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Climate Science Strategy Objectives

Climate-Informed
Reference Points

Robust Management Strategies
Adaptive Management Processes
Project Future Conditions

Understand Mechanisms of Change
Track Change and Provide Early Wamings

Build and Maintain Adequate Science Infrastructure




Climate Science Strategy Objectives

Track Change and Provide Early Wamings

Build and Maintain Adequate Science Infrastructure

Climate informed management

Models (projections and MSE)

Process studies

Ecosystem monitoring

Science infrastructure
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Climate-informed management (ODbj.
1-3)

Objective 1: Identify appropriate, climate informed
reference points for managing living marine
resources (LMRSs).

Objective 2: Identify robust strategies for managing
LMRs under changing climate conditions.

Objective 3: Design adaptive decision processes
that can incorporate and respond to changing
climate conditions.



@a MATIONAL OCEANIC AND
H ATMOSPHERIC ADMINISTRATION

IPCC Scenarios (x3) F uture
Alaska CLIMate Project e s : :
Anne Hollowed (AFSC, SSMA/REFM) ARS RCP 8.5 Climate Scenarios

Kirstin Holsman (AFSC, REEM/REFM)
Alan Haynie (AFSC ESSR/REFM)
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Trond Kristiansen (IMR, Norway)
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Wei Cheng (UW JISAC/PMEL)
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FATE: Fisheries & the Environment
SAAM: Stock Assessment Analytical Methods
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Global Climate Models (x 11)
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Alaska CLIMate Project (ACLIM). This project involves a suite of models designed to provide scenarios of future fish production under a variety of climate and fishing scenarios. The outcome of this two phase effort will be to to identify the most realistic representation of future responses of fishers and fish to changing climate with the expressed goal of identifying strategies that are robust to changing ocean conditions.



NPFMC Fisheries Ecosystem Plan. Approved by the
Council in December 2015, the FEP includes a climate
module that would:

1) synthesize current climate change project outcomes;

2) prioritize species for MSE evaluation; and

3) run MSESs on specific species and scenarios identified by
the Council.



ldentify future states (Obj. 4)

Objective 4: Identify future states of marine and
coastal ecosystems, LMRs, and LMR
dependent human communities in a changing

climate.
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Climate and Fisheries
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An example of climate effect on fisheries
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Ocean model projections
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Wilderbuer, T., Stockhausen, W. and Bond, N., 2013.
Updated analysis of flatfish recruitment response to climate
variability and ocean conditions in the Eastern Bering Sea.
Deep Sea Research Part II: Topical Studies in
Oceanography, 94, pp.157-164.

Mueter, F.J., Bond, N.A., lanelli, J.N. and Hollowed, A.B., 2011.
Expected declines in recruitment of walleye pollock (Theragra
chalcogramma) in the eastern Bering Sea under future climate change.
ICES Journal of Marine Science: Journal du Conseil, p.fsr022.



~  Project pollock abundance under future climate
change
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Mueter, F.J., Bond, N.A., lanelli, J.N. and Hollowed, A.B., 2011. Expected declines in recruitment of walleye pollock (Theragra
chalcogramma) in the eastern Bering Sea under future climate change. ICES Journal of Marine Science: Journal du Consell,
p.fsr022.
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Walleye pollock: On average, recruitment in 2040–2050 should expectedly decline by 32–58% relative to a random recruitment scenario, depending on assumptions about the temperature relationship, the magnitude of density-dependence, and future changes in predator biomass. Lots of variability in the forward simulations with clear trend upward (still will have some years of ice)

Franz: Co-variation analysis shows general inverse pattern between flatfish and gadids; Petrik et al shows spawning location more important than advection for pollock; reminder that cannibalism and ATF predation (spreading of population in warm years) also impact walleye pollock forecast. Franz provided the tables of annual means and SD used to make the figures.
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ldentify human community
dependence on LMRs and effects of

climate change.
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Himes-Cornell, A. and Kasperski, S., 2015. Assessing climate change vulnerability in Alaska's fishing communities. Fisheries

Research, 162, pp.1-11.
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Ocean acidification risk analysis as well (Mathis et al., 2015)


ldentify mechanisms (Obj. 5)

Objective 5: Identify the mechanisms of climate
iImpacts on LMRs, ecosystems, and LMR
dependent human communities.
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Lines represent 5 size classes, with the solid line representing the smallest size class


Fur seal research

Pup production on the Pribilof Islands
decreased by approximately 45% since
1998. Cause unknown, but may include
direct and indirect effects of fishery st. Paul
competition as well as climate. 5 1

Satellite telemetry in 2015 and 2016 is i} |
being used to understand effects during
the winter migration and summer
foraging.

This project will link fine-scale changes
In fur seal foraging behavior with
measures of pollock distribution and Alen. 510 Angiss R, and Wadi,
abundance |n real tlme P.R., 2011. Alaska marine mammal stock
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Track trends in ecosystems (Obj. 6)

Objective 6: Track trends in ecosystems, LMRSs
and LMR dependent human communities and
provide early warning of change.
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Alaska Marine
Ecosystem
Considerations
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Challenge 1

Our ability to project future impacts is limited by our
understanding of ecological processes. Understanding is
sufficient for only 3 of 21 comprehensively assessed
stocks in the southeastern Bering Sea.

e Walleye pollock (through loss of sea ice) 1
e Red king crab (through increased CO2) 1

e Northern rock sole &=

Mueter, F.J., Bond, N.A., lanelli, J.N. and Hollowed, A.B., 2011. Expected declines in Long, W.C., Swiney, K.M. and Foy, R.J., 2013. Effects of
recruitment of walleye pollock (Theragra chalcogramma) in the eastern Bering Sea ocean acidification on the embryos and larvae of red king

under future climate change. ICES Journal of Marine Science: Journal du Conselil, . . . .
0.fs1022, crab, Paralithodes camtschaticus.Marine pollution

bulletin, 69(1), pp.38-47.

Wilderbuer, T., Stockhausen, W. and Bond, N., 2013. Updated analysis Punt, Poljak, Dalton, Foy. 2014. Evaluating the impact of
of flatfish recruitment response to climate variability and ocean ocean acidification on fishery yields and profits: The

conditions in the Eastern Bering Sea. Deep Sea Research Part II: ; : ; ;
Topical Studies in Oceanography, 94, pp. 157-164. (23>8<2r-n?£)$e5%f red king crab in Bristol Bay. Ecol. Modeling.
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Comprehensively assessed stocks is defined as Fish Stock Sustainability Index stocks.
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Climate vulnerability assessment

A climate vulnerability
assessment for the southeastern Vulnerability Rank
Bering Sea, which will

gualitatively assess species

Very High

vulnerabillities to climate change
£

and provide guidance on research 3

prioritization, currently is

underway. The vulnerability
assessment uses expert
elicitation methods to quantify a T e
species’ exposure and sensitivity

to expected climate change.

Spencer, Hollowed, Nelson, Sigler, In prep.. Climate Vulnerability Assessment for the southeastern Bering Sea..
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Only 3 of 21 have quantitative assessments. 
Status of vulnerability analysis, as of 1/13/2016 (from Paul Spencer):
        1)  The sensitivity scores have been completed. 
        2)  The exposure scores have not been completed. The first step to getting this done is is to get the maps/graphs of the exposure factors from Al Hermann. Al has produced the maps/graphs for most variables, but we are still waiting on a couple more. I have been in touch with Al frequently about this.
        3)  Once we have the complete set of maps/graphs of exposure factors, we can begin comparing stock distributions to the maps of projected exposure factors, and this will form the basis of the exposure scores. A small group will do this -- the group we had discussed included you, me, Anne, Franz, Kerim, and Kirstin (with Al for support on the graphs). Mark and I will probably try to organize some conference calls to talk about the methodology.
       4)  Anne will make a presentation at the Feb Council meeting on this project. I am out of the office now, but beginning on Friday I will begin to work on the slides for this talk.



Recruitment Processes Alliance

Research is conducted to understand processes affecting
recruitment strength, including effects of climate. Thisis a
partnership between OAR and AFSC that joins six AFSC
programs with researchers from the PMEL.:

Recruitment Processes,

Ecosystem Monitoring and Assessment,

Recruitment Energetics and Coastal Assessment,
Resource Ecology and Ecosystem Modeling,

Status of Stocks and Multispecies Assessment,

Marine Ecology and Stock Assessments

Pacific Marine Environmental Laboratory

A significant fraction of AFSC resources are invested in this
effort (e.g., ~15% of labor).
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The research includes fieldwork, laboratory analysis of field sample collections (e.g., bioenergetics), laboratory studies, and modeling. A significant fraction of AFSC resources are invested in this effort (e.g., ~15% of labor). 

http://www.afsc.noaa.gov/RACE/recruitment/default_rp.php
http://www.afsc.noaa.gov/ABL/EMA/EMA_default.php
http://www.afsc.noaa.gov/ABL/Habitat/ablhab_default.php
http://www.afsc.noaa.gov/REFM/REEM/Default.php

Challenge 2 (Obj. 3)

Setting sustainability goals
under changing climate.
Spatial management
under shifts in species
distribution.

Allocation under shifting
species composition
How and when the North
Pacific Fishery
Management Councll
should react to climate-
induced reference point
changes.

Q
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/ Spawning

Reference level biomass
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Information on changes in the ecosystem, including climate change, for the area of this RAP are presented annually to the Council. Implementing Objective 3 is an area that needs considerable attention, discussion, and education. This discussion should engage all subsidiary bodies of the North Pacific Fishery Management Council, as well as the Alaska Regional Office. The two phase approach developed by ACLIM to involve the Plan Teams, Scientific and Statistical Committee, and Ecosystem Committee should provide a starting point for these discussions.
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Improve efforts to identify and adapt to climate
change impacts on fisheries:

e Identify winners and losers and adjust management
programs (i.e., catch share programs) as necessary

e Identify and monitor thresholds in ecosystem
parameters that signal the need to adjust management

strategies






Action Plan (with level funding)

NPFMC Bering Sea Fisheries Ecosystem Plan.

Alaska CLIMate Project (ACLIM) — Proposed Transition to Operationalize
Climate vulnerability assessment for the southeastern Bering Sea.
Belmont Forum project.

Recruitment Processes Alliance.

Loss of Sea Ice research.

Ocean Acidification research.

Fur seal research.

Assess economic and human community impacts.

Alaska Integrated Ecosystem Assessments and Alaska Marine
Ecosystems Considerations.

Standard ecosystem monitoring.

Advanced technology.



http://www.afsc.noaa.gov/HEPR/LOSI.php
http://www.afsc.noaa.gov/HEPR/acidification.php
http://access.afsc.noaa.gov/reem/ecoweb/Index.php

Action Plan

e \With some additional funds:
o Fully support NOAA oceanographic moorings to monitor the
ecosystem.
Invest in modeling infrastructure.
Comprehensive climate assessment completed every five years.
Invest in regional and international coordination.
Improve communication of the risks of climate change to fishing
dependent communities
o Integrate the evolving tools and data integration work completed by
AFSC and PMEL.

O O O O
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