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Fisheries
We are focused on fisheries 
for highly migratory 
species, coastal pelagic 
species, and groundfish off 
the US West Coast

Science
We are combining 
dynamical, statistical, and 
conceptual models to project 
physical, ecological, and 
socioeconomic change 

Team
We are climate scientists, 
oceanographers, ecologists, 
economists, and social 
scientists, working closely with 
fishers and fishery managers

http://future-seas.com/


The California Current Ecosystem

● Productive upwelling 
ecosystem

● Provides many ecosystem 
services

● Forage species transfer energy 
from plankton to upper trophic 
levels, including protected 
species, commercial fisheries 
and recreational fisheries

Illustration by Fiona Morris



FUTURE SEAS I A Physics-to-Fisheries Management Strategy Evaluation 
for the California Current System

Global climate 
models

ROMS-NPZ 
model

Multi-species IBM Species 
Distribution 
Models

Models of 
Intermediate 
Complexity (MICE)

Sardine MSE Swordfish MSEAlbacore MSE

Socioeconomic 
Models

Phase I: 2017 - 2021



Major outputs

FUTURE SEAS I A Physics-to-Fisheries Management Strategy Evaluation 
for the California Current System

Phase I: 2017 - 2021

Warming and 
changing oceans
(Pozo Buil et al. 2021)

GFDL IPSL Hadley

Increasingly novel 
ocean conditions

(Smith et al. 2022)



Major outputs

FUTURE SEAS I A Physics-to-Fisheries Management Strategy Evaluation 
for the California Current System

Phase I: 2017 - 2021

Northward sardine 
distribution shift

(Fiechter et al. 2021)

Increasing sardine 
abundance

(Koenigstein et al. 2022)



Major outputs

FUTURE SEAS I A Physics-to-Fisheries Management Strategy Evaluation 
for the California Current System

Phase I: 2017 - 2021

Shoreward contraction of 
albacore fishing grounds

(Smith et al. 2023)

Northward shift in 
sardine distribution and 

landings
(Smith et al. 2021)

Future change: late 21st century vs. late 20th century



Major outputs

FUTURE SEAS I A Physics-to-Fisheries Management Strategy Evaluation 
for the California Current System

Phase I: 2017 - 2021

Changing opportunities 
for swordfish fishermen

(Smith et al. 2023)

Dynamic closure option 2
Dynamic closure option 1

Changing historical social-
ecological connections

(Frawley et al. 2021)

“Now the 
market's 

totally 
changed”

“Salmon used to 
be the gravy run, 
but not so much 

anymore”

“Fish in recent years 
seem to be 

distributed over not 
as big an area”



FUTURE SEAS II Impact of climate and ecosystem change on the California Current forage 
complex and the fishing communities and predators it sustains

Phase II: 2020 - 2024 Downscaled 
projections

Single-species sardine 
model

Species 
Distribution 
Models

Models of 
Intermediate 
Complexity (MICE)

Management and Fisher Behavior Economic and Ecological Impacts

Climate-robust management procedures

Atlantis whole-
ecosystem model

Operating models

Management 
Procedure

CPS fleet 
economic model 

Socio-economic 
model

Socio-economic and 
ecological metrics

Stakeholder 
engagement



FUTURE SEAS II Impact of climate and ecosystem change on the California Current forage 
complex and the fishing communities and predators it sustains

Phase II: 2020 - 2024 Major outputs

Rebuilt West Coast 
Atlantis model

(Hernvann et al. in prep)

Predation

Prey availability

Competition

Productivity

Recruitment

Spatial overlap 

Dynamic fishing

Incorporate SDMs into 
Atlantis

(Kaplan et al. in prep)



FUTURE SEAS II Impact of climate and ecosystem change on the California Current forage 
complex and the fishing communities and predators it sustains

Phase II: 2020 - 2024 Major outputs

Examine ecosystem model 
ensembles

(Hernvann et al. in prep)

Northern CCS sardine landingsMultimodel ensemble

Project future landings by 
species using fleet 

footprints
(Liu et al. in prep)

Canada
Coastal WA

Columbia WA
Columbia OR

San Francisco
Monterey

Santa Barbara
Los Angeles

San Diego
Mexico

Canada
Coastal WA

Columbia WA
Columbia OR

San Francisco
Monterey

Santa Barbara
Los Angeles

San Diego
Mexico

Sardine
Anchovy

Market Squid

Port groups Projected ecosystem change Projected landings change



FUTURE SEAS II Impact of climate and ecosystem change on the California Current forage 
complex and the fishing communities and predators it sustains

Phase II: 2020 - 2024 Major outputs

Assess robustness of 
sardine Harvest Control 

Rules using MSE
(Wildermuth et al. 2023)

Determine fleet segments 
for vessels targeting CPS

(Quezada et al. 2023)

40%SSB010%SSB0 80%SSB0

150,000 mt cutoff

Candidate HCRs



FUTURE SEAS III Ensuring resilience and adaptive capacity of California Current System 
fisheries under climate-driven ecosystem shifts

Phase III: 2024 - 2027

Ocean Conditions

Historical & 
Future Downscaled 
Projections

Game 
theory

Management Strategy Evaluation

Social and Community Impacts

Place-
based 
vulnerability

Social-ecological 
risk assessments

Atlantis

Evaluate 
cooperative 
strategies

Deliverables

• Future ecosystem states
• Ecosystem Indicators

• Resilience of stock 
assessments and 
harvest control rules

• Vulnerability assessment 
and resilience strategies for 
fishing communities

Ecosystem ModelsSpecies Distribution Models

Test 
management 
performance

• Downscaled CMIP6 
biogeochemical projections

Management 
Applications

PFMC Initiatives 

NOAA Fisheries 
Climate Science 
Strategy



FUTURE SEAS III Ensuring resilience and adaptive capacity of California Current System 
fisheries under climate-driven ecosystem shifts

Key updates



FUTURE SEAS III Ensuring resilience and adaptive capacity of California Current System 
fisheries under climate-driven ecosystem shifts

Future Seas 3

Key updates
Future Seas 1

Pacific sardine, albacore, swordfish

Future Seas 2
CPS complex

Groundfish, Climate Change, 
and Communities (GC5)

Groundfish complex

Ecosystem Science Division work
Sharks, protected species



K. Norman, R. Selden, GC5 Project

FUTURE SEAS III Ensuring resilience and adaptive capacity of California Current System 
fisheries under climate-driven ecosystem shifts

Key updates



FUTURE SEAS III Ensuring resilience and adaptive capacity of California Current System 
fisheries under climate-driven ecosystem shifts

Key updates

Ecosystem MSE



Emerging Management Needs
Shifting habitats will impact:

• Survey planning
• Stock structure
• Transboundary management
• Bycatch 
• Predator-prey interactions
• Emerging fisheries



Emerging Management Needs
Changing stock productivity will impact:

• Stock assessment parameters and 
stock forecast performance 

• Management strategy effectiveness
• Ecosystem dynamics
• Socio-economic metrics
• Fishing communities



Lessons Learned

• Tailor modeling framework to specific context
• Calibrate ecological/economic models to ensure they can capture past dynamics 
• Capture and communicate uncertainty
• Engage stakeholders often
• Multidisciplinary teams are necessary!

Smith et al. 2023



Thank you!

Isaac Kaplan
Ecosystem Modeler

NOAA NWFSC

Pierre-Yves Hernvann
Ecosystem Modeler

UC Santa Cruz, NOAA 
NWFSC

barbara.muhling@noaa.govfuture-seas.com

Jonathan Sweeney
Economist

Private Sector

All publications 
mentioned are 
available here

mailto:barbara.muhling@noaa.gov
http://future-seas.com/
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