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Assessment Model 

How many individuals are in 

the population at each age 

this year?

Management 

Recommendations  

What is the total allowable 

catch (in biomass tons of fish)? 

Weight-at-

age

Fishery Catches

What was the total biomass of 

fish caught?

Fishery Mortality

What were the actual 

numbers of fish caught?

Ianelli et al. 2019. Assessment of the Walleye Polliock Stock in the Eastern Ber ing Sea.

Why does weight-at-age matter in the stock 
assessment?

Weight-at-

age
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Why do we need to consider variation in size and 
abundance in the survey data?

• Spatial gaps in data
• Shifts in fish distribution due to climate change
• Inherent unobserved variation



How does incorporating fine-scale variation 
over space and time and shifts in abundance 
into population-level weight-at-age impact 
the stock assessment? 

Case Study:

Weight-at-age of walleye pollock in the Bering 
Sea and implications for the stock assessment



Local Weight

Local Abundance

𝜺𝒈𝒊,𝒂𝒊,𝒚𝒊

𝑺𝒑𝒂𝒕𝒊𝒐−𝒕𝒆𝒎𝒑𝒐𝒓𝒂𝒍 𝒗𝒂𝒓𝒊𝒂𝒕𝒊𝒐𝒏

𝒍𝒐𝒈 𝒘𝒈𝒊,𝒂𝒊,𝒚𝒊
=

𝒍𝒐𝒈 𝑵𝒈𝒊,𝒂𝒊,𝒚𝒊
=

𝜺𝒈𝒊,𝒂𝒊,𝒚𝒊

𝑺𝒑𝒂𝒕𝒊𝒐−𝒕𝒆𝒎𝒑𝒐𝒓𝒂𝒍 𝒗𝒂𝒓𝒊𝒂𝒕𝒊𝒐𝒏

𝜷 𝒂𝒊,𝒚𝒊

𝑻𝒆𝒎𝒑𝒐𝒓𝒂𝒍 𝒗𝒂𝒓𝒊𝒂𝒕𝒊𝒐𝒏

+ 𝝎𝒂𝒊,𝒈𝒊

𝑺𝒑𝒂𝒕𝒊𝒂𝒍 𝒗𝒂𝒓𝒊𝒂𝒕𝒊𝒐𝒏

+

𝝎𝒂𝒊,𝒈𝒊

𝑺𝒑𝒂𝒕𝒊𝒂𝒍 𝒗𝒂𝒓𝒊𝒂𝒕𝒊𝒐𝒏

+𝜷 𝒂𝒊,𝒚𝒊

𝑻𝒆𝒎𝒑𝒐𝒓𝒂𝒍 𝒗𝒂𝒓𝒊𝒂𝒕𝒊𝒐𝒏

+

Thorson 2019. Guidance for decisions using Vector Autoregressive Spatio-Temporal (VAST) package in stock, ecosystem, habitat and climate assessments. Fish. Res. 210, 143 -161.

https://github.com/James-Thorson-NOAA/VAST

VAST



ෝ𝑤𝑎,𝑦 = ෍

𝑔=1

𝑔

[𝑤𝑔,𝑎,𝑦× (
𝑛𝑔,𝑎,𝑦 × 𝐴𝑔

ො𝑛𝑎,𝑦
)]



Simple average

Spatio-temporal modelChange 
over time





Spatial vs. 
spatio-temporal 
varaiation



Local 
abundance 
versus local 
size



Impact on stock assessment



Impact on stock assessment
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Spatially explicit



Stock assessments

Ecology

Spatial management

Climate Change

Fine-scale and decadal changes in different age 
classes

Identify hotspots

Spatio-temporal weighted size-at-age 
matrix

Extrapolate to unsampled areas



Stock assessments

Ecology

Spatial management

Climate Change

Environmental covariates, other 
characteristics, mechanisms

Future Directions & Applications

Growth

Fishery size-at-age, cohort 
effects

Include environmental covariates
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Code to implement in 

VAST on GitHub:

VAST
tiny
VAST

https://github.com/James-Thorson-NOAA/VAST
https://vast-lib.github.io/tinyVAST/
https://pbs-assess.github.io/sdmTMB/

https://github.com/James-Thorson-NOAA/VAST
https://vast-lib.github.io/tinyVAST/
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