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Climate: sea level rise, precipitation & resultant 
streamflows, direct atmospheric forcing over the Delta
Infrastructure: alternative conveyance, island flooding, 
ecosystem restoration
Pollution/Water Quality: invasive species, contaminants, 
decreasing turbidity

Figure by J. Dileo, USGS

Many forces of change



GCM outputs are also downscaled to provide oceanic forcing (water levels).

Evaluation of daily, 120-year climate scenarios for the Bay-Delta

atmospheric
forcing

oceanic
forcing

Hydrologic forcing,
sediment supply Hydrologic forcing

Global climate model outputs are downscaled to provide atmospheric forcing.These outputs drive models of watershed hydrology, management, and sediment.



• 36 scientists
• 3 USGS offices
• 4 academic institutions
• 1 non-profit (Deltares)
• 2 graduate students
• 2 postdocs

CASCaDE 2:
Linked modeling 
framework to 
evaluate Delta 
responses to 
multiple forces of 
change



CASCaDE 2 Scenarios of Change

1100 miles of fragile levees 
currently protect subsided 
Delta “islands”.
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Water year precipitation 
as percentage of historical 

1961-1990 climatology 

10 CMIP5 Global Climate Models (GCMs) selected  
From more than 30 GCMs, 10 were identified as suitable for California 

water resources vulnerability and adaptation planning. 

Annual change in 
temperature relative to 
1961-1990 climatology 

Dark colored 
traces are 10
selected GCMs  

Climate Forcings—Meteorology
Cayan, Pierce, Tyree, Dettinger
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Noah Knowles, Collin Cronkite-Ratcliff

RVIC
C2-CalSim

CRESPI
daily

monthly

Flows for smaller basins 
directly from CRESPI

Larger basins require 
scaling of CRESPI results 

based on CalSim

MODELS (red means new for CASCaDE)
VIC: gridded hydrology
RVIC: streamflow routing
C2-CalSim: modified DWR operations model
CRESPI: new method for producing daily managed flow estimates

Downscaled 
meteorology VIC

OUTPUTS: 20 scenarios (each 1980-2099) of daily flows 
and operations throughout the watershed and estuary
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• Project future sediment supply 
from the Sac. River to Delta

• HSPF (Hydrologic Simulation 
Program-Fortran) Model 

• Produces daily suspended 
sediment throughout basin

• Driven by: daily flows & 
meteorology, 
dams/diversions/impairments, 
channel geometry, land use, soil 
types

Stern, Flint, Minear and Wright
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Hydrodynamic Model: 
DFLOW-FM

Deltares: Arthur van Dam, Sander van der Pijl, Herman Kernkamp
UNESCO-IHE: Mick van der Wegen, Fernanda Achete, Ali Dastgheib, Johan Reyns,

Dano Roelvink
UCSD: Rose Martyr, John Helly
USGS: Bruce Jaffe, Theresa Fregoso, Noah Knowles, Lisa Lucas



Hydrodynamic Model Boundary Condition Time Series

Horizontal BCs:
Upstream inflows (7 locations)
Water temperature (6 locations):

river
ocean boundary

Salinity (2 locations): 
ocean boundary
river (Vernalis)

Sea level
Watershed sediment flux

Management Controls:
Exports (7 locations)
Sac Weir Flows
Gates (DCC and Suisun Marsh)
Barriers (4 locations)

Vertical BCs (gridded over domain): 
Air temperature
Precipitation
Wind speed/dir
Relative humidity
Cloudiness
Surface pressure





Data publishing: californiacoastalatlas.net



Community Hydrodynamic Model
Our shared vision is of a research/management community built 

around the Bay-Delta D-Flow FM model we’ve developed.

www.d3d-baydelta.org



The end

Summary • Ecosystem modeling toolbox for CASCaDE & beyond
• Tools needed to inform ecosystem restoration & mgmt
• Stakeholders include:

Delta Stewardship Council
USBR
USEPA
USFWS 
USACE
CA 4th Climate Assessment
Bay Area Environmental Climate Change Coalition
CA DWR
CA Nat Res Agency
CA Coastal Conservancy
CA State Wat Res Cont Board
CA Dept of Fish & Wildlife
BCDC
SF Reg Water Qual Control Board
San Francisco Estuary Institute/
SF Bay Nutrient Management Strategy
Nature Conservancy
Academia, Consultants



End
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