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A talk informed by the work of others
 Biologists/Ecologists

– Ted Grantham
– Letitia Grenier
– Eric Stein
– Josh Viers
– Jim Cloern
– Frank Davis
– Mark Schwartz
– Alison Whipple
– Nate Seavy
– Anna Sturrock
– Carson Jeffres
– Rob Lusardi
– Caitrin Chappelle

 Hydrologists/Climatologists
– Mike Dettinger
– Daniel Swain
– Sarah Null
– HB Zeff
– Sarah Yarnell

 Economists
– Ellen Hanak
– Richard Howitt
– Josue Medellin-Azuara
– Yusuke Kuwayama
– Andrew Ayres

 Engineers
– Jay Lund
– Greg Gartrell
– Alvar Escriva-Bou
– Bill Fleenor

 Legal/Policy Experts
– Brian Gray
– Buzz Thompson
– Jennifer Harder
– Leon Szeptycki
– Karrigan Bork

Peter Moyle
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 Outline of presentation
– Drought-resilient native species
– Causes of decline in drought 

resilience
– New proposed approach:

• Makes the environment a 
priority, rather than constraint

• Requires allocation of assets 
and good plans

– But difficult discussions ahead on 
species viability under climate 
change 

Source: Mount et al., 2019



4PPIC WATER POLICY CENTER

Drought resilience strategies

 Avoidance
 Resistance
 Recovery

Chinook salmon

Sacramento sucker

Sacramento splittail
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Working against drought resilience

 Disconnection
 Loss of flow variability
 Water quality degradation
 Introduced species
 Loss of genetic diversity
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Drought Adaptation Why no longer working

Anadromy Populations decline when one part of life cycle consistently 
in poor condition

Fecundity Abundant habitat no longer available during wet periods

Longevity Drought-like conditions in most years due to land/water 
management

Tracking Changes in inflow to estuaries and landscape changes 
make tracking ineffective

Long-distance movement Dams and other structures block migration to refugia

Dispersal Dams and other structures block dispersal after drought
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A systemic problem: The environment is treated as  
regulatory constraint, not a management priority
 Reflected in flow and water quality 

standards

 Narrow focus on listed species, not 
ecosystems

 Thresholds in regulation produce 
bizarre changes in operations

 Regulations unable to adapt to 
changing conditions

 The 2016 WIIN Act directs that the 
biological opinions governing project 
operations must "provide the 
maximum quantity of water 
supplies practicable” to CVP and SWP 
contractors “w ithout causing 
additional harm to the protected 
species.”
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An alternative path: Ecosystem-based management 
instead of ESA-based management

8

 Manages for ecosystem 
condition rather than listed 
species

 Integrates human uses and 
emphasizes multiple benefits

 Produces greater net benefits 
and reduces water conflict

South Fork Eel River. Source: Ted Grantham
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Partners need assets to bring to the table

9

 Ecosystem Water Budgets (EWB)
– A defined quantity of water in a watershed that can be flexibly 

managed like a priority water right in order to meet ecosystem goals 
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Ecosystem water should be flexibly managed

10

 Integrate into the water rights 
system within a watershed

 Create a management structure 
with ecosystem trustees

 Grant management flexibility, 
including trading and storage

 Improve certainty over allocatio
by fixing budget and term

n 
 Source: Null et al. 2022. Storing Water for the Environment: 

Operating Reservoirs to Improve California’s Freshwater 
Ecosystems.
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Partners make efficient use of their assets: 
Functional flows/flow shaping

Yellow area = natural flow regime; blue areas = water for downstream diversions and system water; gray area = uncaptured flows; hatched red areas = EWB.
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Efficiency of use requires pairing functional flows 
with structural habitat and drought refugia

12

Photo: Josh ViersPhoto: DWR
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And using these tools to address the root cause of 
decline in drought resilience

 Disconnection
 Loss of flow variability
 Water quality degradation
 Introduced species
 Loss of genetic diversity

Half the fish at high risk of extinction in 
recent droughts are not listed under ESAs

Source: Hanak et al. (2015)
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Partners have a watering plan and set priorities 
 Planning and plans matter

 Few comprehensive, ecosystem-
based watershed plans out there

 And a profound unwillingness to set 
priorities

 The Australian model: Annual 
Environmental Watering Plans

– Vetted with users in advance
– Decision tree released in the fall
– Managed by a trustee
– Linked to structural habitat

San Joaquin River Restoration Program 
Administrator’s “watering plan”
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Summary: What’s it going to take to rebuild drought 
resilience
1. Make the environment a priority, not 

a constraint

2. Ecosystem-based management

3. Ecosystem water budgets and 
trustees to manage them

4. Functional flows paired with 
structural habitat

5. Plans with priorities

6. Finally, have difficult discussions 
about the future viability of species
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Thanks
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About these slides

These slides were created to accompany a presentation. They do 
not include full documentation of sources, data samples, methods, 
and interpretations. To avoid misinterpretations, please contact:

Jeff Mount (mount@ppic.org, 415-291-4476)

Thank you for your interest in this work.

mailto:mount@ppic.org
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