
CalSim 3 Simulation Period Extension

A collaboration between U.S. Bureau of Reclamation, California Department of Water 
Resources, and Stantec
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Background

CalSim3 period of simulation now runs from WY 1922 – 2021

• When first developed, CalSim II simulated conditions based on water years 1922 – 1994. This period of 
simulation was later extended through 2003. 

• CalSim3 originally ran from 1922 – 2015 prior to this extension. 

CalSim3 uses a “level of development” approach (i.e., facilities, land use, contracts, and regulations are 
held constant over the period of simulation.) Best to interpret results as representing the range of 
outcomes that could occur for the chosen level of development (2020).
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Why extend 94-year period of simulation to 
100 years? 
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Why extend 94-year period of simulation to 
100 years? 



Model Input Data

2,443timeseries inputs 

25 lookup tables updated

Timeseries Data Relational Data



Data Extension Tasks

Updating/extending the following components:

• Reservoir evaporation rates timeseries data

• Rim inflow timeseries

• Land use

• Crop evapotranspiration rates

• CalSimHydro model

• Delta Channel Depletion model

• Groundwater boundary flows 

• Lookup tables 

• Artificial neural network (ANN) 

• Closure Terms & model validation

• Source documentation
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Reservoir Evaporation Rates

• Reservoir evaporation in Calsim3
• Dynamically calculated at runtime using reservoir area-capacity tables and reservoir evaporation rates

• Reservoir evaporation rate
• Calculated from, Hargreaves-Samani, empirical temperature-based equation
• Calibrated to pan evaporation or reservoir evaporation rates reservoirs operators.

• 52 locations for the Sacramento Valley and 36 locations for the San Joaquin Valley, each contain 
monthly evaporation rates from October 1921 – September 2021
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Reservoir Evaporation Rates

1. Find measured evaporation data ERobs (Lake 
Spaulding)

2. Estimate ER with Hargreaves-Samani method 
(HS) with elevation adjustment
• ERhs=0.0023(Tmax-Tmin )0.5 (Tavg+17.8) Ra
• Temperature from Prism

3. Correct bias in estimated ERhs
• Linear regression between ERhs  and ERobs

• Correct bias in ERhs

If no measured evaporation data (French 
Meadows), use regression parameters from a 
near by reference lake

Lake Spaulding regression coefficients



Rim Inflows

CalSim 3 represents the hydrology of the foothill and 
mountainous “rim” watersheds that surround the Central 
Valley as preprocessed timeseries of boundary inflows 
derived from observed streamflow records.

Data have been developed in a set of Excel workbooks, one 
for each inflow. There are 122 workbooks for the 
Sacramento Valley and 95 workbooks for the San Joaquin 
Valley, each contain monthly unimpaired inflows from 
October 1921 – September 2015. These data have now 
been extended through WY 2021.
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Rim Inflows
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French Meadows Rim Inflow



French Meadows Rim Inflow



Closure Terms

CalSim 3 uses ‘closure terms’ to adjust surface water supplies using historical streamflow data as a reference or 
control. These terms can be regarded as a bias correction of rim inflows and/or rainfall runoff so that simulated 
and recent observed streamflow data are more consistent. Data has been developed in a set of Excel workbooks, 
one for each closure term. These data have now been extended to include October 2015 – September 2021. 

Qupstrm

Upstream gauge

Qdownstrm

Downstream gauge

Qi

CalSim 3 boundary 
inflow estimated from 
incomplete historical 
record

CThist

Bias correction or 
“closure term”

CThist  = Qupstrm + Qi - Qdownstrm 
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Concept

Bias correction for rim 
inflows and rainfall 
runoff complicated by 
many other types of 
inflows and outflows 
along stream reach.

Apply closure terms 
when rim inflows and 
rainfall runoff dominant 
components of water 
balance
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Qupstrm

Upstream gauge

Qdownstrm

Downstream gauge

Qi

CalSim 3 boundary 
inflow estimated from 
incomplete historical 
record

CThist

Bias correction or 
“closure term”

Diversions for irrigated agriculture

Return flows from irrigated agriculture

Return flows from wastewater treatment plants

Diversions for M&I use
Rainfall-

runoff from 
valley floor

Stream 
seepage losses

Groundwater 
inflow



Extension to 2021 - Challenges
• Historical Data availability and limitations

• Lack of information on Agricultural Return Flows

• Inconsistencies between C2VSIM and GW DLL

• Changes in Hydrology over time

• No consistent monthly bias seen in at few locations
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Sacramento Valley
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Sacramento at Freeport

Yolo Bypass near Woodland

Putah Creek 

near Davis

Cache Creek 

at Yolo

Sacramento at Verona

American at

Fair Oaks

Feather River at Nicolaus

Colusa Basin 

Drain at Outfall

Yuba River at 

Smartville

Bear River near 

Wheatland

Sacramento at Butte City

Sacramento above Bend Bridge

Stony Creek below Black Butte Dam

Feather River at Oroville

Sacramento 

Slough near 

Karnak

Trinity at Lewiston

Sacramento at Shasta

Butte Creek near Chico

Major gauge/flow location

Model control node – adjustment Nov - Mar

Model control node – adjustment year-round

Cache Creek 

above 

Rumsey

Sacramento at Keswick

Sacramento below Wilkins Slough



Sacramento Valley
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Average
Max 

Monthly
Min

Monthly
Comment

(TAF/year) (TAF) (TAF)

CT_BENDBRIDGE_SV 144 368 -270

CT_BUTTECITY_SV -90 1165 -527

CT_COLUSA_SV 0 0 0 No longer used

CT_DAVIS_SV 0 0 0 No longer used

CT_FAIROAKS_SV -81 0 -114

CT_FREEPORT_SV 95 309 -417

CT_NICOLAUS_SV 107 513 -659 Nov – Mar only

CT_OROVILLE_SV -24 0 -157

CT_SACSLOUGH_SV 0 0 0 No longer used

CT_SMARTVILLE_SV -25 0 -73

CT_VERONA_SV -36 1891 -1159 Nov – Mar only

CT_WHEATLAND_SV 13 70 -60

CT_WILKINSSL_SV -4 575 -300

CT_WOODLAND_SV 0 0 0 No longer used

CT_YOLO_SV 0 0 0 No longer used

Total 97 2,628 -1,522
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over weirs causing large 
negative values



San Joaquin Valley
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San Joaquin nr Vernalis

Major gage/flow location

Model control node – adjustment year-round

San Joaquin nr Newman

Merced River Slough nr Newman

San Joaquin River bw Friant Dam

Fresno River bw 

Hidden Dam

Chowchilla 

River below 

Buchanan Dam

Merced River bw 

Merced Falls 

Dam

Tuolumne River bw 

LaGrange Dam

Stanislaus River bw 

Goodwin Dam

Stanislaus River 

at RiponSan Joaquin River at Maze Road Bridge

San Joaquin River nr Patterson

San Joaquin River near Stevinson

San Joaquin River nr Dos Palos

James Bypass/

Fresno Slough

Mud Slough near Highway 140

Salt Slough Slough near Gustine

Merced River 

nr Stevinson

Tuolumne River 

nr Modesto

Ingram Creek

Del Puerto Creek

Orestimba Creek

Los Banos Creek

Quintos Creek

Dry Creek
Accretion at La Grange 

Dam

Accretion at La Grange DamDry Creek

NEW MELONES DAM

NEW DON PEDRO DAM

NEW EXCHEQUER 

DAM

Burns Creek

Bear Creek

Owens Creek

Mariposa Creek
Deadman 

Creek
BUCHANAN DAM

HIDDEN DAM

FRIANT DAM

Accretion at Tulloch Dam
Accretion at Goodwin 

Dam

Chowchilla Creek accretion
Fresno Creek 

accretion

Berenda 

Creek

Cottonwood Creek

Little Dry Creek

San Joaquin River 

at Gravelly Ford



San Joaquin Valley
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Average Max Min Comment

(TAF/year) (TAF) (TAF)

CT_GRAVFORD_SV -48 6 -9

CT_MELON_SV -21 0 -45

CT_MERCED_SV 164 21 7

CT_MODESTO_SV 98 18 0

CT_MUDSLOUGH_SV 0 0 0 No longer used

CT_PEDRO_SV -1 0 -16

CT_RIPON_SV 113 18 3

CT_SALTSLOUGH_SV -48 2 -15

CT_STEVINSON_SV 115 30 -5

CT_VERNALIS_SV 0 0 0 No longer used

Total 371
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CalSimHydro Input Extension
• PPT extended using the PRISM database.

• ET extended using temperature and PPT data from PRISM.

• Land use data extended through the DWR Atlas database.

• Modified Fortran-based IDC code.

Challenges:

Holes in the land use data provided by the DWR Atlas 
database.

Land use data only available for 2016, 2018, and 2019. 2020 
available (3/8/2023) with 2021 expected soon.

The temperature data for the entire period-of-record in PRISM has 
changed.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6-1. Hydrology Preprocessor (CalSimHydro) Components and Data Flow 

Legend 
AW – Applied Water Demand 
DP – Deep Percolation 
DU – Demand Unit 
ET – Evapotranspiration 
LU – Land Use 
PPT – Precipitation 
RF – Return Flow (tailwater) 
SR – Surface Runoff (from rainfall) 
TW – Tailwater 
WBA – Water Budget Area 
WW – Wastewater 
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DETAW & DCD: Delta 
Net Channel 
Depletion

• Simulates channel depletions in the 
Sacramento-San Joaquin Delta.

• Evolution of DICU (Delta Island 
Consumptive Use) Model.

• Simulates farming practices, irrigation 
efficiencies, and allocation factors to 
distribute island values to DSM2 nodes.

• Outputs diversions to islands, drainage 
from islands, and seepage on DSM2 
nodes.



DETAW & DCD 
Extension

• DCD uses station meteorological data as inputs.

• Observations before 2016 were sourced from different networks e.g. NCDC, 
CIMIS, were left unchanged.

• Update for 2016 – 2021/present uses observations from the CIMIS network.

• Future work

• Evaluate the benefits of using PRISM, HRRR as input sources.

• How does changing to newer inputs impact DCD output?



ANN: a DLL in CalSim 3

• Provides flow-salinity 
relationships in the Delta.

• DSM2 is the standard DWR 
model for hydro dynamics and 
water quality. 
• The running time of DSM2 makes 

it too expensive for CalSim 3;

• 1 hour of computing time to 
simulate 1 year of salinity.

ANN Calibration/Validation

CALSIM Simulation w/ANN

DSM2 Simulation

Comparison of Results

Acceptable

        ?

YesNo
Finished

DSM2 Simulation



Extension of the ANN DLL

• As of July 2022 CalSim 3 ANN DLL was capable of running between 
October 1921 to September 2016.

• 15mins Tidal data for Golden gate was updated up to 2025, and the ANN 
DLL is now capable running up until 2025.

• ANN has been calibrated for the period of for 1940-2015, and validated 
for the period of 1923-1939. Salinity (EC) Regression analysis shows 
R2 > 0.9 for control stations. 

• Current version of ANN DLL is suitable for running extended period (up 
until 2021) without re-training.

• Recent SMSCG ops studies proved that ANN DLL works well without 
new training.



• CalSim GW DLL: Simulation module of IWFM was 
separated and compiled into a dynamic-link library 
(DLL)

• Preprocessed input timeseries:
• Water Budget Areas on GW Elements

• Deep percolation from CalSimHydro
• Delta Area on GW Elements

• DCD Model
• GW Elements outside the WBA

• Deep percolation from CalSimHydro with Native Vegetation
• Small watershed areas outside of the GW Elements

• Boundary recharge from the Small Watershed model
• GW element areas in the Tulare Basin

• Groundwater pumping developed from C2VSim-FG

CalSim GW DLL Timeseries Input Extension



Small Watersheds Extension

• Standalone version of the C2VSim Small 
Watershed simulation module
• Provides subsurface lateral inflow to boundary 

groundwater nodes

• Model Timeseries Inputs:
• Monthly Precipitation

• Extended for each Small Watershed using PRISM
• Monthly Average ET 

• Not modified
• No changes were made to pre-extension input 

datasets
• Comparison of extended datasets showed 

minimal differences

• Boundary recharge extended 
through  September 2021

DWR (2021)



External Elements Extension

• C2VSim Elements not covered by the WBAs

• Deep percolation is modeled using the RFRO and IDC models from the 
CalSimHydro model
• Assumes Native vegetation

• Model Timeseries Inputs:
• Monthly Precipitation

• Extended for each Element using PRISM

• Monthly ET – From nearby WBA ETc for native vegetation
• Extended for each Element from the Extended CalSimHydro Model

• Comparison of extended dataset showed minimal differences

• Deep percolation from the external elements was extended through 
September 2021



Tulare Groundwater Pumping Extension

• Original inputs based on the C2VSim-FG model, which was not available for 
the extension period.

• Dataset was extended through September 2021 using the most similar 
water years
• Similar water year closest to total annual full natural flow (FNF) volume at San 

Joaquin below Friant

Water Year
Annual FNF 

(TAF)
Matched Water 

Year
Annual FNF 

(TAF)
2016 1,127 1947 1,129
2017 4,341 1938 3,526
2018 1,409 2003 1,412
2019 2,668 1941 2,600
2020 921 1991 933
2021 699 1990 758



Miscellaneous Timeseries

The majority of CalSim 3 timeseries input data consist of rim inflows, reservoir evaporation, closure terms, and 
CalSimHydro output. Other inputs include (approximate number given in parenthesis):

• Inputs based on C2VSim groundwater modeling (329)

• Delta Channel Depletion (27)

• Precipitation (26)

• CDEC unimpaired flows (10)

• Applied water (11)

• Uncategorized (62)
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Miscellaneous Timeseries

The majority of CalSim 3 timeseries input data consist of rim inflows, reservoir evaporation, closure terms, and 
CalSimHydro output. Other inputs include (approximate number given in parenthesis):

• Inputs based on C2VSim groundwater modeling (329)

• Delta Channel Depletion (27)

• Precipitation (26)

• CDEC unimpaired flows (10)

• Applied water (11)

• Uncategorized (62)
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Source Documentation Effort: Purpose 

To identify and document the sources (models, spreadsheets, etc.) to 
generate input data for the base CalSim3 model 

Documentation of the input data will be stored in a centralized 
repository for use for the broader CalSim modelling community. 



Source Documentation Effort: Version Control 

• It w s determi ed t  t   ‘g tekeeper s ’ will be  ssig ed to: 
• Review issues and updates forwarded to them

• Request further info (ask about impact of revisions, etc.)

• Perform QC (e.g., check for unused timeseries)

• Incorporate revisions into the SV DSS file and documentation 

• A standardized procedure to incorporate revisions will be developed



Model Validation



Model Validation Metrics: 
Delta Inflow

Assess the overall performance of CalSim 
3 through comparison of historical and 
simulated inflows from the Sacramento 
Valley to the Delta

This comparison provides an aggregate 
measure of the validity of: 

• rim inflows

• surface runoff

• groundwater inflows to the stream 
system

• surface water diversions

• surface water return flows

Figure: Historical Average Annual Inflows to the Delta for Water Year 1990-2009
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Thank you!

Co-presenters
• Bridget Childs Bridget.Childs@stantec.com

• Jim Polsinelli James.Polsinelli@water.ca.gov

• Kunxuan Wang KWang@usbr.gov

• Lauren Thatch LThatch@usbr.gov

• Mechele Pacheco MPacheco@usbr.gov

• Puneet Khatavkar Puneet.Khatavkar@stantec.com
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