 127 basins provide 
groundwater for over 90 percent of the state’s population and irrigated land.  Under 
the Act, the State will develop and implement rules and provide technical and 
financial assistance, and local areas will establish and manage Groundwater 
Sustainability Agencies (Juricich, 2016). 

 
The swrcb has authorized spending $200 million on projects to capture storm water, 
including groundwater recharge basins.  Officials have estimated that it may take over 
$1 billion to meet storm water collection goals for the los angeles, san diego, and san 
francisco bay areas. In the los angeles area an average of about 33 million cubic 
meters (8.8 billion gallons) of storm water are captured each year.  The potential 
exists to increase this amount to about 190 million cubic meters (50 billion gallons) 
(the new york times, 2016). 
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Proposed surface water projects that are currently being studied are described in 
table 1 (the sacramento bee, june 1, 2014). 
 

Table 1. Proposed surface water projects. 
 

Proposed 

Project 

Description Cost Estimate $ 

(Millions) 

Average 

Yield MCM* 

Average 

Yield, ‘000’ 
Ac.Feet 

Raise Shasta dam Raise an existing 

dam 

1,200 94 75.9 

Sites Reservoir New Off Stream 
Reservoir 

3,800 200 164 

Raise Los 
Vaqueros Dam 

Raise Existing Dam 
at an Off Stream 

Reservoir 

1,000 25 20 

Temperance Flat 
Dam 

New Dam and 
Reservoir 

2,500 94 76 

Raise San Luis 
Dam 

Raise Existing Dam 
at an Off Stream 

Reservoir 

360 87 71 
 

Centennial Dam New Dam and 
Reservoir 

300 Studies now 
Underway 

Studies now 
Underway 

* MCM is million cubic meters. 

 
The first five are proposed state and federal projects that have been studied for the 
past several years.  Only one of these (temperance flat dam) would be a conventional 
dam on a river.  Three would raise existing dams and one (sites reservoir) would be a 
new off-stream reservoir. 
 
The centennial dam project is a new proposal by the nid. Rain in a few days in 
January 2016 would have filled more than 50 percent of the reservoir (nevada 
irrigation district, 2015). 

 
In southern California a $1 billion desalting plant has recently gone on line.  The plant 
produces 190,000 cubic meters (50 million gallons) of water per day, enough to 
contribute 10 percent to San Diego’s water supply (the coast news, 2015). 
 
For the past 25 years, California has had a water transfer program, which is a market 
based transfer of water, usually from irrigation use to municipal use. During the 2011 - 
2012 to 2014 - 2015 drought over 1,350 million cubic meters (1.1 million acre-feet) of 
water were transferred (Macaulay, 2016). 
 
Mwd is investing $450 million in conservation, including paying customers to remove 
turf.  They have a 50 year (1990 to 2040} program to fallow land, pump groundwater, 
or use water stored in previous years to free-up water for transfer.  Mwd has a very 
diverse water supply mix, including storage of local and imported water, groundwater 
recovery, conservation, recycling, desalination and an agreement with the imperial 
irrigation district to fund irrigation system and on-farm improvements and transfer the 
saved water to mwd.  The program yields about 125 million cubic meters (100,000 
acre-feet) of water for mwd per year (metropolitan water district of southern California, 
2016). 
 

5.   FLOOD MANAGEMENT 
 
Dwr, in conjunction with several federal, other state, and local agencies, operates the 
state-federal flood operations center (foc) in Sacramento, California.  Throughout the 
year, the foc collects and analyses flood and water-related information.  When major 
storms approach the state, the foc forecasts the size, location, and the timing of 
storm.  When the storm arrives, the foc is staffed around the clock and issues flood 
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information to federal, state, and local agencies.  Flood control releases are made 
and adjusted as inflow increases to reservoirs (California department of water 
resources, 2016). 
 
The last major flood in California occurred in 1996 and 1997.  December 1996 and 
January 1997 brought large amounts of precipitation to California and other states in 
the western United States.  Over a nine day period, over 76 cm (30 inches) of rain fell 
in some locations, with over 51 cm (20 inches) falling over a wide area. December 
1996 had been wet and cold, with snow occurring at elevations as low as 600 meters 
(2,000 feet).  The weather then turned warm and over a three day period (December 
31, 1996 to January 2, 1997) over 40% of the average annual precipitation fell.  Much 
of the snow that had fallen at the lower elevations melted and added to the flooding.  
 
The flood was the largest that has occurred in northern California since records have 
been kept dating back to 1906.  New flood records were set on many rivers in 
California’s central valley.  Major reservoirs on the Tuolumne and San Joaquin Rivers 
filled to capacity and uncontrolled water flowed over spillways.  Other major reservoirs 
filled to capacity but did not spill.  (California Department of Water Resources, 1997). 
 
A total of 43 of California’s 58 counties were declared disaster areas.  Over 16,000 
homes were damaged or destroyed and estimates of damage to public and private 
property approached $2 billion (National Oceanic and Atmospheric Administration, 
1997).  The Federal Emergency Management Agency (FEMA) provided funding to 
repair and replace damaged facilities and property.  For public facilities, FEMA 
provided grants of 75 percent of the cost for repair and replacement.  The State of 
California provided grants of 12 ½ percent to local agencies, leaving 12 ½ percent for 
the locals to fund.  FEMA provided smaller grants and low interest loans for damage 
repairs and replacement of private facilities and property. 
 

6.   CONCLUSIONS 
 
California frequently experiences multi-year droughts and severe floods.  With the 
prospect of climate change, these extremes may occur more frequently inthe future.  
The State, in conjunction with federal and local agency partners, has implemented 
plans and legislation to effectively deal with these extreme weather events. 
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