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Stock assessment forecasting: 
Achieving multiple objectives

1. Achieve target benchmarks for yield or stock status such as 
MSY or SPR30%

1. Estimate the F that achieves benchmarks at equilibrium 
(FOFL)

1. Project fishery at F = FOFL (or an alternative target) in every 
year

1. Project with catch fractions between fishing sectors equal to 
regulated allocation fractions.

1. Project with annual fleet specific effort held constant 
between fleets within allocated fishing sectors.



U.S. Department of Commerce | National Oceanic and Atmospheric Administration | National Marine Fisheries ServicePage 3

Stock assessment forecasting: 
Achieving multiple objectives



U.S. Department of Commerce | National Oceanic and Atmospheric Administration | National Marine Fisheries ServicePage 4

Stock assessment forecasting: 
Influential assumptions

1. Future recruitment patterns define stock productivity and 
variability (Recent mean, S/R curve, deviations) 

1. Fleet selectivity and retention functions (recent or upcoming 
size limit regulations)

1. Fishing sector allocations (adjusting catch fraction between 
fleets adjusts the aggregate fishery selectivity)

1. Benchmark targets SSB/SSB0 or MSY vs SPR or Fmax 
(Raw SSB or MSY are intuitive but can produce variable 
FOFL results while SPR and Fmax produce stable F results 
but could have unintended impacts) 
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Benchmark dependence on forecast 
assumptions – Global MSY

• Global MSY search 
example

• SPR, FMSY, SSB, MSY 
achieved when only a 
single age class is 
harvested

• In practice fisheries 
represent a weighted 
average of these results 
based on fleet selectivity 
and allocations
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• As seen in global MSY 
calculations, the 
age/size of capture 
impacts the sustainable 
yield of a fishery 

• Due to the variability in 
selectivity between 
fleets, allocation 
fractions, sector specific 
closures, size limits, and 
discard mortality will 
often impact benchmark 
values

Benchmark dependence on forecast 
assumptions – Fleet Selectivity
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Benchmark dependence on forecast 
assumptions – Recruitment SSB30%

• Recruitment/productivity 
assumptions can impact 
benchmarks (e.g. MSY, 
SSBmsy, Fmsy)

• May impact current 
overfished and 
overfishing status 
determinations

• An SSB% benchmark 
will achieve variable Fmsy
(overfishing) but stable 
SSBmsy (overfished) 
determinations
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Benchmark dependence on forecast 
assumptions – Recruitment SPR30%

• Recruitment/productivity 
assumptions can impact 
benchmarks (e.g. MSY, 
SSBmsy, Fmsy)

• May impact current 
overfished and 
overfishing status 
determinations

• An SPR% benchmark 
will achieve stable Fmsy
(overfishing) but varying 
SSBmsy (overfished) 
determinations



U.S. Department of Commerce | National Oceanic and Atmospheric Administration | National Marine Fisheries ServicePage 9

Default Stock Synthesis approach
to allocations

• Project with annual fleet specific effort 
held constant between all managed 
fleets in the fishery

• Annual total effort scaled to achieve 
F= Fofl and benchmark targets at 
equilibrium

• Fleet specific catch is calculated and 
sector effort is adjusted to achieve 
target catch allocations

• Single pass adjustment that does not 
account for the impact of fleet 
selectivity

• Final equilibrium results may not 
achieve the target benchmark and/or 
the target annual F
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Previous SEFSC approach to achieve 
benchmark target

• Iterative search for the target 
benchmark on top of the base SS 
allocation adjustment

• Adjusts the target benchmark input to 
SS until the achieved benchmark is 
equal to the true target benchmark

• Achieves target benchmarks only for 
SSB% or SPR% proxies

• MSY or Fmax(MSY per recruit) 
benchmarks can not be achieved with 
this approach

• Does not ensure that annual F targets 
are achieved
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New approach to achieve multiple 
forecasting targets - inputs

• Uses SS capacity to input fixed 
Fleet/Year specific catch/F values

• Iteratively adjusts fleet specific 
annual F for 100 years of projection 
to achieve all forecasting targets 

• Achieves benchmark target, annual 
F targets, allocation targets, and 
relative effort targets simultaneously 

• Functional for all benchmark targets 
(SSB%, SPR%, MSY, Fmax)

• Added capacity to automate OFL, 
ABC, and Frebuild calculations that 
conform to all targets

• Uses three independent scaling 
functions to adjust F values
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New approach to achieve multiple 
forecasting targets – F scaling 

1) An equilibrium benchmark scaler which applies a single 
scalar multiplier to every F
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New approach to achieve multiple 
forecasting targets – F scaling 

2) An annual F scaler that applies a year specific multiplier to all 
fleets in each year
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New approach to achieve multiple 
forecasting targets – F scaling 

3) An annual allocation scaler that applies a year and sector 
specific multiplier to each fleet within a sector and year
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New approach to achieve multiple 
forecasting targets – F scaling 

A combined all 
target multiplier is 
used to adjust SS 
input values and 
the forecast is re-
run before again 
comparing 
achieved and target 
outcomes
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New approach to achieve multiple 
forecasting targets – OFL/ABC/Rebuild

OFL
• Benchmark scaler is used with the calculation depending on the 

designated target (MSY, SPR%, SSB%)
• Once completed all results are saved to an OFL folder

ABC
• Currently targets an annual FABC=X%* FOFL
• Benchmark scaler is set to 1 
• Once completed all results are saved to an ABC folder

Rebuild
• Targets FOFL after rebuilding target year a reduced F in earlier years 

to achieve SSBOFL in the rebuild year
• Benchmark scaler is set to 1
• Once completed all results are saved to a Rebuild folder
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New approach to achieve multiple 
forecasting targets – SSB% and SPR%

• Both the SSB% and SPR% benchmarks targets have a known 
status target and can therefore use a simple direct search.

• SSB% target is searching to achieve the desired SSB/SSB0 ratio at 
equilibrium

• SPR% target is adjusted for projected future recruitment by 
searching to achieve the desired (SSB/Recruits)/(SSB0/R0) ratio at 
equilibrium

• When projected recruitment is less than R0 SPR% F will be greater 
than SSB% F. When projected recruitment is greater than R0 
SPR% F will be less than SSB% F.
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New approach to achieve multiple 
forecasting targets – MSY and Fmax

• For MSY (raw retained catch) 
and Fmax (retained catch per 
recruit) search the value of the 
benchmark target is unknown

• A two stage search is needed 
to only include results with 
correct allocations in the 
search for MSY

• Stage one = SSB% target 
search

• Stage two = search SSB% 
values to find SSB% that 
achieves MSY or Fmax



U.S. Department of Commerce | National Oceanic and Atmospheric Administration | National Marine Fisheries ServicePage 20

New approach to achieve multiple 
forecasting targets – MSY and Fmax

• For MSY (raw retained catch) 
and Fmax (retained catch per 
recruit) search the value of the 
benchmark target is unknown

• A two stage search is needed 
to only include results with 
correct allocations in the 
search for MSY

• Stage one = SSB% target 
search

• Stage two = search SSB% 
values to find SSB% that 
achieves MSY or Fmax



U.S. Department of Commerce | National Oceanic and Atmospheric Administration | National Marine Fisheries ServicePage 21

New approach to achieve multiple 
forecasting targets – MSY and Fmax

• For MSY (raw retained catch) 
and Fmax (retained catch per 
recruit) search the value of the 
benchmark target is unknown

• A two stage search is needed 
to only include results with 
correct allocations in the 
search for MSY

• Stage one = SSB% target 
search

• Stage two = search SSB% 
values to find SSB% that 
achieves MSY or Fmax



U.S. Department of Commerce | National Oceanic and Atmospheric Administration | National Marine Fisheries ServicePage 22

Validating forecast results
• All projection approaches utilize the underlying SS 

population model mechanics for projections

• Results for every approach are validated by comparing 
reported forecast outcomes to those targeted by the stock 
assessment analyst 

• Each approach has required an increase in the 
computational complexity of the projection search 
algorithms and software

• These changes represent an ongoing effort to continuously 
improve the realism of forecast projections
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Plug for upcoming RESTORE 
planning project

• A collaborative effort between Vaughan Analytics (Nathan 
Vaughan, SEFSC (John Walter, Kate Siegfried, Skyler 
Sagarese), GMFMC (Ryan Rindone), SERO (Nick Farmer)

• Phase 1: Identify the key desirable features that could be 
improved for a future next generation forecasting platform 

• Phase 2: Collaborate with the SSC and Council to 
determine best approaches for incorporating the resulting 
advice into management

• Phase 3: Work with range of potential users to identify 
optimal interface complexity/capacity tradeoffs for future 
software development
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Questions

● Forecasting function github repository: 
https://github.com/SEFSC/SFD-AllocationForecasting

● Email: nathan.vaughan@noaa.gov

https://github.com/
mailto:nathan.vaughan@noaa.gov
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