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1 Model

This documents a statistical catch at age model in MS Excel on the Faroe cod stock. It was formulated and run alongside the standard Lowestoft approach at the NWWG meeting in 2003. Although preliminary results of this paper were discussed at the meeting, insufficient time did not allow for the inclusion of the results in the final report - the final write-up of this working document was done after the meeting.

In principle this model is a separable model 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


Proporition of the year reflecting the survey time

v
Survey (spring or summer survey)

The fitting procedure was based on minimizing
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The weighting factors (ac and aU) were set to 0.5. 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.

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) aged 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 for the summer survey

4) 1 estimate of a for a=2 for the spring survey

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

5) 5 estimates of qa for a=2, 3, .., 6

or a total of 59 parameter estimates from 144 known observations (input values).

The accompanying Excel spreadsheet 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

After some initial trial it was decided to estimate the selectivity (qa) of each age groups 2-6 seperately, and set the selectivity of ages 7 and older where set to unity. Visual inspections of the residuals from the survey did not indicate that a power function between population numbers and survey indices was justifiable.
Diagnostics and results

Population size (x-axis) vs survey indices (y-axis) for the summer (filled circles) and spring survey (open cirles). Note the conflict in the signal of year class 2001 as 1 year old in 2002 (labeled 102 in the age 1 figure) and 2 year old in 2003 (labeled 103 in the age 2 figure, spring survey).
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