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Government, industry and community decision makers urgently need 
robust information on future ocean conditions, how to prepare and 
what actions to take to reduce risks and adapt. 

CEFI will provide decision makers with the information and capacity 
needed to assess risks, identify adaptation strategies and take action.
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Regional 
Ocean 
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forecasts, 

predictions)

Decision 
Support 
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climate-ready 

resource 
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Decision 
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Targeted Research and Observations Supporting All Elements

CEFI Decision Support System
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NOS-led expansion of OFS
systems for nowcasts and 

shorter-term forecasts

OAR-led regional 
deployment of MOM6 
ocean physics + BGC 
configurations for 
seasonal to decadal

Ocean Predictions & Projections across Management Time 
Horizons
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“Work to Ensure” the following deliverables are met  
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Year East Coast West Coast and Arctic Great Lakes, Pacific Islands

FY23 Retrospective Ocean Simulation Initial Configurations

FY24 Multidecadal projections and 
retrospective seasonal 
predictions

Retrospective Ocean Simulations Initial configurations

FY25 Retrospective multi-annual 
predictions

Multidecadal projections and 
retrospective seasonal predictions

Retrospective Ocean Simulation

FY26 Seasonal outlooks commence Retrospective multi-annual 
predictions

Multidecadal projections and 
retrospective seasonal predictions

FY27 Continue seasonal outlooks, 
multi-annual outlooks 
commence

Begin regular seasonal and 
multi-annual outlook updates

Retrospective multi-annual 
predictions

https://docs.google.com/document/d/1lc8Noj4JTaUJ8s1PCf7hEQvGwRxA1cXzoSpqhMknFFk/edit


Climate, Ecosystems, & Fisheries Initiative

Portal Component FY24 Annual Work Plan

FY23 Achievements: 

Prototype Portal Structure 

https://psl.noaa.gov/cefi_

portal/#overview
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Decision Support Component Workflow
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Global climate & 
coastal models

1. GFDL & other 
modeling centers 

Advice for Decision Makers

Regional ocean models 
- retrospective simulations,
- predictions (seasonal, decadal) & 
- projections (multi-decadal)

Widely-applicable 
ocean variables

Application-specific 
ocean variables

2. CEFI Regional Ocean Modeling Teams 

Data portal(s)

3. CEFI Data 
Portal Team

Open science and data 

Ecological and 
socioeconomic models

Climate informed tools & 
advice 

(e.g., stock assessments, 
risk assessments, MSEs, 

ESPs, SOEs, MPA reports)
Stock

4. CEFI Regional Decision Support Teams 
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Engagement & 
coordination

Decision Support Component Workflow
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Decision Support Component Workflow
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Advice for Decision MakersEcological and 
socioeconomic models

Climate informed tools & 
advice 

(e.g., stock assessments, 
risk assessments, MSEs, 

ESPs, SOEs, MPA reports)
Stock

4. CEFI Regional Decision Support Teams 

NWFSC SWFSC NEFSC SEFSC PIFSC NOSAFSC

IRA FTEs

Existing FTEs
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Decision Support Component Workflow
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NWFSC SWFSC NEFSC SEFSC PIFSC NOSAFSC

IRA FTEs

Existing FTEs

2-3 operational climate-integrated advice products anticipated per region by 2026
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Decision Support Component Workflow
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NWFSC SWFSC NEFSC SEFSC PIFSC NOSAFSC

IRA FTEs

Existing FTEs

2-3 operational climate-integrated advice products anticipated per region by 2026

planning & response

spatial 
management

emergency 
response

climate- smart targets

X

Climate-integrated 
models

SDMs

habitat

survival

Stock
Climate-informed advice

value

Stock 
status

climate-informed  
catch forecasts

Place-based 
management



Oceanographic 
Hindcasts

● SST, BT, pH, O2
●  Zoop.; chl

Stock, species 
or Ecosystem
assessment
(estimation 

mode)

Ecosys. Models & 
SDMs:

● Predation M,
● Species overlap
● fishery access
● food availability

Stock, species 
or Ecosystem
assessment

(projection mode)

EBM/EBFM 
indicators 

.
ESRs & IEA

CVA & 
Protected 
Species

Dynamic 
EFH &  
Habitat 
Mang.

Risk & 
adaptation 
planning 

Emergency 
response 
financing 

CI - Harvest 
specifications 

(+1, +2 yr)

Parameterize climate coupling
(G, M, q )~f(T,pH, spp 
overlap,...)

Climate 
smart 
policies

Harvest portfolio 
performance

hindcasts

forecasts

scenario 
projections

MSEs
(skill 

testing)

EBM

EBFM

SocioEconomic models
● Fisher behavior
● Community 

dependence
● Network 

connectivity
● Adaptation
● Price/value

Climate refugia 
areas

Bycatch 
avoidance maps

Protected 
species key 

areas

Key fishing areas

Trophic & 
ecosystem 
indicators

 Scenario eval 
Risk & adaptation 

effectiveness
(+5 to +50 yr)

Scenario 
planning

Advice and Indicators Decision Support

Near-term risk 
eval

(1-5 yr)

Species 
rebuilding 
plans

CI- Annual 
TAC & 
bycatch 
limits

 OFL & ABC 
using +1, +2 yr 

forecasts

Climate 
smart 
HCRs

 OFL & ABC & 
Catch using 5-50 

yr projections

SDMs & overlap 
(fisheries, protect 
spp, pred/prey)

ALASKA (draft example DST flow)



Oceanographic 
Hindcasts

● SST, BT, pH, O2
●  Zoop.; chl

Stock, species 
or Ecosystem
assessment
(estimation 

mode)

Ecosys. Models & 
SDMs:

● Predation M,
● Species overlap
● fishery access
● food availability

Stock, species 
or Ecosystem
assessment

(projection mode)

EBM/EBFM 
indicators 

.
ESRs & IEA

CVA & 
Protected 
Species

Dynamic 
EFH &  
Habitat 
Mang.

Risk & 
adaptation 
planning 

Emergency 
response 
financing 

CI - Harvest 
specifications 

(+1, +2 yr)

Parameterize climate coupling
(G, M, q )~f(T,pH, spp 
overlap,...)

Climate 
smart 
policies

Harvest portfolio 
performance

hindcasts

forecasts

scenario 
projections

MSEs
(skill 

testing)

EBM

EBFM

SocioEconomic models
● Fisher behavior
● Community 

dependence
● Network 

connectivity
● Adaptation
● Price/value

Climate refugia 
areas

Bycatch 
avoidance maps

Protected 
species key 

areas

Key fishing areas

Trophic & 
ecosystem 
indicators

 Scenario eval 
Risk & adaptation 

effectiveness
(+5 to +50 yr)

Scenario 
planning

Advice and Indicators Decision Support

Near-term risk 
eval

(1-5 yr)

Species 
rebuilding 
plans

CI- Annual 
TAC & 
bycatch 
limits

 OFL & ABC 
using +1, +2 yr 

forecasts

Climate 
smart 
HCRs

 OFL & ABC & 
Catch using 5-50 

yr projections

SDMs & overlap 
(fisheries, protect 
spp, pred/prey)

Hire 1

Hire 2

Hire 4

Hire 3

ALASKA (draft example DST flow)
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Kirstin Holsman
CAFA group update
Sep 27, 2023
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The Alaska Climate Integrated Modeling Project

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?
● Evaluate effectiveness of adaptation actions 

including those supported by fisheries 
management 

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

Global General Circulation Models (GCM)
CESM
GFDL
MIROC

Carbon Scenarios:
Hindcast (1970-2021)
(high CO2 mitigation)
● CMIP6 SSP1 2.6

(med CO2 mitigation)
● CMIP5 RCP 4.5

low CO2 mitigation)
● CMIP5 RCP 8.5
● CMIP6 SSP5 8.5

Scenarios form the basis for 
comparative simulations & 

Management Strategy 
Evaluations



2017
ACLIM Scenarios wkshp(1)

Fisheries Forum discussions
ACLIM ppt → EBM Comm.

CMIP5 downscaling complete
ACLIM B0 results →Council

2019
2021

Ecosystem wkshp (Feb)
FEP and CCTF launch
ACLIM projections used in MSM assessment
ACLIM update → Council (Dec)

ACLIM 2 kickoff
EBM projections complete
ACLIM1 Papers published 
CMIP6 downscaling complete (Dec)
ACLIM projections used in MSM assessment
ACLIM update to CCTF

ACLIM ROMSNPZ data online (Feb)
ACLIM projections and risk  in MSM assessment
IPCC AR6 WGI 
ACLIM report to Council (Sep)
DPSRII special issue 
ACLIM report → Council (Mar-May)
Ensemble wkshp (Mar)
ACLIM repo launched (Mar)
ACLIM report → Council (Oct)

SSC ROMSNPZ ppt (Jan)
ACLIM SES ppt → SSC (April)
ACLIM Scenarios wkshp (2)

ACLIM1 funded
Dec & Feb Council presentations
GCM & RCP selection
MIZER development CMIP5 Projections

CI-linked models
CI-MSE framework

CMIP6 Projections
Salmon, crab, NFS
Subsistence
CI-HCRS & BRPs
SDMs

EOF& MOM6 
Nutrition & $ project.
Food security eval.
risk assessment
ADAPT 

2016

2020

2022

2018

ACLIM Timeline

ACLIM & IPCC report →Council
 MSE sprints (Fall & Spring)
ACLIM Scenarios wkshp (3)
ACLIM2 Model review meeting
SDM projections (Sep)
ACLIM & IPCC projections in ESR
ACLIM projections and risk  in MSM 
assessment

ACLIM 1

ACLIM 2

ACLIM 3
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ACLIM 1

ACLIM 2

ACLIM 3

Workshops

Informational discussions

Operational products



Socio-institutional 
adaptation

Built 
infrastructure 
& technology

Marine 
Nature-based 

Solutions

Chp. 3: 
Oceans

Adaptation (IPCC WGII)

Chp3: www.ipcc.ch/report/sixth-assessment-report-working-group-ii



COMMUNITIES

Increase  access
Diversify incomes

Holsman et al. in prep.



CI-SSM

CI-MICE

CI-Rpath

CI-MIZE
R

CI-SDM

CI-IBM

High 
resolution 
hindcasts & 
projections

Ensemble of models help 
identify structural 

uncertainties and characterize 
confidence in projections



CI-SSM

CI-MICE

CI-Rpath

CI-MIZE
R

CI-SDM

CI-IBM

Ensemble of models help 
identify structural 

uncertainties and characterize 
confidence in projections

High 
resolution 
hindcasts & 
projections



Demo
Demonstrate capacity & 
seed discussion

Start discussion with the 
development of worked 
examples and alternative 
scenarios 

Discuss
Engage to identify 
needs & concerns

Seek input to better 
understand climate- 
related concerns, 
priorities, and adaptation 
needs of stakeholders

Deliver
Identify specific 
on-ramps for advice

Utilize accepted EBM 
frameworks and map 
outputs to specific “tools” 
for decision making

1      2    3

Iterate

Hollowed et al. (submitted) Selecting climate linked decision relevant and adaptation informing community level scenarios 
for ecosystems through constituent engagement : A case study for the eastern Bering Sea. ICES JMS



8 Remote
48 In Person

June 2022 ACLIM Scenarios workshop (3)

Hollowed et al. (submitted) ICES JMS



ACLIM2 Workshop Emergent themes

● Issue: Management lags climate impacts
● Issue: Avoidance of bycatch increasingly challenging
● Issue: Over-reliance on single target spp (catch shares)

● Goal: expand “ability for mobility” 
● Goal: stabilize profits & reduce catch volatility 
● Method: Investments in infrastructure or technology, fuel 

efficiency, business risk profile
● Method: Invest in alternative products (e.g., boutique products)

● Equity: Evaluate factors impacting communities (food, 
availability, risk of access)

● Equity: Reduce barriers to entry (new / alternative fisheries) 

Hollowed et al. (submitted) Selecting climate linked decision relevant and adaptation informing community level scenarios 
for ecosystems through constituent engagement : A case study for the eastern Bering Sea. ICES JMS



Stakeholder Scenario Workshops

Climate Scenarios 
Multiple ESMs

Alternative Foodweb & 
Climate Coupling

Fishing Scenarios
Climate Informed Policies

Climate Integrated Assessments
Climate Smart HCRs
Climate Informed BRPs

ABC Catch

Bycatch

Wellbeing
$$$

Food
Security

Decision Support               & Adaptation Planning   

▲ Carrying Capacity
▲ Distribution
▲ Biomass
▲ Fish Condition

▲ Catch
▲ Value
▲ Cost
▲ Wellbeing

Distribution
Biomass

PROJECTIONS
Species distribution & 
biomass

ADVISE
CI harvest 
recommendation

TOOL BOX
CI mart tools

RISK ASSESSMENT
Risk & Adaptation

ACLIM3 Decision 
Support System

Alaska Dashboard of 
Adaptation Planning Tools 

(ADAPT)



Increased warming expected in the EBS 

Bottom Temperature (oC)

SSP126: High CO2 mitigation 
(less warming)

SSP585: Low CO2 mitigation 
(high warming)

ACLIM CMIP6 Shiny tool: kkh2022.shinyapps.io/ACLIM2_indices

https://kkh2022.shinyapps.io/ACLIM2_indices/


ACLIM Github Repo: https://github.com/kholsman/ACLIM2

ACLIM CMIP6 Shiny tool: kkh2022.shinyapps.io/ACLIM2_indices

Bering10KROMSNPZ web-based data (CMIP5):

● THREDDS: Catalog listing where data and metadata can be accessed and/or 
downloaded

● Live Action Server: An interactive web interface with plotting and mapping 
capabilities, primarily for data exploration (though some limited download can be 
achieved from here)

● ERDDAP: Web interface to access and download tabular data. Note that only a 
small subset of the model output (primarily Level 3 indices) is able to be formatted 
for access through this interface.

ACLIM Online

https://kkh2022.shinyapps.io/ACLIM2_indices/
https://data.pmel.noaa.gov/aclim/thredds/
https://data.pmel.noaa.gov/aclim/las/
https://data.pmel.noaa.gov/aclim/erddap/


BERING10K Data & Info portals

Explore the Data:
https://github.com/kholsman/ACLIM2

Learn More:
https://beringnpz.github.io/roms-bering-se
a/B10K-dataset-docs/



Decreases in zooplankton expected

SSP126: High CO2 mitigation 
(less warming)

SSP585: Low CO2 mitigation 
(high warming)

Euphausiid biomass

ACLIM CMIP6 Shiny tool: kkh2022.shinyapps.io/ACLIM2_indices

https://kkh2022.shinyapps.io/ACLIM2_indices/


Species distribution models
(Delta-Lognormal GAMMs)

Candidate model terms (Bering10K hindcast):

• Temperature (bottom 5m, k = 3)

• Oxygen (bottom 5m, k = 3)

• pH (bottom 5m, k = 3)

• Depth (k = 3)

• Log sediment grain size (φ, k = 3)

• Cold pool (0C/2C – spatially varying, k = 10)

Environmental covariates selected via time-series cross validation, 
i.e. based on forward predictive skill

+ spatial autocorrelation
+ annual random intercepts (lognormal model only)

×
2

×
2

×
2

×
2

×
2

×
2

arrowtooth
flounder

Pacific
halibut

walleye pollock

Pacific cod

snow 
crab

king 
crab

northern 
rock sole

yellowfin sole



Species distribution models
(Delta-Lognormal GAMMs)

Candidate model terms (Bering10K hindcast):

• Temperature (bottom 5m, k = 3)

• Oxygen (bottom 5m, k = 3)

• pH (bottom 5m, k = 3)

• Depth (k = 3)

• Log sediment grain size (φ, k = 3)

• Cold pool (0C/2C – spatially varying, k = 10)

Environmental covariates selected via time-series cross validation, 
i.e. based on forward predictive skill

+ spatial autocorrelation
+ annual random intercepts (lognormal model only)

Local responses to non-local environmental 
conditions can be modeled with 

spatially-varying coefficients 



Climate Ready Management and Communities
in the context of remote Alaska communities experiencing the direct effects of climate change

Some social effects

● Disrupted sharing networks/social 

networks

● Disrupted knowledge sharing

● Reduced confidence in management

● Shifts in target species

● Shifts in subsistence calendar

● Increased food insecurity

● Increased reliance on family 

networks. 

● Increased uncertainty



Salmon 

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

YRFDA and Yasumiishi et al. in prep.
Draft results, please do not copy or 
distribute without permission of the author



Stakeholder Scenario Workshops

Climate Scenarios 
Multiple ESMs
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Climate Smart 
Decision 

Support Tools

Ecosystem 
Foresight

Rapid 
Response

Key elements of climate ready advice

Rapid response
Plan & predict, near-real time alerts, 
emergency aid, triage impacts, enable 
individual adaptation

Ecosystem foresight

Social-ecological system 
forecasts & projections, 
tipping points & early 
warnings

Climate-driven decision support tools
Climate enhanced stock assessments,     
climate informed advice & tools, dynamic 
management

Effective monitoring & research
Improved research & climate-ready survey 
design, increased speed of response

Coordinated science & advice

Inter- & intra-agency 
coordination, national strategies 
aligned with regional priorities, 
efficient information sharing, 
reduced redundancy

e.g., Risk 
assessment & 
probability of 
increase or 
decrease

e.g., Emergency 
relief

Holsman et al. in prep



Provide tools and approaches to 
support climate informed 
management decisions

https://www.npfmc.org/climatechangetaskforce/
Stram et al. 2021

Climate information on ramps for fisheries management

https://www.npfmc.org/climatechangetaskforce/
https://www.npfmc.org/wp-content/PDFdocuments/membership/CCTF/ClimateChangeActionModFinalWorkplan_2021.pdf


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

Provide tools and approaches to 
support climate informed 
management decisions

Climate information on ramps for fisheries management

Climate informed annual* stock assessments 
& advice

Climate information in near-term 
management targets 

Climate information in long-term 
management targets and design

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


ACLIM support
• ACLIM 1.0 funding: 

• Fisheries & the Environment (FATE)

• Stock Assessment Analytical Methods (SAAM)

• Climate Regimes & Ecosystem Productivity (CREP)

• Economic and Human Dimensions Program, AFSC, OAR

• NMFS Economics and Human Dimensions Program

• NOAA Integrated Ecosystem Assessment Program (IEA)

• NOAA Research Transition Acceleration Program (RTAP)

• Alaska Fisheries Science Center

• ACLIM 2.0 funding:

• NOAA’s Coastal and Ocean Climate Applications (COCA) Climate and Fisheries Program

• NOAA Integrated Ecosystem Assessment Program (IEA) 

• Alaska Fisheries Science Center

Collaboration support:

MAPP Bering Seasons & FATE EFH 

• NPRB & BSIERP Team

• GOA-CLIM Team

• AFSC REEM, REFM, RACE

• ICES PICES Strategic Initiative on climate change and marine ecosystems 
(SICCME/S-CCME)

• NPFMC Climate change task force, the Ecosystem Committee of the NPFMC

https://cpo.noaa.gov/Meet-the-Divisions/Climate-and-Societal-Interactions/The-Adaptation-Sciences-Program/COCA


Questions?



        Adapt in real-time                                                                                        Minimize impacts through prep & planning

      (incremental adaptation)                                                                                                      (transformational adaptation)

Hazen et al. 2019 
https://advances.sciencemag.org/co
ntent/4/5/eaar3001

Climate-linked 
real-time species maps

Climate-enhanced stock 
Assessment models

Climate smart 
long-term strategies

Santos et al. 2020. 
https://www.nature.com/articles/s41893-02
0-0513-x

www.blueeconomyconference.go.ke

Hollowed et al. 2020 (ACLIM)
Holsman et al. 2022 (EBS)
Adams et al. 2022 (GOA)

Climate smart decision support tools



Moore et al. Conservation risks 
and portfolio effects in mixed-stock 
fisheries. DOI: 10.1111/faf.12567 
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Objective 1. Evaluate changes in 
ocean conditions and Net 
Primary Production (NPP) in the 
NBS

Objective 2. Understand 
historical and future changes 
to benthic-pelagic coupling 
and food web dynamics in the 
NBS.

Objective 3. Evaluate 
impacts of changes in 
temperature, ocean 
acidification, and 
oxygen depletion on 
habitat quality and 
species distributions 
and how these 
changes may impact 
food web structure.

Objective 4. Evaluate the foraging 
and reproductive responses of 
northern fur seals to a changing 
Bering Sea climate under different 
fishery management scenarios

Objective 5. Evaluate how fishing 
fleets and human communities will 
be impacted by future climate change 
and test potential adaptive 
responses, tools, and policies using 
management strategy evaluations

Objective 6. Continue to incorporate multiple knowledge sources and perspectives in the development and 
evaluation of climate-informed marine management in the EBS

WG 2: Climate 
downscaling and 
ocean modeling

WG 1: Ensemble 
modeling group

WG 3: Spatial 
Modeling group

WG 4 /  5: HCRS, 
Social-econ, 

modeling

WG 6: Food web 
models

WG 7: 
Ecophysiology, 

energetics, IBMs

WG 8: Marine 
Mammals

WG 9: Indicators 
for ESRs and 

ESP

ACLIM2 Objectives



Nationally Determined Contributions (NDCs)
https://unfccc.int/ndc-information/nationally-determined-contributions-ndcs

Graphic: https://sustainability.yale.edu/explainers/yale-experts-explain-paris-climate-agreement



UNFCC 2022 NDC Synthesis report

Updated revised NDCs

ACLIM finds higher 
risk above this 
(SSP585, RCP8.5)

ACLIM finds 
lower risk below 
this (SSP126)

https://unfccc.int/ndc-synthesis-report-2022



Multispecies assessment

Use climate informed model to characterize 
risk in +1 & +2 years

Use climate informed model to characterize 
risk in 10 + years with low warming

Use climate informed model to characterize 
risk in 10 + years with high warming

https://apps-afsc.fisheries.noaa.gov/Plan_Team/2022/EBSmultispp.pdf



● Climate informed or climate naive targets? 
→ Use Climate Naive (see Cody’s paper)

● Climate informed or climate naive models for ABC?
→ testing presently, use CI - Models

● Eval performance of Climate Enhanced HCRs
→ testing presently, use CI - Models

● Eval. potential emergency responses
● Eval effect of climate driven distributions on 

pop-dynamics,catch, & bycatch 
● Eval skill of ecosystem forecasts to “foresight”
● Consider inclusive evaluation metrics 
● Consider lags in markets to climate shocks 

Research topics



First: Set Target / reference points

Climate informed B0 / Dynamic B0

Bunfished

Time

Bi
om

as
s

Projection F = 0 FABC = 1.0*FACL

B40%



ACLIM :“hybrid” climate- naive target, & climate informed status

Climate naive B0 + climate informed By

Time

Bi
om

as
s

Projection F = 0

FABC = 0.7*FACL
Bunfished

B40%

FABC = 1.0*FACL

Climate naive model to set Bunfished & B40%

Climate informed model to get By / B40%



Solution? 
Set B40 using climate naive models (or historical B

unfished
), eval. current B:B40 using climate informed models

Holsman, K.K., Haynie, A.C., Hollowed, A.B. et al. Ecosystem-based fisheries management forestalls 
climate-driven collapse. Nat Commun 11, 4579 (2020). https://doi.org/10.1038/s41467-020-18300-3


