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Motivation and outline

e Goals

* Increase flexibility and efficiency of
stratified random survey design

e Obtain accurate and precise estimates of
abundance indices and their variance for
most assessed stocks

e Outline of simulation approach
e operating model ->
e survey optimization ->
e expected performance




Key current and proposed design elements

Current
how many strata? 59 (55 without deep strata)
strata characteristics depth, terrain, reporting areas
allocation criteria Neyman: f (B, value, cost, s, area)
pre-specified constraints? sample size
how many species? 52-57 species

e Potential improvements in the face of survey effort fluctuations
e Better estimates of stratum variances with fewer strata




Key current and proposed design elements

Current Proposed
how many strata? 59 (55 without deep strata) 5-20 strata
strata characteristics depth, terrain, reporting areas depth, longitude
allocation criteria Neyman: f (B, value, cost, s, area) Bethel: f (02, expected CV)
pre-specified constraints? sample size expected CV
how many species? 52-57 species 15 species groups

e Potential improvements in the face of survey effort fluctuations
e Better estimates of stratum variances with fewer strata
e Quantify expected precision and tune according to needs
* More flexibility in species prioritization



Operating model: data inputs

e Gulf of Alaska BTS
 CPUE, haul location, bottom depth, year
* 11 survey years 1996-2019
e 15 species/complexes




Project overview: operating model -> survey optimization




Project overview: operating model -> survey optimization -> expected performance
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Abundance index (million mt)

Biomass trends are similar between design- and model- based estimates
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Optimal Total
Sample Size

Optimization methods

Stratification

min Zlf;,lzl np

ny: samples allocated to stratum h

s.t. * U,: upper CV constraint of species g
cV(Yy) < U, * Y,: mean density of species g, of G total species
H
Ny,
o= () 0o
CV(Yy) < Ug )
H 5 o2 . S,fg: variance of of species g in stratum h
B Np\“ Sk g Np ' . . . L
Var(Y,) = — ) —(1 - — e Can incorporate either spatial variability only, or
g N/ n N
h=1 h h both spatial and temporal variability

Np,: total number of units in stratum h
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Optimization methods Ct-t>-—-

e Complete search not feasible, so we perform a partial search using a genetic
algorithm
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Estimation steps

e Objective: calculate expected uncertainty and
bias in abundance index for optimized and
current design

* How does this change as a function of
e sampling effort?
* number of strata?
* |ocation of strata boundaries?




Estimation steps

 Objective: calculate expected uncertainty and  * Computation: simulate D=1000 surveys, compare

s : L abundance index precision and accuracy relative to
Ig'ii;:tagsggﬁnce index for optimized and their true value, for each species and year (using
u i

mean density as a proxy for total abundance)
* How does this change as a function of

e sampling effort? e Precision of estimated mean:
. f ? _ -
number of strata \/D 1 23=1()’d — )2

* |ocation of strata boundaries? cV —
true Y
e Relative bias of estimated mean:
D
d:1()’d —Y)
RB = 1009
() Yo Dy

e Accuracy of uncertainty estimate:

\/D_l Zg=1(CVd _CVtrue)z
RRMSE(CV) = =

Expected performance



Spatial CV constraint does not cap uncertainty

Spatial Only
(One-CV Constraint)

Sebastolobus alascanus —
Sebastes variabilis —
Sebastes polyspinis —
Sebastes B_R —
Sebastes alutus —
Microstomus pacificus —
Limanda aspera —
Lepidopsetta polyxystra —
Lepidopsetta bilineata —
Hippoglossus stenolepis —
Hippoglossoides elassodon —
Glyptocephalus zachirus —
Gadus macrocephalus —
Gadus chalcogrammus —
Atheresthes stomias —
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Percent Difference of the True CV Relative to the Upper CV Constraint 14



Spatiotemporal CV constraint caps uncertainty

Spatial Only Spatiotemporal
(One-CV Constraint) (One-CV Constraint)
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Species-specific CV constraints improve efficiency

Spatial Only Spatiotemporal Spatiotemporal
(One-CV Constraint) (One-CV Constraint) (Spp-Specific CV Constraints)
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Precision and accuracy of index uncertainty estimates
differs little with N strata for some species

Atheresthes stomias Gadus macrocephalus Sebastes variabilis
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Accuracy of index uncertainty estimates decreases with
N strata for some species

True CV
Across Years

RRMSE of
CV Across Years
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Optimal strata boundaries given sample size and N strata

5 Strata 10 Strata 15 Strata
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Optimal strata boundaries given sample size and N strata
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Optimal strata with examples of optimal sampling density
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Optimal allocation indicates highest sampling density in western GOA
where biomasses of many species are highest




Current vs. optimal design: optimization mitigates bias
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Precision is similar but sometimes lower than current
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Accuracy of uncertainty estimate is similar or improved
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Summary: advantages of optimized design

e Can design a survey to meet user-specified precision constraints

e Improve abundance index estimation
e Reduce bias (important for tier 5 stocks)
 May increase accuracy of uncertainty estimate (important for data-weighting)

e Improved flexibility of surveys given modular approach
e Can generate population density predictions with multiple methods
* Enabling quick, data-driven decisions on where to cut samples when necessary
e Can use to optimize allocation among existing strata (fast!)



Future and ongoing work

e Operating model
e Species included

* Improving predictive skill
e Multivariate vs. univariate models
e Covariate nuances

e Exclude untrawlable habitat?
e Simulate replicate predictions?

* Optimization
e Species-specific CV constraints
 How often to update?

e Tactical adjustments post hoc
e Adjust strata based on expert knowledge or other analyses
e Practicalities (e.g., travel and sampling duration)

26
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Supplementary methods:

* Find optimal solution for each increment of
CV constraint

* Find solution with closest sample size to the
1, 2, or 3 “boat” effort scenarios (black points)

Optimization steps

1000 —

800 — @

600 —

Total Sample Size
®

400 —

200 —

I I I I I I I
0.16 0.18 020 0.22 024 026 0.28

Upper Spatiotemporal CV Constraint
28
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Limanda

Supplementary results: smses | gm=——--
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Supplementary results:
Sensitivity to operating model structure

Depth Excluded in OM

it

with SG Rockfish

Depth Included in OM

with SG Rockfish

Single Species OMs
Mixture of Depth Included and Excluded

] I )

with SG Rockfish

Depth Excluded in OM

b

|

with YF Sole

\

Depth Included in OM

with YF Sole

Optimized Surveys with different Operating Models (OMs).
While some OMs do not include depth, the optimization includes
sirata variables: longitude and depth. Optimizations that used
OMs that excluded depth tended to have optimizations more
influenced by longitude than depth.

Few strata are defined by depth when not included as a covariate in OM <
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