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Simulations must incorporate varied forecasting 

policies and projected climate ensembles
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Impacts of seasonal forecast accuracy and declining snowpack on California water supply 

Forecasting policies can be tailored to meet 

different objectives of the system 4
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Figure 5. The model was run using actual, imperfect forecasts and perfect forecasts to predict rest-

of-year streamflow and water year indices (WYI). Results from historical simulations and water year

type (WYT) forecasting are shown. The grey boxes represent months in which the perfect hindsight

water year type forecast gives a critical dry year, but the actual forecast overpredicts the WYT. The

lines above this give the days in each month in which south of Delta water supply shortages occur,

for both the perfect and actual forecasts.

Figure 7. (right)

A representation of the

stacked lines in figure 5, in

terms of percentages. This

figure uses only days in the

model runs for which the

actual forecast overpredicts a

dry/critical year. The bars

represent, for model runs

using each of the forecasts,

the percentage of these days

for which a south-of-Delta

shortage occurs. This shows

that the frequency of

shortages throughout the

year decreases in model

runs using perfect forecasts.

By utilizing the perfect

forecasts, large shortages

will occur only in summer

months with low flows.

Figure 8. In the next set of model runs the forecasts are tailored to be either more conservative

(predicting drier years) or aggressive (predicting wetter years). End-of-water-year carryover storage,

which is highly dependent on inflow forecasts, is much higher when tailoring imperfect forecasts to

more conservative years, as the reservoirs will receive more inflow than planned for.

Figure 9. The differences between south-of-Delta shortages and flood risks in the set of

imperfect forecasted model runs and the perfect hindsight forecasted case. The results show a

tradeoff between shortages and flood risks depending on how the forecast is tailored.

Figure 10. Results from running the

model with climate ensemble inputs.

Highlighted are inputs and export

results for the 25th quartile of

scenarios with the greatest decrease

in snowpack. Significant decrease in

snowpack correlates with decreases

in the summer irrigation season

Delta exports, but not decreases in

the winter flood season exports.

Figure 11. (right) Highlighted are

inputs and export results for the

25th quartile of scenarios with the

greatest increase in flood season

inflows. Significant increase in

winter inflows correlates with

increases in the flood season (Oct

– Apr) exports. However,

increases in irrigation season

(May-Sep) exports are not seen.
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Conclusions and future work: With future shifts in precipitation-phase timing, the seasonal

forecasting processes currently used will lose much accuracy. In order to retain snowpack-based

forecasting’s benefits to California’s water supply, significant adaption will be required. The effects

of tailoring the conservativeness and aggressiveness of forecast on historical operations have

been found. The model’s performance under future scenarios has also been examined. In order to

create more robust seasonal forecasting policies which incorporate adaption to climate changes,

further exploration will be performed by varying forecasting policies in future climate scenarios.

Figure 1: California’s extensive reservoir

system is developed to support flood

management, a highly profitable agricultural

sector, and municipal water supply.

Figure 2: The ORCA (Operations of Reservoirs in

California) model simulates the Shasta, Oroville, and

Folsom reservoirs in the northern Sierra Nevada.

Reservoir releases to the Sacramento-San Joaquin

Delta, depending on Delta outflow requirements,

either flow to the San Francisco Bay or are pumped

south, primarily to irrigation districts, via the Central

Valley Project (CVP) and State Water Project (SWP).

System operations are highly dependent on seasonal

reservoir inflow forecasts based on snowpack. The

model simulates these forecasts as well, which are

used to classify the hydrologic year and determine

end of year carryover storage targets.

Figure 3: Climate projections show

significant decrease in Sierra Nevada winter

snowpack further into this century.

Figure 4: Two sets of model runs are performed. The first set is

represented by figures 5a-5g, and the second by 5h-5n. The

first set of simulations uses historical hydrologic data as inputs.
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Figure 6. (left) A confusion matrix comparing

the actual imperfect and perfect hindsight

forecasts. Percentages represent for each

perfect hindsight forecast WYT in the vertical

direction, and the percent of time the actual

forecast gives the specified WYT in the

horizontal direction. The matrix shows that in

general, the current actual forecasting system

is most effective when predicting water year

types at both extremes (critical and wet years).

In other water year types the forecasts are

correct less than half the time. However,

potential mis-operations to the system due to

these incorrectly forecasted WYTs will be less

severe.
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For each simulation in the first set, the forecasting mechanism in the model is altered. In the second 

set of runs, model forecasting is not altered. The second set uses an ensemble of CMIP5 projections 

from the US Bureau of Reclamation. Each simulation uses a different climate projection, which often 

shows inflow timing shifting earlier in the years as more precipitation falls as rain instead of snow. 


