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Developing a workplan for the 
FEP Climate Change Module

Kirstin Holsman
kirstin.holsman@noaa.gov
Alaska Fisheries Science Center

Climate Task Force Meeting 1
Jan, 2020



kirstin.holsman@noaa.gov

Today: Agenda• Intro to Task Force 
• Brief background
• Module objective & goals
• Module outcomes & products
• CCTF planning & logistics

https://docs.google.com/document/d/18np_Z7SbN6ThPkFvEe1UBqU8W5smy0QPzz9GGe_exTQ/edit
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TODAY’S GOALS:

1. Finalize a draft workplan to send to the Council next week

2. Derive a list of issues / questions we’d like feedback on 

specifically

3. Clarify our goals, process, and logistics



Google docs



Google docs
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Survey results
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Connection to the Bering Sea:
17 years with NPFMC, have coordinated plan teams for BSAI groundfish, BSAI crab, worked on BSAI 
halibut and salmon bycatch issues and management amendments

21 years of marine mammal research in Alaska

extensive work with communities and other partners on fisheries management, climate change, 
marine mammals, marine debris, governance, and other issues in the Bering Sea

Fisheries Management Specialist with the Alaska Regional Office. 

I work as a social scientist with Bering Sea Tribes, Tribal organizations, and communities.  I also used 
to live in Nome.

Run a natural resources department for a tribal government

Work with the Fishing Industry and Council on Data & Policy issues
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Indigenous knowledge



What do you hope the Climate Change Task Force / 
Climate Change Module can accomplish in the next 3-5 
years of the Task Force timeframe? (2020-2025)

What do you hope the Climate Change Task Force / 
Climate Change Module can accomplish in the next 10-20 
years?



What are your TOP 3 goals for this first CCTF meeting?
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Background



12

Projection data from CMIP5 (Taylor et al., 2012) avail. at: www.esrl.noaa.gov/psd/ipcc/ocn

CMIP5 ENSMN Annual SST anomaly (oC) 
(2050 to 2099) - (1956 to 2005) 

RCP2.6 RCP8.5

Modified from Fig. 6.2 Holsman et al. 2018 [in ] Barange et al. (Eds.)  
2018. Impacts of climate change on fisheries and aquaculture. TP 627.

CO2 mitigation scenario High baseline scenario ("Business as usual”)

http://www.esrl.noaa.gov/psd/ipcc/ocn
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CMIP5 ENSMN Annual Ocean pH anomaly 
(2050 to 2099) - (1956 to 2005) 

Projection data from CMIP5 (Taylor et al., 2012) avail. at: www.esrl.noaa.gov/psd/ipcc/ocn

RCP2.6 RCP8.5

CO2 mitigation scenario High baseline scenario ("Business as usual”)

Modified from Holsman et al. 2018 [in ] Barange et al. (Eds.)  2018. 
Impacts of climate change on fisheries and aquaculture. TP 627.

http://www.esrl.noaa.gov/psd/ipcc/ocn


Anomaly from 1961-1990 climatology, 1 degree, weekly resolution

http://polar.ncep.noaa.gov/sst/rtg_high_res

Anomaly from (1901-2000)
•NOAA National Centers for Environmental information, Climate at a Glance: 
Global Time Series, published March 2019, retrieved on March 29, 2019 
from https://www.ncdc.noaa.gov/cag/

http://polar.ncep.noaa.gov/sst/rtg_high_res
https://www.ncdc.noaa.gov/cag/
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Increased warming (2090-2099)-(2010-2019)

∆ Bottom Temp (oC) (whole basin)
RCP 8.5

(2019) Hermann, A. J., G.A. Gibson, W. Cheng, I. Ortiz1,K. Aydin, M. Wang, A. B. Hollowed, and K. K. Holsman. Projected biophysical 
conditions of the Bering Sea to 2100 under multiple emission scenarios. ICES. doi: 10.1093/ices/fsz043



“We find that mean SST change was the dominant driver of 
increasing MHW exposure over nearly two thirds of the ocean, 
and of changes in MHW intensity over approximately one third 
of the ocean. “





Gattuso et al. (2015). Contrasting futures for ocean and society from different anthropogenic CO 2 emissions 
scenarios. Science, 349(6243), aac4722. https://doi.org/10.1126/science.aac4722
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Holsman, K. K., Hazen, E. L., Haynie, A., Gourguet, S., Hollowed, A., Bograd, S. J., … Aydin, K. (2019). Towards climate resiliency in fisheries 
management. ICES Journal of Marine Science. https://doi.org/10.1093/icesjms/fsz031

Consider nested scales of 
management & 

adaptation 
Adaptation: 
increased flexibility

Adaptation: 
climate-enhanced 
stock assessments

Adaptation: 
nowcast/ forecast maps of 
risk/ sea Ice/spp distributions
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Fig. 1 from Wise et al. 2014. Reconceptualising adaptation to climate change as part of pathways 
of change and response. Global Environmental Change 28: 325–336

incremental (normative) adaptation to preserve current livelihoods, 
health, and well being and meet future demands

transformational adaptation, especially to address/prevent continued 
marginalization and promote diverse well being, values, and views

Adaptation

Build capacity to revaluate & 
enable transformative actions

Test new & existing tools
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HOW? 
FEP Climate Change Module
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”facilitate and support equitable climate change adaptation 
pathways and long-term resilience for the coupled social-
ecological system of the Eastern Bering Sea”

Module goal:

i) evaluate management tools to develop incremental (normative) 
adaptation measures to preserve livelihoods, health and wellbeing 
across fisheries and dependent coastal communities

ii) enable transformative adaptation needed to ensure the productivity 
and sustainability of the coupled social-ecological Bering Sea system
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“knowledge and culture construct societal limits 
to adaptation, but these limits are mutable”
- Adger et al. (2009). 
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*Allison & Bassett. 2015. Climate change in the oceans: Human impacts and 
responses. Science 350 (6262), 778-782. [doi: 10.1126/science.aac8721]

ü Risk inherently depends on values

ü Include a “plurality of perspectives” *

ü Consider interacting (non-linear) pressures
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“Interconnections among risks can span sectors and regions with multiple 
climatic and non-climatic influences, including societal responses to climate 
change and other issues (Helbing 2013; Moser and Hart 2015; Oppenheimer 
2013).” 
- Mach et al. 2016

ü Risk inherently depends on values

ü Include a “plurality of perspectives” *

ü Consider interacting (non-linear) pressures
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How best to coordinate with TK / LK module?

“One ongoing challenge is developing and addressing research 

questions from a Traditional Knowledge lens rather than solely 

from a western researcher's perspective.”

Raymond-Yakoubian, J., & Daniel, R. (2018). Marine Policy, 97:101–108.
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” To achieve this, the climate change module will be used to…” 
ü synthesize current knowledge regarding climate change effects on the EBS system,

ü identify potential climate-resilient management measures that can improve adaptive 
capacity and avoid maladaptation 

ü evaluate the risk, timescale, and probability of success of various climate-resilient 
management policies under future scenarios of change

ü provide prioritized recommendations for actions research and MSEs that could be taken 
to advance the goals and minimize the risks identified. 

Objectives / tasks:

Policy relevant not policy prescriptive 
(climate-resilient management would go through the existing 

Council process)





PAUSE
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Workplan: Goals & objectives
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”facilitate and support equitable climate change adaptation 
pathways and long-term resilience for the coupled social-
ecological system of the Eastern Bering Sea”

GOAL:

i) evaluate management tools to develop incremental (normative) 
adaptation measures to preserve livelihoods, health and wellbeing 
across fisheries and dependent coastal communities

ii) enable transformative adaptation needed to ensure the 
productivity and sustainability of the coupled social-ecological 
Bering Sea system
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“The primary goal [objective?] of this climate module is to provide 
information, pathways, and tools that can be used to ensure 
climate resilience in the region’s fishery management. Specifically, 
the module will leverage ongoing, proposed, and completed 
projects at AFSC and [ADD other institutions] to address the 
following objectives:”
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Discussion: Outcome & goals

• How best to monitor and measure success towards CC Module 
goals?

• Should the BSFEP Team monitor? Or should the CCTF monitor?
• Can we develop metrics and outreach to evaluate goals and 

outcomes? 
• “e.g. asking key stakeholder groups who are engaged at the Council 

(e.g. 'Do you feel management measures are sufficiently adaptive in 
addressing climate effects on fisheries?')”

• doing keyword analysis of Council meetings
• Working with some of the Council bodies - e.g. Ecosystem Committee 

and CEC

• Can we try to link to the ecosystem goals of the council?
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Ecosystem Goal Ecosystem Objectives Module evaluations Metrics & indicators

Ecosystem Goal 1: Maintain, 
rebuild, and restore fish stocks 
at levels sufficient to protect, 
maintain, and restore food web 
structure and function

1. Maintain target biomass 
levels for target species, 
consistent with optimum yield, 
using available tools.

MSE: test climate informed 
biological reference points; test 
spatial and temporal regulations  
to address shifting distributions

long-term B/B0 ; total yield; 
volatility in B or C;  access to 
subsistence resources; catch--
>wellbeing analyses

2. Maintain healthy populations 
and function of non-target and 
forage species.

Identify species at Risk/exposure 
to Climate change for non-target 
species (maybe based around 
long-term projections, scenarios, 
and recent extreme events)

Rapid vulnerability and Risk 
synthesis (IK/TK based and 
expert opinion); LK 
observations of change; long-
term shifts in monitoring 
timeseries; ID 
uncertainty/gaps 

3. Adjust fishing-related 
mortality from the system to be 
commensurate with total 
productivity and continue to 
limit optimum yield to 2 million 
metric tons for the BSAI 
groundfish fisheries.

MSE: test climate informed 
multispecies reference points; test 
spatial and temporal regulations  
to address shifting distributions

Aggregate yield; long-term 
B/B0 ; total yield; volatility in B 
or C;  access to subsistence 
resources; catch-->wellbeing 
analyses

Ecosystem Goal 2: Protect, 
restore, and maintain the 
ecological processes, trophic 
levels, diversity, and overall 
productive capacity of the 
system

4. Maintain key predator/prey 
relationships.

MSE & spatial analyses: evaluate 
changes to species overlap; 
project food-webs 

Risk of collapse; changes in 
overlap; changes in diet & 
food web interactions

5. Conserve structure and 
function of ecosystem 
components.

MSE and spatial analyses: project 
scenario changes in Fishing X 
Climate change scenarios through 
coupled social-ecological system

Benthic/pelagic productivity 
ratios; length of food-chain; 
access to key subsistence 
resources; economic and 
social indicators 

LINK TO  EXCEL SPREADSHEET 

https://docs.google.com/spreadsheets/d/1oZJhLUfrd4d0NL9ngUF44X7yk2KxAqrZhe8FvvEypRk/edit
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Discussion: Adaptation

• What do we mean by adaptation/maladaptation ?

• What helps EBS communities and commercial fisheries adapt? 
• New fisheries and FMPs for novel species in the EBS? 
• Flexibility and diversity in subsistence and target fisheries?
• There was a suggestion to cut “and , develop or expand fisheries for 

species anticipated to be favored under climate change” , thoughts?

• Perhaps we need to be specific with regards the potential risks 
and outline the ideal process for evaluating risks and tradeoffs?

• The challenge that remains is to 
• identify management measures that provide scope for 

fisheries adaptation to future climate conditions and 
• to establish a process that ensures that diverse perspectives 

are considered when assessing risks, impacts and tradeoffs. 
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Discussion: Other topics

• Geographic boundaries for CC module (FEP boundaries) – add a 

map?

• Rather than winners and losers, frame in terms of maladaptive 

risk? [BRY, JS, LD]

• Climate resilient tools: maybe make ”living” as a web based 

spreadsheet and or table in our report to the council?



PAUSE
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Workplan: Deliverables
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” To achieve this, the climate change module will be used to…” 
ü synthesize current knowledge regarding climate change effects on the EBS system,

ü identify potential climate-resilient management measures that can improve adaptive 
capacity and avoid maladaptation 

ü evaluate the risk, timescale, and probability of success of various climate-resilient 
management policies under future scenarios of change

ü provide prioritized recommendations for actions [research? MSEs?] that could be taken 
to advance the goals and minimize the risks identified. 

Policy relevant not policy prescriptive 
(climate-resilient management would go through the existing 

Council process)





1 Page reports from each contributor
• Characterize contribution (testimonial, research, observation)
• ID management connection/relevance
• Define scope in time and species: 

• CORE spp and BROAD (non-focal spp)
• Short, medium, long term

ID red flags and emergent issues:
• Flag these for the report next step

ID Research needs and priorities
• Identify indirect impacts of climate driven changes



1 Page reports from each contributor
• Characterize contribution (testimonial, research, observation)
• ID management connection/relevance
• Define scope in time and species: 

• CORE spp and BROAD (non-focal spp)
• Short, medium, long term

ID red flags and emergent issues:
• Flag these for the report next step

ID Research needs and priorities
• Identify indirect impacts of climate driven changes



Holsman et. al 2017. An ecosystem-based approach to marine risk assessment. 
Ecosystem Health and Sustainability 3(1):e01256. 10.1002/ehs2.1256

Ecosystem Risk Assessment

Categorize 
types 

of information

http://onlinelibrary.wiley.com/doi/10.1002/ehs2.1256/epdf


Indicators (aim for ~10)
• Climate trends
• Productivity trends
• Upper trophic trends
• Human dimension trends

Conceptual model/ QNM:
• Identify direct known and potential connections
• Identify indirect impacts of climate driven changes
• Identify indirect impacts of management actions

Research needs and priorities
• Use model to identify needs

Reum et al. 2019

Reum et al. 2019. Rapid assessment of management options for promoting stock rebuilding in data-poor species under climate change. Cons. 
Bio. https://doi.org/10.1111/cobi.13427



Report card
• Summary of climate related trends/ indicators

Synthesis
• Emergent issues
• Future risks
• Novel/emerging tools

Contributions (based on form)
• See example

Table of Example Management/adaptation actions:
• short, medium, long term
• Tactical vs strategic
• ID who should be included in risk assessment process
• Rapid response vs incremental adjustment

Research needs and priorities
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Report card
• Summary of climate related trends/ indicators

Synthesis
• Emergent issues
• Future risks
• Novel/emerging tools

Contributions (based on form)
• See example

Table of Example Management/adaptation actions:
• short, medium, long term
• Tactical vs strategic
• ID who should be included in risk assessment process
• Rapid response vs incremental adjustment

Research needs and priorities





Discussion: Products & deliverables
• Proposed products and tasks:

• Is there anything missing here?

• How do we promote co-production of knowledge through this process?

• Will it be responsive enough for unexpected change?

• Will it be useful for addressing long-term gradual change?

• How prescriptive should we be? Should we aim for “Policy relevant”?

• “specifying” [ reviewing? Suggesting? Highlighting?] short-, medium-, and long-

term management actions to build climate resilience in regional fisheries and 

fishing communities

• Short, med, long-term examples?

• add to and edit this and can we make this living as part of the report?

• Facilitate information to council and ppt: 

• [BRY]“While not holistic analyses or TK documentation sessions, these 

vignettes, testimonials, and summaries by, for example, TK experts 

(representing communities, orgs, co-management bodies, etc.) could be very 

useful supplementary material that accompanies the on-ramped climate 

change data into the Council process as well as ongoing evaluations of 

management strategies.”



PAUSE
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Workplan: Logistics
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Discussion: Planning & logistics

• TORs for our group

• Coordination  with LK/TK module 

• Meetings/ joint meetings?

• Coordination with other efforts

• [BRY] integration with some other as-of-yet not finalized 

efforts which will have long-term Council impacts

• LK/TK/Subsistence AM TF, the CEC, and the ongoing work of 

the Ecosystem Committee and the SSPT.

• ESR/ESP or stand alone report?

• TF communication – Slack? Google drive, email? Website?
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EXTRA SLIDES
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OBSERVATIONS GLOBAL MODELROMSNPZ (downscaled)

20
03

20
09

Image: Kelly Kearney
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Declines in large zooplankton
(2090-2099)-(2010-2019)

(in press) Hermann, A. J., G.A. Gibson, W. Cheng, I. Ortiz1,K. Aydin, M. Wang, A. B. Hollowed, and K. K. Holsman. Projected 
biophysical conditions of the Bering Sea to 2100 under multiple emission scenarios. ICES. doi: 10.1093/ices/fsz043
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b) Climate Vulnerability Assessments

HOW?



Methodology – Framework

• Sea surface temperature
• Bottom temperature
• Air temperature
• Salinity
• Ocean acidification (pH)
• Precipitation
• Currents
• Sea surface height
• Large zooplankton 

biomass
• Phytoplankton biomass 

and bloom timing
• Mixed layer depth

Exposure

Species Vulnerability

Sensitivity

• Habitat Specificity
• Prey Specificity
• Sensitivity to Ocean 

Acidification
• Sensitivity to Temperature 
• Stock Size/Status
• Other Stressors
• Adult Mobility
• Spawning Cycle

• Complexity in Reproductive 
Strategy 

• Early Life History Survival 
and Settlement 
Requirements

• Population Growth Rate
• Dispersal of Early Life 

Stages

Slide credit: P. Spencer



Exposure scoring, general 
methodology

Compare maps of exposure factors to maps of stock distributions 
and qualitatively estimate their overlap. Example for Pacific 
ocean perch shown below

Z-score for annual bottom temperature

Slide credit: P. Spencer



Example of Species 
Specific Results 
(from EBS)
Pacific ocean perch

Bootstrap outcomes:

<1     Very High
10      High
89    Moderate
<1      Low

Slide credit: P. Spencer



Potential next step – linking to social-
economic variables

For northeast US study, information on the species composition of different fishing 
ports was combined with species vulnerability to estimate vulnerability of fishing 

communities (Colburn et al 2016)



OA Risk Assessment

Himes-Cornell and Kaspersky 2014
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c) Operationalized climate change management 
strategy evaluations (MSEs)

HOW?



M. Haasnoot et al. / Global Environmental Change 23 (2013) 488 485–498

Synthesize 
current 

understanding

Climate 
Vulnerability 
Assessments

Management
Strategy 

Evaluations



74

Hare et al. (2016) A Vulnerability Assessment of Fish and 
Invertebrates to Climate Change on the Northeast U.S. 
Continental Shelf. PLOS ONE 11(2): e0146756. 
https://doi.org/10.1371/journal.pone.0146756

Holsman et al. 2017

Examples:



Consider 
evolving 

interactions and 
pathways of 
adaptation

IBM-crab
MICE-in space



76

The ACLIM team

Kirstin Holsman Alan HaynieAnne Hollowed Wei ChengAlbert Hermann

Darren Pilcher

Stephen Kasperski

Amanda FaigJim Ianelli Andy WhitehouseAndre Punt Jonathan Reum

Michael DaltonPaul Spencer Tom Wilderbuer Cody Szuwalski

Buck Stockhausen

Jim Thorson

Kerim Aydin

Kelly Kearney

Ingrid Spies

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

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


May 2017 
Fisheries 

Forum (CA)

Summer 
2017 

NPFMC 
Econ 

scenarios 
workshop

ACLIM 
Presented to 
ecosystem 

subcommittee

October 
2017

ACLIM B0 
results 

presented 
to Council

Feb 2018
Ecosystem 
workshop

Oct 2018
ACLIM 

projections 
included in 

CEATTLE 
multispp 
assmnt

Dec 2018
FEP & 

climate 
module 
adopted 

by 
NPFMC

Jan 2019 
SSC 

ROMSNPZ 
presentation

April 2019 
SSC

Social-
ecological 

ppt

April 2019 
NPFMC 

scenarios 
workshop

Repeated engagement

• long time horizons of adaptation outcomes; 
• the shifting baseline and uncertainty around climate hazards; 
• assessing attribution of any results; 
• addressing the additional climate risk and counterfactual scenarios 

“an approach built on mixed methods, participation and learning helps alleviate some 
of the uncertainties around interpreting results on adaptation.” Craft & Fisher 2018, Fisher 2015

Challenges to evaluating adaptation options:

Craft, B., & Fisher, S. (2018). Measuring the adaptation goal in the global stocktake of the Paris Agreement. 
Climate Policy. https://doi.org/10.1080/14693062.2018.1485546
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CEATTLE model
Holsman et al. 2016
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Ianelli, J KK Holsman, AE Punt, K Aydin (2016). Multi-model inference for incorporating trophic and 
climate uncertainty into stock assessment estimates of fishery biological reference points. Deep Sea 

Res II. 134: 379-389 DOI: 10.1016/j.dsr2.2015.04.002

Pollock Spawning biomass
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d) Project changes in species distributions and 
phenology 

HOW?



Future Essential Fish Habitat
(Chris Rooper, Ivonne Ortiz, Ned Laman, Al Hermann, in prep) 

Used Slope, SE Bering Sea shelf and Northern Bering Sea data to build 
EFH models 1982-2017 except when noted

1) AK plaice 6) Walleye pollock
2) Arrowtooth flounder (1993- ) 7) Red king crab (1996- )
3) flathead sole 8) Snow crab
4) Northern rock sole (2001- ) 9) Tanner crab
5) Pacific cod 10)Yellowfin sole

Variables used: depth, slope, maximum tidal current, sediment grain 
size, mean bottom ocean current, bottom temperature

Slide credit: I. Ortiz



P.Cod
(Chris Rooper, Ivonne 
Ortiz, Ned Laman, Al 

Hermann, in prep)

Do not cite
Slide credit: I. Ortiz
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What do you hope the Climate Change Task Force / 
Climate Change Module can accomplish in the next 3-5 
years of the Task Force timeframe? (2020-2025)

What do you hope the Climate Change Task Force / 
Climate Change Module can accomplish in the next 10-20 
years?

Synthesize observations, identify information gaps, and improve our 
predictive capabilities to better inform climate related management 
measures/decisions Implementation of a climate-resilient management measure(s). 

Finalize a working Action Module which brings together western science, 
IK and TK, and LK - and related concerns, perspectives, information, and 
values - in a way which provides valuable guidance and tools for the 
Council to best take into account climate change in Alaska federal fishery 
management.

Building on what I noted above, I would hope it could have provided 
useful information, activities, and tools for ensuring sustainability in the 
face of climate change for fisheries, habitats, and communities which are 
involved in and impacted by fisheries activities.

Identifying and framing issues and concerns which pose immediate and 
long term threats to fisheries and ecosystem in the Bering Sea.

Develop adaptive management measures to help predict impacts of 
global climate change to the Bering Sea. 

Ideally make some forward looking management recommendations for 
addressing climate change impacts on fisheries management

Predict how climate change and management choices interact and 
respond

Inform the Council on elements required to make informed policy 
decisions when considering climate change impacts. Guide policy.

Identify tools and pathways for the Council and NMFS to account for and 
integrate climate change modeling and information (western science 
and indigenous and local knowledge) into fishery management decisions 
in a holistic, meaningful, and inclusive way. 

Broadly, the hope is that we continue to advance ecosystem-based 
fisheries management in such a way that it becomes increasingly 
resilient and adaptive to changing conditions. The Module and Task Force 
can be important, ongoing vehicles to help advance that goal and to 
ensure that the Council has the information and tools to make the best 
possible decisions.

Bringing together already developed tools and models with LTK and 
increased involvement and participation/ contributions of indigenous 
stakeholders to inform policy in innovative ways

Shifted paradigm of how different types of information and data are 
viewed by science and managers, more inclusive and open partnerships 
with more folks on the ground, strengthened partnerships with agency 
and communities


