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ÅRecap of the harvest strategy policy and simulation 

framework

ÅUncertainty

ïTotal mortality to sectors

ïWeight-at-age

ïEnvironmental regimes

ÅOperating Model

ÅSimulation Results

Outline
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Harvest Strategy Policy
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IPHC stock assessment

ÅCoastwide assessment

ÅEnsemble of four assessment models

ïRobust method with an appropriate estimate of uncertainty

MSAB10 Slide 5



Spawning Output Per Recruit with fishing

Spawning Output Per Recruit with no fishing

ÅA measure of the reduction in spawning potential due to 

fishing at a constant rate (FSPR)

ÅA long-term, average concept

ÅSPR=100% means no fishing

ÅSPR=40% means a 60% reduction in spawning potential

Spawning Potential Ratio (SPR)

MSAB10

divided by

Coastwide Fishing Intensity
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Harvest Strategy Policy
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Simulation Framework
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Perfect

Information



ÅData generation and Estimation Model were not 

simulated

ïRan out of time to do properly

ïWe are not evaluating specific procedures related to these

ÅPerfect Info simulations provide a best case 

evaluation, and can be used to

ïDetermine what procedures are reasonable

ïNarrow down the set to simulate/evaluate

Perfect Information
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Å Operating Model
ï Stock synthesis, based on coastwide assessment models (short and long)

ï Five fleets, as in assessment

Åcommercial, discard mortality, bycatch, recreational, subsistence.

Summary
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ÅCommercial: directed commercial fishery, no discards

ÅDiscard Mortality (DM): mortality in the commercial fishery 

that is not landed (formerly wastage)

ÅBycatch: mortality from fisheries not targeting Pacific halibut

ÅRecreational: mortality from recreational/sport fisheries

ÅSubsistence: mortality for subsistence/personal use 

purposes

Fishery Fleets
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Å Operating Model
ï Stock synthesis, based on coastwide assessment models (short and long)

ï Five fleets, as in assessment

Åcommercial, discards, bycatch, recreational, subsistence.

ï Parameter uncertainty and model uncertainty.

Å Estimation Models
ï Perfect Information (if we knew population values exactly)

Å Management Procedure
ï Constant catch

ï A coastwide fishing intensity (FSPR)

ï A control rule

ï Catch assigned to sectors based on historical information (with variability)

Å Data Generation
ï Not needed at this time.

Summary
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Additional uncertainty (scenarios)
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Process Uncertainty

Natural

Mortality (M)

Estimate appropriate uncertainty when conditioning OM

Recruitment Random, lognormal deviations

Size-at-age Annual and cohort deviations in size-at-age with bounds

Steepness Estimate appropriate uncertainty when conditioning OM

Regime Shifts Autocorrelated indicator based on properties of the PDO for regime

shift

TM to sectors See section on allocating TM to sectors

Proportion of

TCEY

Sector specific. Sum of mortality across sectors may not equal

coastwide TM



Allocating total mortality
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ÅBetween 1.1 Mlbs and 1.5 Mlbs for the last ten years

Å1.20 Mlbs for the last three years

ÅRandom draw from lognormal(median=1.2Mlbs,cv=15%)

ï5th & 95th percentiles of 0.9 and 1.5 Mlbs

ÅMinimum of 0.5 Mlbs

Personal Use/Subsistence
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ÅTypically managed with limits, although these limits 

are not often reached

ÅHas been declining in recent years

ÅNot easily predicted

ÅLognormal(median=7Mlbs, cv=20%)

ï5th & 95th percentiles: 5 and 9.7 Mlbs

Bycatch
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Bycatch
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ÅAround 11% or 7.6 Mlbsin early 2000ôs when 

coastwide Total Mortality greater than 57Mlbs

ÅSince 2011, larger than 11%, but around 7 Mlbs

when coastwide Total Mortality less than 57 Mlbs

Recreational fishery
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ÅTM>57Mlbs: Lognormal(median=7,682 Mlbs, cv=20%)

ÅTM<57Mlbs: Proportion declining linear relationship w/ TM

Recreational fishery
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ÅCommercial+DM

ïRemainder after personal, bycatch, sport removed

ÅHigher TM, more fishing

ïThus discards should be higher

ÅDM related to size

ïWhen size is small, discards higher

Discard mortality (DM)
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ÅDerby ended in 

1995

ÅUsing data from 

1996-2016

ï4 models using 

commercial + 

discards and 

weight-at-age

Discard mortality
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ÅA base level of 

discard mortality 

that changes 

with changes to 

weight-at-age

ÅA somewhat  

arbitrary level of 

uncertainty

Predicting Discards
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Expected allocated total mortality
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ÅImportant behaviors of the historical time-series 
1. age-specific weights-at-ages tend to increase and 

decrease in the same year
Ålittle evidence of lags for a cohort 

2. time-series appears to be similar to a random walk with 

smooth trends and few large jumps in observations
Åpartly due to the smoothing that was done

3. there appears to be some ages that do not follow the 

general trend 
Åevident at the end of the time series where the sampling was likely 

greater

Simulating weight-at-age
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Historical Weight-at-age
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ÅRandom walk with two deviations

1. Autocorrelated multiplier on current years weight-at-age 

to determine the weight-at-age in the next year 

ÅAll weights for each age increase or decrease similarly.

2. Deviations for each age 6 and greater 

ÅMechanism for the mean weight of a specific age to depart from 

the overall trend (simulated in step 1)

ÅLarger deviations for older (larger) fish

ÅBoundary limits expanded 5% beyond the minimum and 

maximum observed weight at each age 

Method to simulate weight-at-age
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Simulated Weight-at-age
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Simulated weight-at-age (2)
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ÅGood/Bad recruitment regime linked to PDO

Regime shifts
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From 

Assessment



ÅThe regime affects average recruitment

ïLong model

ÅRatio good:bad = 1.38 (0.99 ï1.93)

ïShort model

ÅRatio good:bad = 3.15 (fixed from historical research)

Recruitment regimes
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ÅSemi-Markov process

ïNext year depends on this yearôs 

value and probability of change

ïProbability of change depends 

on how long since it changed 

(Run)

Environmental regime
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Simulated Environmental Regime
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Recap of scenarios
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Process Uncertainty

Natural

Mortality (M)

Estimate appropriate uncertainty when conditioning OM

Recruitment Random, lognormal deviations

Size-at-age Annual and cohort deviations in size-at-age with bounds

Steepness Estimate appropriate uncertainty when conditioning OM

Regime Shifts Autocorrelated indicator based on properties of the PDO for regime

shift

TM to sectors See section on allocating TM to sectors

Proportion of

TCEY

Sector specific. Sum of mortality across sectors may not equal

coastwide TM



ÅOperating Model
ïStock synthesis, based on coastwide assessment models 

Åshort and long models

ïParameter uncertainty and model uncertainty

The operating model
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1. Match the stock assessment
ïBest available information

ïUse parameters estimated in assessment

ïGenerate realizations from a truncated multivariate normal 

using the estimated Hessian

ïRun the ADMB model using each realization without 

estimation

ïOmit models that are outside ñcomfort levelò

ÅMinimum SB, maximum F

ÅDo this for all models

Conditioning OM
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Matching the 

assessment



2. Estimate Hessian with additional parameters 

estimated

3. Generate realizations from truncated MVN

ï Use assessment SDs (step 1)

ï Use additional parameter SDs (step 2)

ï Use correlations from (step 2)

ÅDo this for all models

Conditioning OM (2)
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Additional error in OM
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Year

MSE vs. AssessmentMSE models



ÅVariable selectivity in the projections

ÅCovariates on weight-at-age 

ï(e.g., density-dependence)

ÅTime-varying maturity-at-age

ÅAn estimation model

Additions in future iterations
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RESULTS
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MSAB09 recommendations
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Management Procedure Values

SPR 0.25ï0.60, higher density near 46%

Control Rule 30:20, 40:20 threshold and limit

Ceiling on Total Mortality 85 Mlbs

Floor on Total Mortality 30 Mlbs

Sensitivity Values

Size-at-age High and low states

Recruitment High and low states

Maximum bycatch At per-area maximum regulatory bycatch

Bycatch selectivity Shifted to a greater proportion of U26 fish

Uncertainty in total mortality Unknown



Example
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Operating

Model

Inspired by Ian Taylor



Example
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Individual 

trajectories 

in the 

Operating

Model


