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Scope AND GOAhacific ocean

Goal:Progress bastscale to regionascale research on important fished species and
biodiversity to fill knowledge gaps, support fisheries and ecosystased management, and
provide decisiorsupport under climate change.
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FUTURE risks to fisheries, future uncertainty

A Projected decline in exploitable fish stocks for ~ Climate change = high uncertainty -
majority of ocean regions by the end of 2100 A Process uncertainty (what is driving change?)

A Huge variability in ESM outputs A Model/structural uncertainty (how well are we capturing the
system?)
A Scenario/future uncertainty (variability in ESM outputs,
] sor-co ] eorn.s reliability of predictions?)
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Model ensembles/multi-model approaches help identify structural uncertainties,
characterize confidence in projections, understand internal variability




north pacific mumodel ensemdNSMEME

North Pacific Ocean Marine Ecosystem Model Ensemble (NOMEME)

Objective:

Develop a North Pacific Ocean Marine Ecosystem Model Ensemble (NOMEME) at the basin scale,
linked to earth system models (ESMs), to inform transboundary fisheries management across the
Northeast Pacific, and outline protocol for expansion to Northwest Pacific.

{1 Bringing together modellers, researchers and practitioners in the North Pacific who understand the climate-fisheries
landscape and can guide objectives and initiatives;

1 Review of modelling tools, approaches and initiatives currently operational to incorporate the effect of climate change
and fisheries management on ecosystems of the North Pacific Ocean,;

{ Identification of appropriate environmental forcing variables for North Pacific Ocean regions, and potential ensemble
ESMs to address model and climate uncertainty;

f New simulations that address knowledge gaps for fisheries management or conservation problems in an ensemble of

candidate regional MEMSs.
@ Basin-Scale Events & Coastal Impacts




Decision science for cheaalg advice

Decisions are difficult, especially when they involve differing values, complex
multidimensional objectives, scarce resources, urgency, and considerable uncertainty

Decision science: Theories, frameworks, and tools for making decisions

Decision Theory
Theory of how people do and can make better decisions

Normative -> Prescriptive <-Descriptive

A

Decision Analysis
(aka Structured Decision Making)
A process and a framework for decomposing
Decision decisions to apply decision theory

problem

Q0000 - -

Decision-Support Tools Decision-Support Frameworks

Provide insight on individual components of a decision Help to step through multiple components of a decision

e.g., conceptual models, quantitative models, trade-off tools e.g., Priority Threat Management, Systematic Conservation Planning
(Figure 3 & Supporting Information) (Table 2 & Supporting Information)
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Hemming et al. Cons Biol 2021




Decision analysmving problems

1. 2 KFadQa UKS 202S0uA @Socuseldduirbnie? a LISOA Sa GAQRAQSé\L‘E)\Ué.
. . rainstorming
2. What divergent values do we need to consider?
. Mandates: Futu e tOO|S
3. Management options? Laws, Policies, Stakeholder maopin
4. Modelling toolkit? Preferences PPINg
5.

Delphi technique

: ~ Trigger  fpee«-- Probl Lo
Tradeoffs, uncertainty” [ } roblem Expert elicitation

Decide &
Objectives

Take Action

SDM
Analysis |
Toolkit .

/

Values:
Preference scales,
objective weights,

& risk attitudes

ﬁ aantitative population/ecosystem model
Management strategy evaluation

Sensitivity analysis
Tradeoff techniques
Risk analysis

Tradeoffs &
Optimization

VOI/EVPI p e Spatial data and models
Costbenefit analysis Considers Conceptual/qualitative models
MCDA U&I“kdty . J Structured expert elicitation
SCP decisions neTTR
Toolkit
Decision trees & /

Source: Jean Fitts Cochrane

@ Basin-Scale Events & CoastalImpacts

Hemming et al. Cons Biol 2021



decision support toolkit and workflow
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INTERNATIONAL DECISION SCIENCE PREDICTIVE MODELING INFORMATION INTERNATIONAL
COLLABORATION AND AND EORECASTING INTEGRATION & ANALYTICSCOLLABORATION DECISION SUPPORT
KNOWLEDGE EXCHANGE
Partnerships Decision Science Regional Marine Ecosystem Models Decision support toolkit
- International - Structured - Historical simulations; predictions (seasonal, - Climateinformed
collaborative process to form decadal) coupled to climate drivers tools/advice
working group to objectives, - Ecosystemé& specieshased analyses, fisheries » - Multi-species stock
coordinate basin » measurable based analysis assessment, risk/cumulative
scale efforts attributes, : : _ Impact assessments, Red lis
(CEFIEishMIP actions. evaluate Regional tc_) Basmscal_e Marine Model Ensembles IUCN, EBM/EBFM, spatial
and others) uncertainty and i I\S/Itliilrt]idr?;(tjiSr?;dl:otrpapnirllosoounnsdgpuItESM/ MEM) planning/MPAs/OECM,
trade-offs ] ] 2 y ABNJ, ecosystem assessme
- Ecosystem & basiscale analysis, transboundary

Basin-Scale Events & Coastal Impacts



REGIONAL ecosystem model ensembles

NOAA Climate, Ecosystems and Fisheries Initiative (CBEI.IM/GOACLIM/West Coast
(K.Holsmar)

Global Climate Models (x 7)

ECHO-G

MIROC3.2 med res.

CGCM3-t47

CCSM4-NCAR- PO

MIROCESM-C- PO

GFDL-ESM2M™ PO

GFDL-ESM2M™ PON
Projection Scenarios (x3)

AR4 A1B

ARS RCP 4.5

AR5 RCP 8.5

Climate Enhanced Biological models (x 5+)
CE- single-spp assessment models
CE- multi-spp model (CEATTLE) %@
CE - Size spectrum model lovier

CE- Ecopath with Ecosim LA«
End-to-End model (FEAST) habitats %Y
CE- spatial MICE model

CE - IBM (crab)

CEFI Regional Teams

ARCTIC/ALASKA

PO ‘ s
)
3&‘

WEST COAST

- }“

PACIFIC ISLANDS

i

@};‘
_

EAST COAST

w‘};’. 2

Social & economic / harvest strategies (x 5+
No fishing 2 MT cap - gadid
Status quo 2 MT cap - flatfish
CE- control rules
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1. GFDL & other
modeling centers

Global climate &
coastal models

Decision Support Component Workflow

2. CEFI Regional Ocean Modeling Teams
Widely-applicable 3. CEFI Data
: A _—
Regional ocean models / ocean variables Portal Team
retrospective simulations,
- predictions (seasonal, decadal) & Data portal(s)
projections (multi-decadal) fsifes =
\ Application-specific » | _Open science and data
' ocean variables

ae A\

.‘.

Climate informed tools &
advice

(e.g., stock assessments,

risk assessments, MSEs,

ESPs, SOEs, MPA reports)

4. CEFI Regional Decision Support Teams

Ecological and
socioeconomic models

-Seh XS

-‘n

Advice for Decision Makers

NOAA
FISHERIES



GLOBAL fisheries ecosystem model enser

FIShMIR; Fisheries & Marine Ecosystem Model Intercomparison Prgj€ctWoodworthJefcoatfNOAA)

La rge consumers

Exploitable
fisheries

Meso-zooplankton

Micro-zooplankton

Diatoms

Pico-phytoplankton

S—

Ecosystem models
Fisheries Ecosystem Model
Inter-comparison Project
FISHMIP

Earth system models
Coupled Model Inter-
comparison Project
CMIP

S

Key NOMEMIEishMIPworking group collaborators

Phoebe WoodwortdefcoatfNOAA), HerMlorzarialLuna
(NOAA), Beth Fulton (CSIRO), Julia Blanchard (UTAS), Kieran
Murphy (UTAS), Cheryl Harrison (LU), Jon Reum (NOAA), Kelly
Ortega (UCT), Jim Ruzicka (NOAA), Isaac Kaplan (NOAA), and

others!

TRACK Historical climate Model calibration Evaluation and
observations
past =il Detection and attribution
@ of past change
|
v v
TRACK Future seafood production
B Future climate and Adaptation, P ) !
. itioati L ecosystem function,
future human-use scenarios mitigation, — Blodiierity
management

Trade-offs among solutions

o >

Source: Blanchard et al. Under review

Track A: Current FishMIP protocol (ISIMIP 3)
Track B: Maury et al. Under review

FiIshMIP2.0 Protocol (Blanchard et al. in review)
Globatto-regional protocol (Orteg&isneros et al. in review)

FishMIP:=

Fisheries & Marine Ecosystem
Model Intercomparison Project »gm s

ISIMIP

Inter-Sectoral Impact Model
Intercomparison Project



GLOBAL fisheries ecosystem model enser

FIshMIR; Fisheries & Marine Ecosystem Model Intercomparison Project

Transition.

Spin-up.

Climate forcing

Experiment.

—=""'—--_

e

Fishing effort forcing

1861 1961

o Observed historical winds, land-derived river inputs

9 Observed historical winds, fixed land-derived river inputs
9 Observed fishing effort

9 No and/or fixed low fishing effort

2010

Global & Regional Marine Ecosystem Models

5w B d e e 3 =
Cets" Tetet

Observational Data 1

Catch Biomass Ecological Indicators

Model Evaluation ¥ Detection and Attribution

— Biomass Observetions
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A A S \ Model 2
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AT 5\ Modeld

' Modsl 5
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* »  Obs.
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https://github.com/FistMIP/FishMIP2.0_TrackA_ISIMIP3aBlanchard

et al. In review.

Model improvement

Evaluation and

intercomparison using
observations
Detection and attribution
of past change

TRACK Historical climate Model calibration
conditions and improvement
past
J

v

v

TBALK Future seafood production
B Future climate and Adaptation, P ) 2
) itioati : ecosystem function,
future human-use scenarios mitigation, - biodiversity
management

Trade-offs among solutions

®

Source: Blanchard et al. Under review

Track A: Current FishMIP protocol (ISIMIP 3)
Track B: Maury et al. Under review
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FiIshMIP==

Fisheries & Marine Ecosystem »gp
Model Intercomparison PrOJect o )’,’

ISIMIP

Inter-Sectoral Impact Model
Intercomparison Project


https://github.com/Fish-MIP/FishMIP2.0_TrackA_ISIMIP3a
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Historical calibration vs future proje®s

FishMIP2.0 Objectives

A StandardisedESM inputsstandardisedutputs

A Standardisedhistorical (validation/cali

oration 1962010)

and future (projections, 20:2050) using global models

GFDIMOMG6-COBALT?2

TRACK Historical climate Model calibration

A conditions and improvement

past ?

CMIP5/CMIP6 ESMs i ' J

TRACK '

R Future climate and Adaptation,

fut human-use scenarios mitigation, -
R management

o

® =

Source: Blanchard et al. Under review

ISIMIP

Inter-Sectoral Impact Model
Intercomparison Project

Evaluation and
intercomparison using
observations
Detection and attribution
of past change

v

Future seafood production,
ecosystem function,
biodiversity
Trade-offs among solutions

Track A: Current FishMIP protocol (ISIMIP 3)
Track B:

Maury et al. Under review

FISH-MIP

BECI

Basin-Scale Events & Coastal Impacts

CEFI/ACLIM/GORLIM
A Different ESM inputs to date across regions

A Historical validation/calibration methods (192®17)
vary by MEM; projections to 2100

Global Climate Models (x 7)
ECHO-G
MIROC3.2 med res.
CGCM3-t47
CCSM4-NCAR- PO
MIROCESM-C- PO
GFDL-ESM2M™ PO
GFDL-ESM2M™ PON
Projection Scenarios (x3)
AR4 A1B
ARS RCP 4.5
ARS RCP 8.5

Social & economic / harvest strategies (x 5+)
No fishing 2 MT cap - gadid
Status quo 2 MT cap - flatfish
CE- control rules

Climate Enhanced Biological models (x 5+)
CE- single-spp assessment models 4
CE- multi-spp model (CEATTLE) ﬂ@
CE - Size spectrum model ‘ oy

CE- Ecopath with Ecosim biogeochemical‘."\’r,f‘«'f;tro e _Coupled )
End-to-End model (FEAST) Socio-ecological

habitats =™ e A

CE- spatial MICE model
CE - IBM (crab)




Fishmigrotocols In development

A FishMIP3a Globato-regional protocol

| Balance global standardised inputs with regional relevance?

Step 1:

Step 6:

Identify which climate variables
to use and how these are
implemented

Calibrate model with
observational global catch data
for reference period

¥

Step 2:

Provide shapefile of your model
domain and fill out model
template

K2

Step 3:

Visualise and extract input
variables to see if bias
correction is needed

Is model spatial?

Yes
A 4

N\

Step 7:

Set up model with forcings for
each experimental run

!

Step 8:

Output standard variables to
compare with data and across
models over time/space

[

Step 9:

Quality control checks and upload
to FishMIP server

Step 4:

Step 5:

Determine if further downscaling
is needed

—n

Match and extract fishing effort
groupings to force your model

OrtegaCisneros et al. in press

————

[ Muttiple models [ Atantis Ecotran [ Jewe [Imice [ Mizer [ ] osmosE
I:I Benguela (3x) [:I East Antarctica Central North Pacific [:l Baltic Sea I: Southern Ocean I:I Baltic Sea I: Northern Humboldt
[ ] chatham Rise (2x) [] Nordic + Barents sea Main Hawai'ian Islands [ North Easth Brazil [ central South Pacific [ | North Sea
l:l North Sea (2x) :l Puget Sound Northern Californian current :l Cook Strait I:I East Bering Strait
l:l Tasman + Golden Bays (3x) I:I South East Australia :l East Bass Strait :I East Scotian Shelf

Cl Kergulen Plateau |:I Gulf of Alaska

l:l Mediterranean I:I Hawai'i basd longline

:l Northern Gulf of Alaska |:I Kerguelen Bay

[:| Prydz Bay I:I Prydz Bay

:l Ross Sea I:I South East Australia

Multiple MEMSs (resolve functional/structural
uncertainties), multiple ESMs (resolve climate
uncertainties)

ISIMIP

Inter-Sectoral Impact Madel
Intercomparizon Project

FISH-MIP

A SOMEME (Southern Ocean Marir

Ecosystem Model Ensemble)

protocol

Track B - Future

Climate Projections

Track A - Past

Model Evaluation

GFDL-JRA CMIP6
Stage 1: i N
Climate
Forcing
(Complete)
Sea Sea
‘A
Stage 2: A . '
Ecological l G
Forcing D lasirtuiin) l
Scenarios Temperature Temperature
Complete
( plete) GFDL Outputs ESM Ensemble Qutputs
I— = = 57 = | I | [ 1
Stage 3: 1 b 1 | »JEI
Fishing I 1 e |
Forcing g — T e L e |
Scenarios No Fishing Effort Fishing Effort Fishing + Whaling
Effort
(Complete)
Track A - Past
Meodel Evaluation [ ——
1
a ot
| IR
a4 l
Stage 4:
SOMEME
Simulation \i‘
Experiments | ,’J
¢ :» é.
(Next phase) || Track B - Future -

Climate Projections

Model output

|

| Size spectra  Trophiclevel Catches Biomass Abundance |

N

Stage 5:
Model
output

Ecosystem
Assessment

Ecosystems

&

Conservation

ol

Fisheries

(Next phase)

Past

*  GFDL-JRA
¢ Isthis fit-for-purpose

for SO regional MEMs?

Future scenarios

*  Evaluation of ESMs

over historical period in SO

= Fit-for-purpose projections?
*  Bias correction required?

Climate model outputs
used as MEM
Forcing Scenarios

Both scenarios produce:
Phytoplankton
Temperature
Seaice

Fishing Scenarios

1. No Fishing Effort
2. Fishing Effort
3. Fishing + Whaling Effort

SOMEME simulations

Past
GFDL-MOMG6-COBALT2 Forcing
Three Fishing Scenarios

Future
ESM Ensemble Forcing
Future Fishing Scenarios
Future Whaling Scenarios

Ecosystem Assessment &
MEM evaluation
using model outputs from
SOMEME Simulations

Ecosystems — biomass,
abundance, size structure

Fisheries — sustainable
catch limits

Conservation — identify
vulnerable species



ensemble modelling approach ideaés

Ensemble 1. Comparison of existing mod
to answer broadscale questions

Ensemble 2. Update/develop new
models/ensembles, addressing research | evaluation to address uncertainty
needs and knowledge gaps

BECI

Basin-Scale Events & Coastal Impacts

Ensemble 3: Rigorous model calibration a

Compare existing model outputs in a mutiodel
approach

non-standardized ESM

non-standardized fisheries

Relative/proportional comparisons

High uncertainty

Normalised Biomass
set 1 set 2

5 10 15 20 25 30 0 5 10 15 20 25 30

(a) Atlantis

5 10 15 20 25 30 5 10 15 20
e

Benoit et al. 2009

|(b) EwE

|||||||||||

(c) OSMOSE

Smith et al. 2015

Linking CEFI + other models linked across space/t FishMIPstandardized protocol/updated ACLIM
standardised=SM forcing (multiple, or single)
non-standardized fisheries

focus on future projections only?

Pacific salmon, tuna), uncertainty evaluation

r—~ —— =i B i GHG

| Temperature ESM

ass

ssew Apoq ue

Tomp [interaction

DOFishing [JOvert

Reum et al. 2020

Relative biomass change
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Jacobsen et al. 2015

protocol

- standardised=SM forcing
- standardisedisheries
specific management questions, focal spp. (e.g;

historical calibration + future projections

- Model evaluation and uncertainty

d Size-Based Food Web Model

Percent Change
Relative to F=0

Woodworth-Jefcoatset al. 2015






What models are currently operational

Refer tospreadsheet

Atlantis

Bayesian statspace/hierarchical statepace
Global (BOATS/FEISTY)

CEATTLE

DBPM What else?
EcoTrahEwWEEWEWIth Ecospackecotracer
MICE

Mizer/thermizer

OSMOSE

NEMURO.FISH

tinyVAST

Climate vulnerability assessment

Do Po o To To Io Do Po Po Do T Ix



https://docs.google.com/spreadsheets/d/1OyPvMlASX-OzdCNSaqhbVP06j_hkddTbmvi7us3j-9g/edit?usp=sharing

Frequency

Always
of use

Ecosystem modelling approach

Spatial and
2 evelopment lempora component processes
5 g 8
§.§ - 3 ? ® e
g = QE > %5 g‘ g = ] 2 2
IR N AR AR AR A AR A
ggg g g 3§§ 228! 85 [ 32 | 3 ] %E s 25 %g
S| 28 |88%|B59| 55 | f5| 5 (38| A5 |BE| & | 2% [8%

Conceptual model

Loop analysis

Fuzzy cognitive map

Bayesian belief network

Graph-theoretic network analysis

Co-occurrence analysis

Structural equation model

Multi-species population
dynamic model

State-transition model

Mass-balance models

Agent-based/
individual-based model

Models of intermediate
complexity (MICE)

Ensemble ecosystem model*

End-to-end ecosystem model

Geary et al. 2020 N&colEvol

palinbai abpamousysaoinosaleiep Buisealou

Spectrum of tools for many uses

ﬁ

Stock/Single  Multi-species  Functional ~ Ecosystem
Species =
ﬁ
Single stock models Multi-species Food web «
A models  Whole system
Stock assessments models
with predation, : : Integrated
habitat, or climate Multi-species ecosystem
assessments

considerations assessments -

Multiple stock
assessments
integrated

Economic assessments, social impacts

Species s,
Species s,

Minimum realistic model

Species s, Species s,

BECI

Basin-Scale Events & Coastal Impacts



Nomem®tocol hindcast & future

POTENTIAL INPUTS
(operating models)

Atlantis
Statespace

Global (BOATS/FEISTY’
CEATTLE

DBPM
Ecopathwith Ecosim ‘

EcoTran
MICE
Mizer/thermizer
OSMOSE
NEMURO.FISH
tinyVAST
CVA

Climate forcing
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