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Motivation

• CVP is already experiencing 
climate change

• Primary versus secondary water 
management affects
• California climate is characterized 

by interannual variability

• Secondary trends can be more 
clear

• Potential for fundamental 
changes to CVP/SWP 
operations

American River Group, April 2024

Reclamation, 2024



Precipitation - Percent of 1991-2020 Mean

Source: Western Regional Climate Center



Mean Temperature Departures from 
1991-2020 Average

Source: Western Regional Climate Center



Modeling Cascade

• Carry the best available 
climate information 
through the modeling 
workflow

• Sequential models at 
differing scales

• Climate and process 
uncertainty 

Reclamation, 2021



Reclamation LTO Workflow

• Centers on the CalSim 3 
operations model
• Models regulatory, environmental, 

and contractual constraints on the 
CVP/SWP system

• Groundwater, sea level, and surface 
hydrology included

• Assumes fixed constraints under 
a hydrologic timeseries

• Historic timeseries adjusted to 
represent future climate

Climate Change 
Factors

Historical precipitation 
and historical detrended 

temperatures 

Quantile 
Mapping

GCM Selection

Future Climate 
Change Scenarios



LTO Workflow

Water Operations 
Model 

(CalSim II/   
CalSim 3)

Impact Models
• Water Temperature 

Models
• Salinity Models

• Emission Scenarios (RCP 
4.5 and RCP 8.5)

• Climate Model Projections 
(20 climate models for 
CMIP5)

• LOCA Downscaling

Input Adjustments 
to Reflect Sea 

Level Rise 
Assumptions

Input Adjustments to 
Reflect Climate Change 

Conditions

• Rim Inflows
• Water Year, Hydrologic Index, and Basin-

Wide Average Precipitation
• Reservoir Evaporation
• Delta ET/Delta Channel Depletion
• Valley Floor Runoff and Applied Water 

Demands
• Groundwater

Input Adjustments 
to Reflect Climate 
Change Conditions

Water Operations 
Model Input 
Processing 
(CalSim II/  
CalSim 3)

Hydrological 
Model (VIC)

Future Median 
Climate Change 
Scenario Data 
Development

Historical Climate
• Data 

extension
• Bias 

correction
• Detrending



Temperature Detrending

Maximum Temperature Minimum Temperature

The maximum and minimum temperatures are detrended with linear detrending method. The anchor period for temperature 
detrending is from 1991 to 2020. 

DRAFT: Subject to revisions 



Climate Scenarios

• Baseline
• 2022 Median ± 15 Years

• Climate Effects
• Limited changes in total volumes

• Earlier runoff, fill & spill

• Warmer water temperatures

• Sensitivity Cases
• Hot/Dry 

• 2022 ± 15 Years at 25th P and 75th T

• Warm/Wet

• 2022 ± 15 Years  at 75th P and 25th T

• 2040 Median

• 2040 ± 15 Years at 50th P and 50th T

Increase in 
Fall-Winter

Decrease in 
Spring-Summer

Increase in 
Fall-Winter

Decrease in 
Spring-Summer

DRAFT: Subject to revisions 
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Development of Detrended Historical 
Monthly Temperature Time Series

Following steps are used for detrending Tmax and DTR, separately. And Tmin is 

estimated as Tmax-DTR: 

1. Calculate monthly averages from daily data over the historical period. 

2. Compute linear trend for each month (e.g., January, February ..., December) 

(time series for each month). 

3. Remove the month-specific trend from the daily data. This results in a sequence 

of daily residuals. 

4. Calculate monthly climatologies for 1991-2020 (i.e., the mean of all January 

values, the mean of all February values, and so on, from the values computed in 

Step 1). 

5. Add the daily residuals calculated in Step 3 to the monthly climatology 

calculated in Step 4.
DRAFT: Subject to revisions 



2022±15 Median Climate Change Scenario

• Changes in temperatures and precipitation are projected 
from 2006 onwards using climate models under different 
emission scenarios

• Adjusts for climate change around projected 2022
• Statistics are developed from the period 2008 through 2037

• Uses climate model information for 2022 conditions

• Detrending and climate informed

• Modifies the historical meteorology for the entire period of 
record (1921 to 2021)

DRAFT: Subject to revisions 
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