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1 Model

This documents a statistical catch at age model in MS Excel on the Faroe haddock stock. A background on this stuff can be found in M. Haddon 2001 (Modelling and quantitative methods in fisheries. Chapman &Hall. 406p), but in principle this is a classic separable model where the error is assumed both in the survey as well as the catch. The model is based on a forward projection of stock in numbers, estimating initial stock size, selectivity by age, fishing mortality of each year and catch at age and minimizes the the latter with the observed catch at age. Age-based survey index is also estimated by minimization with the observed age-based survey index. The model is based on the following equations:
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where the survey prediction where based on the population abundance in the mid year to reflect the timing of the Faroese summer survey.

Parameter
Explanation

Sa
Selectivity of age a

Fy
Fishing mortality rate of the oldest ages in year y

Fay
Fishing mortality of age a in year y

Na+1
Numbers at age a+1 in year y+1

Nay
Numbers at age a in year y

M
Assumed natural mortality, set to 0.2

Cay
Observed catch of age a in year y

Cay-hat
Predicted catch of age a in year y

Uay
Observed survey index of age a in year y

Uay-hat
Predicted survey index  of age a in year y

a
Survey scaling factor of age a

The selectivity of each age groups 2-6 where estimated seperately, but the selectivity of ages 7 and older where set to unity. The fitting procedure was based on minimizing
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The weighting factor (ac and aU) in were set to 0.75 and 0.25. To reflect different accuracy by age in the estimation of catch-at-age and survey-index-at-age the residuals by age in the SSRC and SSRU were weighted according to:

Age ->
1
2
3
4
5
6
7
8
9

Catch (sigma)

1.814
1.062
0.812
0.881
0.707
1.481
1.338
1.649

Survey (rho)
1.219
1.114
0.762
0.707
0.985
0.866
0.843
0.990


These relative weighing factors where obtained by taking a the average squared residuals of each age in a preliminary run of the model were the denominator was set to unity. These where scaled such that the denominator would be unity in the age group that gave the lowest squared residuals.

In order to force the model to fit the observed yield within each year an additional minimization factor (penalty factor) was set in:
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where the aY factor was set to 10.

The input data were into the model where:

1) catch-in-number matrix was based on ages 2 to 9 for years 1985 to 2002, Ca for ages 1 were assuemd 0 (thus 144 input values).

2) aged summer survey indices for ages 1 to 9 for years 1996-2002 (56 input values).

3) age spring survey indices for age 2 for years 1994-2003 (10 input values)

4) auxillary data on the CV by age groups for Cay and Uay - data (see intext table above).

5) auxillary data such as corresponding weight at age in the catch and in the survey and maturity at age in the catch.

The number of estimated parameters were:

1) 8 estimates of Na85 for a = 2, 3, … , 9

2) 18 estimates of N1y for y = 1985, 1986, …. , 2002

3) 8 estimates of a for a=1, 2, …. , 8

4) 18 estimates of Fy for y = 1985, 1986, …. , 2002

or a total of 52 parameter estimates.

The accompanying Excel spreadsheet that was used to implement the model is named WD29_model.xls, with summary statistics and diagnostic plots provided in spreadsheet named WD29_plots.xls. When working through the formulation in the worksheet it is probably easiest to follow the order of the equations given above:

1. selectivity

2. fishing mortality

3. survivorship

4. numbers-at-age

5. exploitable number at age

6. prediced catch at age

7. catch at age residuals

8. catch at age residuals squared

9. prediced suvey index, residuals squared

To characterize the uncertainty in the estimates given the data and to generate percentile confidence intervals the residuals from the optimum model fit were combined with the expected catch and survey at age data to form a bootstap catch-at-age sample. Thus, the bootstrap samples were determined as:
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The residuals in the catch at age where drawn from within each age group. For the survey the whole residual matrix was drawn from the residuals from a single year. 

The model was carried forward from the assessment year by assuming a fishing mortality as the average of the last three years (2000-2003) and random historical recruitment for all year classes younger than 2001.

2 Diagnostics and point estimators

Catch at age residuals

Survey at age residuals

The model seems to be resonable balanced, although the consistently positive c@a residuals in the younger age groups (age 2 and 3) in recent years indicate that there may be a relative increase in effort on the smaller fish.
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Population size on the x-axis vs. summer survey indices (filled points) and spring survey (open circles) on the y-axis - a straight line fit through the orgin. These plots indicate qualitatively that there is no strong justification to add a power parameter to the model and thus loose more degrees of freedom.
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Summary table: Point estimators of recruitment, exploitation and stock estimates

Likely stock dynamics 

Below are given likely historical stock dynamics given the data and the assumptions in the model. A forward based projection is based on fishing mortality being the average of the last three year (2000-2002) and random recruitment from the 1985-2001 data series for younger than 2001. The denser shaded area includes 50% of stock estimates and the lighter shaded area includes 80% of stock estimates. The bottom right graph shows the individual bootstrap estimates of F in 2002 and SSB in 2003 as well as the optimum estimator.
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[image: image19.emf]SSB cumulative distribution
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[image: image20.emf]Recruitment (age 2) cumulative distribution
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Assuming no change in effort (fishing mortality) it is unlikely that the yield in 2003 and 2004 will be less than around 40 kt, the most likely yield being somewhere between 43-51 kt in year 2003 and 43-53 kt in year 2004. It is likely that the yield will drop in 2005 to around 40kt. It is unlikely that the spawning stock biomass will be below the proposed Fpa point of 40 kt until after 2006 given the current fishing mortality. The probability of falling below Flim (20kt) in the long run seems even slimmer (note no SSB-R relationship assumed in the medium term prediction).
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		Year		N2		Y/Bfish		Y/B3+		F 3-7		Bfish		B3+		SSB

		1985		17		0.75		0.36		0.71		54		113		83

		1986		9		0.72		0.40		0.69		49		88		73

		1987		9		0.53		0.32		0.47		41		68		62

		1988		8		0.64		0.40		0.61		36		57		53

		1989		14		0.80		0.52		0.85		28		43		39

		1990		4		0.73		0.41		0.73		18		33		28

		1991		6		0.59		0.36		0.54		14		22		20

		1992		10		0.44		0.27		0.38		14		22		19

		1993		8		0.29		0.16		0.23		20		35		30

		1994		24		0.29		0.18		0.23		30		48		38

		1995		48		0.48		0.27		0.40		46		82		49

		1996		14		0.69		0.33		0.63		61		129		80

		1997		6		0.67		0.38		0.63		51		90		80

		1998		6		0.60		0.39		0.57		38		59		55

		1999		17		0.54		0.38		0.50		36		50		45

		2000		22		0.51		0.31		0.45		41		67		46

		2001		49		0.59		0.33		0.52		47		84		65

		2002		28		0.72		0.33		0.65		57		124		74

		2003		21		0.61		0.32		0.54		74		145		103

		2004				0.61		0.34		0.54		75		135		104
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