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Outline

» Vanagement Strategy: Evaluation

» he Gull of Alaska walleye: pollock fishery
» [he VISE for the GOA pollock fishery

p Simulatien scenarnos

p Results when including envirenmenial
Variapility




Vianagement: Strateqy: Evaltation

p Simulatien testing off a management
strategy. With feedack

= Can account for process, observation, model,
and Implementation uncertainty.

- \Why: perform: an MSE?

= Assess the impact of error and uncertainty on
the ability te achieve management goals anad
objectives

» [Ihis method Is used: In other countries, IWC



MISE Eramework

Operating model

Biological System, Exploitation System,
e.g., fish population(s) e.g., commercial fleets

Observations Implementation of
(catch, CPUE) rules and regulations

Perception of the stock(s)

Stock assessment, Management options,
e.g., VPA, XSA, ASPM e.g., TAC, size limits
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The GOA walleye polleck fisheny.

» Directedl fishing since: 1964 ; fully: domestic
since 1969

» Vanaged By the NPEME,, withr scientific
advice provided by NOAA Eisheries - AESC

» Current management strategy’ Used since
2001

» Certified by the MSC in 2005



Compoenents of the GOA pellock MSE

» (e operating moadel
represents the “true” state of nature
applies management decisions to the “true” stock
» [e steck assessment model
represents the “perceived” state of the stock
estimates stock status and biological reference points
» e decision rule

determines management decisions based on the results
of the stock assessment

» [[e perfermance measures

statistics that guantify management goals and
objectives



Ihe models

p Statisticall catch-at-age pepulatien dynamics
MEUEIS

» Eiit fisheny,, survey, and Biclegicall data
» Estimate Biological reference points
» Vain difference Is the age range

» Operating model

= Estimates and projects process, observation,
and model error



GOA pollock fiSheny/ management stirategy

Annual stock assessment estimates & qo., SBugos,
and culrent spawning kiemass
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Some results



Simulation scenarios

p Base scenario

950 years, 2006 — 2055

No environmental or ecosystem forcing
» Regime: shifts

50 years, 2006 — 2055

Changes in average level ofi recruitment
p Envirenmental varianility

45 years, 2006 — 2050

Climate indices affect annual recruitment



BASE ScEnaro— management
Perfiermance: SB/SB)

Base scenario IS the Spawnlﬂg
blomass near
the target level?
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The stock Is close to the target level on average



Envirenmental fercing

Link to
recruitment

Age-structured

operating model

Data TAC

$

Decision rule

Management

Strategy

Years for
defining the
current regime



Mechanism Index Season | Source/Citation
Primary production Precipitation Winter Bailey et al. 2005
Primary production Wind mixing energy Winter Bailey et al. 2005
Concentration of prey and Eddy formation due to Spring FOCI
larvae freshwater input —

Precipitation
Concentration of prey and Upwelling and transport | Spring FOCI
larvae — Wind mixing energy
Stage duration Temperature Spring FOCI
Water column turbulence, Precipitation Spring Ciannelli et al. 2004,
eddies, transport, advection, Bailey et al. 2005
upwelling
Water column turbulence, Wind mixing energy Spring, | Bailey and Macklin 1994,
eddies, transport, advection, Summer | Ciannelli et al. 2004,
upwelling Bailey et al. 2005
Temperatures affect amount of | Sea surface temperature | Summer, | Bailey 2000,
prey and amount of pelagic (may interact with other | Autumn | Bailey et al. 2005

habitat for juveniles and age-0
animals

environmental factors)




Envirenmental vaaniity

» Climate indices
= precipitation (oen Kodiak Island)
= wind mixing energy (Shelikef Strait)
= sea surface temperature (Shelikoef Strait)
= North Pacific PDO anomaly

p Jan 1962 — Dec 2005 (histerncall data)

» Jan 2001 — Dec 2050 (data firom I1PCC
moedel output)



Precipitation

WME

SST

Climate adices

Winter average precipitation

Spring average precipitation

Precipitation
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Incepoerating climate Indices
R,..=R exp(z a Ii,yje‘gy“é/z;ey ~N(0,57%)
1=1

p Vultiple scenaries for clinate: forcing on
age-1 recruitment

= Model selection using AlIC

» Accounts fior Some: of the pProcess error
Using the climate inadices
" O decreased from 1.0 to 0.6

» [\Wo management strategies were evaluatead



Operating models

» Viedel 1 > Viedel 2
<> = Winter precipitation <> = Winter precipitation
» +0.339 (0.119) » +0.310 (0.117)
<> = Spring SST <> = Spring SST
» -0.833 (0.180) » -0.776 (0.176)

= Summer precipitation
» -0.140 (0.095)

= Summer SST = Summer SST
» +0.570 (0.187) » +0.531 (0.185)

<> = Autumn SST <> = Autumn SST
» -0.405 (0.130) » -0.394 (0.130)

<> Match existing hypotheses



Management strategies
5B, = SBPR(F =F,,, ) *R,
p Cllrent management strategy.

R 1

Y y-1978 yzlg:m Ny
>Dynam|c 2y management Strategy.

Zma : yallZm
p CPA algonthm management strategy;

y—1

- 1
y — : Z N,

y-— ReglmeYear y'=RegimeYear
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Cuent MS — SB/SBj50.

ccsm3l gfdl201 gfdl211 mirocH1
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Year Year Year Year
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Pynamic 55 MS — SB/SB50/
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Curent mgmt strategy.
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Pynamic: 5; MS
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Spawning biomass (million mt)

Results for Model 2 — cesm3il

ccsma31 - current mgmt strategy

I
2020 2030 2040

Year

ccsm3l - current mgmt strategy

I
2050

2040

2050

SB / SBuao%

Spawning biomass (million mt)

ccsm31 - dynamic BO

I
2020 2030 2040

Year

ccsm31 - dynamic BO

2020 2030 2040




SB / SBygy,

Spawning biomass (million mt)

Results for Model 2 — ukhadcm3d.

ukhadcm31 - current mgmt strategy

2020 2030 2040

Year

ukhadcm31 - current mgmt strategy
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Year

Spawning biomass (million mt)

ukhadcm31 - dynamic BO
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Conclusions

» [he current management strategy: meets
management goals

» [he current management strategy: has
UREVER PErfierMance WhEen regime shiifits or
climate vamnanility are Incorpoerated

> e dynamic 5, manadement strategy: nas
petter perfermance for regime: shifts; But
significant tradeofis for climate varianility,
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VISE Eramework

MSE DESIGN AND BIOPHYSICAL IMULATION CYCLE
ANALYSIS - environment (currents,
bathymetry & climate)
- resources (flora & fauna)

- impacts ‘
INDUSTRY \
DEFINE - development
OBJECTIVES P> / - exploitation MONITORING
(b

- multiple fleets - observers

ehaviour & gears) - surveys

IMPLEMENTATION - reporting
- economic pressures
(costs, markets, trading)

- effort allocation
& gear choice
- investment
PERFORMANCE - social pressures ASSESSMENT
MEASURES - public perception - estimation
\ - classification

= purts
‘ MANAGEMENT -RBC

- decision rules
JUDGING (harvest strategy)
OUTCOMES - all levers
(input & output)
- management
costs




VISE Eramework

Operating Model

Computer simulation of ¢

complex "Reality"

Performance Statistics

Process errors are generated

in the operating model.

Management Procedure

Assessment

Computer simulation of ¢

sampling and assessment process Performance Statistics

Estimation errors arise due fo

the assessment procedures.

Management Controls

Computer simulation of F rom Ke I I et

management based on perception of the

system




Schematic of the' framework

Project
Estimate population |
current forward with
state of management

population o strategy




Prejections for Simulation /

‘True’
stock(s)

Management Management

Management
strategy strategy

strategy

The ‘true’ and estimated values are stored by year and simulation
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Base scenario — estimation
pPerformance: ABC

Base scenario

/ N A ’INTv

2010 2020 2030 2040 2050

Year

Annual management
decision based on
assessment results
and decision rule

Error, = 100(Est,-True )/True,



Regime: shiiits

Scenario 1 Scenario 2
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Regime: shiiits

» Alllfiercing|isien age-1 recruitment

» Eixed regime: shifits

the average level of recruitment changes in specific
years during the prejection period

> Random regime shifts

probability ofi an annual change In the average level of
recruitment and recruitment variability

modelled using a homogeneous Markov process
» EoUr management strategies were evaluated



Vianagement strategies
SB,y = SBPR(F =F,,,)*R,

> Current management strategy

= 1
R, = N,
by- 1978Z &

'=1978

> Dynamlc 2 management Strategy.

Zma a “y- allzm

>SI|d|ng wmdow management strateqy.

R== Y N,
25 |

p CPA algorthm management strategy.

y—1

_ 1
y — : Z Ny

y-— ReglmEYear y'=RegimeYear

A




Results for regime shlfit Scenarios

p CUrent management strategy: and dynamic
55 Mmanagement strategy: periormed
similarly,

» [lhe sliding window: VS and the CPA
algerthm VS did net perferm as well

» Catches

= dynamic 5; MS = current MS during periods of
lower productivity

= dynamic 5; MS < current MS during periods of
higher productivity.



Results for regime shifits

Fixed regime shifts - scenario 1 C u rre nt Fixed regime shifts - scenario 2
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Percent

Results for regime: sniits
PI‘Ob(SBy < SBZO%) Scenario 2

Scenario 1

—6— Current mgmt strategy
—©— Dynamic BO
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Catch (thousand mt)

Catch (thousand mt)

Pynamic 55 — Catcn' appliea
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Model 2 — cesm3i

ccsm31 - current mgmt strategy ccsm31 -dynamic BO
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