
ABSTRACT: The major portion of northern California 
annual precipitation comes during the winter. Mid-
winter dry spells can lead to shortfalls in snowpack and 
water supply. Recent decades have led to questions 
about a possible change in patterns leading to more 
drought years. In this paper two widely used mountain 
precipitation indexes were examined to see if a trend 
exists for increasingly dry winter months. There does 
seem to be evidence for some increased risk of dry winter 
months in the past 30 years, more so in the northern Sierra 
than in the south. Results are presented herein.

DISCUSSION AND ANALYSIS: Once again, severe 
drought is affecting California snowpack and water supply. 
The new year (2014) got off to a record poor start with 
extremely low precipitation and snowpack. At the end of 
January, it looked like 2014 could be the driest water year of 
record. In the northern Sierra, February arrived with above 

normal precipitation 
and March was also 
a bit over average, 
enough to avert 
a dire situation 
for most users. 
However, 2014 will 
probably go down 
in the books as the 
4th driest in water 
year runoff in over 
100 years of record. 
The drought has led 
to questions about 
whether the climate 
is changing to one 
with more frequent 
droughts. 

Most of California is in a Mediterranean climate zone 
with strong seasonality in precipitation. Winters are wet 
and summers are dry and mostly cloudless, except for 
fog along the coast. Chart 1 shows the average monthly 
distribution of precipitation (rain or snow water equivalent 
in the mountains) in northern California. About half comes 
during the 3 mid-winter months; December, January 
and February; and about ¾ occurs during the 5 months 
from November through March. Precipitation is quite 
variable from one year to the next, illustrating the need for 
substantial reservoir storage to carry water from the wet 
years into the dry ones. The California reservoir system, 
with about 52 billion cubic meters (43 million acre-feet) of 
storage, does pretty well in single dry years, but multiple 
dry years can lead to water shortages.

Calendar year 2013 (January through December) 
gained publicity as being the driest single year of record 
at many locations across California. 2013 exceeded 
previous dry calendar years, such as 1923 and 1976–both 
of which led into critically dry years in 1924 and 1977. 
Chart 2 shows the monthly precipitation for water year 
2013 into May of 2014, compared to the average for the 
northern Sierra Nevada, the source of a major share of 
the State’s water supply. This is a region which averages 
1250 mm (50 inches) of annual precipitation, much in the 
form of winter snow. Note the good start in the first part 
of the water year 2013 in November and December. After 
December things turned pretty dry. Chart 3 shows the 
2014 snowpack accumulation for a mid-Sierra section of 
the mountain range compared to last year, the average, 
the very wet year in 1983 and a very dry 1977, based 
on our snow sensor network. The water content nearly 
matches the driest year of record – perhaps a slight bit 
more from a late storm near the end of March. There is 
a downward trend in northern Sierra snowpack water 
content on April 1, the normal peak of the accumulation 

season, in the last 50 years attributed to 
climate change but the southern Sierra 
snowpack does not show a change. 
However, both sectors of the range show 
a slow decrease in the portion of water 
year runoff during the April through July 
snowmelt months, although the decrease 
is less in the higher elevation southern 
Sierra (Roos, 2012).

In reviewing the records of monthly 
precipitation, there appears to be a trend 
with time for an increase in dry months—in 
other words, more frequent months of low 
precipitation. For water supply operations 
in the Central Valley of California, two 
groups of rivers are important to the 
large water projects of the State- the 
federal Central Valley Project and the 
State Water Project. The northern group 

is the Sacramento River system comprised of the upper 
Sacramento River basin above Red Bluff, and the Feather, 
Yuba, and American Rivers. Their average annual runoff 
is about 22.5 billion cubic meters (18.3 million acre-feet) 
about one fourth of the State total. The southern group 
is the San Joaquin River set of 4 rivers: the Stanislaus, 
Tuolumne, Merced, and upper San Joaquin above Friant 
dam. This group’s average natural runoff is about 7.3 billion 
cubic meters (6 million acre-feet) (CDEC, 2014). 

Many environmental constraints on water project 
operation are keyed to runoff forecasts for these two 
river systems. Chart 4 shows about a half-century of 
Sacramento River system runoff color coded in the 
5 categories used to classify the type of water year. 
Unimpaired runoff is the natural water production of a river 
basin, unaltered by upstream diversions, storage, or by 
import or export of water to or from other watersheds. 

Because of the importance of these two river systems 
to water supply, groups of precipitation stations have 
been set up where water users and others can track the 
buildup in precipitation over the winter rainy season daily 
to get an early estimate of likely water supply runoff. The 
northern group is called the northern Sierra 8 station 
group and the southern group is the San Joaquin 5 station 
group. The location of the two precipitation groups of 
stations is shown on Charts 5 and 6. These data stations 
are believed to be reliable indexes of wetness on their 
watershed with good long term records, starting in 1920 
for the northern group and 1905 for the southern group. 
So it was logical to look at these records for trends in mid-
winter dry spells.

First, threshold levels for a drought month were set at 
approximately ¼ average monthly precipitation during 
the 5 winter season months of November through March. 
For the northern 8 station average, this was 50 mm (2 
inches). For the southern 5 station group, which is about 
80 percent as wet as the northern group, the drought 
threshold was set at 40 mm (1.6 inches). The record was 
separated into 1980 and earlier and post 1980 for the 
1981 through 2014 water years. Statistics on the number 
of dry months were as follows: 

Northern Sierra  
8 Stations

San Joaquin 5 
Stations

< 50 mm threshold < 40 mm threshold
1920-1980 1981-2014 1905-1980 1981-2014

Nov 11 8 24 10
Dec 9 5 10 6
Jan 3 6 6 6
Feb 7 4 8 3
Mar 3 4 11 4
Total 33 27 59 29
A better comparison is the monthly probability for the 

two regions for the two time periods.

Northern Sierra  
8 Stations

San Joaquin  
5 Stations

Nov 0.18 0.24 0.32 0.29
Dec 0.15 0.15 0.13 0.18
Jan 0.05 0.18 0.08 0.18
Feb 0.12 0.12 0.10 0.09
Mar 0.05 0.12 0.14 0.12
Total 0.11 0.16 0.16 0.17

For the five winter season months, the latter period seems to 
show an increased probability of a dry month in the northern 
Sierra Nevada, but less of a change in the San Joaquin 
River watershed. In the north, the mid-season month of 
January shows the largest increase in a dry month category. 
The south shows an increase in dry Januarys too, but for 
the entire winter this seems to be offset by November and 
March. Thus there is evidence in the past 30 years or so 
of an increase in winter dry spells, but it could be due to 
variation. A more thorough approach would be to take daily 
records, but this would require massive data sifting. If there 
is a trend to more dry spells, the monthly records should 
show it and the author’s contention is that they do indicate 
some change. The last chart, Chart 7, is a sample bar chart 
showing northern Sierra 8 station precipitation and trends 
for the month of January. Note the upward slope of the best 
fit regression line. Even though the risk of a dry year seems 
to increase, the number of wet months has been increasing 
–the wetter years are getting wetter and the drier years 
are getting drier. The January regression line slope would 
produce about 20 mm in an 80 year period.

The next question is why; could this be due to global 
warming? Models suggest a future drying out in the 
Mediterranean region which might also apply to other 
world regions with such a climate. The new 2012 5th IPCC 
assessment models for year 2100 don’t show much change 
in annual precipitation in northern California. 
Some meteorologists think that one of the 
changes in a warmer climate could be a 
northward shift of the winter westerly storm 
belt. Winter rain and snow producing storms 
on the west coast are more common as 
one moves northward (with a wet Pacific 
Northwest and relatively dry southern 
California). Storms often weaken as they 
move southward along the coast. Average 
annual precipitation along the California 
coast ranges from about 1500 mm in the 
north to 300 mm in the south, so a small 
latitudinal shift could easily increase mid-
winter dry spells. 

Another possible reason has been 
suggested–that increasing air pollution is 
inhibiting rain and snow production from 
cloud systems (Rosenfeld, 2008). However, 

pollution would seemingly be a stronger influence on the 
southern Sierra than the north.

A recent study by Scripps researcher Prof. Kim Prather 
reported on two Sierra storms in 2009 with similar 
dynamics where the one transporting Asian mineral dust 
created more precipitation than another Asian storm 
dominated by soot from biomass burning (Scripps, 2011).

CONCLUSION: The consequences of an increase in winter 
dry spells would increase chances of drought, with sobering 
effects on water supply reliability. Historical precipitation 
and runoff patterns in California often seem to show 30 
to 40 year trends (Curtis, et al, 2014) and it may be that 
we are in a downward trend now. The author invites 
other researchers to look into these patterns to see if the 
apparent shifts are just chance or whether deeper trends 
are becoming evident.
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San Joaquin Precipitation: 5-Station Index, June 27, 2014
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