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1. Evaluate ecological trade-
offs of water projects and 
their operations. 

2. Develop a broader set of 
functional ecological flow 
guidelines. 

 Vision: one 
integrated decision 
support platform for 
evaluating multiple 
species trade-offs 

Why TNC developed EFT 

Shasta Dam 

 

NODOS 

 

BDCP 

 



Other2 Reservoir Operations & 
Conveyance 
• Sacramento River dam / diversion 

operations 

• Delta conveyance & pumping operations 

• Coordinated operational criteria (e.g., 
biological opinions, D-1641 variations) 

• External climate forcing 

• Alternative human population demands 

Bank protection & gravel 
augmentation 
• River meander , soil erosion 

• Effects on bank swallow habitat suitability, 
large woody debris recruitment, flows 

• TUGS model, effects on salmon spawning 
habitat suitability 
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CS7 – Juvenile development in Yolo Bypass

CS9 - Juvenile mortality risk (passage time)

CS10 – Juvenile temperature stress

 25 performance 
indicators 



Over 70 scientists 

Ryan Luster, TNC Tricia Brachter, DFG Peter Klimley, UC Lori Chamurro, DFG 
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Maurice Hall, TNC George Edwards, DFG Ron Ganzfried, USBR Tara Smith, DWR 
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Don Robinson, ESSA Adam Henderson, DWR Mike Tansey, USBR Nazrul Islam, DWR 
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Coupled modeling 

Sacramento 

River

Delta

CALSIM-II

· Monthly flows

USRDOM

· Daily flow disagregation

· Northern boundary = 

Keswick

· Southern boundary = 

Knights Landing

SRWQM
· Daily flow 

disagregation

· Daily water 

temperatures

· Same boundaries as 

USRDOM

The Unified 

Gravel-Sand 

(TUGS) sediment 

transport model

Meander Migration 

(MM) model

DSM2 (HYDRO-QUAL-PTM)

· Flow, stage, salinity, water temperature, particle 

fate, turbidity (if avail.)

· Tides, hydrodynamics

· Boundary conditions = stage at Martinez, monthly 

water diversions into Delta

· Own node-link representation

EFT 

Database
Hydro-

ecological 

response 

algorithms

“Plug-in”
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Multiple outputs 

http://youtu.be/WcwRdM3f6Ao You om 
0 
(,) 

Location 

iii 
CD 

1 

http://essa.com/tools/eft/download/
http://essa.com/tools/eft/download/


  

  

 
BDCP Effects 
Analysis 
Findings 
 
 
 

 
of winners & 
losers  



  

  

Climate change dwarfs effects of 
operational alternatives 

 Ecological Flows Tool: Indicator u ; % of simulation years with favorable 

conditions
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Ecological Flows Tool: Indicator w ; % of simulation years with favorable 

conditions
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Climate and/or  

demand effect 

Current ELT LLT 

• Deteriorating baseline comparisons mask 
 



 Major finding No.4: 

 

• Reservoir operation criteria 
cemented in BDCP effects modeling 
are highly constrained, limiting 
ability of BDCP to fully explore & 
realize opportunities. 

BDCP effects analysis findings 



  

Pilot test: integrating EFT with systems 
operations models 

CALSIM 

suite 

Incorporating EFT derived ecological flow criteria to 
CALSIM 

 

  

CALSIM 
suite 



Initial Pilot Results 

Salmonid Winners 

CS1 Spawning WUA        Winter        +35% Good 
CS6 Redd Dewatering     Spring         +36% 
CS4 Juvenile Stranding   Winter        +34%  

 

Salmonid Losers 

CS1 Spawning WUA        Spring         –15% Good 
CS1 Spawning WUA        Fall              –14% 
CS2 Rearing WUA            Steelhead  –13% 
 

• Compare ecological change for 
Baseline and pilot Ecological 
Flows scenario 

• Winter Chinook: notable 
improvement in CS1, CS6, CS4; 
decline in CS2 

• Delta Smelt: moderate 
improvement (i.e. reduction) in 
entrainment 
 

 

• Jagger’s Law*: inverse correlations exist 
 

 
* You can’t always get what you want 



A New Paradigm:  
Flexible ecosystem priorities                                     
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Input Results database: Scores from previous iterations 

Output CALSIM targets at Shasta & Delta pumps 

Components R+MOPSOCD, iteration and convergence 

Optimization Engine  [ PC ] 

 
 

 
 
 
 

Components Job scheduler  

Batch Run Controller  [ Server ] 

Results DB 

 
 

 
 
 
 

 
 

 
 
 
 

 
 

 
 
 
 

 
 

 
 
 
 

Input CALSIM targets at Shasta & Delta pumps 

Output EFT PM Scores [ ES, RS, RF ] 

Components  CALSIM, MILP Solver, 
    USRDOM, USRWQM, DSM2, EFT, local SQL db,    
    Windows-based Unix utilities (bash, grep,  etc.) 

Simulation Engines  [ Amazon EC2 Cloud ] 



Other2 A new paradigm: flexible ecosystem 
priorities 

• Multiple, equally acceptable solutions exist 

• Smart, state-dependent priorities 

• Build multi-objective, state-dependent 
optimization engine  

Sustained refinement & application of EFT 

• EFT one element of community modeling hub 

• “Gathering place” for generally accepted functional 
relationships / algorithms 

• Every CALSIM run should be coupled with an EFT run 

 

Design adaptive management experiments, 
real-time decision support tools 

• Disproportionate amount of effort devoted to water 
planning models in California 
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EFT software & Final Report:   

essa.com/tools/ecological-flows-tool/ 

eft-userguide.essa.com/ 

 

General information: 

 

Clint Alexander   Ryan Luster   

calexander@essa.com  rluster@tnc.org  

(250) 860-3824   (530) 897-6370, ext. 213 
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RESERVES 
(e.g., to support Q&A) 



Other2 North-of-the-Delta Offstream Storage 
Investigation 

• SacEFT 

• 5 alternatives including reference case 

BDCP 

• SacEFT & DeltaEFT  

• 8 alternatives including reference case and 
future climate change variants 

• Full analysis 

 

Pilot investigation – Incorporating EFT 
Derived Ecological Flow Criteria to 
CALSIM 

• Rule-sets converted to WRESL 

• Winter-run chinook and Delta smelt  
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History 

2004-
2007 

• TNC pilot 
studies riparian 
vegetation 
Sacramento 
River 

• Flows Study 

2008 
• Finished Flows 

Study 

• Delivered 
SacEFT v.1 

2009 
• DeltaEFT 

design 
workshop 

• <California 
Bond Freeze> 

2010 
• SacEFT v.2 

• Completed 
DeltaEFT design 
guidelines 

• SacEFT v.2 
applied to BDCP 

• Data access 
negotiations  for 
DeltaEFT 
(protracted) 



 

2011 
• SacEFT CWEMF 

presentation 

• SacEFT v.2 
applied to 
NODOS EIS/R 

• DeltaEFT 
development 

2012 
• Completed 

DeltaEFT v.1 

• EFT users guide 
(Reader 
software) 

• DeltaEFT 
applied to 
BDCP 

• DeltaEFT 
presentations 
to SWRCB 

2013 
• Full BDCP 

effects analysis 
modelling 

• Testing 
alternative EFT 
flow 
requirements 
(CALSIM) 

 

2014 
• Completed EFT 

Final Report 



 

24 

high 

low 

simple intermediate very complex 

Model Complexity 

• ability to understand model 

behaviour 

• ease of application (data, cost) 

• ease of interdisciplinary linkage 

• community of users (shrinks) 

• spatial / temporal resolution 

• acceptability to disciplinary 

specialist 

• perceived “realism” of process 

representation 

• cost 

• tuning & equifinality 

 Things that increase w complexity 

 Things that decrease w complexity 



EFT relative 
suitability (RS) 
thresholds 


