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HYDROLOGY OF THE RECENT CALIFORNIA DROUGHT AND 
COMPARISON WITH PAST DROUGHTS 

 
Maurice Roos1 

 
 

ABSTRACT 

 
Multiyear droughts place a lot of stress on water systems. Water years 2012-2015 
turned out to be a severe 4 year drought in northern California. Other notable 
droughts of the past 100 years included 1918-20, 1924-26, 1929-34, 1976-77, 1987-
92 and 2007-9. Using the Sacramento- San Joaquin 8 river runoff as a measuring 
base, water year 2014 was the 4th driest of the historical record. Water year 2015 was 
about 20 per cent better than the previous year 2014 on the Sacramento River, but 
was worse on the San Joaquin River system where 2015 was the 2nd driest year of 
record, exceeded only by the severe 1977 water year. For the combined 8 river 
runoff, the recent 2015 water year was the 6th driest in a record of 110 years. The 4 
year runoff period, WY 2012-15, for the combined 8 river system was the driest 4 year 
set of record, exceeding slightly the previous low record of 1931-34. However, on the 
southern group, the 4 rivers comprising the San Joaquin River system, the runoff was 
by far the worst in a 115 year historical record and about 20 percent drier than any 
four years in a reconstructed record of 1100 years estimated from tree rings. The 
drought was most severe over central California, including the Central Coast, San 
Joaquin Valley and southern Sierra regions.  
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1. INTRODUCTION 
 
Water years 2012-15 turned out to be a severe 4 year drought in California (and may 
not be over yet). Other notable droughts of the past 100 years included 1918-1920, 
1924-1926, 1929-1934, 1976-1977, 1987-1992, and 2007-2009. Using the 
Sacramento and San Joaquin River system 8 river runoff as a base, the past year, 
water year 2014 (WY 2014, October 2013-September 2014), was the 4th driest of the 
historical record. WY 2015 runoff was about 20 percent more than 2014 on the 
Sacramento, but worse on the San Joaquin River system where WY 2015 was 
second driest exceeded only by the severe 1977 year. For the combined 8 rivers, the 
current water year, October 2014 through September 2015, will probably be the 6th 
driest in a record of 110 years. The 4 year runoff, WY 2012-15, for the 8 river system 
will be the driest 4 year set of record, exceeding slightly the previous record of 1931-
34. However, on the southern group, the San Joaquin River system, the past 4 years 
were by far the worst 4 year period in a 114 year record, and about 20 percent drier 
than any 4 years in a reconstructed record of over 1000 years estimated from tree 
rings. This drought was most severe across central California, including the Central 
Coast, San Joaquin Valley, and southern Sierra regions. Figure 1 compares multi-
year droughts of the Sacramento and San Joaquin River basins. Figure 2 shows the 
hydrologic regions of California and the percentages of normal precipitation for the 
rainy season during the past water year 2014-15, the 4th year of the drought. This 7 
month period accounts for about 90 percent of the total October-September water 
year amount. The figure also shows the hydrologic regions of the State. 
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Figure 1. Multiyear droughts of the Sacramento and San Joaquin River Basins 

( 1 million acre-feet = 1.23 billion cubic meters) 
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Figure 2. California Precipitation for the 2014-15 Rainy Season. 

Precipitation Deficits 
 
The underlying cause of drought is lack of precipitation. Most of Northern California 
rainfall (75% of annual) occurs during the 5 winter months from November through 
March. The third figure, a northern Sierra precipitation bar chart, shows by month 
what happened during the last 4 water years in the northern Sierra Nevada, our 
primary water supply region. The horizontal bar gives the monthly average for the 4 
recent years in the bar portion of the chart. Note that there were a few wet months, 
notably November and December in 2012, December 2014, and March of 2012 in the 
first water year. The first water year, 2011-12 started out poorly, with almost no rain 
during December, near normal January, and again dry in February with seasonal 
deficit of about 50 per cent at that point and a 30 per cent of average snowpack. But 
March precipitation was triple average with an April 1 snowpack of 50 percent 
alleviating major concern that year since carryover storage was good coming out of 
the wet 2011. Carryover water storage was about average from 2012 into early 2013, 
but would not rise much in that spring because of a low 40 per cent snowmelt. Water 
year 2012-13 started well with November and December about twice normal, and led 
to concerns about floods later in the season. Then the water shut off, with no 
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significant rain or snow for the rest of the year except for one moderate storm in 
March. That led to the driest calendar year of record during 2013. Figure 4 shows the 
monthly deficits during the 13 months which were the heart of the drought. For many 
California rainfall stations, that period marked the driest calendar year ever. The 
extreme dryness now had extended into a third water year. 

 

 

Figure 3. Northern Sierra 8 Station Monthly Precipitation (1 inch = 25.4 mm) 

 
 

 
 

Figure 4. Northern Sierra Monthly Precipitation (1 inch = 25.4 mm) 
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The extreme dryness continued into the next water year, with December and January, 
normally our wettest two months, being very dry at about 12 percent average. By 
January, 2014, with a bone dry winter thus far, a 10 percent snowpack, and with 
reservoir storage at 65 percent of average and 40 percent of capacity, we realized 
that California was heading for serious drought and the Governor declared an official 
drought on January 17. 2014. February produced one significant storm with some 
runoff and March was above average which gave some relief. But the April 1 
snowpack was only 25 percent and drought resumed in April and continued into the 
following winter 
 
The following winter, water year 2014-15, started hopefully. There was some rain in 
October and November and a wet December, 2014, with a couple good atmospheric 
river events, and about twice normal in the north. The southern Sierra did not fare as 
well with December a bit below average. There was virtually no rain in January which 
was very dry again, followed by one major warm storm in February. The wet season 
wound up with about 75 percent in the north and a bit under 50 percent in the 
southern half of the Sierra. The real surprise was the almost nonexistent snowpack 
with a record low 5 percent measured on April 1. That was due to lack of storms and 
much warmer temperatures during the few storms which did come. 
 
Shortages during the last two years of drought were severe; the State Water Project 
delivered only 5 percent in 2014 and the federal Central Valley Project was not even 
able to supply the San Joaquin Valley Exchange Contractors, which reduced the 
Friant deliveries to near zero. Figure 5, SWP Water Allocations, shows annual SWP 
delivery percentages. The State Water Project was able to garner a 20 percent supply 
out of the winter storm events in 2015, but the federal Central Valley Project saw a 
repeat of the dismal supply of 2014. For the second year in a row the meager flow of 
the San Joaquin River at Friant had to be sent downstream to the prior right 
Exchange contractors, leaving only a little hardship water for the Friant Kern and 
Madera Canals. 

 

Figure 5. Annual State Water Project Delivery Allocations 
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Water Supply 
 
California has built many reservoirs to cushion drought severity; these work pretty 
well for a single year drought, but multiple years cause trouble. This time there were 
new fishery constraints, especially in the Sacramento-San Joaquin Delta export 
operations which decreased supplies further over that of past droughts. This included 
loss of some of the federal Central Valley Project Exchange Contract water, which 
severely affected southern San Joaquin Valley water users. 
 
Water year 2011 had been a good year with a good snowpack which generated about 
as much carryover storage as as one could ask—at 130 percent of average statewide 
water storage on September 30. Three years later, statewide storage had dropped to 
12.5 million acre-feet2, 57 per cent of average, and 33 per cent of capacity (see 
Figure 6, Storage in 154 California In-state Reservoirs), a bit lower than the driest 
year of the 6 year 1987-92 drought, but more than the driest year in 1977 when only 
7.8 million acre-feet, 36 percent of average, remained. Storage in this 2015 water 
year was tracking lower than a year ago. Beginning in early 2014, after the driest 
calendar year of record, new criteria for operation of the Central Valley Project and 
the State Water Project with the limited supply available were developed with 
priorities for minimum urban health and safety (fire) needs, control of salinity intrusion 
from the ocean in the Delta and minimum protection of endangered species, including 
cold water for Sacramento River salmon. Some storms in December and February 
provided enough for a 20 percent delivery for the State Water Project in 2015, but 
comparably small amounts for CVP Delta exports, leaving major shortages in CVP 
supply for Project users south of the Delta again for the second year.  

 

 

Figure 6. Water Storage in 154 Major California Reservoirs 

 
One of the notable factors in this 4 year drought is the warmer than average 
temperatures during the past two winters which impacted the portion of winter 
precipitation carried into the irrigation season by mountain snowpack. All four of the 

                                                             
21 million acre-feet, MAF, = 1,234  billion cubic meters, BCM, and 1 acre = 0.405 hectare 
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drought years had well below average snowpack ranging from about 50 percent in 
2012 to only 5 in 2015. Figure 7 shows the history of April 1 snowpack water content 
for California. The previous low during 1977, our worst drought year, was 25 percent. 
But the winter storms of the last two drought years have been warmer than average 
with more rain than snow in the mountain watersheds. The measly 5 percenton April 
1 of 2015 marks a new low and may presage what global warming would be like. 
 
By the fall of water year 2015, estimated statewide water storage had fallen to about 
11 million acre-feet, 29 per cent of capacity, but still above the historical low of about 
7.5 million acre-feet in October 1977, our driest year. Part of the reason for higher 
levels was the strategy of keeping the CVP 4.5 million acre-feet Shasta Reservoir 
over 1 million acre-feet higher than the low of record in 1977 at the end of summer 
2015 to maintain enough cold water to preserve winter run salmon below the dam in 
the river. This reduced the amount which otherwise would have gone into San 
Joaquin Valley water supply. 

 

 

Figure 7. April 1 California Snowpack 

 
Impacts 
 
There were about 9 million acres (3.65 million hectares) of irrigated land in California. 
In 2015, as estimated by the University of California, Davis (Howitt et al., 2015), about 
540,000 acres were fallowed. The surface irrigation supply deficit, mostly in the 
Central Valley, was 8.7 million acre-feet. Additional ground water pumping (mostly 
from overdraft) of about 6 million acre-feet partly offset the deficit, leaving an 
agricultural deficit of 2.7 million acre-feet. 
 
Urban water users were required to reduce 2015 water use by 25 percent with a 
range of 4 to 36 percent depending on past rates of water usage. Normal urban 
applied water use is about 9 million acre-feet statewide, although the net water use 
(often called depletion, after accounting for reuse) is more like 6 million acre-feet, 
which is about a quarter of the normal irrigated agriculture usage. 
 
Another impact example is the effect on Pacific Flyway waterfowl. An estimated 4 to 6 
million migratory birds winter in the Central Valley each year. Rice is an important 
crop in the northern Central Valley. According to the California Rice Commission, 
normally about 550,000 acres (220,000 hectares) are grown. After harvest these 
farmers create about 300,000 acres of managed wetlands. In 2014, with 25 percent 
CVP water supply reductions, rice acreage was reduced to 435,000 acres and, in 
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2015, to 375,000 acres. After harvest, many of the rice lands are flooded and provide 
excellent food and forage for migrating waterfowl, vital for the Pacific flyway. Reduced 
acreage can lead to more crowding of birds with increased disease outbreaks. At one 
point it looked like only around 100,000 acres would have water for flooding due to 
the shortages in 2015 water supply. Heroic efforts by farmers and the rice industry, 
with help from a wet December, were able to increase this to about 200,000 acres of 
flooded acreage this past winter season. 
 
Fire is another aspect of drought. The drought and related moisture stress on forest 
trees allowed bark beetles to thrive. The combination of drought and beetles killed 
over 29 million trees in 2015, up from 3.3 million in 2014. And the bark beetle 
epidemic may be with us for a while. The 2015 wildfires burned an estimated 803,000 
acres 320,000hectares) starting in a big way in June and ending in November. With 
so many dead trees, fire danger will be high for several years. Total forest area in 
California is about 30 million acres, some 30 per cent of the state’s land area 
 
Water Year 2016 
 
What about the new water year? In 2016 there was an enormous difference in 
snowpack on April 1st, about 85 per cent this year compared to a record low of only 5 
per cent in 2015 (Figure 8). We were not sure what to expect after a dry February, but 
major storms in March (Figure 9) improved the water outlook greatly; 5 of the 6 major 
Sacramento region flood control reservoirs reached their storage limits and enough 
runoff occurred to put significant flows into the Yolo Bypass floodway. The northern 
third of the State recovered nicely, but amounts were less in the southern Sierra. With 
restrictions on CVP and SWP Delta export pumping, sizable shortages remain for the 
southern regions. In contrast to the last two years, the CVP Friant Division will be 
delivering water this year to the upper valley near Fresno. San Joaquin Valley local 
supplies are much less than demand even in normal years; long term solutions will 
require more water from the north. 
 
 

 
   

Figure 8. Water Year 2016 Mid-Sierra Snowpack Buildup 
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Figure 9. Northern Sierra Precipitation ( 1 inch = 25.4 mm) 
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