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Today's talk

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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Greenhouse gases reached 1.0
record observed levels in 2023.

Real time data indicate that they continued to rise in 2024,
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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 -
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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.
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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

UNFCCC 2024 Nationally Determined Contributions (NDCs) Synthesis report

With full implementation of the 2022 ACLIM found fisheries
revised NDCs and conditional elements 4 have higher risk above
/ this (SSP585, RCP8.5)
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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


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

Climate-informed tools are available to
support future sustainable fisheries




Jacox et al. 2022. www.nature.com/articles/s41
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New predictive tools can help fisheries prepare & plan

psl.noaa.gov/marine-heatwaves

{T’ Physica| 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

586—02ir04573- |



~ Tactical Near-term Advice (<2 yr)

Climate “on rampsﬂ through the Council process Climate change information incorperated

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

Climate informed annual* stock and
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- Strategic Near-term Advice (<2 yr) -

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

Climate information in near-term ecosystem
based management 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-ready Ecosystem Based Fisheries
Management planning, information & design

E.g., Targets based on climate projections

2 o
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e Existing tools or process
------ Help ID climate change gaps
—  New tools or process

~nhiips//www.npfme.org/climatechangetaskforce!

On-ramp 3
(new)

KEY: Matching climate information &

projections to the scale of decision making &
advice

Legend



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

AFSC Integrated Climate Modeling Projects




The Alaska Climate Integrated Modeling Project

Global General Circulation Models (GCM) e
CESM
GFDL
MIROC
Carbon Scenarios:
Hindcast (1970-2021)
(high CO2 mitigation)
e CMIP6 SSP1 2.6
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e CMIP5RCP4.5
low CO2 mitigation)
e CMIP5RCP 8.5
e CMIP6 SSP5 8.5
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Hollowed et al. 2020. https://doi.org/10.3389/fmars.2019.00775
www.fisheries.noaa.gov/alaska/ecosystems/alaska-climate-integrated-modeling-project

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

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




ACLIM3 Team

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
Suppo rtin g climate Spies, Ivonne Ortiz, James lanelli, James Thorson, Jean Lee, Jennifer Bigman,
Jeremy Sterling, Jodi Pirtle, Jonathan Reum, Kalei Shotwell, Kate Haapala,

resilience through
_ _ Kelly Kearney, Lorenzo Ciannelli, Mabel Baldwin-Schaeffer, Maggie Mooney-
climate-informed . . .
Seus, Martin Dorn, Maurice Goodman, Meaghan Bryan, Melissa Haltuch,

Ecosystem Based Melissa Parks, Michael Litzow, Mike Dalton, Molly Graham, Patricia Pinto
Management advice 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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Integrated Modeling to Evaluate
Climate Change Impacts on Coupled
Social-Ecological Systems in Alaska

Anne Babcock HolNowed', Kirstin Kar Holsman®, Alan C. Haynie®, Albert J. Hermann®,
Andre E. Punt’, Kerim Aydin’, James N. lanalli', Stephen Kasperski', Wai Cheng™,
Amanda Faig®, Kelly A. Kearney™, Jonathan C. P. Reumn™*, Pawl Spencer’,

Ingrid Spies’, William Stockhausen’, Cody 8. Szuwalski', George A. Whitehouse®* and
Thomas K. Wilderbuer?
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The Alaska Climate Integrated Modeling (ACLIM) project represants a comprehensive,
multi-year, interdisciplinary affort to characterize and project climate-driven changes
to the eastern Bering Sea (EBS) ecosystom, from physics to fishing communities.
Results from the ACLIM project are being used to undarstand how different regional
fisheries management approaches can help promote adapiation to climate-driven
changas to sustain fish and shelfish populations and to inform managars and
fishery dependent communities of the rnisks associated with diffierent future climate
scenarics. The project relies on iterative communications and outreaches with
managars and fishery-depandent communiies that have informed the salection of
fishing scenanios. This iterative approach ensures that the research team focuses on
policy relevant scanarios that explore mealistic adaptation options for managers and
communities. Within each iterative cycle, the interdisciplinary research team continues
to improve: methods for downscaling cimate models, climate-enhanced biological
models, socic-economic modeling, and management strategy evaluation (MSE) within
a common analytical framework. The evoling nature of the ACLIM framework ensures
improved understanding of system responses and feedbacks are considered within
the projections and that the fishing scenanos continue to reflect the management
objectives of the regional fisheries management bodies. The multi-model approach
used for projection of biokogical responses, faciltates the guantification of the rolative
contributions of cimate forcing scenario, fishing scenarnio, paramater, and structural
uncaertainty with and between models. Ensamble means and vanance within and
babween models inform risk assessments under different fuiure scenarics. The first
phase of projections of cimate conditions to the end of the 21st century is complate,

Frontiers in Marmna Science | weaw irontienin.ong 1
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ACLIM overview paper
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Key Takeaways from ACLIM to date

Climate < Ud S000 1. Need to account for ecosystem-wide productivity changes
Informed walp o ala
EBM advice ] "X 2. Manage predator-prey Interactions using new approaches
ate o A S 3. Need to (and can) adapt to climate-driven species range
ecosystems & @f "‘h.( shifts
food webs 3 iy

/ﬁ\ 4. Expand Ecosystem-Based Fisheries Management through
Climate e . coordination and collaboration
impa_cts on growth, /-ﬁ\
survival & blomass — veaty- retl 5. Address uncertainty with ensembles and participatory

scenario planning

e
Changes to fish ‘“ . . . ) .
distributions (& V@‘ 6. Incorporate socio-economic resilience into planning and

fishing grounds) response

Climate change
(oceanography)

| 7. Strengthen research and monitoring infrastructure



Key Outcomes of ACLIM to date

1. Provided baseline engineering capacity for

4.

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

Supporting Publications

High-res model reproduces
the Bering Sea environment

Observed (survey data) Model (BeringlOK ROMSNPZ)
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Kearney K (2021). U.S. Dep. Commer., NOAA Tech.
Memo. NMFS-AFSC-415, 40 p. link.

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

1.

2.

4.

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

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).

High
resolution
hindcasts &
projections
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by climate




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 " Feflet curvensand probable are

environmental conditions

o Changing reference points for
2. ldentified key couplings, and gaps and needs in ooty e o e
counter-intuitive management
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Szuwalski et al. 2023

3. Evaluated trajectories under future scenarios,
alternative management strategies, alternative ) Bioogial reference pois
harvest control rules - emergent understanding
of common pitfalls and best practices

walleve pollock Pacific cod arrowtooth flounder
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Supporting Publications Holsman et al. 2020. https://www.nature.com/articles/s41467-020-18300-3

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

Cument Best of
trajectory  both worlds

Moderately increased variability
asn war

More dimate shocks |
Medium risk future
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%" pacts Inclugsd
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anagement

EBM &
rapid change
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Much lower marine productivity

Ecosystem drivers induded
Silogd darigion making

Future Climate Change Scenarios

Discussion Roadmap

Step1:
Start here

Scenario 1: Gurrent trajectory

Some progress toward ecosystem-based fisheries management (EBFM),
significant climate change impacts, and moderate predictive capabilities
Climate change confinues fo disrupt ecosystems and fishenes. The management

ioois and policies in place are similar o those used in 2024. Forecastng and
planning imgrove but capacity for adaptation varies widely across fisheries.

$tep I: Consider the hesi 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 penadic climate shocks and extreme evenls, there are strong
predictive capabilties, effective consideration of ineractions between stocks and
ooean usars, and more kead tme for planning.

Step 3: Now, consider if climale change impacts are SEVers_

Scenario 3: EBM and rapid change

Hluhhreﬂem'emd inclusive ecosystem-based management (EBM), high
climate ¥l and low predictive capabilities

Managers are able o practice effectve ecosysiem-basad management but dimate
change impacts are more sevene than in Scenaio 2 A5 a resull, predicive:
capabilites are kow and menapement is reactive

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

Scenario 4: Siloed management and high ehallenges
Sector and stock specific management focus, extreme climate change
impacts, and low predictive capabilities

Extreme climate evenls and market shocks are comman and predichive
capabdities are low. Management is reactive and focusad on individual stocks,
saciors, and fleats. The rapid rate of change creates instabdity for fishenas and
COmmUnites.

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



https://www.npfmc.org/climate-scenarios-workshop/#:%7E: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. Provided baseline engineering capacity for ocean

and ecosystems predictions and forecasts Salmon & Communities
Identify candidate ROMS/NPZ indicators for Yukon River Chinook salmon survival based on
2. ldentified key couplings, and gaps and needs in S::e’g'ﬁ°aTiL“§:t'°“j'k“;’t“:'fdf’ed »
linked climate- oceanographic- biological- social- yeer at eea impacis growh & survival.
econom iC m Od e I S 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)

3. Evaluated trajectories under future scenarios,
. . . Produce recruitment projections
alternative management strategies, alternative under different climate & emission
. i i |
harvest control rules - emergent understanding scenarios at varlous fags
R . Slide Courtesy of 5. Wise, E. Yasumiishi, J. Reynolds (AFSC-NOAA)
of common pitfalls and best practices Droft resuit, plcase donotcopyor

distribute without permission of the author

4. Sustained community of practice for climate- o , o
e Conducted preliminary community meetings in lower Yukon to

informed advice, mCIUdmg support for inform household survey. Planned final phase fieldwork for 2025.

partnership building around adaptation planning 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

Yukon River Drainage \O{AEBT!W(A:RCEVESS @ FISHERIES

Fisheries Association
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ACLIM3 Decision scenario discussions Multiple Knowledge
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Open Science: interactive tools :
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Open Science: interactive tools

ACLIM2 SDMs: Species range and overlap forecasts

Species 1
arrowtooth flounder

Species 2

walleye pollock

Species 1size bin

adult

Species 2size bin

juvenile

Compute overlap indices using

Estimated biomass

Climate scenarios

55P1-2.6 (CMIPS)

Climate models

RCP4.5(CMIP3)

Probability of accurrence:
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= ==
Download output

55P5-8.5(CMIP6)
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Contact Maurice Goodman (goodman3@stanford.edu) for ather outputs

Overlap

Overlap  Species1  Species2

Background

This interface displays fitted means and confidence intervals from SDMs built for a suite of eastern Bering Sea groundfish and crab species as part of the ACLIM2 project.

were built for each species wi lected using time-series cross validation (i.e., by optimizing several-
year-ahead predictive performance). Terms considered in the models include temperature, depth, axygen, pH, and spatially-varying effects of the cold pool. Models were
At for juveniles and adults for most speci for snow crabs, and red king crab - when plotting pecies, choose ‘all for the size bi were fit
as delta-GAMs, with a binomial component for estimating probability of occurrence, and lognormal for estimating positi ) biomass. Overlap
projections are plotted below, with model fes and range projecti indivi fes available in tabs to the right.
Overlap metrics can be computed from either probability of occurrence. in which case only the binomial component of each delta model is used, or expected biomass (i.,
the product of the expected values from the binomial and Lognormal model Fiti: much better for the binomial component (i.e., the models tend to
do a better job describing the distril for each species than they do for species bi istributions), so based on

ility of occ y iable, possibly at the cost of ecological interpetability.

Spatial overlap

Each of the metrics varies bety d 1, with 0 indicati 1 d 1 indicating c , and each is invariant under linear
transformation, i.e impacted only by the relative biomass distributions of each species, not by the aggregate sum biomass in a given year. The years containing
groundfish survey data (1982-2019) are shaded.
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Open Science: interactive tools

ACLIM2 SDMs: Species range and overlap forecasts

Overlap  Species1  Species2

Species 1
arrowtaoth flounder -
Background
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walleye pollock - were built for each species wi lected using time-series cross validation f.e., by optimizing several-
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groundfish survey data (1982-2019) are shaded.
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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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The Alaska Climate/CEFI Team (ACT)

Kirstin Holsman

kirstin.nolsman@noaa.gov

Climate, Ecosystems, & Fisheries Initiative
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CEFI High resolution oceanographic model (MOMG6) grids

Pacific Arctic

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? @ @
I EES possible?

ﬂt is expected?

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

Nowcasts
(realtime)



Current Bering10K high resolution oceanographic seasonal forecasts aFA

INTEGRATED ECOSYSTEM ASSESSMENT

Spring
Predicted 2024 July 1
bottom temperature
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Slide: Kelly Kearney (AFSC) https://beringnpz.github.io/roms-bering-sea/B10K-dataset-docs/



Current Bering10K high resolution oceanographic seasonal forecasts iFA

INTEGRATED ECOSYSTEM ASSESSMENT
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Current Bering10K high resolution oceanographic seasonal forecasts iFA

Updated in fall
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Current Bering10K high resolution oceanographic seasonal forecasts ﬁFﬂ

INTEGRATED ECOSYSTEM ASSESSMENT

Updated in fall Spring
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CEFI synergies at work in the Bering Sea
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Year

FY23

FY24

FY25

West Coast and Arctic

Hindcast update, retrospective
seasonal predictions, initial
climate change projections

FY26

Hindcast update, retrospective
decadal predictions, initial climate
change projections

Theresa Morrison, Bob Hallberg and others in the regional MOMG6 development forum...

FY27

FY28

FY29

Hindcast update, expanded
projections, seasonal outlooks
reliably delivered




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.

® @ 'RAFTEs

DSTs (.\‘.

Ba .
'. Module '.

B [ ) Teams. B

e FTES" / Decision Makers

a. o
Support and co- Additional NOAA ... & partners
ae

| collaborators
everage Non-NOAA partners

not repeat or re-
invent
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Understand current capacity for inclusion
of climate informed advice

|dentify near-term needs for Cl-advice
|dentify long-term needs for development
Link CEFI, IEA, Stock Assessment, and

Other NOAA products to meet needs




Decision Support Delivery Steps

Step 1: Engagement & Partnership Building MOM6

|dentify key partners and collaborators and begin or

advance discussions around climate change planning and Parallel pProcess

needs Test ocean model output
2024 Step 2: Co-identify on-ramps ?

In coordination and collaboration with partners and

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

2023

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?
2026 —&—  Step 4: Design, build & TEST e Does the output skillfully meet needs?

Match resources and tools to needs and test skill

relative to co-identified metrics of performance Decision @"lRA FTEs E
Support _ @m$@® TN\

2027 Step 5: Deliver & refine Teams .... ® ..
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
L )
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Draft Focal Areas for Alaska CEFI

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

living marine ecosystem & fisheries

resource forecasts '. advice
Teams

FOCAL AREA 2: Climate-integrated
fisheries assessments and EBM tools

FOCAL AREA 3: Decision support for

Alaska’s Climate Ecosystem and Fisheries Initiative @
s

lllllllllllllll

(Cllmate ocean, & (“/CI imate- nformed\r‘./ Engagement &

information sharing

towards climate-smart
'.T eams decision maklng

climate aware regulatory frameworks

FOCAL AREA 4: Climate resilience
community planning and response

a2 IS



rovide via climate information on-ramps in E
SRs, Stock assessments, ACEPO, etc.
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New this year: Prototype
Climate information overview

Feedback welcome!

What s the ACT?

The ACT is the Alaska CEFI Regianal Decisian
Support Team. The Alaska Chmate CEF] Team
(ACT), established in fall 2021, and expanding to
inclugs new members and partner laison in
2024, guides regional development of publicly
accessible CEF] tocls and products o support
climate-informed advice and adaptation planning.

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

How will CEFI change advice?

Seientists from the Alasks Fisheries Science Center
hawe been leading pilot projects such as the Alaska
Climate Integrated Modeling project |ACL1) and
the Gulf nl Alasia Integrated Modeling project
[G0ACUI). These projects serve a5 prototypes far
the derision supgort toois and advice that CEF| may
support. They demanstrate imaroved model
performance with climate linkages and provide
integrated climate advice that considers climate.
changes, biokogical and ecosystem responses, and
alternative management and adaptation options ta
support climate-smart Ecasystem-Based
Management and theiving elimate-resilient

eommunity adaptation planning, Thay
tvough NOAKS Regions| iheries Sience
Centers to provide:

®  Earty warnings and projections of
ecosystem conditions

*  Risk assessments B scenario plan
fisheries and fishing communities

®  Stience support for climate ready.
Ecosystem-Based Management

ing for

Alnska Camate Team
s,

ety ——
o kA et i = st

Advice it sadigned te
provide climate infarmation via the existing Councl
process and ar

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

Questions? Email us!

Kirstin Holsarian (ACT Lead),
Sl ol 88,40y
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econystem & fisheries

2024 Climate Science Update

ALASKA'S MARINE ECOSYSTEMS

Future warming may pus

=
habitat but potentiaty ahering NES camying capacity. SNOW CRAB
h

nsa to marine heaty

s across freshwater & marine life histories are
SOCKEYE SALMON & SABLEFISH hs

CEFI: The Climate, Ecosystemns, & Fisheries Initistive is a cross-NOAA

affort 0 bulld the to build ocean modsling capaci

& provide science

support needed 1o allow management & resource users ta adapt
anging ocesn conditions. CEF| aims to provide: (1} Rebust
forecasts . decadal predictions, and long-temm projsctions of
: (2) Publicly avallable chmate-linked
, ecoaystam, &
assesements, & evaluations of climate-robust managament

raspanse; (3] Increased capacily to provide climate- informed,
advice to support long-term sustainabilty & resiliance.

Alaska Fisheries
Sciance Cantar

Oceanographic

Region-speciic coeancgraphic products will be

Biological

Develop dynar ateirlarmed mulhnpm\aa

devaloped for public use o supparl
adaptation. This includes the curen. E:
Regional Ocean Mociing Sys!em (ROMS) and he
advanced Jic: =
high resciution, theee amensians ace
effectively siulale past coean condiians and lower
rophic level dynamécs, frem ghyloplanslon Lo ki, and
are inslrumental in Tofecasting future changes.

ts: hindcasts are a powarful laal far

will ba proguced b recrete lhe oceanic and sea ice
slales over the past several decades. The ACT wil
ewaluate the sccuracy of Ihese raconstnctans by
cemparing ihem wilh histaricel coean absenvabons.
Once validated, these medel oulputs will provide
continuous data on acean condilians lram seabed 1o
the surese. This infarmation wil enhen

understand oeean dyw\ammsdumlg different
Tishing and harvest seasons, and wil help idealiy the
dluers of speckes papulabion changes. spatial shills,
and broader scosystem responses 1o warming and
marine haalwayes

Forecasts: Forecasts from the same models wil be
updated #ach seasan o provite neantem projeclions of
scean candiions ane 1o welve means cal.

Decadal predictions wilgrovide daia-an oudlsk
of potential ocean condilions up lo 10 years inlo the
ulure.

Long-term projections under high and low warming
scenarios will defver detailed infarmation 1o suppart
fisk analyses and cimale adaplation planning

Kally Keamey, kel s
Wei Cheng. 1=

Wl NMIFS trawl survay.

i
odels for Bering crab,
and madns ammal spec

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

Elizabetn MeHuran, 12
MaLirice Goodman, e

Litik mades Bnd use nsemble approaches Lo quantly
relationsnips between climale-ecosysiem varisbles
and population dynamics across fish species.

Identify best practices far sslecting which
chmale-ecosysten varables can help predict stock
dynamics.

Jennier Bagran,
Grant Adame,
Andr Punt, =g "

Develap climate-linked harvest control rules o
delermine ABC buflers for he North Pacific Fisheries
Management Caunc

Develap soltware la producs eimate-informed
short-Léim growth and mortality forecasts for
NPFMC harvest control nules.

Support climate-informed stock assessments and
multispecies models lar groundiish in the Gulf of
Alagks and Bering Sea,

Grant Adams, o
Kirstin Halsman, =
Anded P, e punia

What we are planning & what we will do

Social & Economic
Deueiop l.n:la\ hindcast methodology wilh ot of
community respanses io climate-nduced changes in

Alaska f!heviz! lZDlﬂ -2023) Ln better understand
commuiity adaplalion

Identty possible social indicators using existing
data sources o détect and monitor the sects of
climate-nduced changes assooisted with resiience
and wulnerabibty of Alaska fishing comuniities.

Suppart development of publicly accessible,
collaborative tools alowing comm o view
CEFl infarmalion products an cimale-induced shifls
1 species distribulions and ecclogical and
eeanograghic condiions.

Exgpiore pattways and examine barriers for
wiilzing secsal and econamic infarmaticn 1o inform
Council decision-making cn dimate resiient Risheries
management.

Aageia Abehassan
Sarsh Wige, &

Collaboratively identify drivers of Yukon River
Chinook salmon marie survival using ROMS
oean lemperature oulputs, wind hindcasts, and

Spocias, sk &
#azystam statg

"‘?4 [
L s & s
Em oY @ ﬁ

Climate-nformed advice

Adagiation suggce

Council Coordination

In coardinalion with the Council points of conlact,
develop a process for regular reporting of climate
change impacts and responses to the Council
Ihrough existing pathvaays (of “on-rampe’]. Fisheries
Iniliative (CEFT} palential projects and oulpuls eculd also
help support the Counels cimale readiness nlamung
This infarmaticn wil highbight curent and propase
synergies belween CEFI products and Council nlaunmg
Coordiniaticn an the deveiapment of hese products will
ifwolve colaberalion among the Council, NORRS Ajaska
CEFI team (ACT) and pariners, and the Alaska
Fisheries Information Network

Facilitate Council planning for cimate change impacts
munities in Alaska through
o

and synihesis of medium 1o lang-term
marine ecosystems. Supporl management sirateqy
evahialions (MSEs} o evaluale ihe performance of
allemalive manggement measures and ssgessments
under future limale scenanios.

Annual climate-informed advice: Develop interactive
and pubiicly accessible resources for decisian making
and exploring tradealls in annal Nsheres management
decisions. Sug atiinfarmed biological reference
points and harvest control nules

Rapid response: Support lhe dewslopaent and defivery
o 1oals o aid in-season management and navgate
emergent cimale challenges

Jadi Pirtle, jod ol
Jagan Gasper,
Aneie Marie Eich, &

Katie Latanich, &
Diana Stea

sl Holsman. b
Angela Abalhassani,




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

®  Risk assessments & scenario planning for
fisheries and fishing communities

®  Science support for climate-ready
Ecosystem-Based Management

Alaska Climate Team Underséand current capacity for mciuson
of climate infarmed (Cl) sdvics

21 ity febir -t Mol ol Cl-advice

3) Identily long-bern needs for cimaste
Lt g e ]

4) Limk CEFI. IEA. Steck Assessment. and

How will CEFl 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 CEFI may
support. They demaonstrate improved model
performance with climate linkages and provide
integrated climate advice that considers climate
changes, biological and ecosystem responses, and
alternative management and adaptation eptions 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

Oher HOA procics o most needs Questions? Email us!
Kirstin Holsman (ACT Lead),
kirstin.holsman@noaa.qgov
Alaska's Climate, Ecosystems, and Fisheries Initiative a
NOAA
FISHERIES
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2024 Climate Science Update
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OCEAN ACIDIFICAT’EON

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. CEFI aims to provide: (1) Robust
forecasts , decadal predictions, and long-term projections of
ocean conditions; (2) Publicly available climate-linked : NOAA
early wamings, climate-enhanced stock, ecosystem, & risk * FISHERIES
assessments, & evaluations of climate-robust management
response; (3) Increased capacity to provide climate- informed

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 Bering 10K
Regional Ocean Modeling System (ROMS) and the
advanced Modular Ocean Model 6 (MOME). 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
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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.qgov
Kirstin Helsman, kirstin.holsman@noaa.qov
André Punt, aepunt@uw.edu

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.vasumiishi@noaa.qoyv
Sarah Wise, sarah.wise@noaa.gov
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Adaptalion 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
Année Marie Eich, annemarie.eich@noaa.qov

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

Kirstin Holsman, kirstin holsman@noaa.qov
Angela Abolhassani, angela.abolhassani@noaa.qgov
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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 §
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

Questlons?

Credit: Kirstin



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
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