
Estimating Monthly Delta Outflow 
During the First Six Decades Following 
the Gold Rush
WYs 1851 – 1911 Reconstruction Based on Legacy Hydrologic Data

CWEMF Annual Meeting
Session 22
Folsom, CA September 25, 2024

Paul Hutton, Ph.D., P.E.
Sujoy Roy, Ph.D.
Tetra Tech, Inc.

Funding Provided by State Water Contractors



• Extend available Delta outflow 
time series back to California Gold 
Rush era (circa 1850)

• Evaluate trends associated with 
“normalized” Delta outflow –
normalized to unimpaired runoff

• Evaluate validity of hypothesis 
that a systemwide decrease in 
evapotranspiration occurred in 
the latter half of the 19th century, 
a trend that was driven by:
– the removal of high water using 

natural vegetation and
– reduction in overbank flows due to 

levee construction 

Study Objectives



From Hutton et al. (2017)
Freshwater Flow to the San Francisco Bay-Delta Estuary over 

Nine Decades (Part 1) : Trend Evaluation Hydrological Processes 



Systemwide Decrease in ET
During Latter Half of 19th Century

Suggested by Gross et al. (2018)



Timeline of 
Alterations

WYs 1851 - 1944



Model Framework 
Schematic



• Implicitly assumes stationary in-Delta water use over 
study period

• Stage discharge estimates are insensitive under low 
flow conditions

• Tidal discharge estimates were deemed unreliable

– do not show credible seasonal variability over key periods 
when Sacramento water level data are unavailable

– Poor predictive ability under low flow conditions

Motivation for Not Adopting 
Moftakhari et al. (2013, 2015)

Outflow Estimates



Delta Inflow Models



Calibration – Validation – Input Time Series
WYs 1912 - 1944

Calibration



Delta Water Use 
Time Series

 WYs 1851 - 1944



Delta Outflow 
Reconstruction 
WYs 1851 - 1911



Change in Outflow Distribution
Wet Years



Normalized Outflow 
Trends

 WYs 1851 - 2022



• Extended available Delta outflow time series back to 
California Gold Rush era (circa 1850)

• Evaluated trends associated with “normalized” Delta 
outflow – normalized to unimpaired runoff

• A systemwide decrease in evapotranspiration likely 
occurred in the latter half of the 19th century, a 
trend that was driven by:

– the removal of high water using natural vegetation and

– reduction in overbank flows due to levee construction

• Contemporary annual water use similar to pre-
development conditions; shift in seasonal timing

Summary & Conclusions



EXTRA SLIDES



Sacramento Water Level Data



Other 
Data



Moftakhari et al (2015) 
Model Framework Schematic





Normalized Inflow 
Trends

 WYs 1851 - 2022
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