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Overview

* Introduction

* Overview approach

* Climate change scenarios development
 Sensitivity scenarios to review range of uncertainty

* Concluding remarks



Future Climate Change Analysis
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Top Down or Decision-Scaling Approach
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Data extension mp Bias correction IZ> Detrending i CIimateScenario]Z>[ VIC simulation |

| Rim Inflows ]Z>[ Lookup Tables ]Z>[ Reservoir Evaporation ]I>[ Valley Floor Flows ]:>[ Delta Channel Depletion ]:>[ Groundwater ]

Data processing

Data extension

 Historical daily precipitation and temperature data are extended through 2021 using PRISM
data.

* Livneh data: 1915-2015
 PRISM data: 2016-2021

Bias correction
» Extended historical data are bias corrected using monthly PRISM data.

Temperature Detrending

* Bias corrected maximum and minimum temperatures are detrended using Linear Trend
Removing Technique.

» Detrended temperatures are anchored using the climatological average over the period 1991
to 2020.




[ Data extension ]:>[ Bias correction ]:> DIV -4~ > Climate Scenario ]:>[ VIC simulation |

[ Rim Inflows ]:>[ Lookup Tables ]:>[ Reservoir Evaporation ]:>[ Valley Floor Flows ]:>[ Delta Channel Depletion ]:>[ Groundwater ]

Temperature Detrending

Change in Temperature due to detrending (deg C)
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[ Data extension ]:>{ Bias correction ]I:>[ Detrending |° O RNEINEICIIE O™ > VIC simulation ]

(_Rim Inflows 2> Lookup Tables J=>( Valley Floor Flows I">( Delta Channel Depletion |-»( Reservoir Evaporation =) Groundwater |

Future Climate Scenarios Development

Historical detrended
temperatures and precipitation

: Quantile Climate Future Climate
O mapping = change factors Change Scenarios

« GCM selection

* Quantile mapping
* Median climate change scenario centered around 2040 (2026-2055).
* The reference period is centered around 1995 (1981-2010).
* Median of the Quantile mapping estimated for 40 climate model projections.

» Superimposing to detrended historical meteorology

* Future Climate Change Scenarios



[ Data extension ]:>[ Bias correction ]I:>[ ISl -g Climate Scenario B VIC simulation ]

| Rim Inflows ]:>[ Lookup Tables ]:>[ Reservoir Evaporation ]:>[ Valley Floor Flows ]:>[ Delta Channel Depletion ]:>[ Groundwater ]

Projected Changes in Average Temperature for
Major Watersheds

Change in Temperature (deg C)
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[ Data extension ]:>{ Bias correction ]I:>[ ISl -g Climate Scenario B VIC simulation ]

| Rim Inflows ]:>[ Lookup Tables ]:>[ Reservoir Evaporation ]:>[ Valley Floor Flows ]:>[ Delta Channel Depletion ]:>[ Groundwater ]

Projected Changes in Precipitation for Major
Watersheds

Change in Precipitation (%)
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[ Data extension ]:>{ Bias correction ]I:>[ Detrending ]:>[ Climate Scenario [©) VIC simulation

| Rim Inflows ]:>[ Lookup Tables ]:>[ Reservoir Evaporation ]:>[ Valley Floor Flows ]:>[ Delta Channel Depletion ]:>[ Groundwater ]

Hydrological Modeling
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[ Data extension ]:>[ Bias correction ]:>[ Detrending ]:>[ Climate Scenario [~ VIC simulation

[ Rim Inflows ]:>[ Lookup Tables ]:>[ Reservoir Evaporation ]:>[ Valley Floor Flows ]:>[ Delta Channel Depletion ]:>[ Groundwater ]

Projected Absolute Changes in Precipitation, AET, and
Runoff for Major Watersheds

Absolute Change in Annual Average Climate Variables
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[ Data extension ]:>[ Bias correction ]E>[ Detrending ]Z>[ Climate Scenario ]Z>[ VIC simulation ]
| Rim Inflows ]Z>[ Lookup Tables ]Z>[ Reservoir Evaporation ]I>[ Valley Floor Flows ]:>[ Delta Channel Depletion ]:>[ Groundwater ]

Model Input Adjustments

e CalSim 3:

* Develop input hydrology for 2040 climate change scenarios
* Rim Inflows

Lookup Tables

 Reservoir Evaporation

Valley Floor Flows and Applied Water Demand

Delta Channel Depletion

« Groundwater




| Data extension |~ Bias correction J=>(_ Detrending J-){ Climate Scenario > VvICsimulation ]

Rim Inflows [ Lookup Tables ]:>[ Reservoir Evaporation ]:>[ Valley Floor Flows ]:>[ Delta Channel Depletion ]:>{ Groundwater ]

Projected Changes in Runoff for Major Watersheds

Percent Change in Average Annual Flow

CalSim3 Input: Rim Inflows
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Volume (TAF)

[ Data extension ]:>[ Bias correction ]E>[ Detrending ]Z>[ Climate Scenario ]:>[

VIC simulation |

Rim Inflows [ Lookup Tables ]Z>[ Reservoir Evaporation ]I>[ Valley Floor Flows ]:>[ Delta Channel Depletion ]:>[ Groundwater ]

Projected Changes in Monthly Pattern of Runoff
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[ Data extension ]:>[ Bias correction ]:>[ Detrending ]:>[ Climate Scenario ):>[ VIC simulation ]

[ Rim Inflows ]:> eIl [SNEIICII ™ >\ Reservoir Evaporation ]:>[ Valley Floor Flows ]:>[ Delta Channel Depletion ]:>[ Groundwater ]

Water Year Type

CalSim Il Water Year Type Classification
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| Data extension |~ Bias correction J=>(_ Detrending J-){ Climate Scenario > VvICsimulation ]

[ Rim Inflows ]:>[ Lookup Tables |- )BT IdaE ol il > Valley Floor Flows ]:>[ Delta Channel Depletion ]:>[ Groundwater ]

Reservoir Evaporation

CalSim3 Input: Reservoir Evaporation

Percent Change in Average Annual Evaporation Rate
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Climate Change Scenarios

* Future climate condition centered on 2040 (50th-ile T & 50th-ile P)

* Analysis are being mainly based on the median climate change
scenario

* Sensitivity scenarios to review range of uncertainty

* Hot and dry (75th-jle T & 25t-jle P)

« Warm and wet (25th-jle T & 75t-jle P)

« Extreme heat and dry (95th-jle T & 5th-jle P)
 Additional sensitivity scenarios to be considered

« 2022 median climate change (50th-ile T & 50th-ile P)

* Historical Temperature Detrended




Temperature Change

Temperature Change
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Precipitation Change

Precipitation change
W 2040 Median ® 2040 Hot-Dry m® 2040 Warm-Wet m 2022 Median ®HTD
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Potential ET Change

PET change
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Runoff Change

Runoff change
W 2040 Median 2040 Hot-Dry m 2040 Warm-Wet m2022 Median mHTD
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Runoff: 8 River Index

October-September Eight River Index
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Concluding Remarks

* Future median climate conditions centered on 2040 was developed.

 CalSim 3 and CalSim Il meteorologic and hydrologic boundary conditions
were updated to represent future climate conditions.

 Climate change analysis for LTO analysis are mainly based on 2040 median
climate change conditions.

* A set of sensitivity scenarios are being developed to review range of
uncertainty under future climate conditions.

« Workflow has been developed to generate future climate change scenarios
using ensemble-informed approach and can also support for a large
ensemble or decision-scaling/hybrid approach.

@
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| Data extension |~ Bias correction > Detrending Pt g - VICsimulation ]

[ Rim Inflows [">( Lookup Tables J=>( Valley Floor Flows I">( Delta Channel Depletion J=){ Reservoir Evaporation J=)( Groundwater |

GCM Selection

« 20 of 32 GCMs were selected through this process
* Uses both RCP 4.5 and RCP 8.5 emission scenarios

* Includes 5 GCMs selected by CCTAG

VIC Routed Runoff Statistics for 8 Rl

. . Relative Change in
Relative Annual Change in . g
Standard Deviation of
Runoff
Runoff

64 GCM Projections -1.4% 10.3%
20 CCTAG Projections 4.7% 16.6%
40 LTO Projections -1.0% 10.8%




[ Data extension ]:>[ Bias correction ]:>[ Detrending |FORCIEICICIEIG O™ > VIC simulation |

[ Rim Inflows ]:>[ Lookup Tables ]:>[ Reservoir Evaporation ]:>[ Valley Floor Flows ]:>[ Delta Channel Depletion ]:>[ Groundwater ]

Projected Changes in Runoff - 8RI
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Volume (TAF)

[ Data extension ]:>[ Bias correction ]E>[ Detrending ]Z>[ Climate Scenario ]:>[

VIC simulation |

Rim Inflows [ Lookup Tables ]Z>[ Reservoir Evaporation ]I>[ Valley Floor Flows ]:>[ Delta Channel Depletion ]:>[ Groundwater ]

Projected Changes in Monthly Pattern of Runoff for the

Eight River Basin
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Volume (TAF)

[ Data extension ]:>[ Bias correction ]E>[ Detrending ]Z>[ Climate Scenario ]:>[

VIC simulation |

Rim Inflows [ Lookup Tables ]Z>[ Reservoir Evaporation ]I>[ Valley Floor Flows ]:>[ Delta Channel Depletion ]:>[ Groundwater ]

Projected Changes in Monthly Pattern of Runoff for the

Sacramento 4RI

Sacramento 4RI Averages
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Volume (TAF)

[ Data extension ]:>[ Bias correction ]E>[ Detrending ]Z>[ Climate Scenario ]Z>[ VIC simulation |
[ Lookup Tables ]Z>[ Reservoir Evaporation ]I>[ Valley Floor Flows ]:>[ Delta Channel Depletion ]:>[ Groundwater ]

Projected Changes in Monthly Pattern of Runoff for the
Sa n J oa q u i n 4 RI October-September San Joaquin 4RI
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[ Data extension ]:>[ Bias correction ]E>[ Detrending ]Z>[ Climate Scenario ]Z>[ VIC simulation ]
Rim Inflows [ Lookup Tables ]Z>[ Reservoir Evaporation ]I>[ Valley Floor Flows ]:>[ Delta Channel Depletion ]:>[ Groundwater ]

Projected Changes in Monthly Pattern of Runoff for the
Sacramento 4RI
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[ Data extension ]:>[ Bias correction ]E>[ Detrending ]Z>[ Climate Scenario ]Z>[ VIC simulation ]
Rim Inflows [ Lookup Tables ]Z>[ Reservoir Evaporation ]I>[ Valley Floor Flows ]:>[ Delta Channel Depletion ]:>[ Groundwater ]

Projected Changes in Monthly Pattern of Runoff for the
San Joaquin 4RI
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VIC simulation |

| Data extension ]:>[ Bias correction |=»(  Detrending ]:>[ Climate Scenario ):>[

[ Rim Inflows ]:> eIl [SNEIICII ™ >\ Reservoir Evaporation ]:>[ Valley Floor Flows ]:>[ Delta Channel Depletion ]:>{ Groundwater ]

Lookup Tables

Change in Average Annual Flow
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CDEC Sacramento Inflow to Shasta
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[ Data extension ]:>[ Bias correction ]:>[ Detrending ]:>[ Climate Scenario ]:>[ VIC simulation ]

[ Rim Inflows ]:> eIl [SNEIICII ™ >\ Reservoir Evaporation ]:>[ Valley Floor Flows I:>[ Delta Channel Depletion ]:>[ Groundwater ]

Water Year Type

CalSim Il Water Year Type Classification
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[ Data extension ]:>{ Bias correction ]I:>[ Detrending ]:>[ Climate Scenario ]:>[

125

VIC simulation |
[ Rim Inflows ]:>[ Lookup Tables ]:>[ Reservoir Evaporation ]:> Delta Channel Depletion ]:>[ Groundwater ]
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| Data extension |~ Bias correction J=>(_ Detrending J-){ Climate Scenario > VvICsimulation ]

| Rim Inflows ]:>[ Lookup Tables ]:>[ Reservoir Evaporation ]:> Delta Channel Depletion ]:>[ Groundwater |
Projected Changes for Sacramento and San Joaquin Valleys

CalSim3 Input: Applied Water,
Surface Runoff, Tailwater,
Wastewater, and Deep Percolation

Percent Change in Average Annual Precipitation and
Reference ET
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| Data extension |~ Bias correction J=>(_ Detrending J-){ Climate Scenario > VvICsimulation ]

[ Rim Inflows ]:>[ Lookup Tables ]:>[ Reservoir Evaporation ]:>[ Valley Floor Flows Groundwater ]
[ ]
De I ta C h a n n e I De p I Etl O n CalSim3 Input: Delta Island

Irrigation, Drainage and Seepage

Delta Channel Depletion: Net Changes
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| Data extension |~ Bias correction J=>(_ Detrending J-){ Climate Scenario > VvICsimulation ]

[ Rim Inflows ]:>[ Lookup Tables ]:>[ Reservoir Evaporation ]:>[ Valley Floor Flows ]:>[ Delta Channel Depletion

Ca I Si m Hyd rO E E CalSim3 Input: Deep Percolation (DP)

Total Mass Balance of CalSimHydroEE Parameters

Precipitation 14,346

Evapotranspiration - 1,539

Surface Runoff

Deep Percolation -2,105 -

Change in Storage

Mass Balance 0
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[ Data extension ]:>[ Bias correction ]:>[ Detrending ]:>[ Climate Scenario ):>[ VIC simulation ]

[ Rim Inflows ]:>[ Lookup Tables ]:>[ Reservoir Evaporation ]:>[ Valley Floor Flows ]:>[ Delta Channel Depletion

Ca I Si m Hyd rO E E CalSim3 Input: Deep Percolation (DP)

Monthly Pattern of Hydrology Variables at EEs for WBA 60S
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| Data extension |~ Bias correction J=>(_ Detrending J-){ Climate Scenario > VvICsimulation ]

[ Rim Inflows ]:>[ Lookup Tables ]:>[ Reservoir Evaporation ]:>[ Valley Floor Flows ]:>[ Delta Channel Depletion
SI I Ia I IWate rShed S CalSim3 Input: Baseflow

Relative Change in Annual Average
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| Data extension |~ Bias correction J=>(_ Detrending J-){ Climate Scenario >( VvICsimulation |

[ Rim Inflows ]:>[ Lookup Tables ]:>[ Reservoir Evaporation ]:>[ Valley Floor Flows ]:>[ Delta Channel Depletion
SI I Ia I IWate rShed S CalSim3 Input: Baseflow

Long-term Average Monthly Patterns
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| Data extension |~ Bias correction J=>(_ Detrending J-){ Climate Scenario > VvICsimulation ]

[ Rim Inflows ]:>[ Lookup Tables ]:>[ Reservoir Evaporation ]:>[ Valley Floor Flows ]:>[ Delta Channel Depletion

Sma I IWate rShedS CalSim3 Input: Baseflow

Root Zone Mass Balance

Precipitation 268
Evapotranspiration

Runoff

Deep Percolation -39

Change in Storage 0
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2
0
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[ Data extension ]:>[ Bias correction ]:>[ Detrending ]:>[ Climate Scenario ]:>[ VIC simulation ]

[ Rim Inflows ]:>[ Lookup Tables ]:>[ Reservoir Evaporation ]:>[ Valley Floor Flows I:>[ Delta Channel Depletion
SI I la I IWate rShEd S CalSim3 Input: Baseflow

Groundwater Zone Mass Balance

Deep Percolation -39

Baseflow

Change in Storage

Change in Storage 2

Groundwater Zone Mass Balance 0

Volume (acre-ft)



Climate Change Scenarios

1. 2040 Median

a. 50th percentile of temperature
b. 50th percentile of precipitation

2. 2040 Hot and Dry

a. 75th percentile of temperature
b. 25th percentile of precipitation

3. 2040 Warm and Wet

a. 25th percentile of temperature
b. 75th percentile of precipitation

4. 2040 Extreme Heat and Dry

a. 95th percentile of temperature
b. 5th percentile of precipitation




Maximum Temperature Change

Tmax change
m 2040 Median = 2040 Hot-Dry ® 2040 Warm-Wet m2022 Median ®HTD
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Minimum Temperature Change

Tmin change
W 2040 Median ®m 2040 Hot-Dry m® 2040 Warm-Wet m® 2022 Median ®HTD
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Actual ET Change

AET change

W 2040 Median ® 2040 Hot-Dry  m 2040 Warm-Wet m 2022 Median ®HTD
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Runoff: Sacramento 4 River Index

Sacramento 4RI Averages
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Runoff: San Joaquin 4 River Index

October-September San Joaquin 4RI

Baseline = = = 2040 Median 2040 HotDry
San Joaquin 4RI Averages ——— 2040 Warm-Wet —— 2022 Median ——HTD
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[ Data extension ]:>[ Bias correction ]E>[ Detrending ]:>[ Climate Scenario ]Z>[ VIC simulation ]
[ Rim Inflows ]Z>[ Lookup Tables ]Z>[ Reservoir Evaporation ]Z>[ Valley Floor Flows }:>[ Delta Channel Depletion ]:>[ Groundwater ]

Approach Summary

Process/Variable Approach

Data Extension Merging Datasets

Bias Correction Statistical Bias Correction Method
Temperature Detrending Average Trend Removing Technique
Climate Scenario Quantile Mapping

VIC simulation Hydrological Modeling

Rim Inflows Monthly and Annual Adjustment with error distribution
Lookup Tables Monthly and Annual Adjustment
Reservoir Evaporation Monthly and Annual Adjustment
Valley Floor Flows Monthly and Annual Adjustment
Delta Channel Depletion Monthly and Annual Adjustment
Groundwater Monthly and Annual Adjustment




[ Data extension ]:>[ Bias correction ]:>[ Detrending ]:>[ Climate Scenario ]:>[ VIC simulation ]

Rim Inflows [ Lookup Tables ]:>[ Reservoir Evaporation ]:>[ Valley Floor Flows ]:>[ Delta Channel Depletion ]:>[ Groundwater ]

Rim Inflows

Variables to be adjusted: 1. Rim Inflows (Monthly)

1
Perturbation of CalSim 3 Input Data ;

|
Monthly Change Factor ! 2040 Median
I .
Annual Adjustment Factor ! Climate Change

e — ! Scenario
; Error Distribution to |
I Baseline Contributing Watersheds ( Perturbed Monthly '
| i o . R
; CalSim 3 Historical Rim Inflow
|
1

e L Rim Inflow
VIC simulated 2040

climate change scenario
Total Runoff

[ Rim Inflow ]

\Ya

Historical VIC simulated
Total Runoff




[ Data extension ]:>[ Bias correction ]I:>[ Detrending ]:>[ Climate Scenario ]:>[ VIC simulation ]

[ Rim Inflows ]:> eIl [SNEIICII ™ >\ Reservoir Evaporation ]:>[ Valley Floor Flows ]:>[ Delta Channel Depletion ]:>[ Groundwater ]

Lookup Tables

Variables to be adjusted: 1. Unimpaired flow (Monthly),
2. Basin-averaged precipitation (Monthly)

. . 2040 Median
Perturbation of CalSim 3 Model Data
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|
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[ Data extension ]:>[ Bias correction ]:>[ Detrending ]:>[ Climate Scenario ]:>[ VIC simulation ]

|_Rim Inflows ]:>[ Lookup Tables [ Valley Floor Flows I:>[ Delta Channel Depletion ]:>[ Groundwater |
[ ] [ ]
Reservoir Evaporation

Variables to be adjusted: 1. Reservoir Evaporation (Monthly)

Perturbation of CalSim 3 Input Data
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[ Data extension ]:>[ Bias correction ]I:>[ Detrending ]:>[ Climate Scenario ]:>[ VIC simulation ]

[ Rim Inflows ]:>[ Lookup Tables ]:>[ Reservoir Evaporation ]:> Delta Channel Depletion ]:>[ Groundwater ]
Valley Floor Flows (calsimHydro)

Variables to be adjusted: 1. Precipitation (Daily) and
2. Evapotranspiration (Monthly)

2040 Median
Climate Change
Scenario

Perturbation of CalSimHydro Input Data

Monthly Change Factor

l . Annual Adjustment Factor
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[ Data extension ]:>[ Bias correction ]I:>[ Detrending ]:>[ Climate Scenario ]:>[ VIC simulation ]

| Rim Inflows ]:>[ Lookup Tables ]:>[ Reservoir Evaporation ]:>[ Valley Floor Flows Groundwater ]
[ ]
Delta Channel Depletion

Variables to be adjusted: 1. Precipitation (Daily),
2. Maximum Temperature (Daily), and

3. Minimum Temperature (Daily)

I | |
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1o . !
! A Scenario !

1 | I
I Monthly Change Factor b :
ImT T T T L Lo Delta I
: : I o . Annual Adjustment Factor ( Perturbed Daily o Drainage :
1 Baseline DCD L Historical Tmax, Tmin, »  Tmax, Tmin, and L, I
I ;! and Precipitation , : P b N
| | : Livneh 2040 climate Precipitation Lo Delta I
L e . change scenario Tmax, 1o Irrigation :
: __ Tmin, and Precipitation Lo A g I
I e A ol ( ) :
; Historical Livneh Tmax, Lo Delta Seepage J

I Tmin, and Precipitation : :

I -

| | |




[ Data extension ]:>[ Bias correction ]I:>[ Detrending ]:>[ Climate Scenario ]:>[ VIC simulation ]

[ Rim Inflows ]:>[ Lookup Tables ]:>[ Reservoir Evaporation ]:>[ Valley Floor Flows ]:>[ Delta Channel Depletion
Groundwater (CalSimHydroEE)

Variables to be adjusted: 1. Precipitation (Daily) and
2. Evapotranspiration (Monthly)
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Perturbation of CalSimHydroEE Input Data
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[ Data extension ]:>[ Bias correction ]I:>[ Detrending ]:>[ Climate Scenario ]:>[ VIC simulation ]

[ Rim Inflows ]:>[ Lookup Tables ]:>[ Reservoir Evaporation ]:>[ Valley Floor Flows ]:>[ Delta Channel Depletion
Groundwater (SmallWatersheds)

Variables to be adjusted: 1. Precipitation (Daily) and
2. Evapotranspiration (Monthly)
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Perturbation of SmallWatersheds Input Data
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