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SCHEDULE
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K ll\Welcome and Orientation

(WK LM Context — Model Ensembles .

IR VICOFFEE BREAK
NI VM EM and ESM modelling efforts so far in Nth Pacific .

Brainstorming approaches to develop a protocol for NOMEME e

PV UNCH BREAK
Recap from morning discussions
Informing decisions with NOMEME
S VIICOFFEE BREAK

MCollaboration and working together
MSummary — what have we learned together?
Workshop ends
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MBECI update — where are we now? Where are we going? Kathryn Berry (BECI)

Viv Tulloch (BECI) — Background + NOMEME

Phoebe Woodworth-Jefcoats (NOAA) — FishMIP in the Nth Pacific
Kirstin Holsman(NOAA) — CEFI/ACLIM initiatives

Summary of existing models and initiatives
Roundtable discussion of other relevant endeavours

Using decision science to structure approach
Ensemble approaches discussion
Environmental inputs discussion
Measurable attributes (outputs)

Ongoing/unresolved discussions for NOMEME protocol

Links to decision-making, key outputs for management, other tools?



SCOPE AND GOALS - NORTH PACIFIC OGEAN

Goal: Progress basin-scale to regional-scale research on important fished species and
biodiversity to fill knowledge gaps, support fisheries and ecosystem-based management, and
provide decision-support under climate change.




Current and historical anomalies in the North Pacific — heatwaves, global SST increasing...

NOAA Coral Reef Watch Daily 5km SST Anomalies (v3.1) 17 Oct 2024
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FUTURE RISKS TO FISHERIES, FUTURE UNCERTAINTY

* Projected decline in exploitable fish stocks for
majority of ocean regions by the end of 2100
 Huge variability in ESM outputs
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Climate change = high uncertainty

Process uncertainty (what is driving change?)
Model/structural uncertainty (how well are we capturing the
system?)
Scenario/future uncertainty (variability in ESM outputs,
reliability of predictions?)

Driven by Plankton Biomass

Temperature Change

Driven by Net Primary Production
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Change in biomass (%)

Change in biomass (3)

MULTI-MODEL AND ENSEMBLE APPROACHES

a) CMIP5 IPSL-CM5A-LR b) CMIPG IPSL-CM6A-LR
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NORTH PACIFIC MULTI-MODEL ENSEMBLES - NOMEME

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.

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

e 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,;

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

e 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 SCIENGE FOR CLIMATE-READY ADVIGE

Decisions are difficult, especially when they involve differing values, complex

multidimensional objectives, scarce resources, urgency, and considerable uncertainty

Hemming et al. Cons Biol 2021

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

Theory of how people do and can make better decisions

Decision Theory

Normative -> Prescriptive <-Descriptive

|

Decision Analysis
(aka Structured Decision Making)

A process and a framework for decomposing

Decision
problem

decisions to apply decision theory

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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DECISION ANALYSIS - SOLVING PROBLEMS

What’s the objective (focal species, biodiversity-focused outcome?

. : Brainstormin
What divergent values do we need to consider? g
Management options? Mandates: Future tools
| o iy Stakeholder mapping

preferenceS

Delphi technique
Expert elicitation

Problem

Lk LR

Modelling toolkit? _
Trade-offs, uncertainty? [ Trigger }

Decide &

Objectives

Take Action

(

Sensitivity analysis

Tradeoffs &

SDM Values:
Analysis | Preference scales,
Toolkit objective weights,
‘ & risk attitudes

e
ﬁ wintitative population/ecosystem models
Management strategy evaluation

Trade-off techniques Optimization
Risk analysis
VOI/EVPI o2 3 e Spatial data and models
Cost-benefit analysis Conslder: Conceptual/qualitative models
MCDA ””;elfti‘”:y' Structured expert elicitation
SCp p s Modeling
s \ ecisions ) Toolkit
Decision trees

Source: Jean Fitts Cochrane

@ Basin-Scale Events & CoastalImpacts
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DECISION SUPPORT TOOLKIT AND WORKFLOW
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Partnerships

- International
collaborative
working group to
coordinate basin-
scale efforts
(CEFI, FishMIP
and others)
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Decision Science
- Structured
process to form

» objectives,
measurable

attributes,
actions, evaluate
uncertainty and
trade-offs

Regional Marine Ecosystem Models

decadal) - coupled to climate drivers

based analysis

- Historical simulations; predictions (seasonal,

- Ecosystem- & species-based analyses, fisheries- »

- Multi-national, transboundary

~o
~
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Regional- to Basin-scale Marine Model Ensembles
- Standardised comparisons (multi-ESM/MEM)

- Ecosystem & basin-scale analysis, transboundary

Decision Makers
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DECISION SUPPORT

Decision support toolkit

Climate-informed
tools/advice

Multi-species stock
assessment, risk/cumulative
impact assessments, Red list
IUCN, EBM/EBFM, spatial
planning/MPAs/OECM,
ABNJ, ecosystem assessment

BECI
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REGIONAL ECOSYSTEM MODEL ENSEMBLES

NOAA Climate, Ecosystems and Fisheries Initiative (CEFI) — ACLIM/GOA-CLIM/West Coast

(K. Holsman)
CEFI Regional Teams

ARCTIC/ALASKA
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P

Decision Support Component Workflow

ECHO-G

MIROC3.2 med res. WEST COAST

CGCM3-t47 . )

£ HLAR-PO P e 2. CEFI Regional Ocean Modeling Teams

MIROCESM-C- PO , — } ‘ 4 EAST COAST g 9 9

GFDL-ESM2M™ PO ® 1. GFDL & other ) Widely-applicable 3. CEFI Data

GFDL-ESM2M* PON Y, PACIFIC ISLANDS m,w. modeling centers b mobusp e oo / WO M Portal Team
Projection Scenarios (x3) e /IJQ/,' p 9 S (I retrospective simulations,

AR4 A1B i T S \ % ‘ Global climate & - pre@ict?ons (seaspnal, decadal) & Data portal(s)

AD L o - projections (multl-decadal) PR o

ARS RCP 4 : / coastal models \ Application-specific » | _Open science and data

ARS RCP 8.5 ocean variables .

| | | & ae A\

Social & economic / harvest strategies (x 5+
No fishing 2 MT cap - gadid

interacting -y :
pressures ﬁﬁ Status quo 2 MT cap - flatfish
« CE- control rules

Climate Enhanced Biological models (x 5+) s *
CE- single-spp assessment models t
CE- multi-spp model (CEATTLE) %@ W
Ci Iower

i —————— B— ‘

4. CEFI Regional Decision Support Teams . .

-'.

Climate informed tools &
Ecological and advice
socioeconomic models (e.g., stock assessments,

Advice for Decision Makers

CE - Size spectrum model

G copp it Hogeoheriol ALV Couped i 1990.0001 sea surtace temperature -c) ] - << - [ risk assessments, MSEs,

End-to-End model (FEAST) habitats ~ *e% Vi vatx Socio-ecological of practice 0 5 10 15 20 25 30 0 20 40 60 80 100 ,%N ’1 ESPs, SOEs, MPA reports)
2 SR A . L

CE- spatial MICE model :—n i 7%\ System F / kﬁ, *"W.‘

CE - IBM (crab) Ep——: m
-

|

communities
\‘ § W of place
*k upper trophic * &I

ama

NOAA
FISHERIES




GLOBAL FISHERIES ECOSYSTEM MODEL ENSEMBLE

FishMIP — Fisheries & Marine Ecosystem Model Intercomparison Project — P. Woodworth-Jefcoats (NOAA)

La rge consumers

Ecosystem models
Fisheries Ecosystem Model
Inter-comparison Project

Exploitable Medium consumers
fisheries | - FISHMIP
%
| -
>R

Meso-zooplankton

Earth system models
Coupled Model Inter-
p— comparison Project
CMIP

S

Micro-zooplankton

Diatoms

Pico-phytoplankton

Key NOMEME-FishMIP working group collaborators

Phoebe Woodworth-Jefcoats (NOAA), Hem Morzaria-Luna
(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 7 Detection and attribution
@ of past change
~ Marine ecosystem and
B fisheries models
v \ 4
ALK Future seafood production
B Future climate and Adaptation, o fp cti !
human-use scenarios mitigation, -~ e a2l
future management biodiversity
@ (i\ﬂ'“r Trade-offs among solutions
=/ .
Track A: Current FishMIP protocol (ISIMIP 3)
Source: Blanchard et al. Under review Track B: Maury et al. Under review

FishMIP 2.0 Protocol (Blanchard et al. in review)
Global-to-regional protocol (Ortega-Cisneros et al. in review)

FiShMlP:’éi ISIMIP

Fisheries & Marine Ecosystem e prgjaey et
Model Intercomparison Project ygm >9%>¢»



GLOBAL FISHERIES ECOSYSTEM MODEL ENSEMBLE

FishMIP — Fisheries & Marine Ecosystem Model Intercomparison Project

Climate forcing

Fishing effort forcing

Transition.

Spin-up.

Experiment.

—=""'—--_

e

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

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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LA 5\ Modeld
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https://github.com/Fish-MIP/FishMIP2.0_TrackA_ISIMIP3a; Blanchard

et al. In review.

Evaluation and

intercomparison using
observations
Detection and attribution
of past change

TRACK Historical climate Model calibration
conditions and improvement

- S ]

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

Model improvement

14
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ISIMIP

Inter-Sectoral Impact Model
Intercomparison Project


https://github.com/Fish-MIP/FishMIP2.0_TrackA_ISIMIP3a
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HISTORICAL CALIBRATION VS FUTURE PROJECTIONS &=

FishMIP2.0 Objectives

e Standardised ESM inputs, standardised outputs
* Standardised historical (validation/calibration 1961-2010)

BECI

CEFI/ACLIM/GOA-CLIM

and future (projections, 2010-2050) using global models

GFDL-MOM6-COBALT?2

Historical climate
conditions

Evaluation and
intercomparison using
observations
Detection and attribution

Model calibration
and improvement

of past change

CMIP5/CMIP6 ESMs

TRACK
B Future climate and
future human-use scenarios

o

® =

Source: Blanchard et al. Under review

A v
Adaptation, Future Se::OOdfPTOSUCtIOH,
mitigation, - ecosg. zm Uf\tc ion,
management lodiversity

Trade-offs among solutions

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

FISHERIES & MARINE ECOSYSTEM
Inter-Sectoral Impact Model I I
MODEL INTERCOMPARISON PROJECT

Intercomparison Project

Climate Enhanced Biological models (x 5+)

* Different ESM inputs to date across regions

* Historical validation/calibration methods (1996-2017)
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

o e éf‘é’ Status quo 2 MT cap - flatfish
% . CE- control rules
¢ 'w‘

CE - IBM (crab)

CE- single-spp assessment models tt

CE- multi-spp model (CEATTLE) ﬂ@ l

CE - Size spectrum model el

CE- Ecopath with Ecosim biogeochemi cal ’;* A e Coupled *’ communities
End-to-End model (FEAST) habitats  w*#8 ¥, o Socio-ecological of practice
CE- spatial MICE model d ¢ ey System

commumtles
q of place

apiet u;phac = m 2]
NOAA
FISHERIES
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FISHMIP PROTOCOLS IN DEVELOPMENT S
* FishMIP 3a Global-to-regional protocol « SOMEME (Southern Ocean Marine

— Balance global standardised inputs with regional relevance? Ecosystem Model Ensemble)
protocol

Step 1: Step 6:
Track A - Past Track B - Future Past
. . ’ ) ) ) i - o - GFDL-IRA
Identlfy which climate variables Calibrate model with L Model Evaluation Climate Pro]ecnons . Is this fitfforfpurpose
to use and how these are observational global catch data Ar\ 3 @" e Ot AT
implemented for reference period E GFDL-JRA CMIP6 S &S W IEIE =k
@ ,f’i\§( Stgge 1: AT ; .
¥ Climate ) \ Future scenarios
¥ N érk% Forcing - * Evaluation of ESMs
. over historical period in SO
Ee Step 7: {Complete) . *  Fit-for-purpose projections?
*  Bias correction required?
Prowge shapefile of your model Set up model with forcings for
domain and fill out model ]
each experimental run
template i
5_ea Sea Climate model outputs
) |ce; & .Ce; h used as MEM
! l Plankton Plankton Forcing Scenarios
o o Stage 2: X
Step 3t Stop 6 Ecological * % ' Both scenarios produce:
Forcing GEED e l Phytoplankton
Visualise and extract input Output standard variables to b Scenarios Temperature Temperature Temperature
variables to see if bias compare with data and across Seaice
correction is needed models over time/space Complete
/-— ( plete) GFDL Outputs ESM Ensemble Outputs
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to FishMIP server [ Muttiple models [ Atantis Ecotran [ Jewe [Imice [ Mizer [ ] osmosE Scenarios No Fishing Effort Fishing Effort Fishing + Whaling - rishing aling Error
I:I Benguela (3x) [:I East Antarctica Central North Pacific [:l Baltic Sea I: Southern Ocean I:I Baltic Sea I:I Northern Humboldt Effort
[ ] chatham Rise (2x) [ Nordic + Barents sea Main Hawai'ian Islands [ North Easth Brazil [ central South Pacific [ | North Sea (Complete)
H l:l North Sea (2x) :l Puget Sound Northern Californian current :l Cook Strait I:I East Bering Strait Track A - Pa.St
;,Yes ’ NO l:l Tasman + Golden Bays (3x) I:I South East Australia :l East Bass Strait :I East Scotian Shelf Madel Evaluation |r === ': SOMEME simulations
[ ] Kergulen Piateau [ suifof Alaska 2 - 1 Past
Step 4: Step 5: [ Mediterranean [ Hawaii basd lengline Ly L - = = =Y/ GFDL-MOMG6-COBALT2 Forcing
:l Northern Guilf of Alaska |:I Kerguelen Bay Y l Three Fishing Scenarios
Determine if further downscaling ||, Match and extract fishing effort [ ]PrydzBay [ ]PrdzBay SS(;:/EIEI\:.E
is needed groupings to force your model [ Ross Sea [ south East Australia Simulati 2 Future
imulation Ly ESM Ensemble Forcing
Experiments l -— I’Je Future Fishing Scenarios
|’_’_ s J' Future Whaling Scenarios
(Next phase) || Track B - Future

Climate Projections

Model output

Ecosystem Assessment &

Ortega-Cisneros et al. in press t e

 Multiple MEMs (resolve functional/structural = Rl (e e

uncertainties), multiple ESMs (resolve climate

Ecosystems

&

Conservation

ol

Assessment

uncertainties)

catch limits

Conservation — identify
vulnerable species

Fisheries




ENSEMBLE MODELLING APPROACH IDEAS

Ensemble 1: Comparison of existing models
to answer broad-scale questions

BECI

Basin-Scale Events & Coastal Impacts
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Ensemble 2: Update/develop new Ensemble 3: Rigorous model calibration and
models/ensembles, addressing research evaluation to address uncertainty
needs and knowledge gaps

Compare existing model outputs in a multi-model
approach

- non-standardized ESM

- non-standardized fisheries

- Relative/proportional comparisons

- High uncertainty

Normalised Biomass
set 1 set 2

- o = M W

a) Atlantis
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|(b) EwE
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Year Year
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(c) OSMOSE

Benoit et al. 2009

Smith et al. 2015

Linking CEFI + other models linked across space/time  FishMIP standardized protocol/updated ACLIM

standardised ESM forcing (multiple, or single) protocol
non-standardized fisheries - standardised ESM forcing
focus on future projections only? - standardised fisheries
specific management questions, focal spp. (e.g., -  historical calibration + future projections
Pacific salmon, tuna), uncertainty evaluation - Model evaluation and uncertainty
r~ ——— B { GHG [ Fishing | Temperature a0 | e B
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WHAT MODELS ARE CURRENTLY OPERATIONAL

Refer to spreadsheet

* Atlantis

* Bayesian state-space/hierarchical state-space
* Global (BOATS/FEISTY)

 CEATTLE

« DBPM What else?
 EcoTran/EwE/EwWE with Ecospace/Ecotracer
e MICE

 Mizer/thermizer

e OSMOSE

* NEMURO.FISH

e tinyVAST

 Climate vulnerability assessment



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

Fioquency Aweys ective of model Spatial and Ecos Ecosyste
adii Often Obldeve\?eo:mm temporal corm)?ng:: pfgcsye;er:
patterns
Sometimes e
5 i 2
| Rarely §§ é % 3& %g g \gg 3 " 2 2
g§§ 38 st (82 (=2 |[s8| 2 |35 |s2| B| 5 |88 |.58
TR R
oosysemmodstingepproscn | §35 | 58 | 858 | 855 | 55 | B8 | 5 | 35 |53 |&E | & |88 |E8%
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 Nat Ecol Evol

palinbai abpamousysaoinosaleiep Buisealou

Spectrum of tools for many uses

ﬁ

Stock/Single  Multi-species  Functional ~ Ecosystem

Species =
Single stock models Multi-species Food web (ﬁ «
et models  Whole system
Stock assessments models
with predation, : : Integrated
habitat, or climate Multi-species ecosystem
considerations assessments assessments

Multiple stock
assessments
integrated

Species s,
Species s,

Minimum realistic model !

Species s, Species s,
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NOMEME PROTOCOL - HINDCAST & FUTURE

POTE NTlAL IN PUTS Historical calibration Future projections POTENTIAL OUTP UTS
. p L P\ 2 Ecopath with Ecosim Model o0 Size-Based Food Web Model
(operating models) Climate forcing " —_—— :
55 . t - Ln
‘g.g -40 4 -40 ™~
g3 60 60- ()
e 5 N
° s = L . 0 0.2 04 06 08 1.0 E‘
b
Atlantis GFDL + CEFlI CMIP6 + CEFI %g’ ;: : §
Plankton SST temperature Heatwaves g w S
State-space N < g : S
Ecological ‘/‘(\ ME. i " “';)7
Global (BOATS/FEISTY) forcing o U, 3 ' . &
scenarios E\WW 22 7] o] ~
22 %l e S
CEATTLE GFDL + CEFI Outputs CMIP6 + CEFI Outputs §'§ E R E s %
1 ol B B~
DBPIVI . . . . &’3 0 0.2 04 06 08 1.0 .D 02 04 06 08 10 §
1. Nofishing 1. Nofishing [ F | F I
ECOpath with ECOSim, Fishing forcing | 2- Historical catches 2. Status quo ‘
scenarios 3. Increased effort
ECOTra n A r™ —— = | B GHG Fishing Temperature v ESM
MICE Climate forcing Climate forcing (SST and plankton) ) i ] o
: : +/- +/- g mEE . E N
|V|IZ€ r/therm|zer Sl?r:l:/llflAEtl\i/loEn Historical fishing scenarios: Future fishing scenarios S ’- -,' § 8 - . g
- 1. No fishing +/- A i -
experiments 2. Fishi F h 3 R o
OSMOSE ishing uture heatwaves 3 | g g
NEMURO.FISH = S
1 i Q
t|nyVAST Model output Ecological indicators: T o ;&
ecosystem Ecosystems — biomass, abundance, size structure Eg:ﬁ — T P Ss oo wrpe —e e coom ~GroL
CV A assessment Fisheries — sustainable catches | Lo st ik - i -
Conservation —identify extinction risk

Multiple MEMs (resolve functional/structural uncertainties),
multiple ESMs (resolve climate uncertainties)
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PROBLEM STATEMENT AND OBJECTIVES

NEED: NPAFC (Science Plan 2023-2027)

 Understand causes and anticipate changes in the production of Pacific salmon
and the marine ecosystems producing them

* Reliable projection models of future salmon distribution, abundance and survival
for sustainable resource management and for projecting future variations in
production due to changing climate [that include realistic uncertainty]

NEED: IPHC (Engagement, 2024)
 MSE operating models incorporating tested environmental and ecosystem

relationships and projected using different future environmental and ecosystem
conditions (IPHC).

POTENTIAL NEED: WCPHC (Engagement, 2024)
* Climate change to be considered in developing management procedures for

skipjack tuna and South Pacific albacore

Basin-Scale Events & Coastal Impacts



PROBLEM STATEMENT AND OBJECTIVES

1. Preservation-based - Minimize future mortality of key fisheries species under climate change

« Measurable attribute — reduced fish mortality over time, increased biomass over time

* Management options — regulating harvest, length of harvested fish, method of take, modifying habitats,
predator control

2. Extraction-based: Maximize yield of key fisheries species under climate change
e Measurable attribute — increased biomass over time, increased catches over time

* Management options — regulating harvest, length of harvested fish, method of take, modifying habitats

3. System-level understanding: Characterize uncertainty in our understanding of changes in

biomass of fisheries species to future climate change

e Measurable attribute

« Management options




DISCUSSION - FOCAL SPEGIES

* Pacific salmon spp.

» Pacific skipjack tuna/Albacore tuna

 Pacific halibut

* Forage fish (incl. Pacific herring, Pacific saury, anchovy, sardine)

e QOthers?

BECI
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ENSEMBLE MODELLING APPROACH

Ensemble 1: Comparison of existing models | Ensemble 2: Update/develop new Ensemble 3: Rigorous model calibration and
to answer broad-scale questions models/ensembles, addressing research evaluation to address uncertainty
needs and knowledge gaps

Compare existing model outputs in a multi-model Linking CEFI + other models linked across space/time  FishMIP standardized protocol/updated ACLIM
approach - standardised ESM forcing (multiple, or single) protocol
- non-standardized ESM - non-standardized fisheries - standardised ESM forcing
- non-standardized fisheries - focus on future projections only? - standardised fisheries
- Relative/proportional comparisons - specific management questions, focal spp. (e.g., - historical calibration + future projections
- High uncertainty Pacific salmon, tuna), uncertainty evaluation - Model evaluation and uncertainty

) 0 5 10 15 20 25 30 0 5 10 15 20 25 30 _(a) Atlantis ? m— ; : 4 ) 2 §

- — s 'ﬁ%qr” L 8 i) £ 3

0 f { a) Sies
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Smith et al. 2015



WHAT SHOULD BE STANDARDIZED?

Climate variables
Earth System Models

Spatial extent

. _ Temporal extent
Functional groups/species

Output variables




NORTH PACIFC EARTH SYSTEM MODELS + PRODUCTS

Hindcasts

40°N Y
- ) s T

200°W 100°W 0* 100°E
| O I ==
-2 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32

FishMIP - Global GFDL-MOM®6-COBALTv2
(forced by JRA-55) —incl. river input

0.25° and 1° horizontal res grid
Hindcast = 1961-2010

Projection = -RCP2.6 and RCP8.5 climate as
simulated by the ESMs

East Pacific - CEFI MOMG6 High-Res
Regional Oceanographic model grid

8-10km resolution

Hindcast = 1993-2019

Projection = TBA

Common climate variables used to force MEMs

— temperature, primary productivity, plankton biomass

Other regionally downscaled models (e.g.,
Bering1l0K ROMS-NPZ, Salish Sea)

Canada Canadian Three Ocean
Downscaling System?

Other ESMs (hindcast and future
projections)

@ Basin-Scale Events & Coastal Impacts




ISIMIP

GLOBAL VERSUS REGIONAL FISHING DATA

FISH-MIP

FishMIP2.0 / ISIMIP3a

* Use global fishing data as a priority (30 min gridded global fishing effort - Rousseau et al. 2024 Nature)
— 16 gears or fleets and a total of 29 functional groups

* Use regional effort/mortality if poor agreement btw historical trends and global data

Step 1: Step 6:
|dentify which climate variables Calibrate model with
to use and how these are observational global catch data

* Regional models — Local/regional fishing data
> (catches/effort/fishing mortality time series)

Step 7:
Provide shapefie of your model Set up model with forcings for — More accurate by large
template each experimental run
* ; — Non-standardised — is this an issue?
Step 3: Step 8:
Visualise and extract input Output standard variables to
variables to see if bias compare with data and across
correction is needed models over time/space
¥
Step 9:

Is model spatial? Quality control check www.nature.com/scientificdata

to FishMIP serve

Yes scientific data

Step 4: Step 5:

cccccccccccccccc

A database of mapped global
DATA DESCRIPTOR ﬁshing activity 1950-2017

Yannick Rousseau (2%, Julia L. Blanchard (3%, Camilla Novaglio®?, Kirsty A. Pinnell (3%,
Derek P. Tittensor()2, Reg A. Watson()* & Yimin Ye(?

Determine if further downscaling
is needed

Match and extract fishing effort
groupings to force your model

@ Basin-Scale Events & Coastal Impacts
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SALMON MULTI-MODEL ENSEMBLES

BECI support on NPAFC Science Plan primary goal:

“Establish a research framework to develop a mechanistic understanding of the impact of
changing climate on salmon abundance and distribution trends in the North Pacific Ocean.”

1) Ensemble models of salmon under climate scenarios to inform management of fisheries and linked
species of concern

Objective:

Apply coupled climate-biological-social multi-model ensembles to explore the implications of long-term
climate change on various regional management questions related to Pacific salmon.

* Resolve uncertainties using ensemble approach, inform species- and ecosystem-level indicators
— Change in salmon biomass, size-at-age, predator-prey interactions, predation mortality, fishing mortality

e Scope = coastal North America (US and Canada to Alaska)
e Collaborators — NOAA, DFO, others?

@ Basin-Scale Events & Coastal Impacts



SALMON MARINE ECOSYSTEM MODELS (MEM)

e Alaska

e Atlantis — Gulf of Alaska (NOAA - A. Rovellini)
* Mizer — Gulf of Alaska (C. Barnes)

* EWE — Gulf of Alaska/Bering Sea (K. Aydin, G. Whitehouse)

North East
Pacific Ocean
* BC Coast

* Atlantis — Salish Sea (UBC — R. Lovindeer)
* Mizer/therMizer - Salish Sea (V. Tulloch)
e Osmose — BC Coast (DFO — C. Fu)

e EwE — Haida Gwai (S. Surma)

e US/California Current
In development

* Atlantis — Puget Sound (NOAA — H. Morzaria-Luna) Mizer/therMizer — California Current (V. Tulloch)
 Atlantis — California Current (NOAA) Network model — BC Coast (V. Tulloch)

| | Others?
* EwE — California Current (DFO — F. Couture) @ B E c I

 Qualitative network model — Cali Current (C. Harvey)




BASIN SCALE EVENTS AND COASTAL IMPACTS
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Kathryn (Kate) Sheps Kathryn.Sheps@pices.int

PICES Annual Meeting 2024,
Hawaii
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DECISION SCIENGE FOR CLIMATE-READY ADVIGE

Decisions are difficult, especially when they involve differing values, complex

multidimensional objectives, scarce resources, urgency, and considerable uncertainty

Hemming et al. Cons Biol 2021

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

Theory of how people do and can make better decisions

Decision Theory

Normative -> Prescriptive <-Descriptive

|

Decision Analysis
(aka Structured Decision Making)

A process and a framework for decomposing

Decision
problem

decisions to apply decision theory

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)

BECI
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DECISION ANALYSIS - SOLVING PROBLEMS

What’s the objective (focal species, biodiversity-focused outcome?

. : Brainstormin
What divergent values do we need to consider? g
Management options? Mandates: Future tools
| o iy Stakeholder mapping

preferenceS

Delphi technique
Expert elicitation

Problem

Lk LR

Modelling toolkit? _
Trade-offs, uncertainty? [ Trigger }

Decide &

Objectives

Take Action

(

Sensitivity analysis

Tradeoffs &

SDM Values:
Analysis | Preference scales,
Toolkit objective weights,
‘ & risk attitudes

e
ﬁ wintitative population/ecosystem models
Management strategy evaluation

Trade-off techniques Optimization
Risk analysis
VOI/EVPI o2 3 e Spatial data and models
Cost-benefit analysis Conslder: Conceptual/qualitative models
MCDA ””;elfti‘”:y' Structured expert elicitation
SCp p s Modeling
s \ ecisions ) Toolkit
Decision trees

Source: Jean Fitts Cochrane

@ Basin-Scale Events & CoastalImpacts

Hemming et al. Cons Biol 2021
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INFORMING ECOSYSTEM-LEVEL BENCHMARKS

Ecosystem-level criteria for benchmarks/reference points not well used for decisions to
date but important given interactions and nonlinear dynamics

Ecosystem-level reference points (ELRP) (Morrison et al. 2024):

* Diversity (e.g., Shannon diversity)

* Trophicinformation (e.g., mean trophic level, trophic spectra, % consumers/predators)
* “Resilience”

* Ecosystem overfishing indices (catch:chl-a ratio)

* Productivity indices (NPP:total ecosystem biomass ratio)

e Utility thresholds (e.g., Samhouri et al. 2009)

& BECI

IImp



MEASURABLE ATTRIBUTES/INDICATORS

FishMIP variables

* Total biomass density (consumers, pelagic, demersal)

 Optional to split into small, medium, large size fish

* Total catch density (artisanal, industrial, all sectors, pelagic, demersal)

 Optional to split into small, medium, large size fish

See https://github.com/Fish-MIP/FishMIP2.0_ISIMIP3a




MEASURABLE ATTRIBUTES: ECOLOGICAL INDICATORS

Ecosystem-level criteria for benchmarks/reference points not well used for decisions to date but
important given interactions and nonlinear dynamics

Ecosystem-level reference points (ELRP) (Morrison et al. 2024):

* Diversity (e.g., Shannon diversity)

* Trophic information (e.g., mean trophic level, trophic spectra, % consumers/predators)
 “Resilience”/climate vulnerability

* Ecosystem overfishing indices (catch:chl-a ratio)

* Productivity indices (NPP:total ecosystem biomass ratio)

e Utility thresholds (e.g., Samhouri et al. 2009)

* Predation/consumption indices

@ Basin-Scale Events & Coastal Impacts



DISCUSSION - MANAGEMENT IMPLICATIONS

* Fisheries management
* Fishing mortality, predation mortality, harvest control, carrying capacity,
biomass

 Multi-species stock assessment

* EBM/EBFM/Ecosystem assessments
* Spatial planning/MPAs/OECM/ABNJ
 Bycatch management

* Risk/cumulative impact assessments
 Red list IUCN

e State of Environment




WHAT OTHER TOOLS AND APPROACHES?

What other tools can/should we use to address climate-fisheries impacts and
management

e Spatial tools:
e Species distribution models?
* Spatial/non-spatial cumulative impact assessment?

What else?
e Qualitative tools:

* Expert elicitation
 Bayesian network models

* Single species tools:

* Single-species stock assessments
* Population models

@ Basin-Scale Events & Coastal Impacts



DISCUSSION - MANAGEMENT IMPLICATIONS

* Fisheries management
* Fishing mortality, predation mortality, harvest control, carrying capacity,
biomass

 Multi-species stock assessment

* EBM/EBFM/Ecosystem assessments
* Spatial planning/MPAs/OECM/ABNJ
 Bycatch management

* Risk/cumulative impact assessments
 Red list IUCN

e State of Environment




Workflow:

1. Engaging with key partners on climate change planning, objectives and needs — NOW and ONGOING

2. ldentify on-ramps — existing and needed climate specific decisions support needs - ONGOING

1. Research and decision-support needs identified by NPFAC, IPHC

2. Other partners/decision-makers?

3. Prioritise decision support info, needs and products/tools — TO DO (Nov 2024 — Feb 2026)
4. Develop/expand models —TO DO (Nov 2024 — Feb 2026)

BECI

Basin-Scale Events & Coastal Impacts
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Protect critical habitat for predators (and Need spatial tool at fine resolution Species distribution models projected
their prey) in a changing climate into future
Understand how high trophic fish Multi-species dynamic model

predators will respond to climate change

Manage fished stocks dynamicallyh

 Tools need to match scale of problem and scope/scale of management

* Are ensemble models the best tool — what are they best suited for?

&BECI

Basin-Scale Events & Coastal Impacts



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45

