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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: Cefﬁ UCdaViS, EdLI



Environmental Flow Methodologies

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

* Hydrologic (flow) o
* Hydraulic (flow + stage & velocity)
» Habitat-based (physical + biological)

* Holistic (entire ecosystem)



So what’s the Problem?

Flow-ecology relationships are:

S5 modeing.

- described for a limited set of flow metrics ...
 averaged over the flow record & s
* often single species focused

e static, not time variable

* not process-based
* don’t account for shifting baselines




It’s not
just a
matter
of Flow
Volume

Postel & Richter 2003
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iy Fish are overcrowded
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feeding areas
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Functional Flows Approach

Environmental Flows - focus on
hydrograph flow components that:

e Support natural disturbances
* Promote physical dynamics

* Drive ecosystem functions

e Support high biodiversity

Consideration of geomorphic
setting and channel-floodplain
dynamics
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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
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Peak Magnitude Flow .. _

* 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
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Spring Recession Flow ..
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Interannual Flow Variability

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
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4

Functional Flows need to “Function’

Restoring Geomorphic Complexity
* Physical Habitat Restoration
* Floodplain Connectivity
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Yarnell et al. 2015; Yarnell and Thomes, In review



Challenges to Implementation in California

| = N <

e California is a very % 4' 5

complex/diverse state G E:

' 5

* Hard to balance bt N )
environmental flow LS e

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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Severe . B e Severe . . )

Zimmerman et al 2018



Need for a Coordinated Framework

Many programs are attempting to set environmental flows

. Different systems  Poor coordination

. Different endpoints * Challenge in sharing data

* Uncertainty in which methods are

 Different management )
most appropriate

needs

e Different stakeholder
priorities

* Inefficiencies/redundancy in
developing requirements

* Difficulty in communicating to
stakeholders and the public



Section A

At my location(s) of interest,
what are the natural ranges of

c E F F St e S flow metrics for each of my five Identify ecological flow
p functional flow components?

What are the corresponding

Ove rVi ew ecological flow criteria?

STEPS 1-4

criteria using natural
functional flows

Do any of my five functional flow
components require additional

|_
= assessment due to non-flow
— factors?
=
. a No Yes

i

ceff.ucdavis.edu i
<
o
2 Section B
E (as applicable) How do | use
o additional information to develop STEPS 5-7
E ecological flow criteria given | logical fl
E physical and biological Develop ecological tlow

constraints? criteria for each flow
component requiring
additional consideration

\4

Compile ecological flow I
criteria for all functional flow-§
components

Section C

How do I reconcile ecological flow
needs with non-ecological
management objectives to create

balanced environmental flow STEPS 8-12

recommendations?

Develop environmental
flow recommendations

SOCIOPOLITICAL
CONSIDERATIONS

Stein et al. 2021



CEFF
Section A

SOCIOPOLITICAL
CONSIDERATIONS

SCIENCE-BASED ASSESSMENT

Section A

STEPS 1-4

Identify ecological flow

criteria using natural
functional flows

Section B
STEPS 5-7

Develop ecological flow
criteria for each flow
component requiring
additional consideration

Section C

STEPS 8-12

Develop environmental

flow recommendations

Step 1 — Define ecological management goals

Step 2 — Obtain natural ranges of flow metrics
for five functional flow components

Step 3 — Evaluate if non-flow factors may affect
the ability of natural ranges of functional flow
metrics to achieve ecological management goals

Step 4 — Select ecological flow criteria for
functional flow components that don’t
require additional consideration

OUTCOME — Ecological flow criteria from Step
4 and identification of functional flow
components requiring further assessment in
Section B




Using Natural Flows to Set Ecological Flow
Criteria in Section A

{ FUNCTIONAL FLOWS }

Biological Interactions

1

Ecosystem Functions

1

[ Ecological Responses ]

Physical
Habitat




Functional Flows in California

90t & 10t percentile of flow
® Median (50 percentile) flow
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Metrics relate to general pulse
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natural flow conditions
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Yarnell et al. 2020 RRA



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

V —
A 0 50 100 200 300 400
Kilometers




Natural Flows Web Tool: rivers.codefornature.org
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CEFF
Section B

SOCIOPOLITICAL
CONSIDERATIONS

SCIENCE-BASED ASSESSMENT

Section A

STEPS 1-4

Identify ecological flow

criteria using natural
functional flows

Section B
STEPS 5-7

Develop ecological flow
criteria for each flow
component requiring
additional consideration

Section C

STEPS 8-12

Develop environmental
flow recommendations

Step 5 — Develop detailed conceptual model
relating focal functional flow components to
ecological management goals

Step 6 — Quantify flow-ecology relationships

Step 7 — Define ecological flow criteria for focal
functional flow components

OUTCOME - Synthesis of ecological flow criteria
from Steps4 and 7




Section B: Investigating Specific Flow-Ecology

Relationships

[ )
FUNCTIONAL FLOW COMPONENTS

Fall Pulse Wet-season Dry-season Spring
Peak Flows .
Flow Baseflow Baseflow Recession Flows
Dry-Season )
Baseflow

magnitude (cfs) )
Model stream Model stream
temperature across hydraulics across
range of flows range of flows

Water Quality: Physical Habitat:
Temperature Depth and Velocity
Apply physiological -~~~ -~ Apply habitat
tolerance thresholds \ v suitability criteria
Temperature Suitability for Physical Habitat Suitability
Juvenile Salmon Survival for Juvenile Salmon Rearing

Determine flow to Determine flow to
maximize growth N maximize growth
and survival and survival
(>22 cfs) (17-23 cfs)
Determine optimal flows that Ecological Response:
Satisfy bOth temperature Ond ........... Juvenile Growth and Survival
physical habitat requirements rates
(22-23 cfs)




CEFF
Section C

SOCIOPOLITICAL
CONSIDERATIONS

SCIENCE-BASED ASSESSMENT

Section A

STEPS 1-4

Identify ecological flow

criteria using natural
functional flows

Section B
STEPS 5-7

Develop ecological flow
criteria for each flow
component requiring
additional consideration

Section C

STEPS 8-12

Develop environmental
flow recommendations

Step 8 — Identify management objectives

Step 9 — Assess flow alteration

Step 10 — Evaluate management scenarios
and assess tradeoffs

Step 11 — Define environmental flow
recommendations

Step 12 — Develop implementation plan

OUTCOME: E-flow recommendations and

implementation plan




Section C
Develop Environmental Flow Recommendations

Step 12
Develop ~ Clarify the
implementation decision
plan context
Step 11 Step 8
Define flow ob'zac:z:s&
recommendations J
measures
Propose & Assess
Step 10 evaluate Step 9

: alteration
alternatives ~
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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

Environmental Flows in an Uncertain Future

Open Access to all articles

https://www.frontiersin.org/research-topics/16816/environmental-

Manage topic Subrmit your abstract Subit your manuscript f/ ows- i n-an-uncer ta i n —fu tu I e# ar ti C / es
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1=~ The California Environmental Flows Framewcrk: Meeting the Challenges of Developing a
| =~ Large-Scale Environmental Flows Program

Eric C. Stein, Julie Zimmerman ., Sarah #. Yarnell, Bromwen Stanford, Belize Lane |, Kristine T. Taniguchi-Guan ,
Alyssa Obester, Theedore E. Grantham . Rebert AL Lusardi and Samuel Sandeval-Sclis
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Qriginal Rezearch Environmental flow programs aim to protect aquatic habitats and specieswhile recognizing competing water demands. Often this is
done atthe local of watershed level because it is relatively easier to address technical and implementation challenges ...

Published on 28 Dotober 2021
Front. Environ. Sci. doi: 103333 fenvs. 2021763943

2,543 totalviews | Asnesic =

Environmental Flow Requirements of Estuaries: Providing Resilience to Current and Future
Climate and Direct Anthropogenic Changes

Caniel Chilton , David P. Hamilton | Ivan Magelkerken , Perran Cook, Matthew R. Hipsey . Robert Reid | Marcus
Sheaves , Mathan J. Waltham and Justin Brookes

Rewview Estuaries host unique biodiversity and deliver a range of ecosyster services at the intetface between catchment and the ocean. They are also
Among the most degraded ecosysterms on Earth. Freshwater flow regimes drive ecological processes contributing ..

Published on 17 November 2021

Front. Enviren. Sci. doi: 10.3339fenvs.2021.764213

2287 total views | Asmesic s

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

Highlights CEFF in the context of
international efforts



/= The California Environmental Flows Framework: Meeting the Challenges of Developing a Large-
| Scale Environmental Flows Program

- Eric D Stein . Julie Zimimerman . Sarah M. Yarnell | Bronwen Stanford, Belize Lane | Kristine T. Taniguchi-Cluan | Alyssa
v COhester , Theodore E. Grantham . Robert A Lusardi and Samuel Sandowal -Solis

Original Research Environmental flow programs aim to protect aquatic hakitats and species while recognizing competing water dermands. Often
this is done at the local or watershed level because it is relatively easier to address technical and implementation challenges ..

Application of flow ecology analysis to inform prioritization for stream restoration and management actions

Katie Irving ., Kristine Taniguchi-Cluan . Amanda Aprahamian . Cindy Rivers, Grant Sharp . Raphael D Mazor . Susanna Theroux . Byan Peek
and Eric D Stein

Original Research A key challenge in managing flow alteration is determining the severity and pattern of alteration associated with the degradation
of biclogical communities. Understanding these patterns helps managers prioritize locations for restoration and flow ..

Functional Flows in Groundwater-Influenced Streams: Application of the California
Environmental Flows Framework to Determine Ecological Flow Needs

Sarah M. Yarnell , Ann Willis , Alyssa Obester , Byan A Peek | Robert A Lusardi, Julie Zimmeran . Theodore E. Grantham
and Enc O Stein

Orig.i.nal Research Environmental flows, or the practice of allocating water in river systems for ecelogical purpeses, is a leading strategy for
conserving agquatic species and improving river health. However, consideration of surface- groundwater connectivity is seldom ..

Developing ecological flow needs in a highly altered region: Application of California Environmental Flows
Framework in southern California, USA

Kristime T. Taniguchi-Ctuan . Katie lrving . Enc D Stein |, Aaron Poresky | Richard & Wildman, Jr, Amanda Aprahamian . Cindy Rivers, Grant
Sharp . Sarah Yarnell and Jamie Feldman

Original Research Flow alteration is a pervasive issue across highly urbanized watersheds that can impact the physical and kiclogical condition of
streams. In highly altered systems, flows may support novel ecosystemns that may not have keen found under natural ...

Identifying Functional Flow Linkages Between Stream Alteration and Biological Stream
Condition Indices Across California
Ryan Peek . Katie Iring . Sarah M. ¥arnell . Reb Lusardi, Erc O Stein and Raphael Mazor

Original Research Large state or regional environmental flow programs, such as the one based on the California Environmental Flows Framework,
rely on broadly applicakle relationships between flow and ecology to inform management decisions. California, despgite having ...

Theodore Grantham , Daren M. Carlisle , Jeanette Howard , Belize Lane , Robert Lusardi, Alyssa Chester , Samuel Sandoval -5olis, Bromeen
Stanford, Erc D. Stein . Kristine T. Taniguchi-Gtuan |, Sarah M. Yarnell and Julie K H. Zimmierman

Original Research Envircnmental flows are critical to the recovery and conservation of freshwater ecosystems worldwide. However, estimating
the flows needed to sustain ecosystem health across large, diverse landscapes is challenging. To advance protections of ..



Tools

Explore and visualize California's
unimpaired streamflow patterns,

California Environmental Flows Framework

Home The Framework > Resources > About

Fact Sheet and FAQs

California Environmental Flows Framework Resources Fact Sheet and FAQs

In response to comments received throughout the development of the Framework, the CEFF Technical

A
! Including natural stream classes and
“ functional flow metrics
L
-

ics

R Package for Obtaining Functional Flow Metrics

An R package has been developed that allows users to access the Functional Flows Calculator directly via

metrics quantify
aspects of the
ral flow regime

Fa o
Team has developed resources to help users understand the Framework and answer common questions. an Ap| The package E]”DWS users to: d to critical
’ ’ ystem functions.
A fact sheet describing the Framework is available for download here. Pre
° . . ~ . .
The FAQs provided below detail responses to questions that arose during public review of the California Art) Retrieve streamflow data automatlcally from USGS or transform user uploaded streamflow timeseries
Environmental Flows Framework version 1.0. They have been ﬁroueed into the following categories based and run them th rough the fU nctional flOW calculator Dnline,
on sin
analy C |f i N .t | I:l D t b * Obtain modeled functional flow R R
alltornia Natura OWS Dalalbase o Umbrella Species and Functional Flow Needs
—— ® Create plots of dimensionless h
Water is essential for California’s people, economy, and environment. Centuries of water e Compare observed and natural Umbrella fish species and their functional flow requirements were identified for California. Access the map
diversion have altered the flows in many streams and rivers, which can harm the freshw here, or begin using the map below by clicking "OK". The map displays the umbrella species for California;
Conservancy and the United States Geological Survey (USGS), and other partners have The package is available on GitHub users may click on a watershed to view regional fish species assemblages (where each assemblage Is
(expecied streamflow in the absence of human modification) in all the streams and river ' represented by a different color), the umbrella species associated with each assemblage, and the HUC 12
present.
distributions that comprise these assemblages outlined in gray. Functional flow needs for each umbrella
Explore the Data species are available in the attached Excel workbook. For further details on how umbrella species were
identified, see Obester et al. 2021.
ol
Regional Fish Species Assemblages and Umbrella ...
}Jwﬂi “' ol AR W L Bl
H Rl A h
Science Ma Data download and API I
P "3’{' ‘zj 2
Understanding natural flows and patterns of Explore, visualize, and download the natural Feel more comfortable at the command line? j'ﬁ"
flow alteration is an important first step in flows data with a map-based application. Query the data directly using a REST API. Lakes and Reservoirs 5
improving the management of California’s Search for stream segments, visualize Follow the link below for detailed - |
rivers and streams for human and ecosystem estimated flow rates, and download flow data  documentation and code samples in R,




Next Steps

CEFF is a “living document”
* Reviewed by the WQMC eflows workgroup
* Revised technical report is available, considered “draft final”
e FAQs available: https://ceff.ucdavis.edu/fact-sheets-and-fags

* Overview paper available:
https://www.frontiersin.org/articles/10.3389/fenvs.2021.769943 /full

Multiple case studies under development
e Little Shasta and Cosumnes — groundwater-surface water interactions (paper available)
* Eel River — dam relicensing and reoperation
e 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

