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CA Environmental Flows Framework (CEFF)

Provides technical guidance for managers to efficiently develop 
scientifically defensible environmental flow recommendations following a 
functional flows approach.

Multi-step process to define:
• Ecological flow criteria: metrics that describe the range of flows that must be 

maintained within a stream and its margins to support the natural functions of 
healthy ecosystems

• Environmental flow recommendations: metrics that consider human uses and 
other management objectives along with ecological flow criteria

Guidance document now available: ceff.ucdavis.edu



By 2002, Over 200 methods and broader frameworks existed 
to assess water requirements and support flow management 
(Tharme 2003)

• Hydrologic (flow)

• Hydraulic (flow + stage & velocity) 

• Habitat-based (physical + biological)

• Holistic (entire ecosystem)

DeSabla powerhouse
Butte Creek, CA

Environmental Flow Methodologies



Flow-ecology relationships are:

• described for a limited set of flow metrics

• averaged over the flow record

• often single species focused 

• static, not time variable

• not process-based

• don’t account for shifting baselines

So what’s the Problem?
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It’s not 
just a 
matter 
of Flow 
Volume

This is the same annual 
flow volume!

Postel & Richter 2003 



Environmental Flows - focus on 
hydrograph flow components that:

• Support natural disturbances

• Promote physical dynamics

• Drive ecosystem functions

• Support high biodiversity

Consideration of geomorphic 
setting and channel-floodplain 
dynamics

Yarnell et al. 2010

Functional Flows Approach



• “Functional Flow” = hydrograph component that provides a 
distinct geomorphic, ecologic, or biogeochemical function

• Reflective of natural patterns that occur in space & time

Yarnell et al. 2015

Functional Flows Approach



• Primary geomorphic 
disturbance

• Resets natural processes such 
as succession

• Redistributes large volumes 
of sediment

• Prevents vegetation 
encroachment

• Reduces extent of exotic 
species not adapted to 
disturbance regime

• Most effective when given 
SPACE – levee setbacks, levee 
breaches to floodplain, 
tributary junctions

Cosumnes River, 
CA levee breaches

Sacramento 
River, CA

Peak Magnitude Flow



(Jeffres et al 2008)

Chinook Salmon

High to Low Flow 
Transition

• Redistributes and sorts 
sediment mobilized by high 
flows  

• Limits riparian vegetation 
encroachment

• Provides distinct annual 
cues for native species to 
reproduce and outmigrate

• Extended cold water and 
floodplain inundation

Foothill
yellow-
legged 
frog

Spring Recession Flow



Magnitude, timing and duration of specific flow events vary:

within their associated season depending on regional climatic 
conditions, and between years depending on global climate conditions 

Supports diversity in geomorphic habitat and subsequent 
diversity in native species over the long-term

Interannual Flow Variability



Functional Flows need to “Function”

Restoring Geomorphic Complexity

• Physical Habitat Restoration

• Floodplain Connectivity

Yarnell et al. 2015; Yarnell and Thoms, In review



Challenges to Implementation in California

• California is a very 
complex/diverse state

• Hard to balance 
environmental flow 
needs with a broad 
range of other demands

• 95% of gauged locations 
have at least some 
altered flows; 11% have 
pervasive alteration
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• Different systems

• Different endpoints

• Different management 
needs

• Different stakeholder 
priorities

• Poor coordination

• Challenge in sharing data

• Uncertainty in which methods are 
most appropriate

• Inefficiencies/redundancy in 
developing requirements

• Difficulty in communicating to 
stakeholders and the public

Many programs are attempting to set environmental flows

Need for a Coordinated Framework



CEFF Steps
Overview

ceff.ucdavis.edu

Stein et al. 2021



CEFF 
Section A



Using Natural Flows to Set Ecological Flow 
Criteria in Section A



Functional Flows in California

Yarnell et al. 2020 RRA

Metrics relate to general 
stream health based on 
natural flow conditions



Modeled Natural Functional Flows

• Predictions of natural functional flow metric 
ranges at every stream in the state

• Hydrologic model predictions used for 16 
metrics and observed, reference-gage data 
used for 8 metrics

• Ranges reported by water-year type for most 
metrics

Grantham et al. 2022 FES



Natural Flows Web Tool: rivers.codefornature.org



CEFF 
Section B



Section B: Investigating Specific Flow-Ecology 
Relationships



CEFF 
Section C



Section C 
Develop Environmental Flow Recommendations



Section C: Alteration analysis - Tuolumne



Outcomes of CEFF

• Ecological flow criteria for areas of interest
• Required by multiple regulatory processes (FERC, SGMA, ESA, WQcerts, etc)

• Environmental flow recommendations (via stakeholder process)

• Recommended mitigation measures (via stakeholder process)

• Implementation, monitoring and adaptive management plan

• Online tools:
• natural flows database/web tool (rivers.codefornature.org)

• functional flow calculator in python (eflows.ucdavis.edu)

• information repository (ceff.ucdavis.edu)



Special Issue Journal – Frontiers in Freshwater Science

Open Access to all articles

https://www.frontiersin.org/research-topics/16816/environmental-
flows-in-an-uncertain-future#articles

• Special issue provides additional 
external peer review of CEFF products
✓ 20 total articles, 6 related to CEFF

• Highlights CEFF in the context of 
international efforts





Tools



Next Steps
CEFF is a “living document”

• Reviewed by the WQMC eflows workgroup
• Revised technical report is available, considered “draft final”
• FAQs available: https://ceff.ucdavis.edu/fact-sheets-and-faqs
• Overview paper available: 

https://www.frontiersin.org/articles/10.3389/fenvs.2021.769943/full

Multiple case studies under development
• Little Shasta and Cosumnes – groundwater-surface water interactions (paper available)

• Eel River – dam relicensing and reoperation

• Southern California – flow requirements for water quality (paper available)

Workplan to guide and prioritize new efforts
• Improvements in technical tools
• Track and document case studies
• Mechanisms for ongoing data and information sharing
• Available on CEFF website: 

https://ceff.sf.ucdavis.edu/sites/g/files/dgvnsk5566/files/media/documents/CEFF%20Imple
mentation%20workplan_Aug2021%20Draft.pdf

https://ceff.ucdavis.edu/fact-sheets-and-faqs
https://www.frontiersin.org/articles/10.3389/fenvs.2021.769943/full
https://www.frontiersin.org/articles/10.3389/fenvs.2021.788295/full
https://www.frontiersin.org/articles/10.3389/fenvs.2022.787631/abstract
https://ceff.sf.ucdavis.edu/sites/g/files/dgvnsk5566/files/media/documents/CEFF%20Implementation%20workplan_Aug2021%20Draft.pdf

