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OVERALL OBJECTIVES 

• Prudent decisions for catch advice 
• Understandable 
• Supportable with evidence 
• Basis/motivation for improving stock assessments 

 
Current System (Table 1) 

• Analytically-based ABC 
• Expert-based ABC 
• Empirically-based ABC 
• Catch-based ABC 

 
The MAFMC SSC applies a default level of uncertainty that assumes  

1. The OFL is lognormally distributed. 
2. The CV of the estimate is 100%. 
3. The model based estimate of central tendency is correct but the variance is 

underestimated.  
 
Under certain conditions, the CV may be reduced to 60% if the assessment process has been 
especially rigorous.  “Rigor” considerations include confirmation of model conclusions by other 
models, detailed examination of process error models and/or life history models, and lack of 
strong retrospective patterns.  The most recent black sea bass assessment included several 
independent lines of evidence that converged on similar conclusions, thereby justifying a 60% 
CV.    The default value of 100% CV is informed primarily by simulation studies of generic 
species and some comparisons with a variety of US west coast stock assessments. 
 
 



Some Theory 
 
As a conceptual tool it instructive to consider the CV of the OFL using basic theories of random 
variables.  The OFL can be written as a function of the random variables Fmsy and B(t), 
conditioned on the stationarity of a vector of parameters, Θ,  related to natural mortality, 
growth, selectivity and catchability.  The parameter set Θ is often not stationary, leading to bias 
in estimation of B(t) and Fmsy.   So in general terms 
 

OFL(t+1)= ϕ(Fmsy, B’(t+1), Θ) 
 

Where B’(t+1) is the predicted estimate of biomass at time t+1 given all the information 
available up to time t, where t is the terminal year of the assessment.  Thus the variation in 
B’(t+1) is a function of the model based estimate of variation, given that the model is true and 
the forecast precision.  In most instances the forecast error is assumed to be the same as the 
model error.  This can be misleading if process error is unaccounted for or estimable 
approximations of process error are not incorporated. One such estimable approximation is the 
retrospective bias.  If the bias is not corrected, then there is a strong chance that the forecast 
B’(t+1) will have similar or greater bias.  Moreover, the current SSC policy implicitly assumes 
that the measure of central tendency is correct, but only the variance is underestimated.   
Inflating the variance of the OFL can potentially result in a distribution of the OFL sufficient to 
encompass the true OFL but this is unlikely when the retrospective bias is large. 
 
The approximate variance of OFL(t+1) can be obtained by a Taylor series expansion of ϕ(.) 
about the estimates of Fmsy, B’(t+1) and Θ.  For the highly simplified case where 
OFL=Fmsy*B’(t+1) the variance of Θ is zero,  the variance is approximately 
 

V(OFL(t+1))= V(Fmsy)* B’(t+1)2 + V(B’(t+1))*Fmsy2 + 2 Fmsy B’(t+1) cov(Fmsy, B’(t+1)) 
 
Of course this is also highly simplified as the higher order terms in the expansion are ignored 
and the implicit equation for B’(t+1) is ignored (i.e.,  the Baranov equation for average 
biomass).  Nonetheless it is instructive to think of the CV as the summation of several sources 
of variation.  In most and perhaps all stock assessment models ,  the covariation of F and B is 
negative since the only observable entity is catch.  Up to a point, catch be equally explained by 
a high F acting on a small population or low F acting on a large population. The indeterminacy 
of this relationship is only solved by bringing additional information to the table. 
 
Another concept that may be useful for incorporating additional variance in the OFL is 
prediction error.  In simple linear regression the confidence interval about the regression 
increases as a quadratic function of the deviation of the independent variable from its mean.   
The prediction interval increases similarly but also includes the variance of the estimate and 



variance at new value as well as a new mean.   The added variance increases the width of the 
uncertainty interval. 
 
While this concept has no simple analog in a complex stock assessment model it seems sensible 
to inflate the variance of the biomass estimate by some measure of variance in the 
predictability and that it would increase with the length of the forecast.  In most time series and 
simple first order differential equation models the variance increases as a quadratic function of 
time.  In most stock assessment models the variance in the forecast is a function of the 
variation in the input parameters, especially recruitment.  
 

An Application 
 
In earlier documents prepared by the SSC it was noted that a method to incorporate forecast 
uncertainty in the estimation of the CV of OFL would be desirable.  Fortunately, the frequent 
updates of the summer flounder assessment by Dr. Mark Terceiro between 2008 and 2016 
provide an exceptional basis for exploring these relationships.  Mark provided a summary of the 
forecasts and comparisons previously included in the August 31, 2016 report of the SSC 
“Description and Foundation of the Mid-Atlantic Fishery Management Council’s Acceptable 
Biological Catch Control Rule” (See Fig. 2 therein).   The prediction or forecast error of an 
assessment can estimated as a function of the average squared deviation between the forecast 
for a given year and the revised estimate obtained when the model is update for that same 
year.  Longer term forecasts can be evaluated by comparing multiyear forecasts with updated 
estimated several years data.  Using data provide by Mark, I computed variance estimates for 1, 
2 and 3 year forecasts.  The results are summarized in Table 2.  The assessment names in Table 
2 refer to both benchmarks through the SARC and updates provided to the SSC.  Estimates of 
prediction variance, estimated as mean square error are on the order of 20% , ranging from  
14% for 1 year forecasts to 26% for 3 year forecasts.   If these errors are considered additive to 
the errors in B(t) then I believe the CVs for summer flounder would be about 40 to 50%.  This 
can be confirmed by examining the model based estimates of biomass uncertainty.   
 
The computations in Table 2 do not address the issue of retrospective bias.  When retrospective 
bias is judged to be significant, the terminal year biomass estimate is typically adjusted by the 
assessment team or the SARC panel. This attempts to ensure that the starting point for the 
projections has less bias and addresses the empirical evidence of process error in the model.   
The significance of a retro pattern has generally been based on a comparison of the retro 
adjusted F and B estimates with the 905 joint confidence region for the terminal year point 
estimates.  For summer flounder, I do not think the retro adjustment has been used since 2008, 
but this will need to be checked.  
 
 



Note that biomass projections rather than catch projections were chosen as the basis of 
comparison.  This was done because the estimates of catch are a function of assumed levels of 
F and of course, other management measures.  Focusing on the prediction error for biomass 
reduces but does not eliminate these concerns.   
 
Using the above concepts and simple example, the following section provides a starting point 
for developing a more structured basis for determining the appropriate CV of the OFL.  It is 
based on concepts discussed  at previous meetings of the OFL uncertainty group as well as 
discussions with colleagues in the Population Dynamics Branch. One benefit of developing more 
explicit guidelines is that it can help foster continuous improvements in the assessments, the 
reliability of the derived ABCs and consistency with the Council’s risk policy.  
 
Important Factors for Approximation of CV of OFL 
 
Potential factors that could be considered when deriving the uncertainty of the OFL include 
 

1. Rigor of Model identification during the assessment process 
a. Process and tests 
b. Comparison with other models 

2. Informed by Retro 
a. Retro is direct evidence of model misspecification and suggest directionality of 

change with respect to “true” or at least improved model rather than an 
unspecified set of alternative models 

3. Informed by comparison with empirical measures of abundance 
a. Swept area biomass or gear comparisons that suggest appropriate minimums 
b. Other empirical measures, even CPUE for limited cases 
c. Eg survey Z, B-H length based. 

 
4. Informed by ecosystem factors or comparisons with other species 

a. General measures of ecosystem productivity  
b. Evidence of limiting factors—inshore temperatures 
c. Comparisons among relevant species—eg  SNEwinter vs SNEyt 

5. Informed by measures of trend in recruitment 
a. Stanzas of abundance 
b. Decreasing R/SSB as SSB decreases, death spirals 

6. Informed by prediction error. 
a. Comparisons of model performance given prior assessments 
b. Approach applied to summer flounder could be applied to scup and dogfish, and 

perhaps bluefish.    

 



 
 
 

  



Table 1. Current methodology for applying uncertainty estimates. 

Category Attributes of Uncertainty 
Analytically-based ABC “all important sources of uncertainty are fully and formally 

captured in the stock assessment model and the 
probability distribution of the OFL calculated within the 
assessment provides an adequate description of 
uncertainty of OFL.” 

Expert-based ABC  Inclusion in this category indicates that the estimation of 
the probability distribution of the OFL directly from the 
stock assessment model fails to include some important 
sources of uncertainty, necessitating expert judgment 
during the preparation of the stock assessment, and the 
final OFL probability distribution developed during the 
assessment is deemed best available science by the SSC.   
 

Empirically-based ABC Assessments in this level are judged to over- or under-
estimate the accuracy of the OFL. Attributes of a stock 
assessment that would lead to inclusion in this category 
are the same as those that lead to an Expert-based ABC, 
except that the assessment does not contain estimates of 
the probability distribution of the OFL or the probability 
distribution provided does not, in the opinion of the SSC, 
adequately reflect uncertainty in the OFL estimate. 
 

Catch-based ABC “Stock assessments that result in a Catch-based ABC are 
deemed to have reliable estimates of trends in abundance 
and catch, but absolute abundance, fishing mortality rates, 
and reference points are suspect or absent.” 
“In particular, stocks in this level do not have point 
estimates of the OFL or probability distributions of the OFL 
that are considered best available science.   

 



Table  

Table 2. Estimated one, two and three year projection errors for summer flounder 
SSB (mt) based on stock assessments from 2008 to 2016

One year projection performance

Year Basis for Projection Compare to Projection Estimate Delta Delta^2
2008 2008 SAW 47 F2009_UPD 46,992 46,029 963 927,369
2009 F2009_UPD F2010_UPD 52,246 53,458 -1,212 1,468,944
2010 F2010_UPD F2011_UPD 72,367 60,238 12,129 147,112,641
2011 F2011_UPD F2012_UPD 60,406 57,020 3,386 11,464,996
2012 F2012_UPD 2013 SAW 57 55,300 51,238 4,062 16,499,844
2013 2013 SAW 57 F2015_UPD 56,662 41,524 15,138 229,159,044
2015 F2015_UPD F2016_UPD 42,423 36240 6,183 38,229,489

Average 55,199 49,392
Total sum of squares 444,862,327        
Number of years 7                         
Variance 63,551,761          
Mean square Error 7,972                  
Ave Projected SSB 55199
CV of Projected SSB 14%

Two year projection performance

Year Basis for Projection Compare to Projection Estimate Delta Delta^2
2009 2008 SAW 47 F2010_UPD 52,246 53,458 -1,212 1,468,944            
2010 F2009_UPD F2011_UPD 56,273 60,238 -3,965 15,721,225          
2011 F2010_UPD F2012_UPD 76,201 51,238 24,963 623,151,369        
2012 F2011_UPD 2013 SAW 57 61,084 51,238 9,846 96,943,716          
2013 F2012_UPD F2015_UPD 55,767 40,323 15,444 238,517,136        
2015 2013 SAW 57 F2016_UPD 58,974 37786 21,188 448,931,344        

Average 60,091 49,047

Total sum of squares 1,424,733,734      
Number of years 6
Variance 237,455,622        
Mean square Error 15,410                 
Ave Projected SSB 60,091                 
CV of Projected SSB 26%

Three year projection performance

Year Basis for Projection Compare to Projection Estimate Delta Delta^2
2010 2008 SAW 47 F2011_UPD 56,273 60,238 -3,965 15,721,225          
2011 F2009_UPD F2012_UPD 59,812 57,020 2,792 7,795,264            
2012 F2010_UPD 2013 SAW 57 76,644 57,020 19,624 385,101,376        
2014 F2012_UPD F2016_UPD 57,294 41,524 15,770 248,692,900        
2015 2013 SAW 57 F2016_UPD 61,709 36240 25,469 648,669,961        

Average 62,346 50,408

Total sum of squares 1,305,980,726      
Number of years 5
Variance 261,196,145        
Mean square Error 16,162                 
Ave Projected SSB 62,346                 
CV of Projected SSB 26%

Composite for 1, 2 and 3 yr projections Total sum of squares 3,175,576,787      
Number of years 18                       
Variance 176,420,933        
Mean square Error 13,282                 
Ave Projected SSB 58,815                 
CV of Projected SSB 23%



 


