
 
NEAR-TERM GLOBAL WARMING EFFECT ON HETCH HETCHY INFLOW 

 
 Bruce McGurk1 and Margaret Hannaford1 

 

ABSTRACT 
 
 Studies have shown that changes in winter air temperature have an effect on snow deposition and runoff 
patterns in the Sierra Nevada.  Hetch Hetchy Reservoir, on the Tuolumne River at 3,806 feet, impounds 459 square 
miles of Yosemite National Park watershed ranging up to 12,000 ft.  Hetch Hetchy Water and Power (HHWP) 
manages Hetch Hetchy and two other reservoirs on the Tuolumne to provide the water supply for 2.4 million 
customers in the San Francisco Bay area.  HHWP uses a monthly runoff forecasting model that incorporates 
historical temperature, precipitation, and snowpack to predict monthly inflow.  Given current conditions (reservoir 
storage, accumulated precipitation, snow water equivalent, maximum and minimum temperatures to date), the 
model estimates monthly runoff for the rest of the water year based on 48 years of historical climatology.  An 
evaluation of an estimated 3 degrees F increase in temperature, assumed to occur by 2025, was performed.  The 
historical daily maximum and minimum temperatures were increased by 3 degrees F, and the adjusted monthly 
runoff results were compared to the base run.  On average, 7% of the annual runoff shifted from the April through 
June period to the November through March period.  Less snowpack accumulated in the lower elevation zones due 
to the rise in the rain-snow line.  The effect was proportionally larger for dry years than for wet years.  Implications 
to water supply in the near term are minor, but long-term impacts that are coupled with increased demand are of 
concern. 
 

INTRODUCTION 
 

During the last 40 years, trends have shown a slight increase in winter nighttime temperatures, snow levels 
in the Sierra Nevada have moved to a higher average elevation, and snowmelt has been occurring earlier in the 
season.  The causes of these recent climate changes are complex and are in part due to increases in greenhouse gas 
(GHG) emissions throughout the globe.  Under most future emission scenarios, the level of GHG emissions and 
warming is expected to increase, and warming would significantly accelerate under higher emission scenarios. 
Temperature increases in the range of 1.7 to 5.8 degrees Celsius (°C) are possible by 2100 (Cayan et al, 2007).  
However, despite the general consensus on future warming for California (and the globe), the scientific studies 
show no clearly discernible trend in precipitation changes in California over the next century. There is a wide range 
of differences in model projections for precipitation changes due to global warming, with some models projecting 
increases in precipitation and others predicting no increase or decreases over the century; still other studies indicate 
that even with no change in annual precipitation, the number of days with precipitation could decline, resulting in 
more intense precipitation on those fewer days with precipitation.  

A number of analyses have been performed over the past 5 to 10 years to assess the hydrologic impacts of climate 
change on California’s water resources: 

• The Sierra Nevada spring snowpack is expected to continue to decrease due to an increase in the elevation of 
the freezing line, more precipitation falling as rain rather than snow, and an earlier snowmelt (DWR, 2006; 
California Climate Change Center, 2006; Mote et. al., 2005; Roos, 2005). 

• Rivers and streams fed by mountain watersheds are expected to exhibit an increase in streamflow in winter 
and early spring and a decrease in late spring and summer (Hamlet et. al., 2005; Maurer and Duffey, 2005; 
Hayhoe et. al., 2004). 

• Greater conflicts among water supply, hydropower, and flood control in reservoir operations are anticipated 
(DWR, 2006). 
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HETCH HETCHY HYDROLOGY 

The San Francisco Public Utilities Commission (SFPUC) manages three reservoirs in the Sierra Nevada and 
five local reservoirs in the Bay Area to provide water supplies for customers in the Bay Area.  The mountain 
watersheds typically have substantial snowmelt runoff from about March through June, filling the three Sierra 
reservoirs by late in the spring season.  The Bay Area reservoirs are managed in concert with the Sierra reservoirs, 
but 85% of the total supply comes from the Sierra reservoirs.   

The historical variability of hydrologic year types includes a broad range of annual runoff volumes in the 
mountain watersheds, ranging from at least 30 to 220 percent of the average annual runoff, and each winter’s 
pattern of storms is different.  The SFPUC operates the Hetch Hetchy system based on a “water first” protocol, 
which means that discretionary drafts of the Hetch Hetchy system reservoirs do not occur until forecasting tools 
confirm that snowmelt runoff will fill the reservoirs. This policy is designed to protect against water supply 
shortages. 

The Hetch Hetchy basin above O’Shaughnessy Dam covers 459 square miles, and average annual inflow is 740 
thousand acre feet (TAF).  About 87 percent of the area is above 6,000 feet in elevation, and about 76 percent is above 
7,000 feet.  The Cherry Creek drainage basin above Lake Lloyd is 116 square miles; about 76 percent is above 
6,000 feet, and about 52 percent is above 7,000 feet.  The Eleanor Creek drainage basin above Lake Eleanor is 
79 square miles, and about 60 percent is above 6,000 feet and 26 percent is above 7,000 feet.  The average combined 
inflow to Lake Lloyd and Eleanor Reservoirs is 440 TAF/year.  Elevation bands for the three watersheds are shown in 
Figure 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.  Reservoir locations (white shapes) and elevations zones in the Tuolumne basin 

Based on predicted temperature increases documented below, we estimate that the elevation of the snowline 
in the Sierra watersheds will rise from the year 2000 level of 6,000 feet to about 6,500 feet by 2025.  This change 
means that more of the precipitation in the Tuolumne watershed will fall as rain than as snow due to the increased 
occurrence of warmer storms compared to historical conditions.  It also means that the snowpack, on average, will 
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contain less water and produce less snowmelt runoff.  While the total runoff volume is likely to stay about the 
same, the pattern of the runoff will change. The November-through-March fraction of the runoff is expected to 
increase, and the April-through-July fraction of the runoff is expected to decrease.  

NEAR-TERM CLIMATE CHANGE EFFECTS 
 

We conducted a preliminary analysis of global warming effects using the Water Supply Forecast Model 
(WSFM), a statistical model based on a 48-year record of daily temperature and precipitation (Hannaford, 1997). 
While not an explicit physics-based simulation model that incorporates the physical processes associated with 
snowpack and runoff, WSFM is well suited to model the near-term temperature increases that appear likely in the next 
few decades based on the climate change literature.  However, because it is a statistical model based on historical 
data, it is not well suited to analyze temperature ranges outside of those included in the historical data set. 

WSFM makes forecasts during the winter using prior precipitation and runoff, the water stored as snowpack 
in the basin, and future precipitation.  The basin’s snowpack is quantified by 35 snow courses (snow measuring 
stations) located in the Merced, Tuolumne, and Stanislaus basins.  Historical precipitation is used to estimate the 
likely range of future precipitation, and historical temperature is used to estimate future snow melt quantity and 
timing.  Regression and then principal component analysis was used to develop equations that are then used, 
together with current conditions and 48 years of historical temperature and precipitation data, to make monthly 
forecasts of future runoff volumes. 

The database used in the model includes public data collected by state, federal, and cooperating organizations 
and individuals. Snow course data are coordinated by the California Cooperative Snow Survey Program based in 
Sacramento. Precipitation and temperature data originate from a variety of sources, including the Snow Survey, the 
National Weather Service and their cooperators, and irrigation and water supply districts. Runoff data for the model 
originate from sources such as the U.S. Geological Survey, Turlock Irrigation District, and Modesto Irrigation 
District. 
 
Temperature Change Projections and Changes in Inflow Timing 

Many estimates of likely temperature increase by 2050 and 2100 have been published.  For those focused on 
California and medium-to-large GHG increase, the studies indicate there will be an increase of 3 °C mean annual 
temperature from 2000 to 2050 (Dettinger, 2005; Sansone and Storck, 2006).   To hold the temperature increase to the 
range found in WSFM’s population, a projected temperature increase of 1.5 °C (about 3 °F) by 2025 was selected for 
analysis.  A 3°F warming factor was added to the 48 years of historical temperatures, and runoff volumes were 
calculated by month for the 1948–1995 period using WSFM to depict a climate change scenario.  Differences in the 
monthly volumes between the base case and the climate change scenario were analyzed for the entire analysis period, 
and the years were also sorted into wet, normal, and dry categories to determine if water-year type differences were 
evident.  The analysis assumed no changes in annual precipitation.  

Preliminary results from WSFM confirmed that a shift in the timing of runoff from late winter months to 
early winter months could occur between 2000 and 2025.  For the 48-year period, about 7 percent of the runoff 
shifted from the April–July period to the November–March period.  In dry years, the runoff volume is smaller, and 
8.5 percent shifted, corresponding to a volume of about 35,000 acre-feet out of 410,000 acre-feet as an average 
runoff volume for that year type.  For normal years, 7 percent shifted, corresponding to a volume of about 50,000 
acre-feet out of 677,000 acre-feet as an average runoff volume.  For wet years, 6 percent shifted, corresponding to a 
volume of about 70,000 acre-feet out of 1,410,000 acre-feet.  Figures 2 and 3 show the overall shift in the volume 
and timing of runoff into Hetch Hetchy and Eleanor Reservoirs that would be expected to occur by 2025 compared 
to historical conditions based on a 3°F increase in temperature.  The peak inflow month at Hetch Hetchy moves 
from June to May, and the Eleanor inflow (a lower-elevation watershed) moves a significant amount of inflow from 
May to April.  Figure 4 shows the shift in runoff from spring to winter for wet, normal, and dry years. 

The capacity of Hetch Hetchy Reservoir is 360,000 acre-feet, and in normal and wet years over 700,000 
acre-feet of water flows into the reservoir, resulting in large spills/releases to the Tuolumne River.  Modest amounts 
of spill occur even in dry years. The WSFM results indicate that a shift in the timing of runoff volumes ranging  
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Figure 2.  Monthly inflow to Hetch Hetchy Reservoir            Figure 3. Monthly inflow to Eleanor Reservoir 
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Figure 4.  Shifts in seasonal runoff patterns into Hetch Hetchy showing the decrease in spring and the winter 
increase 
 
from 35,000 to 70,000 acre-feet could occur by 2025 due to global warming.  These predicted changes are within 
the range of current and historical variability in annual runoff patterns.  Year-to-year historical variability has much 
larger shifts between early and late winter runoff than the 2025 global warming effect projected by WSFM.  
Therefore, while global warming is projected to result in changes in runoff patterns in the Hetch Hetchy watershed, 
the magnitude of the predicted near-term changes is within the range of current runoff and is not expected to 
require substantial changes in reservoir management practices or operations through 2025.  In dry years, if runoff 
ends earlier than in normal or wet years, HHWP has established operational procedures to ensure reservoir filling to 
protect water supply.  A shift in the timing of runoff volumes (ranging from 35,000 to 70,000 acre-feet) to earlier in 
the season could cause releases/spills from the reservoir to cease a few days earlier each year. For current Hetch 
Hetchy Reservoir operations, the period when spills cease typically ranges from June 1 to August 15, depending on 
the hydrologic conditions of any given year.  Under global warming conditions through 2025, the change in the 
timing of when spills from Hetch Hetchy Reservoir cease would be minor compared to current/historical year-to-
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year variability.  For these reasons, the change in runoff timing due to near-term global warming is not expected to 
cause substantial operational changes in the SFPUC’s water supply system or its reliability. 
 
Elevation and Sensitivity to Climate Change 

The critical factor behind the relatively small shift in runoff timing and volume due to the predicted 3°F 
warming at Hetch Hetchy Reservoir is the high elevation of the Hetch Hetchy watershed. The higher the elevation 
of a snow-covered basin, the greater the warming needed to change a large fraction of the snow-covered area and 
alter runoff patterns significantly.  Figure 1 depicts the estimated decrease in snowpack in the Hetch Hetchy 
watershed due to predicted temperature increases by 2025 as the snow line moves from 6000 ft to 6500 ft.Thus, the 
expected near-term climate change effects on the HHWP system are different from those predicted for other 
California water supply and hydroelectric systems with reservoirs at much lower elevations. For example, East Bay 
Municipal Utility District’s Mokelumne River watershed and the California Water Project’s Feather River 
watershed contain much lower proportions of their overall drainage basin as high-elevation snowpack compared to 
the Tuolumne River watershed.  As shown in Figure 5, the overall basin elevation and the shape (steepness) of the 
area-elevation curve are indicative of a system’s sensitivity to temperature change.  

Figure 5.  Area-elevation curves for Tuolumne, Mokelumne, and Feather basins showing the relative elevations of 
the principal storage reservoirs and the proportion of the basin above the snowline in 2000 
 

The Feather River basin, for example, is sensitive to temperature change because its area-elevation curve is 
very flat, and for modest temperature changes, large areas of the basin could shift from snow-covered to rain-
influenced lands.  Reservoirs at higher elevations, such as Hetch Hetchy, are less likely to be affected by increased 
air temperatures from global warming in the next 25 to 30 years than those at lower elevations in terms of reservoir 
water temperatures and stream flow releases.  A shift in the timing of runoff would not likely cause a substantial 
change in the temperature of the minimum stream flow releases from reservoirs at higher elevations, since these 
releases are routinely made from the bottom of the reservoir (i.e., below the upper layer of water in the reservoir 
that is affected by air temperature).  If summer air temperatures become significantly higher with global warming, 
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streams may warm more rapidly than under historical conditions; however, air temperature is dynamic and highly 
variable, and thermal refuges such as cool, deep pools exist in most stream reaches. 
 

CONCLUSIONS 
 

In conclusion, this analysis indicates that the near-term effects of climate change through 2025 are not 
expected to affect the current water supply planning or operations of the HHWP water system.  Preliminary results 
from WSFM confirmed that a shift in the timing of runoff from late winter months to early winter months could 
occur between 2000 and 2025.  For the 48-year period, about 7 percent of the runoff shifted from the April–July 
period to the November–March period.  In dry years, the runoff volume is smaller, and 8.5 percent shifted, 
corresponding to a volume of about 35,000 acre-feet out of 410,000 acre-feet as an average runoff volume for that 
year type.  For normal years, 7 percent shifted, corresponding to a volume of about 50,000 acre-feet out of 677,000 
acre-feet as an average runoff volume.  For wet years, 6 percent shifted, corresponding to a volume of about 70,000 
acre-feet out of 1,410,000 acre-feet.  Spill is likely to cease a few days earlier in all years due the decrease in 
snowmelt runoff.  Basin and reservoir elevation is a key factor in determining the sensitivity of a basin and its 
infrastructure to climate change. 
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