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kirstin.holsman@noaa.gov

Today• Intro to module
• Brief background
• Module overview:

a) Synthesize current & projected climate change impacts
b) Rapid Climate Vulnerability Assessments, 
c) Operationalized climate change management strategy evaluations (MSEs)
d) Project changes in species distributions and phenology 
e) Performance, validation, and operationalized delivery of 9 month seasonal forecasts

• Next Steps:
o Taskforce 
o Products
o Tracking progress
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”support climate change adaptation pathways and long-term 
resilience for the coupled social-ecological system of the Eastern 
Bering Sea.” 

GOAL:
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”support climate change adaptation pathways and long-term 
resilience for the coupled social-ecological system of the Eastern 
Bering Sea.” 
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.

GOAL:

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

Council process)



Kirstin Holsman

“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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WHO?
Taskforce comprised of diverse knowledge 

holders and experts

“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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a) Synthesize current and projected climate change impacts on the coupled social-ecological Bering 
Sea system through synthesis of diverse knowledge sources of understanding, context and impacts 
of change and evaluation of future impacts and risk.

b) Rapid Climate Vulnerability Assessments, which use expert knowledge to identify vulnerable 
species and communities to climate change and prioritize research needs.

c) Operationalized climate change management strategy evaluations (MSEs) of various alternative 
harvest strategies for key species under the most recent Intergovernmental Panel on Climate 
Change projections of carbon mitigation scenarios (sensu ACLIM: Alaska Climate Integrated 
Modeling Project). Include synthesis of current understanding from cross regional and global 
coordination of ensemble modeling projects aimed at evaluating climate-resilient management 
tools.

d) Project changes in species distributions and phenology which includes projected changes in 
habitat under future climate scenarios in order to estimate potential shifts in BSAI FMP species 
distributions and potential fishing grounds (sensu Predicting changes in habitat for groundfishes
under future climate scenarios using spatial distribution modeling)

e) Performance, validation, and operationalized delivery of 9 month seasonal forecasts of Bering 
Sea conditions and fish and fisheries specifically aimed at informing the annual groundfish
assessment cycle (sensu The Bering Seasons Project).

WHAT:
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WHY?



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


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


CMIP5 ENSMN JFM Wind Speed anomaly (m/s) 
(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”)

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/


“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. “



Climate change in the oceans: Human impacts and responses E. Allison and H. R. Bassett (November 12, 2015) Science 350 (6262), 778-782.





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



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

‘Adaptation Pathways’
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HOW?



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

Every 5 Yr

Annually
During Module

Annually

‘Adaptive Policymaking’



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

Synthesize 
current 

understanding

Climate 
Vulnerability 
Assessments

Management
Strategy

Evaluations
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OBSERVATIONS GLOBAL MODELROMSNPZ (downscaled)

20
03

20
09

Image: Kelly Kearney
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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
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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?



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

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


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
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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
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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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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
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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
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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



kirstin.holsman@noaa.gov

Today• Intro to module
• Brief background
• Module overview:

a) Synthesize current & projected climate change impacts
b) Rapid Climate Vulnerability Assessments, 
c) Operationalized climate change management strategy evaluations (MSEs)
d) Project changes in species distributions and phenology 
e) Performance, validation, and operationalized delivery of 9 month seasonal forecasts

• Next Steps:
o Taskforce 
o Products
o Tracking progress



55

Potential Products:
• Topical expert briefings sensu SEARCH

• Annual updates during October meeting on module 
developments

• Management Scenario Evaluations (MSEs) annually? Bi-
annually?

• Tactical relevant results and findings à ESR / ESP

• Synthesis report to Council every 5 years

• Others…
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Tracking progress

HOW?
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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

