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Our goal

 To iImprove the forecasting of climate
change impacts on marine ecosystems
and commercial fishery species




Our approach

 To develop a coordinated international
collaboration of interdisciplinary modeling
teams




Steps toward a collaboration

A first inaugural workshop at the International Symposium on
the Effects of Climate Change on the World’s Oceans in
Gijon, Spain, May 2008 (completed; Okey et al. 2008);

A regular working group potentially under the auspices of
ICES/PICES;

Articulating the 2035 Marine Impacts Modelling Challenge (for
submittal to ICES Journal of Marine Science this week);

Assembly of a special journal issue compendium of examples
of available approaches resulting from the 2035 modelling
challenge;

Development of a more standardized approach to impacts
scenario development, while embracing the diversity of
approaches;

Incorporation of the results of the modelling into the fifth
IPCC report, IPSO reports, and other global reports and
syntheses.
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(a) trends in commercial species productivity and (b)
changes in broader biological communities in the world’s
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Gijon workshop goals

* Review current progress on integrating climate
scenarios into stock forecasting models,
ecosystem models, and other assessments

e |nitiate a coordinated international research
effort to forecast climate change impacts;

« Communicate and document examples that
llustrate the state of the science

Effects of Climate Change on the World’s Oceans International Symposium
19-23 May 2008, Gijon, Spain
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Testing Two Methods of Including
Environmental Factors into Stock
Assessments
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Effects of Climate Change on . _ & W
the World’s Oceans Linking Global Climate Mogggoutpu?f

Forecasting climate change

Impacts on distribution and

abundance of jack mackerel
around Korean waters
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The Future of North Pacific

Ocean Climate from
IPCC Model Projections
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2 University of Washington/JISAO




Climate Change and
Changing Fisher Behavior In
the Bering Sea Pollock
Fishery

Alan Haynie, PhD
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National Marine Fisheries Service



mailto:Alan.Haynie@noaa.gov

Techniques for forecasting climate-induced
variation in the distribution and abundance
of chub mackerel in the Northwestern Pacific

Sukyung Kang?!,
Jae Bong Leel!, Anne Hollowed?, Nicholas Bond?, Suam Kim#*

1. National Fisheries Research & Development Institute, Busan, Korea
2. Alaska Fisheries Science Center, NOAA, USA
3. Joint Institute for the Study of Atmosphere and Ocean (JISAO), University of Washington, USA
4. Pukyong National University, Busan, Korea




Management Strategy
Evaluation and the Gulf of;
Alaska walleye pollock fishery:
Incorporating climate variability

Teresa A'mar

André Punt
University of Washington

Martin Dorn
NOAA — Alaska Fisheries Science Center
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New Zealand Government
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Te Tautiaki i nga tini a Tangaroa
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Guardian of the multitudes of Tangaroa — maximising the value New Zealanders obtain through the sustainable use of fisheries resources and protection of the aquatic environment




Modeling response of ocean
biology to climate warming using
an empirical approach

J. L. Sarmiento, P. Schultz, M.
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Effects of Climate Change on World’s Oceans — May 18, 2008, Gijon, Spain

Towards the integration of biogeochemical
and food web models for a comprehensive
description of marine ecosystem dynamics

Simone Libralato!, Cosimo Solidoro! & Villy Christensen?
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ECEM’'07 Workshop
26-27 November 2007, Trieste, Italy

Biogeochemical processes and fish dynamics in food web
models for end-to-end conceptualisation of marine
ecosystems. Theory and use of Ecopath with Ecosim.

Organized by _joGs. OGS
=== (Italian National Institute of Oceanography and Geophysics)

AN
SISIRW

Fisheries Centre
(University of British Columbia)

ICTP
Hosted by (Abdus Salam International Centre for Theoretical Physics)
Supported :*"*: ) EUROCEANS
R European Network of Excellence for Ocean Ecosystems Analysis
also by
IES-JRC

Institute for Environment and Sustainability, Joint Research Center

Endorsed by IMBER (Integrated Marine Biogeochemistry adn Ecosystem Reserch)

GLOBEC (Global Ocean Ecosystem Dynamics)

LOICZ (Land Ocean Interaction Coastal Zone)

ISEM (International Society for Ecological Modelling, European Chapter)




Dynamic bioclimate envelope model to
predict climate-induced changes In
distributions of marine fishes and

Invertebrates

William Cheung!
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Effects of Climate Change on the World’s Ocean, Gijon, Spain
May 18, 2008

Cheung et al. (2008) Fisheries Centre Research Report 16(3)




Example: Small yellow croaker
(Larimichthys polyactis)

Original (static) distribution Distribution after 50 years
(Climate projection from NOAA/GFDL CM 2.1)

Relative
abundance &

Low




Effects of climate change on
the northern Benguela
ecosystem

Shella JJ Heymans

Scottish Association of Marine Science

PISCES Workshop 2/3
Gijon, Spain
18 May 2008




Exposure Sensitivity

Potential Adaptive
impact capacity

Vulnerability

urchi
T A
Microalgae Macroalgae Benthic Detritus Pelagic Phytoplanktor:
= Bagcteria Bacteria viop

Do predictions from vulnerability indices match
vulnerability predicted from ecosystem models?

Alistair Hobday A PEW FELLOWS PROGRAM
Thomas Kunz “ IN MARINE CONSERVATION National Research

Tom Okey
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Anthony Richardson Climate Adaptation




Which forcing factors fit?
Investigating the relative influence of
fishing and primary production on
marine ecosystem dynamics

Steven Mackinson, Georgi Daskalov, Sheila Heymans, Sergio
Neira, Hugo Arancibia, Manuel Zetina-Rejon, Jiang Hong,
Cheng Hequin, Marta Coll, Francisco Arreguin-Sanchez,Kathryn
Keeble and Lynne Shannon
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Effects of Climate Change on the World’'s Ocean
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18 May 2008

Future Ecosystem Changes Projected
by a 3-D High Resolution Ecosystem Mode
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Syntheses of modelling

approaches
* Allen (2007)
* Plaganyi (2007)
 DFO (2008)
« Hollowed et al (2008)
« Okey (2008)
e Okey et al. (2008b, 2008c)
 Townsend et al. (2008)

« EUR-OCEANS Model Shopping Tool
(MOST)
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National Ecosystem Modeling Workshop (NEMoW)
August 29-31 2007, NMFS Santa Cruz

M Review of major ecosystem
model classes

Eva Plaganyi
Dept. of Maths & Applied Maths,
University of Cape Town
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Our synthesis

1. Notable ecosystem modelling and stock
assessment approaches to forecasting
climate change impacts

2. Notable projects that include marine
climate impacts modelling

3. Notable organisations with the
capabillities of serving as venues for
iInternational collaborations




Whole systems approaches

Acronym

Name / description

Example
host

Host
country

Whole systems approaches

ECOPATH with
ECOSIM

Trophodynamic fisheries ecosystem model with temporal and
spatially explicit dynamics, non-trophic mediation, physical and
production forcing, economics, value chain, policy analysis, etc.

UBC FC;
CEFAS,
CSIRO,
NMFS5,
0G5, SAMS

Canada,
UK,
Australia,
USA,
Italy, etc.

ATLANTIS

Atlantis / a simulation modeling approach that integrates physical,
chemical, ecological, and fisheries dynamics in a three-dimensional,
spatially explicit domain

CSIRO,
NMFS

Australia,
USA

FEAST

FEAST Forage euphausiid abundance in space and time

NPRB

USA

IGBEM

Integrated Generic Bay Ecosystem Model

CSIRO

Australia

INVITRO

INVITRO / Whole ecosystem agent-based modelling approach

CSIRO

Australia

GEEM

General Equilibrium Ecosystem Model

UWy

USA

APECOSM

Apex Predators Ecosystem Model / Spatially explicit size based
model of open ocean ecosystems. Dynamic energy budget based.

AZTI, IRD

Spain,
France

SKEBUB

Skeleton Bulk Biomass Ecosystem Model

NMFS

USA

End-to-End
models

Coupling 3D hydrodynamic, biogeochemical, bioenergetic and
Ecopath with Ecosim models in coastal areas

0G5,
WHOI

Italy, USA

MIMES

Multi-scale Integrated Model of the Earth Services

UVM

USA




Biophysical dynamic system
approaches

Biophysical dynamic system approaches

SEAPODYM Spatial Ecosystem and Population Dynamics Model CLS CNES

OSMOSE Object-oriented Simulator of Marine Ecosystems Exploitation / IRD, DFO France,

- Individual-based model Canada
SYSTMOD System Model for Norwegian and Barents Seas; Piscivores and MI, UL Belgium
small pelagics with climate driver

Global predictions from simple ecological
theor

Global predictions of communities and ecosystems from simple ecological theory

from simple ecological theory

Application of macroecological theory to predict effects of climate
change on global fisheries potential

Coupled dynamic size-spectrum modelling




Bioclimatic envelope
B e TS

Bioclimatic envelope (niche based) approaches

nfa Dynamic bioclimate envelope model for projecting distributions of | UBCFC Canada
marine fish and invertebrates

AguaMaps Web-based dynamic bioclimate envelope model for projecting IFM- Germany
distributions of marine fish and invertebrates GEOMAR

MARCLIM Multinomial logistic regression models matching categorical SAMS UK
multispecies abundance data to best climate-related predictors
(S5T, wave fetch) and local site occupancy

Dynamic green ocean models

Dynamic green ocean models / Global climate models representing Plankton Functional Types

PlankTOM Plankton Type Ocean Model




NPZ — fish approaches

MNPZ — fish approaches / Coupled hydrodynamic models with nutrients, plankton, and fish

NEMURO-FISH | North Pacific Ecosystem Model for Understanding Regional HUZ2,
& CCSR COCO | Oceanography (with fish) coupled to the Center for Climate System | JAMSTEC,
Research Ocean Component Model NMFS

Shallow Seas Ecological Model
Earth Systems Modeling Framework in which the NEMURO suite of | NMFS USA
plankton and coupled fish bioenergetics models will be adapted --
Black Sea Integrated Modelling System / Dynamic mass flux model IMS METU | Turkey

for the prey — predator interactions of pelagic fishes --




NPZ approaches

NPZ approaches / Coupled hydrodynamic models with nutrients, phytoplankton, and zooplankton

ROMS-MPZD

Regional Ocean Model System-MNutrient Phytoplankton
Zooplankton Detritus / 3D pelagic ecosystem model coupled to a
3D ROMS split-explicit free surface oceanic model

AFTI, IRD,
105, DFO

Spain,
France,
Canada

ROM5- CoSINE

Regional Ocean Modeling System — Carbon, Si(OH)4, Nitrogen
Ecosystem model / Ocean circulation and coupled Nutrient-
Phytoplankton-Zooplankton-Detritus (NPZD) model

MNMFS

LA

GCOMS
(POLCOMS-
ERSEM)

Global Coastal Ocean Modelling System, incorporating the
Proudman Oceanographic coastal ocean modelling system and the
European Regional Seas Ecosystem model / Runs on all shelf seas
across the globe

POL, PML

CanESh

Canadian Earth System Model over global domain with NPZD ocean
ecosystem and terrestrial carbon system embedded in coupled
atmosphere-ocean climate model

Canada

PISCES vl

A Biogeochemical component coupled to OPA v9 hydrodynamics

France

ERGOM

A biogeochemical component coupled to MOM31 hydrodynamics

Germany

ECOSMO

Ecosystem Model of the Hamburg Shelf Ocean Model

Morway

NORWECOM

Norwegian Ecological Model (coupled to ROMS model)

Morway

POM-BFM

Pelagic model and benthic model coupled to Princeton Ocean
Model

Italy

OPA-BFM
MITGCM-BFM

Pelagic model and benthic model coupled to OPA and MIT General
Circulation Models

Italy

GOTM-GETM

General Ocean Turbulence Model - General Estuarine Transport
Model / 3D coupled physical/biogeochemical Modeling system
based on modular exchangeable model components.

Germany

NEMO-PISCES

Nucleus for European Modelling of the Ocean -- Pelagic Interaction
Scheme for Carbon and Ecosystem Studies / 3D global
biogeochemical model. Coupled to IPSL climate model.

France




Minimally realistic models

Minimally realistic models / key parts of the system to understand the essential dynamics

MR MA Minimally Realistic Model various USA, SA
GADGET Globally Applicable Area-disaggregated General Ecosystem Toolbox IMR Iceland,
Norway
CAFFEE Coral-Algae-Fish-Fisheries Ecosystem Energetics JCU, UoM Australia
MULTSPEC Multi-species model for the Barents Sea IMR Morway
MSWPA and Multi-species Virtual Population Analysis and Multi-species DIFRES, Denmark,
MSFOR Forecasting Model NMFES, UsSA,
FaAO Europe
MASIA MMulti-species Statistical Maodel NMES Usa
Bicoenergetic Parameterising a model using power functions of individual body various various
S allometric Mass
DisMELS Dispersal Model for Early Life Stages / coupled biophysical NMMES usa
individual-based model that incorporates ontogenetic changes in
early life stage parameters and simulates egg and larval dispersal
under 3-dimensional (3D) oceanographic currents
FOOSA Formerly krill-predator-fishery model / a minimally realistic and MMFS usa
spatially explicit predator-prey model
EPOC Ecosystemn Productivity Ocean Climate Model CCAMLR Australia
SMOM Spatial Multi-species Operating Model CCAMLR 5. Africa
a4M Multi-species, multi-fleet, multi-area model package / MSVPA DIFRES Denmark
derivate, including fleets/areas covering top-predators, piscivores
fish and small pelagics
SMS Stochastic multispecies model / fish and fisheries DIFRES Denmark
MSYPR Multispecies yield-per-recruit model NMES Usa
MOOWES Marine object-oriented virtual ecosystem simulator / A multi- IRD France
species individual-based model for assessing the response of
trophodynamic and size-based indicators of change
Competition Stage-structured model of space-use by competing benthic species SAMS (W]

in

recruitment-
driven open
populations

(barnacles) with climate-sensitive population processes




xtendeo Single SpPpecies
B e TS

Extended single species approaches

ESAM

Extended Single-species Assessment Models

USA, S5A

SEASTAR

Stock Estimation with Adjustable Survey Observation Model and
Tag-Return Data

Norway

MLMAK

Single-species age class model that can include the effects of
predation

USA

Coleraine

Coleraine (after a winery) programmed in AD Model Builder

USA

552

Stock Synthesis 2 programmed in AD Model Builder

USA

CASAL

C++ Algorithmic Stock Assessment Laboratory

New
Zealand

MSPROD

Maximum Sustainable Production

Statistical approaches

Statistical approaches

USA

MAR-1

Multivariate auto-regressive first-order models / e.g. to describe
interaction strengths

NMFS

USA

EMAX

Energy Modeling and Analysis eXercise

NMFS

USA

EcoGoMAgg

Ecosystem Gulf of Maine Aggregate

NMFS

USA

MSE — GoA
Pollock

Management Strategy Evaluation / Simulation testing of a
management strategy with feedback (Gulf of Alaska walleye pollock
fishery)

LW, C5IRO

USA,
Australia




Water quality and habitat

annrnaches

Water quality and habitat approaches

SHIRAZ Chinook metapopulation dynamics and upland/freshwater habitat
guality in estuarine/marine realms

CBWQM and Chesapeake Bay coupled Water Quality Model and Fisheries NMFS USA
FEM Ecosystem Model

Habitat/WQ, Habitat and water quality related models; various approaches

Spatial planning for climate impacts

Spatial planning for climate impacts

Ecospace with | Linking a dynamic whole ecosystem models with spatial UBC FC, Canada,
Ecoseed and management site selection tools to manage for resilience TNC USA

MARXAN



Projects that include marine climate impacts modelling

Project

Host organisation

Host
country

Africa Centre for Climate and Earth
Systemn Science

Council for Scientific and Industrial
Research [CSIR)

South Africa

Projected increases in ocean acidity and
potential for large scale iron fertilization

Canadian Centre for Climate
Modelling and Analysis, Emvironment
Canada

Canada

Millennium Assessment

United Nations Enviromnent
Programme

Switzerlamd

Global Envirconment Outlook

United Nations Environment
Frogramme

Switzerlamd

Integrated Marine Biogeochemistry and
Ecosystem Ressarch

IGEBP - Institut Universitaire
Eurcpéen de la Mer [ILEM],
Technopdle Brest-Iroise

France

MCLA

Marine Climate lmpacts and Adaptation,
Climmate Adaptation Flagship

Commonwealth Scientific and
Imdustrial Research Organisation

Australia

M-ES5A5

Morsegian Ecosystem Studies of Sub-
Arctic Seas

Marine Research Institute of Norway

Moreay

ESSASL

Japanese Ecosystem Studies of Sub-Arctic
Seas

Hokkaido University

lapan

BEST

Bering Sea Ecosystem Study

Mational Science Foundation

ISA

BSIERP

Bering S5ea Integrated Ecosystem Ressarch
Frogram

Morth Pacific Research Board

SA

GODAE

Global Ocean Data Assimilation
Experiment

GODAE Project Office, Met Office

UK

FUTURE

Forecasting and Understanding Trends,
Uncertainty and Responses of Morth
Facific Marine Ecosystems

PICES Secretariat
Morth Pacific Marime Science
Jrganization

ICES
WGECOCOC

ICES GLOBEC Working Group on Cod and
Climate Change

ICES Secretariat

Denmark

SAUF

Sea Around Us Project

Fisheries Centre, University of British
Columbia

Canada

ECOMADR

ECOlogia del Mar ADRiatico (Adriatic Sea
Ecoclogy) [EU-IR3A project]

Istitute Mazionale di Oceancgrafia e
di Geofisica Sperimentale

leakhy




CLIMA

Climate Impacts on Coastal Marine
ecosystems and Aguaculture activities

Istituto Mazionale di Oceanografia e
di Geofisica Sperimentale

leaky

SESAME

Southern European Seas: Assessing and
Modelling Ecosystem changes

Hellenic Centre for Marine Research

Greece

TNFRI

various

Tohoku Mational Fisheries Research
Institute

Japan

QUEST-
Fish

Quantifying and Understanding the Earth
System — Fish

Plymouth Marine Laboratory

UK

GLOBEC

Global Ocean Ecosystem Dynamics

Plymouth Marine Laboratory

UK

INCOFISH

Integrating Multiple Demands on Coastal
Zones with Emphasis on Aguatic
Ecosystems and Fisheries

Leibmiz Institut fiir
Meereswissenschaften

Germany

IMAGES

International Marime Past Global Change
Study

Germany

CLIGAL

Evidencias & Impacto do Cambio Climmatico
en Galicia

Xunta de Galicia

Spain

FATE

Fisheries and the Environment

Mational Marine Fisheries Service

U.SA.

BECAUSE

Critical Interactions Between Species &
their Implications for Precauticnary
Fisheries Management inm a Variable
Envircnment

University of Hamburg

Zermany

UNCOVER

Understanding the Mechanizms of S5tock
Recowvery

Federal Research Center for Fisheries

Zermany

MEECE

Marine Ecosystem Evolution im a Changing
Envircnment

Phymouth Marine Laboratory

UK

RECLAIM

Resolving Climate Change Impacts

Institute for Marine Resources and
Ecosystem Studies: Wageningen
University and Ressarch Centre

Metherlands

Strait of
Georgia
2030

Frojecting the state of the Strait of
Georgia in 2030

Fizheries & Oceans Canada

EUR-
OCEAMNS

Eurgpean Oceans networks of excellence

EUR-OCEAMNS/IVEM Technopole
Brest-lroise

MFRDI

wvarious

Mational Fisheries Ressarch and
Development Institute




serving as venues

Organisations with capabillities of

for collaboration

Organization

Host organisation

Host
country

North Pacific Marine Science Organization

Institute of Ooean Sciences

Canada

International Coundcil for the Exploration
of the Sea

nmone

Cenmark

Scientific Committee on Ocean Research,
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The 2035 modelling challenge

« An open invitation for research teams to
use existing modelling frameworks to
simulate the impacts of climate and
oceanographic changes on the 2035
biology and ecology of any marine
ecosystem or biological component
therein, including commercial fishery
species.




Potential questions to address

How will the productivity, abundances, or biomasses of important stocks
change?

How will important fish stocks change their historical spatial distributions or
the timing (phenology) of particular life stages or migrations?

How will food web structures be re-assembled and otherwise change (e.g.
will jellyfish dominate the seas)?

How will ‘mis-matched’ life stages and predator-prey relationships further
affect biological communities and stocks?

Will ocean life experience non-linear thresholds of functional or structural
change related to positive feedbacks from these changes, or other
Instabilities?

Can we understand and describe particular mechanisms of these changes
(e.g. physical and physiological)?

What are the fisheries impacts / implications (e.g. Will current maximum
yield and overfishing definitions remain useful?; What other types of
approaches will be needed?; Will climate change dictate changes in
traditional fishing gears and methods?)

Will the need for maintaining the functional and structural resiliency of
biological communities in the face of climate change requires that some
fisheries ‘stock productivity’ be ‘allocated’ to resiliency, and other




Deliverables

e Special iIssue of journal

« Contributions to global marine
assessments

. Contributions to IPCC reporting

mme on the
ETE OF THE OCEAN
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