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Model Fitting Protocol
In order to supplement reference points not present in the RAM Legacy Stock Assessment Database, we perform post-hoc surplus production model fits (SP fit) to estimate missing values. A Pella-Tomlinson model with a penalty function on the value of the shape parameter (p) is used (Appendix 1). This model is run under an extensive list of data scenarios (Table 1). This includes different combinations of freely-varying and fixed model parameters (Bmsy, Umsy, p) as well as different input data sets. The biomass type considered in the model can be either total biomass (TB) or vulnerable biomass (VB, = annual catch / annual exploitation fraction).  Annual surplus production values, treated as data points without error, are generated from total biomass and catch (TC) or landings (TL) time series. The varying sources of the assessment data are specified in Tables 2 and 3. 
The general protocol for the model fitting procedure is as follows:
1. Assessments are checked to see if they have the necessary time series (TB or VB & TC or TL in metric tons) and that their calculated surplus production time series is greater than five years.
2. SP fits are performed across all cases with available data requirements for fixed values (Table 4). For example, an assessment with a Bmsy value but not a Umsy value available will have one series of SP fits performed estimating both Bmsy and Umsy (with several shape parameters), and another series (with the same several shape parameters) estimating only Umsy, with the value for Bmsy held fixed at its assessment value.
3. If the set of initial parameters values (Table 5a) does not result in a converged SP fit, a wider set of initial values (Table 5b) is considered to check for convergence. 
4. Converged SP fit results are filtered through a set of pass/fail criteria (Table 6). If the SP fit passed all filters and the model input data are appropriate for the stock (ie a stock with Bmsy available in the assessment would use a model in which Bmsy is fixed at the assessment value), then it is considered fully passed. 
5. Models that pass the 9 filters and that also have a corresponding Bmsy and/or Umsy available from the assessment are used in cross-validations to compare the assessment-estimated reference points with SP fit reference points. This allows us to determine which cases (biomass type and shape parameter values; Table 1) provide the closest correspondence with assessment-estimated reference points.
6. The selected model(s) from (5) that best approximates assessment reference points is used for estimating SPfit reference points for the stocks that do not have reference points available in assessments.
  
The SP fit reference points are designated with the subscript “est” in the “DB Files With Model Fit” version of the RAM Legacy Stock Assessment Database. These SP fit reference points are not used in the “DB Files With Assessment Data” version of the database. 
There are also differences between the global set of runs and the EcoFmsy subset of runs (Table 7). 
A glossary for the fields in the model fitting summary file is in Appendix 2.






Cases (Table 1)
This table presents the input data cases used in the current model runs. The parameter values are fixed or freely-varying depending on available data, and input data vary dependent on available data. The color shading distinguishes between the sets of models in the two different biomass input data scenarios.
	Case #
	Umsy State
	Bmsy State
	P State
	BvSP State

	1
	Estimated
	Assessment
	Schaefer
	TBvSP(TB)

	2
	Estimated
	Assessment
	Thorson-pooled
	TBvSP(TB)

	3
	Estimated
	Assessment
	Thorson-taxonomic
	TBvSP(TB)

	4
	Estimated
	Assessment
	Empirical-taxonomic
	TBvSP(TB)

	5
	Estimated
	Assessment
	Fox
	TBvSP(TB)

	6
	Assessment
	Estimated
	Schaefer
	TBvSP(TB)

	7
	Assessment
	Estimated
	Thorson-pooled
	TBvSP(TB)

	8
	Assessment
	Estimated
	Thorson-taxonomic
	TBvSP(TB)

	9
	Assessment
	Estimated
	Empirical-taxonomic
	TBvSP(TB)

	10
	Assessment
	Estimated
	Fox
	TBvSP(TB)

	11
	Assessment
	Assessment
	Estimated
	TBvSP(TB)

	12
	Estimated
	Assessment
	Estimated
	TBvSP(TB)

	13
	Assessment
	Estimated
	Estimated
	TBvSP(TB)

	14
	Estimated
	Estimated
	Schaefer
	TBvSP(TB)

	15
	Estimated
	Estimated
	Thorson-pooled
	TBvSP(TB)

	16
	Estimated
	Estimated
	Thorson-taxonomic
	TBvSP(TB)

	17
	Estimated
	Estimated
	Empirical-taxonomic
	TBvSP(TB)

	18
	Estimated
	Estimated
	Fox
	TBvSP(TB)

	19
	Estimated
	Estimated
	Estimated
	TBvSP(TB)

	20
	Estimated
	Assessment
	Schaefer
	VBvSP(TB)

	21
	Estimated
	Assessment
	Thorson-pooled
	VBvSP(TB)

	22
	Estimated
	Assessment
	Thorson-taxonomic
	VBvSP(TB)

	23
	Estimated
	Assessment
	Empirical-taxonomic
	VBvSP(TB)

	24
	Estimated
	Assessment
	Fox
	VBvSP(TB)

	25
	Assessment
	Estimated
	Schaefer
	VBvSP(TB)

	26
	Assessment
	Estimated
	Thorson-pooled
	VBvSP(TB)

	27
	Assessment
	Estimated
	Thorson-taxonomic
	VBvSP(TB)

	28
	Assessment
	Estimated
	Empirical-taxonomic
	VBvSP(TB)

	29
	Assessment
	Estimated
	Fox
	VBvSP(TB)

	30
	Assessment
	Assessment
	Estimated
	VBvSP(TB)

	31
	Estimated
	Assessment
	Estimated
	VBvSP(TB)

	32
	Assessment
	Estimated
	Estimated
	VBvSP(TB)

	33
	Estimated
	Estimated
	Schaefer
	VBvSP(TB)

	34
	Estimated
	Estimated
	Thorson-pooled
	VBvSP(TB)

	35
	Estimated
	Estimated
	Thorson-taxonomic
	VBvSP(TB)

	36
	Estimated
	Estimated
	Empirical-taxonomic
	VBvSP(TB)

	37
	Estimated
	Estimated
	Fox
	VBvSP(TB)

	38
	Estimated
	Estimated
	Estimated
	VBvSP(TB)



Time Series Sources (Table 2)
This table displays the sources of time series used in the model fit. The ordering of the sources represents the data preference for that field.

	Time Series
	Source 1
	Source 2

	TBbest
	TB
	Converted SSB

	TCbest
	TC
	TL

	TB
	TBbest
	

	VB
	TCbest/ER
	

	SP(TB)
	TBbest, TCbest
	

	SP(VB)
	VB, TCbest
	





Reference Point Sources (Table 3)
This table displays the sources of reference points used in the model fit. The ordering of the sources represents the data preference for that field.

	Ref. Pt.
	Source 1
	Source 2
	Source 3
	Source 4
	Source 5

	TBmsy
	TBmsy
	TBmsy proxy
	TBmsy from TB/TBmsy
	TBmgt
	Converted SSBmsy

	
	Converted SSBmsy proxy
	Converted SSBmsy from SSB/SSBmsy
	Converted SSBmgt
	
	

	VBmsy
	MSY/ERmsy
	Geometric mean of VB/(SSB/SSBmsy)
	
	
	

	ERmsy
	ERmsy
	ERmsy proxy
	Calculated ERmsy from assessment reference points
	ERmgt
	Calculated ERmsy from a converted reference point value






Fixed Parameters (Table 4)
The below table shows the fixed values of model parameters used in the set of model cases.

	ERmsy
	Assessment Value
	
	
	

	TBmsy
	Assessment Value
	
	
	

	p
	Schaefer Value
	Thorson Taxonomic Value
	Thorson Pooled Value
	Empirical Taxonomic Value
	Fox Value



Table 4b: Expanded fixed p values used in the above categories.
	p Parameter Category
	p Parameter Subcategory
	p Parameter Value

	Schaefer Value
	N/A
	2.000

	Fox value
	N/A
	1.0001

	Thorson Pooled Value
	N/A
	1.736

	Thorson Taxonomic Value
	Pleuronectiformes
	1.406

	Thorson Taxonomic Value
	Gadiformes
	2.027

	Thorson Taxonomic Value
	Perciformes
	0.799

	Thorson Taxonomic Value
	Clupeiformes
	1.427

	Thorson Taxonomic Value
	Scorpaeniformes
	3.377

	Thorson Taxonomic Value
	Other
	1.026

	Empirical Taxonomic Value
	Bivalves-gastropods
	0.56

	Empirical Taxonomic Value
	Carangids-mackerels
	1.46

	Empirical Taxonomic Value
	Cephalopods
	0.96

	Empirical Taxonomic Value
	Crabs-lobsters
	1.43

	Empirical Taxonomic Value
	Echinoderms
	0.56

	Empirical Taxonomic Value
	Eels
	0.81

	Empirical Taxonomic Value
	Elasmobranchs
	1.60

	Empirical Taxonomic Value
	Forage fish
	1.58

	Empirical Taxonomic Value
	Gadids
	0.74

	Empirical Taxonomic Value
	Other marine fish
	0.81

	Empirical Taxonomic Value
	Other marine invertebrates
	1.43

	Empirical Taxonomic Value
	Other marine percoidids
	1.30

	Empirical Taxonomic Value
	Other scorpaenids
	1.21

	Empirical Taxonomic Value
	Pleuronectids
	1.24

	Empirical Taxonomic Value
	Sebastids
	1.12

	Empirical Taxonomic Value
	Shrimps
	1.43

	Empirical Taxonomic Value
	Tuna-billfish
	1.37





Initial Values (Table 5)
Initial values considered for estimated parameters. All combinations of values are potentially available if previous initial values do not result in a converged model fit.
	ERmsy
	0.1
	0.3
	0.6

	TBmsy
	0.3*TBmax
	0.6*TBmax
	1.5*TBmax

	p
	0.5
	1.2
	3





Pass/Fail Criteria (Table 6)
These are the criteria used to decide whether a model fit is accepted. Additionally, to be considered fully accepted the model must pass and be appropriate for the data available (i.e. if a stock has an assessment TBmsy available, then a model using a surplus production model-estimated TBmsy might pass all filters, but would not be considered fully accepted because models with fixed-TBmsy would be preferred). Filters 2 and 3 must both fail for the combined filter to fail overall. The linear fits used in filter 9 use the matching data inputs (biomass derived from TB or VB; and surplus production time series derived from TB).

	Filter
	Pass Scenario

	1
	Time series length greater than 5 (defaults to 10+ years of data for EcoFmsy subset)

	2
	Less than 50% of the SP values contained in the middle quadrants of biomass between 0 and K (i.e. between 0.25*K and 0.75*K) are negative. The number of values in these middle quadrants must be greater than or equal to 6.

	3
	Sum of the SP values contained in the middle quadrants of biomass between 0 and K (i.e. between 0.25*K and 0.75*K) is non-negative. The number of values in these middle quadrants must be greater than or equal to 6.

	4
	0.019 < ERmsy

	5
	ERmsy < 0.536

	6
	0.07*TBmax < TBmsy, where TBmax is the maximum observed value in the biomass time series

	7
	TBmsy < 2.085*TBmax

	8
	f(assessment Bmsy) > 0, i.e. predicted surplus production evaluated at the assessment value of Bmsy must be positive

	9
	Linear fits performs worse in terms of AIC scores. Three linear fits of either one parameter (y = m*biomass; or y = b) or of two parameters (y = b + m*biomass) were compared against AIC of fitted surplus production model.


Run Differences (Table 7)
The table below displays the differences between the global set of model runs and the EcoFmsy subset model runs.

	Global Runs
	EcoFmsy Subset Runs

	Uses full set of RAM assessments.
	From a subset of European stocks, uses the most recent assessment that contains F & Fmsy, and a TB & TC time series over 10 years in length.

	Uses all 3 BvSP data scenarios (Cases 1-57).
	Uses only the B(TB)vSP(TB) data scenario (Cases 1-19).







Model Functions (Appendix 1)
This is the form of the Pella-Tomlinson used in the model-fitting.




We also use a multiplicative penalty function (based on the Subbotin distribution due to its plateau-like shape) on the p parameter to restrict outlier values while avoiding bounding. 

Γ denotes a gamma distribution, and x is ln(p). The resulting f(x) is standardized to the maximum value, and is then inverted to produce a penalty factor with a minimum of 1. 

These are the current values used in the penalty function:
	μ
	ln(1)

	β
	10

	σ
	3



With these values, the penalty factor has a value near 1 across a wide range of p values (approximately 0.2 to 6), and increases at an accelerating rate at more extreme values of p. 




Summary File Glossary (Appendix 2)
Descriptions of the fields in the model fit summary file are outlined below:

	Field
	Description

	assessid
	RAM assessment ID

	stocklong
	RAM stock description

	model
	Model number

	description
	Model description, comprising unique combinations of treatment Bmsy, treatment ERmsy, treatment phi, and treatment BvSP

	treatment Bmsy
	Bmsy value treatment: fixed at assessment value or freely-varying

	treatment ERmsy
	ERmsy (Umsy) value treatment: fixed at assessment value or freely-varying

	treatment phi
	Phi (p) value treatment: fixed at various values (Table 4b) or freely-varying

	treatment BvSP
	BvSP data input treatment, one of two cases: input biomass = TB & annual surplus production based on TB; input biomass = VB & annual surplus production based on TB

	Est. Scenario
	Model Estimation scenario

	Bmsy SPmod
	SP fit-estimated Bmsy value

	ERmsy SPmod
	SP fit-estimated ERmsy (Umsy) value

	phi SPmod
	SP fit-estimated phi (p) value

	Bmsy SPmod sd
	SP fit-estimated Bmsy standard deviation

	ERmsy SPmod sd
	SP fit-estimated ERmsy (Umsy) standard deviation

	phi SPmod sd
	SP fit-estimated phi (p) standard deviation

	final year
	Final year of input time series. May be limited by either input biomass or input catch (or landings) time series.

	Rsq
	R-squared between observed and predicted annual surplus production values

	corr coef
	Correlation coefficient between observed and predicted annual surplus production values

	NLL
	Negative log-likelihood between observed and predicted annual surplus production values

	AICc
	Corrected AIC between observed and predicted annual surplus production values

	Delta AICc
	AICc difference between current model and best model result

	mean percent error
	Mean percent error between observed and predicted annual surplus production values

	overall filters f1-f9
	Overall passing filter: “Passed” if all nine filters 1-9 passed; “Failed” if any of filters 1-9 failed. (Exception: filters 2 and 3 must both fail for an overall combined fail.)

	f1: n SP points
	SP time series length (greater than 5 to pass)

	f2: percent negative SP in middle quadrants
	SP values less than 0 in middle two quadrants for input biomass between 0 and estimated K, carrying capacity (values <50% denote a pass). The number of values in middle quadrants is greater than or equal to 6

	f3: sum SP in middle quadrants
	Sum of SP values in middle two quadrants for input biomass between 0 and estimated K (sums greater than or equal to 0 denote a pass). The number of values in middle quadrants is greater than or equal to 6)

	f4: ERmsy > 0.019
	SP fit estimated ERmsy minimum (True/False)

	f5: 0.536 > ERmsy
	SP fit estimated ERmsy maximum  (True/False)

	f6: Bmsy < 0.07*Bmax
	SP fit estimated Bmsy minimum  (True/False)

	f7: 2.085*Bmax > Bmsy
	SP fit estimated Bmsy maximum  (True/False)

	f8: f(Bmsy assess) > 0
	Predicted value of SP fit evaluated at assessment Bmsy is positive  (True/False)

	f9: linear fit worse
	Any of three linear model fits (y = m*biomass + b; y = m*biomass; y = b) have a lower AIC value than the SP fit when fit to annual surplus production data points  (True/False)

	f: ERmsy < 0.05*M
	Natural mortality filter (not a pass/fail filter)

	f: 0.05*M < ERmsy < 0.2*M
	Natural mortality filter (not a pass/fail filter)

	f: 4*M < ERmsy < 10*M
	Natural mortality filter (not a pass/fail filter)

	f: 10*M < ERmsy
	Natural mortality filter (not a pass/fail filter)

	Best NLL
	Minimum negative log likelihood value across all models for the assessment

	Usable Delta AICc
	AICc difference from best and usable model result (usable meaning estimated values match missing values)

	Bts source
	Source of biomass time series, one of: TB (from assessment), converted from SSB (using regression model), or VB (= catch / annual exploitation fraction)

	source Bmsy assess
	Source of assessment Bmsy

	source Umsy assess
	Source of assessment Umsy

	Bmax obs
	Maximum biomass observed in time series

	Bmsy assess
	Assessment Bmsy value: for models with TBmsy, either taken from assessment or converted from SSBmsy; for models with VBmsy, calculated either from MSY/ERmsy or from the geometric mean of (VB/(SSB/SSBmsy))

	Umsy assess
	Assessment ERmsy value

	fixed phi
	Fixed phi (p) value in model run

	taxgroup
	RAM taxonomic grouping

	scientificname
	RAM scientific name

	region
	RAM stock region

	K SPmod
	SP fit-estimated K (carrying capacity, where predicted SP = 0)

	equivalent Fmsy SPmod
	Equivalent SP fit-estimated Fmsy reference point. Calculated as arithmetic mean from 2000-present of annual Fasmt/(ER/ERMSY)SPfit

	mean ER/ERmsy SPmod
	Mean SPfit-estimated ER/ERmsy

	mean F/Fmsy assess
	Mean assessment F/Fmsy

	ASMT mostrecent
	RAM mostrecent value (999=current assessment, 0=old assessment)

	assessmethod
	RAM assessment method

	assesscomments
	RAM assessment comments
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