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Part 1: Climate challenges continue to grow, with uncertainty about future trajectories

Part 2: Climate-informed tools are available to support future sustainable fisheries (ACLIM)

Part 3: CEFI accelerates the capacity to deliver climate-informed tools and advice



Climate challenges continue to grow,
with uncertainty about future trajectories




State of the Climate | Atmospheric Indicators
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Figure 1: Annual global mean temperature anomalies (relative to 1850-1900) from 1850 to 2024 from six datasets. The 2024

average is based on data from January-September.

January-September 2024 was
1.54%0.13°C above the pre-industrial average.

https://wmo.int/pubIication-series/state-of—climate-2024-update-qop29
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2.0 C of Warming : Critical Tipping point
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Figure 1: Annual global mean temperature anomalies (relative to 1850-1900) from 1850 to 2024 from six datasets. The 2024
average is based on data from January-September,

January-September 2024 was
1.54+0.13°C above the pre-industrial average.

https://wmo.int/publication-series/state-of-climate-2024-update-cop29 .' I — i



UNFCCC 2022 Nationally Determined Contributions (NDCs) Synthesis report

With full implementation of the 2022
revised NDCs and conditional elements

/

ACLIM found fisheries
A Nave higher risk above
this (SSP585, RCP8.5)
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Enhance resilience and
adaptation to climate
impacts certain to occur
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Emissions figure: https://unfccc.int/process-and-meetings/the-paris-agreement/nationally-determined-contributions-ndcs
Paris Agreement Figure: https://sustainability.yale.edu/explainers/yale-experts-explain-paris-climate-agreement

ACLIM found fisheries
have lower risk in this
scenario (SSP126)

2060


https://unfccc.int/node/617
https://unfccc.int/process-and-meetings/the-paris-agreement/nationally-determined-contributions-ndcs

Climate change is expected to continue to impact AK Ecosystems & Fisheries

a) Global surface temperature change relative to 1850-1900
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https://www.ipcc.ch/report/ar6/syr/downloads/report/IPCC_AR6_SYR_SPM.pdf

Sea ice loss impacts fisheries
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Disappearing sea ice

Winter ice cover in the Bering Sea has diminished faster than scientists expected. The record for the least
amount of ice since 1850 was set in 2018, and 2019 came close to breaking that record.
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Alaska Snow Crab

WWwWw.noaa.gov/stories/unprecedented-2018-bering-sea-ice-loss-repeated-in-2019
www.seattletimes.com/seattle-news/as-bering-sea-ice-melts-nature-is-changing-on-a-massive-scale-and-alaska-crab-pots-are-pulling-up-cod/

www.seattletimes.com/seattle-news/valuable-crab-populations-crash-in-a-warming-bering-sea/

Plummeting Bering Sea crab populations

Snow crab and king crab have long been mainstays of commercial harvests.

Red king crab
Paralithodes camtschaticus

Long-term decline in mature
red king crab populations
(for Bristol Bay District)
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Snow crab
Chionoecetes opilio

Sharp drops in snow crab
populations
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Climate-informed tools are available to
support future sustainable fisheries




New predictive tools can help fisheries prepare & plan

psl.noaa.gov/marine-heatwaves

{? Physical Sciences Laboratory About People Research Data Products News | Events Learn Q

Overview

Marine heatwaves are periods of persistent anomalously warm ocean temperatures, which can have significant impacts on marine life as well as coastal
communities and economies. Scientists at PSL are working to characterize marine heatwaves, understand how they form and dissipate, and predict them in
advance. On this page, we will provide current ocean maps, forecasts of heatwaves, interactive tools for users to explore ocean heatwaves themselves, links to
research results and to webpages at other institutions.

Can predict the probability of
a marine heatwave 1-12 mo
ahead of time

Jacox et al. 2022.

www.nature.com/articles/s41586-022-04573-9 - ‘ m i ;



~ Tactical Near-term Advice (<2 yr)

Climate information “on ramps” for EBFM Climate change information incorperated

into stock assessment models, stock-
specific indicators (ESPs), stock-specific
risk tables (as appropriate).

E.g., ABC based on climate forecasts
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Climate informed annual* stock and
ecosystem assessments & EBFM advice
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- Strategic Near-term Advice (<2yr) -

Climate change context for observed
changes in social, ecological, &
oceanographic conditions relevant for
harvest advice and targets.

E.g., Forecasts of climate-driven distributions,
tipping points , & thresholds
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- Strategic & Long-term Advice (>2 yr) 1
Climate - informed long-term strategic
decision making & planning informed by
IK, LK, and climate & management
scenario evaluations, risk assessments, &
adaptation efficacy & feasibility
evaluations.

Climate information in near-term ecosystem
based management targets

Climate-ready Ecosystem Based Fisheries
Management planning, information & design

E.g., Targets based on climate projections

g 9
' W

—  EXisting tools or process
------ Help ID climate change gaps
m—  New tools or process

On-ramp 3
(new)

KEY: Matching climate information & projections

Legend

to the scale of decision making & advice

. T - npfmec.org/climatechangetaskforce/
. . httpss/iwww.npfme.org/climate



https://www.npfmc.org/climatechangetaskforce/

The Alaska Climate Integrated Modeling Project

Global General Circulation Models (GCM) p
CESM <
GFDL
MIROC
Carbon Scenarios:
Hindcast (1970-2021)
(high CO2 mitigation)
e CMIP6 SSP1 2.6
(med CO2 mitigation)
e CMIP5RCP 4.5
low CO2 mitigation)
e CMIPS5RCP 8.5
e CMIP6 SSP5 8.5

interacting : No fishing 2 MT cap - gadid
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» : i

C‘d CE- control rules
SO

TG

Climate Enhanced Biological models (x 5+)
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lower x

CE - Size spectrum model

CE- Ecopath with Ecosim bi°9¢°‘hemica.|4:.?\§&;‘*r’"o i communities
End-to-End model (FEAST) ~ habitats “'.‘"“’i , of practice
CE- spatial MICE model — i : \b*'

CE - IBM (crab) =

communities
of place

*k upper trophic

Hollowed et al. 2020. https://doi.org/10.3389/fmars.2019.00775

Goal: To address climate
information needs with best
available science & tools

Social & economic / harvest strategies (x 5+)

What to expect?

* Project physical and ecological conditions
under levels of climate change (levels of
global carbon mitigation)

» Characterize uncertainty

What can be done?

e Evaluate effectiveness of adaptation actions
including those supported by fisheries
management

www.fisheries.noaa.gov/alaska/ecosystems/alaska-climate-integrated-modeling-project




ACLIM3 Team

Supporting climate
resilience through
climate-informed
Ecosystem Based

Management advice

Kirstin Holsman, Sarah Wise, Andre Punt, Albert Hermann, Cheryl Barnes,
Cody Szuwalski, Kerim Aydin, Kelly Kearney, Anne Hollowed, Alberto
Rovellini, Andrea Havron, Andy Whitehouse, Anna Amalka Sulc, Carey
McGilliard, Catherine Moncrieff, Darren Pilcher, Diana Stram, Ed Farley,
Elizabeth McHuron, Elizabeth Siddon, Ellen Yasumiishi, Grant Adams, Ingrid
Spies, Ivonne Ortiz, James lanelli, James Thorson, Jean Lee, Jennifer Bigman,
Jeremy Sterling, Jodi Pirtle, Jonathan Reum, Kalei Shotwell, Kate Haapala,
Kelly Kearney, Lorenzo Ciannelli Mabel Baldwin-Schaeffer, Maggie
Mooney-Seus, Martin Dorn, Maurice Goodman, Meaghan Bryan, Melissa
Haltuch, Melissa Parks, Michael Litzow, Mike Dalton, Molly Graham, Patricia
Pinto da Silva, Paul Spencer, Sarah Stone, Serena Fitka, Steve Barbeaux,
Trond Kristiansen, Wei Cheng, William Stockhausen, Lia Domke, Anne
Beaudreau, Justin Hansen, Angela Abolhassani, Matt Callahan, Brett
Holycross

www.fisheries.noaa.gov/alaska/ecosystems/alaska-climate-integrated-modeling-project



http://www.fisheries.noaa.gov/alaska/ecosystems/alaska-climate-integrated-modeling-project
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poicy relevant scenarics that explore realistic adaptation options for managers and
communities. Within each iterative cycle, the interdisciplinary research team continues
to improve: methods for downscaling cimate models, cimate-enhanced biological
modeis, socio-economic modeling, and management strategy evaluation (MSE) within
a common analytical framework. The evolving nature of the ACLIM framework ensures
improved understanding of system responses and feedbacks are considered within
the projections and that the fishing scenarios continue to reflect the management
objeclives of the regional fisheries management bodies. The muiti-model approach
used for projection of biolegical responses, facilitates the quantification of the relative
contributions of cimate forcing scenario, fishing scenario, parameter, and structural
uncertainty with and between models. Ensemble means and vanance within and
batween models inform risk assessments under different future scenarios. The first
phase of projections of cimate conditions to the end of the 21st century is complate,
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Key Takeaways from ACLIM to date
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Key Outcomes of ACLIM to date

1. Provided baseline engineering capacity for ocean ]
and ecosystems predictions and forecasts High-res model reproduces

2. Identified key couplings, and gaps and needs in the Bermg Sea environment

linked climate- oceanographic- biological- social-

economic models Observed (survey data) Model (BeringlOK ROMSNPZ)
a) % b) X 12
: : . il 2010 2010
3. Evaluated trajectories under future scenarios, L A
alternative management strategies, alternative ‘ ‘ 4

harvest control rules — emergent understanding
of common pitfalls and best practices

Bottom temperature (°C)

F
%) =) [N} FN

4. Sustained community of practice for

climate-informed advice, including support for Kearney K (2021). U.S. Dep. Commer., NOAA Tech.
partnership building around adaptation planning Memo. NMFS-AFSC-415, 40 p. link.

Supporting Publications

Szuwalski et al. (2022, 2023), Pilcher et al. (2022), Reum et al. (2020), Whitehouse et al. (2021), Cheng et al.
(2021,2023), Hermann et al. (2021,2023), Hollowed et al. (2022), Thorson et al. (2021)


https://repository.library.noaa.gov/view/noaa/28763

Key Outcomes of ACLIM to date

Provided baseline engineering capacity for ocean
and ecosystems predictions and forecasts

Identified key couplings, and gaps and needs in
linked climate- oceanographic- biological- social-
economic models

Evaluated trajectories under future scenarios,
alternative management strategies, alternative
harvest control rules — emergent understanding
of common pitfalls and best practices

Sustained community of practice for
climate-informed advice, including support for
partnership building around adaptation planning

Supporting Publications

High
resolution
hindcasts &
projections

High resolution

oceanographic

models forced
by climate

CI-MICEA

Goodman et al. (2024), Punt et al. (2023), Szuwalski et al. (2023), Olmos et al. (2023), McHuron et al. (2024), Barnes et al.
(2022), Thorson et al. (2021), Whitehouse et al. (2021), Kearney et al (2020), Pilcher et al. (2022), Hollowed et al. (2020).




Key Outcomes of ACLIM to date

Adapting reference points to reflect changes in productivity

1. Provided baseline engineering capacity for ocean

and ecosystems predictions and forecasts " e ot e
. . . e Changing refere:nce [':oints for é: L orsg
2. ldentified key couplings, and gaps and needs in e i v b el o
. . . . . . counter-intuitive management ol
linked climate- oceanographic- biological- social- o PP m
economic models > Bossbrpaweiite
fished more conservatively
o o . Szuwalski et al. 2023
3. Evaluated trajectories under future scenarios,
alternative management strategies, alternative T ——
harvest control rules — emergent understanding e s o
of common pitfalls and best practices §
. gwoe_ — &E :yre .
SSB targets under Climate .
Change; HCRs; 2 mt cap effects o
: : : Holsman et al. 2020. https://www.nature.com/articles/s41467-020-18300-3
Supporting Publications

Szuwalski et al. (2022, 2023), Pilcher et al. (2022), Reum et al. (2020), Whitehouse et al. (2021), Holsman et al. (2020), Hollowed et al. (2024), Barnes et
al., (2022), Hermann et al. (2021,2023), Cheng et al. (2021,2023), Punt et al. (2023), Goodman et al. (2024), McHuron et al. (2024), Punt et al. (2023)



June 2024 NPFMC Climate Scenarios \Workshop

Based on ACLIM
scenarios, updated
by CCTF and
refined by CSW
planning group
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75% less sea ice
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Moderately
More dimate shocks
Medium risk future

Moderate emissions
Medium predictability
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% impacts inclded

m Based
Fisheries Management

EBM &

Slightly warmer conditions

Simiar variability

chan es relag
resent

Much less spring snow cover
Much warmer rivers
No sea ice

Much lower marine productivity

Very high warming
Higher variability

Many more dimate shocks
Very high risk future

Occasional dimate shocks

Lowest risk future

stem Based Management

High emissions
Lower predictabiity

Ecosystem drivers induded
Siloed decision making

Ecosystem Approach to
Fisheries Management

Future Climate Change Scenarios

Discussion Roadmap

Step1:
Start here

1: Current traj y

Some progress toward y based fisheri (EBFM),
significant climate change im) and predictive capabilities

Climate change continues fo disrupt 1 and fi . The
1ooks and policies in place are similar 1o those usad in 2024. Forecasting and

but y for varies widely across fisheres.

P g 1ime

Step 2: Consider the best case scenario...

Scenario 2: Best of both worlds .

Highly effective and inclusive ecosystem-based management (EBM), lowest
potential climate change impacts, and strong predictive capabilities

While there are penodic climate shocks and extreme events. there are strong
predictive capabilities, effective considerabion of interactions between stocks and
ooean usars, and more kead tme for planning.

Step 3: Now, consider if climate change impacts are severe...

Scenario 3: EBM and rapid change
Highly effi and based

limate ch L and low p capabilities
Managers are able to practice effectn based m vent but climate

change impacts are more severe than in Suenmo 2 As aresull, predictve
capabilites are low and management is reactive

(EBM), high

Step 4: Now, consider if management is siloed...

S io 4: Siloed

Sector and stock specific
impacts, and low predictive capabilities

Extreme climate events and market shocks are common and predictive

g and high chall

focus, limate chang

c are low. M, is reactive and focused on individual stocks,
sectors, and fleets. The rapid rate of change creates mstabdity for fishenes and
communities.

Reflect back : what is the set of ioels or processes
that work in all scenarios?



https://www.npfmc.org/climate-scenarios-workshop/#:~:text=June%205%2D6%2C%202024%2C%20Kodiak%2C%20Alaska&text=The%20Council%20convened%20a%20two,fisheries%20in%20the%20North%20Pacific.

Key Outcomes of ACLIM to date

1.

a.

Provided baseline engineering capacity for ocean
and ecosystems predictions and forecasts

|dentified key couplings, and gaps and needs in
linked climate- oceanographic- biological- social-
economic models

Evaluated trajectories under future scenarios,
alternative management strategies, alternative
harvest control rules — emergent understanding
of common pitfalls and best practices

Sustained community of practice for
climate-informed advice, including support for
partnership building around adaptation planning

Salmon & Communities

Identify candidate ROMS/NPZ indicators for Yukon River Chinook salmon survival based on
scientific and traditional knowledge.

H1: Ocean temperatures during the 1st and 2nd
year at sea impacts growth & survival.

Spring 2023 trip to Lower Yukon LTK:
Good for salmon returns: Strong north winds, high|
river water, ice break up but not thaw, & yellow :
butterflies. (wish list indicators)

Produce recruitment projections
under different climate & emission
scenarios at various lags

Slide Courtesy of S. Wise, E. Yasumiishi, J. Reynolds (AFSC-NOAA)
Draft results, please do not copy or
distribute without permission of the author

e Conducted preliminary community meetings in lower Yukon to inform
household survey. Planned final phase fieldwork for 2025.

e Coordinated Multiple Knowledge systems on Yukon River Chinook
marine survival. Continue to coordinate with upriver findings.

e Explored food security as driver in management decision-making

&, NOAA
Gl itves Drginggs VOICES - es




Alternative Food Web &
Climate Coupling
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Open Science: interactive tools

ACLIM2 SDMs: Species range and overlap forecasts
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Goodman et al. in press.; https://mgoodman.shinyapps.io/aclim2_sdms_explorer/
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Open Science: interactive tools

ACLIM2 SDMs: Species range and overlap forecasts
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Climate information on-ramps in 2024
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Link to 2024 Climate-enhanced multispecies assessment (EBS)



https://www.npfmc.org/wp-content/PDFdocuments/SAFE/2024/EBSmultispp.pdf
https://www.npfmc.org/wp-content/PDFdocuments/SAFE/2024/EBSmultispp.pdf

Community of practice is needed. In particular, need
capacity to: co-develop, deliver, & refine




CEFI accelerates the capacity to deliver
climate-informed tools and advice
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CEFI High resolution oceanographic model (MOM®G) grids

Pacific

CEFI-OAR High resolution models (operational delivery)

hindcasts

seasonal forecasts (e.g., sea ice, water temp, pH, winds, currents, zooplankton)
decadal predictions

multidecadal climate change projections

NOAA'’s Climate Ecosystem and Fisheries Initiative (CEFI)



What is happening?

m What will happen?
What happened?

What is possible? @

ﬂt is expected?

- ]
Hindcasts Forecasts Predictions Projections
(1970 — now) (now — +1 yr) (+10y — +15 yr) (now— +100 yr)

Nowcasts
(realtime)



Current Bering10K high resolution oceanographic seasonal forecasts  fjj~ /A

INTEGRATED ECOSYSTEM ASSESSMENT

Spring

Predicted 2024 July 1
bottom temperature

Slide: Kelly Kearney (AFSC) https://beringnpz.github.io/roms-bering-sea/B10K-dataset-docs/



Current Bering10K high resolution oceanographic seasonal forecasts  fjj~ /A
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Current Bering10K high resolution oceanographic seasonal forecasts i}~ /M
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Current Bering10K high resolution oceanographic seasonal forecasts 5~
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CEFI synergies at work in the Bering Sea

1=

EcoFOCI

Ecosystems & Fisheries-Oceanography Coordinated Investigatior

PMEL

fraction of the trawl survey area

MOM®G Bering Sea Cold Pool

AFSC Trawl survey

Year West Coast and Arctic

FY23

FY24

FY25

Hindcast update, retrospective

Thanks to Wei Cheng, Vivek Seelanki, Liz Drenkard, Kelly Kearney, Al Hermann, Darren Pilcher,
Theresa Morrison, Bob Hallberg and others in the regional MOMG6 development forum...

FY26 | decadal predictions, initial climate
change projections
Hindcast update, expanded

FY27 | projections, seasonal outlooks

reliably delivered

FY28

FY29




NOAA Climate, Ecosystems, & Fisheries Initiative

Decision Support Teams
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What are Decision Support Teams?

Transdisciplinary nested teams that will help deliver climate informed products and advice,
specifically tailored to decision maker needs.

~

1) Understand current capacity for inclusion

DSTs (.\. IRAFTEs of climate informed advice
a(ﬁ "\ 2) ldentify near-term needs for Cl-advice
oEng @ 3) ldentify long-term needs for development

O Module © @@
‘a a's

- 4) Link CEFI, IEA, Stock Assessment, and
Existing FTEs "‘ Other NOAA products to meet needs

.\ ® / Decision Makers /
& partners
ome .

Support and Additional NOAA OB
2 a6

| collaborators
co-leverage Non-NOAA partners

not repeat or
re-invent



Decision Support Delivery Steps

Step 1: Engagement & Partnership Building MOM®6

Identify key partners and collaborators and begin or advance
discussions around climate change planning and needs

2024

Parallel process

. . Test ocean model output
2024 Step 2: Co-identify on-ramps s
In coordination and collaboration with partners and

decision makers, identify existing and needed climate
specific decision support needs

2025 Step 3: Co-identify needs & prioritize

Co-identify needs and prioritize decision support

. . e Is there an existing tool/product that meets the need?
information, needs, and products

e Do the scales match advice?
2025 ——  Step 4: Design, build & TEST e Does the output skillfully meet needs?

Match resources and tools to needs and test skill

Ve to co-identified metri ®o
relative to co-identified metrics of performance Decision (.\ IRAFTEs E
Support .(‘ r\

2027 Step 5: Deliver & refine Tearms
Deliver decision support tools and advice; iterate . !\r/lodule.'.
and refine products with feedback and . eams

engagement Existing FTES' \ / Decision Makers

& partners
Additional NOAA

collaborators




Types of Management Actions
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https.//www.npfmc.org/how-we-work/management-policies/




Draft Focal Areas for Alaska CEFI

FOCAL AREA 1: Web accessible and
regionally tailored climate change products &
trainings (cross cutting)

Alaska’s Climate Ecosystem and Fisheries Initiative @
NOAA
EA

. . Climate, ocean, & ./CI imata:info me\p./ Engagement&
FOCAL AREA 2: Climate-integrated (,e;;,v;:g;;;;:;ts f‘ e . e
' TN ".TN&CISIO[\ makmg

. . »
fisheries assessments and EBM —

|
: o WGImtlfrmedd
N 2R

Adaptation support

a
2 4

ERIES

FOCAL AREA 3: Decision support for
Climate aware regulatory frameworks

FOCAL AREA 4: Climate resilience
community planning and response



Provide in addition to climate information on-ramps
in ESPs, ESRs, Stock assessments, ACEPO, etc.

S

assessment
report

Ecosystem
Status

”u’
i

New this year: Prototype
Climate information overview

Feedback welcome!

What is the ACT?

The ACT is the Alaska CEFI Regional Decision
Support Team. The Alaska Climate CEF| Team
(ACT], established in fall 2021, and expanding to
include new members and partner kaisons in
2024, guides regional development of publicly
accessible CEFI tools and products to support
climate-informed advice and adaptation planning.

Regional Decision Support Teams
Regional Decision Support Teams produce
climate-related information and advice for
effective management of fisheries, ecosystems,
and protected species and industry, snd

How will CEFI change advice?

Scientists from the Alaska Fisheries Science Center
have been leading pilot projects such as the Alasks
Climate Integrated Modeling project {ACLI1) and
the Gulf of Alasks Integrated Modeling project

1) These projects serve as prototypes for
the decision suppart tools and advice that CEFI may
support. They demanstrate improved model
performance with climate linkages and provide
integrated climate advice that considers climate
changes, biokogical and ecosystem responses, and
alternative management and sdaptation options to
support climate-smart Ecosystem-Based
Management and thriving climate-resilient

community adaptation planning. The
through NOAA's Regional Fisheries Science
Centers to provide:

e Early wamings and projections of
ecosystem conditions

e Riskassessments & scenario planning for
fisheries and fishing communities

o Science support for climate-ready
Ecosystem-Based Management

Matka Gl Yoo

Advice is designed to
provide climate infarmation via the existing Council
process and advice pathways.

More Information

CEFI Fact Sheet

NOAA's Cimate.gov

Alaska IEA Program

Questions? Email us!

Kirstin Holsman (ACT Lead),
kirstin hosman@noas gov
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2024 Climate Science Update

ALASKA’S MARINE ECOSYSTEMS are

rising sea t shi

impacting sp
COMMUNITIES
tructure tal health, s
changes in spe
climate planning & ada,

CLIMATE IMPACTS:
TEMPERATURE RISE

| SEA ICE DECLINE

Sing

FISHERIES & FISHING

hoods

OCEAN ACIDIFICATION

PACIFIC COD: Marine Heatwaves (MHW) were associated with a rapid

redistribution of roughly half of Pacific cod biomass into the N, Bering Sea

(NBS) in 2018 - 2019 as well as declines in biomass and recruitment.

Future warming may push Pacific cod further north, expanding spawning

habitat but potentially altering NBS carrying capacity. SNOW CRAB
llapsed in response to marine heatwaves, & futura warming

s expacted to further amplify impacts. Sevaral WESTERN ALASKA

SALMON stocks have declined in recent years, potentially fin limate

change. though impacts across across freshw

& marine life historles are

complex. In contrast, Bristol Bay SOCKEYE SALMON & SABLEFISH have
had increased abundance under warming conditions. The exact reasons for
these divergent respanses across species and stocks are stil being evaluated

CEFI: The Climate, Ecosystams, & Fisheries Initiative is & cross-NOAA
effort to bulld the to bulld ocean modeling capacity & provide science
support needed to allow management & resource users to adapt

to changing ocean conditions. CEF! aims to provide: (1) Robust

forecasts . decadal predictions, and long-4erm projections of
ocean conditions: (2) Publicly avallable cimate-inked

early warnings, climate-enhanced stock, ecosystem, & risk
assessments, & evaluations of climats-robust management
response; (3) Increased capacity to provide climate- informed,

advice to support long-term sustainabilty & resilience

NOAA
FISHERIES

Alaska Fishenes
Science Center

Oceanographic

Region-specific oceanographic producis will be
developed for public use 1o support climate change
‘adaptation. This includes the current &
Reglonsl Ocsin Modsihig Syssem (ROKS) and the

OME) These
high resolution, three mensional cosan models
eflecively simulate past ccean condibons and lower
trophic level dynamics, from phytoplanklon to krill, and
are instrumental in forecasting future changes.

Hindcasts: hindcasts are a powerful tool for
recanslructing the ciimate and environmental
condilions of the recent past. Through CEFI, hincasts
Wil be produced to recreate the oceanic and sea ice
states over the past several decades. The ACT will
evaluste the sccuracy of these. memmmm by
comparing the

Biological

iop dynamic climate-informed multispecies
etbatbon models for or Bering Sea groundfish, crab.
and marine mammal species.

Assess changes in spatial overlap among species
based on range projections Lnder various cimate
scenarios,

Elizabeth McHuron, angds
Maurice Goodman, ot 1/2

Link models and use ensemble approaches to quantty
relaticnships between climate-ecosystem variables
and population dynamics across fish spacies.

Identity best practices far seecting which

Once validated, these mods! nmpm; will provide
continuous data o ocean conditions from seabed 1o
the surface. This information wik enhance

of the dynami

fishing and harvest seasons, and will help identfy the
drivers of species population changes, spatial shifls,
and broader ecosyslem responses lo warming and
marine heatwaves.

Forecasts: Forecasts from the same models wil be
updated each season Lo provide neartem projections of
ccean candilions ane Lo tweive months out.

Decadal predictions will provide dala~driven outlook
of potential acean condilions up 1o 10 years inlo the
futute.

Long-term projections under high and low warming
scanarios will defver detailed information 1o suppart
risk anialyses and cimate adaptation planning

Kelly Keamey. kel feamey @00 gon

Wei Cheng. sl cheng

MO Bering Sea Coid Pool

NMFS tramt survoy.

help predict stock
dynamics.

Jennifer Bigman, [
Grant Adams, pral
Andeé Punt, aepulGu

bg

Develap climate-linked harvest control rules o
determine ABC buffers for the Nodth Pacific Fishedes
Management Counci.

Develop software to produce cimate-informed
shart-term growth and mortality forecasts for
NPFMC harvest control rules

Support climate-informed stock assessments and
multispecies models for groundish in the Gu of
Alaska and Bering Sea.

Grant Adams. g

\_ Ecceomic vake

Social & Economic

Develop sacial hindcast mathodology v il o
imate-

laska fisharies (2015- 2023) 1o beltr understand

community adaplation stralegies.

Identify possible social indicators using existing
data sources 1o detect and monitor the effects of
climate-nduced changes associsted with resiience
and vulnerabiity of Alaska fishing communities.

Support development of publicly accessible,
collaborative tools alowing communitis 1o view
CEFl information products on climate-induced shifls
in species distributions and ecological and
oceanographic conditions.

Expiore pathways and examine barriers for
utilizing secial and economic information to inform
Council decision-making on climate resilient fisheries
management.

Angeta Abolhassani, ¢
Sarsh Wise, s/

a.qov

Collaboratively identify drivers of Yukon River
Chinook salmon marine survival using ROMS
ocean temperature outputs, wind hindcasts, and
Traditional in parinership with the Yukon
River Drainage Fisheries Assaciation.

Ellen Yasumishi. clen s u“...u.“u_
Sarah Wise, 5 :@no

Spocias, swck &
cosystem status

\ate-informed advice

cimate-nfomed
Tl e forecasta & projections

In coardination with the Cauncil points of contact,

b 8 process for regular reporting of climate
change impacts and responses to the Council
through existing pathways (of ‘on-ramps’). Fishedes
Iniiative (CEFI) patential projects and outpus could also
heip support the Counci's cimate readiness planning
This information wil highght current and proposed
yneryies between CEFI products and Council planning.

of these p
Iovlve cotabecato ameag the Council, NOAX's Alaska
CEFI team (ACT) and partners, and the Alaska
Fisheries Information Network

Facilitate Council planning for cimale change impacts
on fisheries and fishing communibes in Alaska through
iterative discussions, warkshops, information reporting.
and synihesis of medium Lo long-term impacts on Alaska

uppart gy
evahiations (MSEs) o evaluate the performance of
allemalive management measures and assessments
under future climate scenarios.

Annual climate-informed advice: Develop inleractive.
and publicly accessible resources for decision making
and explofing adeatis in annual isheries management
decisions. Support climate-nformed biological reference
points and harvest control rules.

Rapid response: Support the development and delivery
of toals 1o aid in-season management and navigate
emergent cimate challenges.

Jodi Pietle, jod sillagin
Jason Gasper, ja200.95)
Anne Marie Eich, e

Katie Latanich, kst
Diana Stram, ¢
Kirstin Holsman, kics:
Angela Abolhassani, 315

a8.90¢

Strategic planning & respor

BB

O,




What is the ACT?

The ACT is the Alaska CEFI Regional Decision
Support Team. The Alaska Climate CEFl Team
(ACT), established in fall 2021, and expanding to
include new members and partner liaisons in
2024, guides regional development of publicly
accessible CEFI tools and products to support

climate-informed advice and adaptation planning.

Regional Decision Support Teams
Regional Decision Support Teams produce
climate-related information and advice for
effective management of fisheries, ecosystems,
and protected species and industry, and
community adaptation planning. They operate
through NOAA's Regional Fisheries Science
Centers to provide:

e  Early warnings and projections of
ecosystem conditions

e  Risk assessments & scenario planning for
fisheries and fishing communities

e  Science support for climate-ready
Ecosystem-Based Management

Alaska Climate Team 1) Understand current capacity for inclusion
of climate informed (C|) advice

2) Identidy near-term needs for Cl-advice
3) Identify long-term needs for cimate
‘. \ ] Information devesopment
My T a'g 4) Unk CEFI, IEA, Stock Assessment, and
e = 7 Other NOAA products 1o meet needs

How will CEFI change advice?

Scientists from the Alaska Fisheries Science Center
have been leading pilot projects such as the Alaska
Climate Integrated Modeling project (ACLIM) and
the Gulf of Alaska Integrated Modeling project
(GOACLIM). These projects serve as prototypes for
the decision support tools and advice that CEFl may
support. They demonstrate improved model
performance with climate linkages and provide
integrated climate advice that considers climate
changes, biological and ecosystem responses, and
alternative management and adaptation options to
support climate-smart Ecosystem-Based
Management and thriving climate-resilient
communities in Alaska. Advice is designed to
provide climate information via the existing Council
process and advice pathways.

More Information
CEFI Fact Sheet
NOAA's Climate.gov
Alaska IEA Program

Questions? Email us!

Kirstin Holsman (ACT Lead),
kirstin.holsman@noaa.gov
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2024 Climate Science Update

ALASKA’S MARINE ECOSYSTEMS are undergoing climate-driven changes, including
rising sea temperatures, shrinking sea ice, & shifts in ocean acidification & productivity,
impacting species from snow crab to whales. Impacts on FISHERIES & FISHING
COMMUNITIES have been widespread affecting economies, livelihoods, family
structures, mental health, sharing networks, & food security. Future projections indicate
further changes in species distributions, stock abundances, and ecosystem dynamics,
requiring climate planning & adaptive, flexible, & ecosystem-based strategies.

CLIMATE IMPACTS: 2024 spotlight on the EBS

TEMPERATURE RISE: SSTs in the Eastern Bering Sea have risen

by 1.0°C to 1.5°C, with a further increase of 1.5°C to 3.0°C expected

by century's end. SEA ICE DECLINE: Arctic sea ice has declined
precipitously over the observed record from 1978 to present. Eastern

Bering Sea ice has remained stable, but experienced unprecedented

lows in this region in 2018 and 2019 that have been attributed to
human-caused climate change. OCEAN ACIDIFICATION: Global ocean
surface pH has dropped by 0.1 units since 1750, with a further decline of 0.1 -
0.3 projected for the Bering Sea by the end of the century.

PACIFIC COD: Marine Heatwaves (MHW) were associated with a rapid
redistribution of roughly half of Pacific cod biomass into the N. Bering Sea
(NBS) in 2018 - 2019 as well as declines in biomass and recruitment.

Future warming may push Pacific cod further north, expanding spawning
habitat but potentially altering NBS carrying capacity. SNOW CRAB

have also collapsed in response to marine heatwaves, & future warming

is expected to further amplify impacts. Several WESTERN ALASKA
SALMON stocks have declined in recent years, potentially linked to climate
change, though impacts across across freshwater & marine life histories are
complex. In contrast, Bristol Bay SOCKEYE SALMON & SABLEFISH have
had increased abundance under warming conditions. The exact reasons for
these divergent responses across species and stocks are still being evaluated.

CEFI: The Climate, Ecosystems, & Fisheries Initiative is a cross-NOAA
effort to build the to build ocean modeling capacity & provide science

support needed to allow management & resource users to adapt
to changing ocean conditions. CEF| aims to provide: (1) Robust
forecasts , decadal predictions, and long-term projections of
ocean conditions; (2) Publicly available climate-linked

early warnings, climate-enhanced stock, ecosystem, & risk
assessments, & evaluations of climate-robust management
response; (3) Increased capacity to provide climate- informed

NOAA
 FISHERIES

Alaska Fisheries
Science Center

advice to support long-term sustainability & resilience.



What we are planning & what we will do

Oceanographic

Region-specific oceanographic products will be
developed for public use to support climate change
adaptation. This includes the current Bering10K
Regional Ocean Modeling System (ROMS) and the
advanced Modular Ocean Model 6 (MOMS6). These
high resolution, three dimensional ocean models
effectively simulate past ocean conditions and lower
trophic level dynamics, from phytoplankton to krill, and
are instrumental in forecasting future changes.

Hindcasts: hindcasts are a powerful tool for
reconstructing the climate and environmental
conditions of the recent past. Through CEFI, hincasts
will be produced to recreate the oceanic and sea ice
states over the past several decades. The ACT will
evaluate the accuracy of these reconstructions by
comparing them with historical ocean observations.
Once validated, these model outputs will provide
continuous data on ocean conditions from seabed to
the surface. This information will enhance
understanding of the ocean dynamics during different
fishing and harvest seasons, and will help identify the
drivers of species population changes, spatial shifts,
and broader ecosystem responses to warming and
marine heatwaves.

Forecasts: Forecasts from the same models will be
updated each season to provide neartem projections of
ocean conditions one to twelve months out.

Decadal predictions will provide data-driven outlook
of potential ocean conditions up to 10 years into the
future.

Long-term projections under high and low warming
scenarios will deliver detailed information to support
risk analyses and climate adaptation planning.

Kelly Kearney, kelly.kearney@noaa.gov
Wei Cheng, wei.cheng@noaa.gov

MOM6 Bering Sea Cold Pool

NMFS trawl survey

Biological

Develop dynamic climate-informed multispecies
distribution models for Bering Sea groundfish, crab,
and marine mammal species.

Assess changes in spatial overlap among species
based on range projections under various climate
scenarios.

Elizabeth McHuron, liz.mchuron@noaa.gov

Maurice Goodman, goodmm2@uw.edu

Link models and use ensemble approaches to quantify
relationships between climate-ecosystem variables
and population dynamics across fish species.

Identify best practices for selecting which
climate-ecosystem variables can help predict stock
dynamics.

Jennifer Bigman, jennifer.bigman@noaa.gov
Grant Adams, grant.adams@noaa.gov
André Punt, aepunt@uw.edu

Develop climate-linked harvest control rules to
determine ABC buffers for the North Pacific Fisheries
Management Council.

Develop software to produce climate-informed
short-term growth and mortality forecasts for
NPFMC harvest control rules.

Support climate-informed stock assessments and
multispecies models for groundfish in the Gulf of
Alaska and Bering Sea.

Grant Adams, grant.adams@noaa.gov
Kirstin Holsman, kirstin.holsman@noaa.gov

André Punt, aepunt@uw.edu

———————=——Climate-integrated
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What we are planning & what we will do

Social & Economic

Develop social hindcast methodology with pilot of
community responses to climate-induced changes in
Alaska fisheries (2018-2023) to better understand
community adaptation strategies.

Identify possible social indicators using existing
data sources to detect and monitor the effects of
climate-induced changes associated with resilience
and vulnerability of Alaska fishing communities.

Support development of publicly accessible,
collaborative tools allowing communities to view
CEFI information products on climate-induced shifts
in species distributions and ecological and
oceanographic conditions.

Explore pathways and examine barriers for
utilizing social and economic information to inform
Council decision-making on climate resilient fisheries
management.

Angela Abolhassani, angela.abolhassani@noaa.gov
Sarah Wise, sarah.wise@noaa.gov

Collaboratively identify drivers of Yukon River
Chinook salmon marine survival using ROMS
ocean temperature outputs, wind hindcasts, and
Traditional Knowledge in partnership with the Yukon
River Drainage Fisheries Association.

Ellen Yasumiishi, ellen.yasumiishi@noaa.gov
Sarah Wise, sarah.wise@noaa.gov

Species, stock &
ecosystem status

%y

Economic value

Climate-informed advice

climate-informed
forecasts & projections

Adaptation support

Council Coordination

In coordination with the Council points of contact,
develop a process for regular reporting of climate
change impacts and responses to the Council
through existing pathways (or “on-ramps”). Fisheries
Initiative (CEFI) potential projects and outputs could also
help support the Council's climate readiness planning.
This information will highlight current and proposed
synergies between CEFI products and Council planning.
Coordination on the development of these products will
involve collaboration among the Council, NOAA's Alaska
CEFI team (ACT) and partners, and the Alaska
Fisheries Information Network.

Facilitate Council planning for climate change impacts
on fisheries and fishing communities in Alaska through
iterative discussions, workshops, information reporting,
and synthesis of medium to long-term impacts on Alaska
marine ecosystems. Support management strategy
evaluations (MSEs) to evaluate the performance of
alternative management measures and assessments
under future climate scenarios.

Annual climate-informed advice: Develop interactive
and publicly accessible resources for decision making
and exploring tradeoffs in annual fisheries management
decisions. Support climate-informed biological reference
points and harvest control rules.

Rapid response: Support the development and delivery
of tools to aid in-season management and navigate
emergent climate challenges.

Jodi Pirtle, jodi.pirtle@noaa.gov
Jason Gasper, jason.gasper@noaa.gov
Anne Marie Eich, annemarie.eich@noaa.gov

Katie Latanich, katie.latanich@noaa.gov
Diana Stram, diana.stram@noaa.gov

Kirstin Holsman, kirstin.holsman@noaa.gov
Angela Abolhassani, angela.abolhassani@noaa.gov

Strategic planning & response

Q ® Climate adaptation
planning & response

& response
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Climate change is
challenging but solvable

Overall, the latest studies on the net economic
implications of decarbonisation — which also
account for avoided climate damages — point
to overall benefit from the transition.
-Prof Valentina Bosetti

If people are provided with opportunities to make f
choices supported by policies, infrastructure and
technologies, there is an untapped mitigation
potential to bring down global emissions

by between 40 and 70% by 2050 compared
to a baseline scenario.

-Prof Joyashree Roy

The evidence is clear: there are now mitigation
options available in all sectors that could

together halve global greenhouse gas
emissions by 2030. -Dr Céline Guivarch

Questions?

Credit: Kirstin HSlls



https://www.carbonbrief.org/scientists-react-what-are-the-key-new-insights-from-the-ipccs-wg3-report/#bosetti
https://www.carbonbrief.org/scientists-react-what-are-the-key-new-insights-from-the-ipccs-wg3-report/#roy
https://www.carbonbrief.org/scientists-react-what-are-the-key-new-insights-from-the-ipccs-wg3-report/#guivarch
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National CEFI Component Workflow

1. GFDL & other
modeling centers

lfe———T>
Global climate
models
Engagement

&
coordination

2. CEFI Regional Ocean Modeling Teams

Widely-applicable
Regional ocean models / ocean variables >

retrospective simulations,
predictions (seasonal, decadal) &
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3. CEFI Data
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Data portal(s)

Open science and data

4. CEFI Regional Decision Support Teams

Climate informed tools &

Xre "“Ws"m

Ecological and advice
socioeconomic models = —>» (e.g., stock assessments,
risk assessments, MSEs,
ESPs, ESRs)
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(2024) McHuron et al. Current and future habitat suitability of northern fur seals and overlap with the commercial walleye pollock fishery in the eastern Bering Sea Movement
Ecology
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