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Motivation, models and data

• We want to “validate” quantities of management interest (e.g. SSB and F) but we can’t to do 

that.

• Such quantities are not observed, they are essentially an extrapolation of the data used in the 

model. 

• We have to assume the model is correct to extrapolate.
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Motivation, models and data

• Models must be validated if they are to provide credible and robust advice.

• Validation includes transferring confidence to people not directly involved in model 

construction.

• Model diagnostics play an important role to establish a base model or an ensemble of 

candidate models.

Shortfin mako shark

Pacific hake
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Any sign of data 

conflict?

Are the residuals 
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random? Presence of 
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function?

Evidence of 
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Model shows 

predictive skills?

Model has 

converged to a 

global solution?

Is the Hessian 

positive definite?

Are there any 

highly correlated 

parameters or with 

excessively high 

variance?

Does the model 

meet basic 

plausibility?

• adequate 

diagnostics.

• no “surprising” 

outlier dynamics.

• meets prior 

knowledge about 

the exploitation 

history?



• Systematic misfit to data should 

be considered a sign of model 

misspecification.

• Unacceptable model fits can be 

detected by either the magnitude 

or the presence of trends in 

residuals

Residual analysis



• Analysts are also interested in whether 

the probability of being on either side of 

the median varies with time. 

• The runs test is a nonparametric 

hypothesis test for randomness in a data 

sequence.

Residual analysis



• A key model diagnostic developed to 

identify the influence of information 

sources on model estimates is the 

likelihood component profile. 

Likelihood profile



• A difference in the location of the minimum negative log-likelihood might suggest either conflict 

in the data or model misspecification (or both). 

Length comps

survey

No conflict Most models

Fixed values of something Fixed values of something

Likelihood profile



• ASPM diagnostic can detect 

misspecification of key systems-

modeled processes that control the 

shape of the production function.

• This diagnostic evaluates whether the 

net effect between surplus production 

and observed catches alone could 

explain trends in the index of 

abundance.
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Retrospective analysis

• Commonly used to check the 

consistency of model estimates as 

the model is updated with new data 

in retrospect. 

• The most commonly used statistic 

for retrospective bias is the Mohn’s

rho.



Hindcasting cross-validation (HCXval)

• Observations are compared to their 

predicted future values. 

• HCXval approach is all about 

‘prediction skill’, which is defined as 

any measure of the accuracy of a 

forecasted value to the actual 

observed value.



Hindcasting cross-validation (HCXval)

• The HCXval algorithm is similar to 

that used in the retrospective 

analysis. 

• A robust statistic for evaluating 

prediction skill is the mean absolute 

scaled error (MASE). 
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• Plausibility: A term often used but seldom defined in stock assessment.
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Diagnostics innovation, adoption, and diffusion

 Innovation

• Generic process of model development and selection 

using the presented model diagnostics 

• Create the initial model based on the hypothesis and the 

important data, and decide whether:

 The optimization was successful

 The model fits the data; 

 Data has information on trends and scale

 Estimates are consistent when updated with new 

data; and 

 The model is able to make future predictions. 

• Modify or add additional process as appropriate 

(diagnostics again and again…)



Diagnostics innovation, adoption, and diffusion

 Adoption

“The Group recommends the SCRS routinely apply objective criteria for model plausibility for 

all ICCAT stock assessments that are intended for management (e.g., TAC) advice. These 

criteria shall be based on best practice in using model diagnostics for evaluating (1) model 

convergence, (2) fits to the data, (3) model consistency (e.g., retrospective patterns) and (4) 

prediction skill, as well as biological plausibility criteria. The Group recommends the model 

diagnostics applied are similar, but not limited to those  described in Carvalho et al., (2021).” 



Diagnostics inovation, adoption, and diffusion

 Adoption

Guidance on model diagnostics for stock assessments in the United States

NMFS Assessment Methods Working Group (AMWG)

• Ongoing effort to describe use of diagnostics in a U.S. regional context, document 

methods, provide recommendations, and facilitate training.

• Topics include
• Model convergence

• Goodness of fit

• Sensitivity analyses

• Retrospective analyses

• NOAA Technical Memorandum in prep.
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Mahalo nui loa!


