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Abstract 
 
Substantial changes in mountain snowmelt water supply and sea level are projected to occur as a result 
of global warming.  Water resources managers already collect extensive data to use in forecasting and 
in operations of water projects.  If interested in climate change, they should look carefully at their long 
term records of operating projects to see if signs of change are apparent and what the rates of change 
are.  Hydrologic records are inherently highly variable and long stable records and reconstructed natural 
stream flows are needed to assess systematic changes over time. 
 
The author will present a couple of samples from northern California of the time history of the long term 
fraction of mountain water year runoff occurring during the April through July period of snowmelt runoff.  
A second chart will show sea level rise on the California coast.  Both parameters show a decrease in the 
rate of change in the last 15 years.  Reconstruction of natural flows will be briefly discussed as well as 
why change in runoff patterns and in sea level are so important to the large water projects in California. 
 
Introduction 
 
From what we can tell there are five major potential effects on California water resources systems from 
global warming.  These would be (1) a change in river runoff patterns, more direct rain runoff during the 
winter and less snowmelt; (2) rising sea level which would affect the ability of the State’s major water 
projects to divert water southward from the Delta: (3) larger floods which could affect the flood control 
operation of major multipurpose foothill reservoirs; (4) some increase in evapotranspiration, which could 
increase water consumption; and (5) more difficulty keeping major rivers cold enough for anadromous 
fish such as salmon and steelhead. 
 
Measuring Trends in Snowmelt Runoff 
 
Water project operators and others routinely make measurements of flow, snow, stage, water use and 
water quality.  The measurements are made to assist in operation of reservoirs and delivery systems 
and in making forecasts of runoff.  Many of these are long term records and should be useful to look at 
for some of the trends expected with climate change.  In our cooperative snow surveys program, long 
records of natural or unimpaired monthly flow, many 100 years in length, have been calculated for most 
of our major rivers, usually at the foothill line.  Unimpaired flow is the natural water production of a river 
basin, that runoff which would have occurred without the effect of upstream diversions; reservoir storage 
or by exports or imports of water to and from other watersheds. 
 
One would expect if warming is occurring to see a change in the percentage of water year runoff during 
the snowmelt season, defined as April through July runoff.  A rule of thumb is a snowline rise of about 
500 feet for each degree C rise in temperature.  We think we see such trends, more so in the lower 
elevation northern Sierra.  Figure 1 shows the percentage trend in the Sacramento River basin.  Figure 2 
shows the April-July volume trend, which is less definite, and Figure 3 shows the 100 year trend for the 
water year volume.  The April through July volume trend is also down.  The water year trend shows little 
change over the century.  Note the high variability from year to year which makes trends difficult to see 
on the volume charts.  The Sacramento system rivers are the Sacramento above Bend Bridge near Red 
Bluff, and the Feather, Yuba and American Rivers. 
 
Figure 4 shows the percentage trend for the four rivers of the San Joaquin River system, which are the 
Stanislaus, Tuolumne, Merced and Upper San Joaquin Rivers. 
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Figure 1 
Sacramento River System Runoff

April - July Runoff in percent of Water Year Runoff

y = -0.0011x + 0.4393
R2 = 0.1329
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Linear Regression (least squares) line showing historical trend
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Figure 2 

Sacramento River System Runoff
April - July Runoff Volume

y = -17.059x + 7708.5
R2 = 0.0262
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Figure 3 
Sacramento River System Runoff

Water Year Runoff Volume

y = 2.8523x + 17880
R2 = 0.0001
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Figure 4 

San Joaquin River System Runoff
April - July Runoff in percent of Water Year Runoff

y = -0.0007x + 0.7146
R2 = 0.0694
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Sea Level Rise 
 
Higher sea level would affect the Sacramento San Joaquin River Delta, the hub of our water transfer 
system.  A rise in sea level would mean more salinity intrusion from the ocean via San Francisco Bay 
which would affect the water quality of exports or require more fresh water to be released from upstream 
reservoirs to hold incoming salinity in check.  Higher tide stages also create more stress on the weak 
Delta levee system, with a risk of more levee breaks.  The islands of the Delta are well below sea level 
and a summer levee breach could cause an inrush of saline water, temporarily disrupting water transfer 
and exports. 
 
The Golden Gate tide gage is the oldest in the country going back into the middle of the 19th century.  
Figure 5 shows the annual average sea level and the 19 year running average (19 years to encompass 
a complete lunar cycle of 18.6 years.)  A slow rise in sea level seems to have started in the 1920’s at a 
fairly regular rate of about 0.2 m (0.7 feet) per century.  Since California is tectonically active we can’t be 
sure that this trend is of the sea itself; the land might be slowly moving too.  But it seems to fit the 
worldwide means of tide gages.  The rate at La Jolla (Scripps Pier) is shorter beginning in 1924.  It is 
regarded as one of the more stable places; the rate is similar to San Francisco at about 0.7 feet per 
century (see Figure 6).  Interestingly, the rate of rise at both stations seems to have slowed in the last 15 
years.  
 
 
Figure 5 
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(Data from National Ocean Service) 
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Figure 6 
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(Data from National Ocean Service) 

 

Flood Flow 
 
There appears to be a trend for larger floods during the last half of the 20th century.  Unregulated flow of 
the American River at Folsom Dam exemplifies the trend.  Figure 7 shows the annual 3 day peak rates.  
Three day rates are probably the best measure of impact on a large flood control reservoir in northern 
California.  Folsom Dam was completed about 1956; since it was built, the floods are larger.  The 
change is quite a bit more than can be explained by the minor amount of watershed warming which has 
occurred, on the order of 0.5 degree C.  It may be that the first portion of the record represented an 
atypical mellow time. 
 
 
Figure 7 

American River Runoff      
Annual Maximum 3-Day Flow 
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Water Use 
 
It is not known whether changes in evapotranspiration can be detected from the 100 or so agro climatic 
weather stations deployed around the State.  Again many years of record are needed to detect trends 
because of variation from month to month and year to year.  The oldest stations date from about 1990.  
It may be more practical to measure plots in an urban area where background CO2 is higher and the 
heat island effect of large urban areas produces elevated temperatures to see how potential 
evapotranspiration in an urban agro climatic station compares to more rural locations. 
 
Water Temperatures   
 
Higher rises in temperature can cause problems for cold water fish.  To some extent reservoir operators 
have been able to modify operations to save colder water for the warmer times of the year.  With 
reduced snowmelt and higher ambient air temperatures, this may be more difficult to do.  Temperature 
measurements in rivers which are not regulated or lightly regulated may give us a clue about how much 
warming has occurred.  However, continuous temperature records are too short to place much 
confidence in trends yet.  Tree cover adjacent to the streams is another influence. 
 
Summary 
 
Trends from certain operational and forecasting records can provide much useful information on the 
effect of climate change on water resources systems.  Trends are relatively modest so far but, if the 
global climate modelers are right, may be accelerating in the future.  It is important to monitor these 
changes as a check on reliability of the models and to help water system operations adapt for future 
climate change. 


