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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

Catch at age residuals

Year\Age
1
2
3
4
5
6
7
8
9

1985

-0.107 
0.105 
-0.132 
-0.121 
0.020 
0.114 
0.221 
-0.001 

1986

-1.040 
0.139 
0.036 
0.077 
0.015 
-0.215 
-0.367 
-0.362 

1987

-0.472 
0.093 
0.126 
-0.054 
-0.030 
-0.243 
0.028 
0.365 

1988

0.064 
0.293 
0.127 
-0.183 
-0.105 
-0.078 
0.228 
0.064 

1989

0.751 
0.142 
0.047 
-0.078 
-0.132 
-0.265 
0.071 
0.170 

1990

0.004 
0.107 
-0.005 
-0.001 
-0.120 
-0.174 
0.095 
0.182 

1991

-0.498 
-0.172 
0.092 
0.022 
-0.085 
-0.027 
0.171 
-0.112 

1992

-0.588 
-0.407 
0.088 
0.036 
0.095 
0.049 
0.273 
0.324 

1993

-0.429 
0.087 
0.129 
0.134 
-0.203 
-0.145 
-0.174 
0.556 

1994

0.089 
0.262 
0.094 
0.234 
-0.231 
-0.543 
-0.499 
0.012 

1995

0.363 
-0.050 
0.450 
-0.186 
-0.134 
-0.425 
-0.424 
-0.253 

1996

-0.859 
-0.496 
-0.046 
0.226 
0.300 
0.338 
0.312 
0.778 

1997

-0.584 
-0.635 
-0.246 
0.345 
0.030 
0.271 
0.262 
0.431 

1998

0.314 
-0.257 
-0.379 
0.154 
0.168 
-0.498 
-0.191 
-0.315 

1999

0.500 
0.189 
-0.068 
-0.011 
0.064 
-0.175 
-0.247 
-0.872 

2000

0.873 
0.264 
-0.082 
-0.153 
0.062 
-0.235 
-0.590 
-1.298 

2001

0.537 
0.185 
-0.232 
-0.538 
0.023 
0.599 
-0.079 
-0.864 

2002

0.247 
-0.140 
-0.183 
-0.128 
0.090 
0.946 
0.909 
0.378 

Survey at age residuals - summer survey (ages 1-8) and spring survey (age 2)

Year\Age
1
2
3
4
5
6
7
8

2

1994









0.433 

1995









0.100 

1996
-0.563 
-0.045 
0.146 
0.348 
0.682 
0.306 
0.435 
0.482 

0.291 

1997
0.027 
0.400 
0.160 
0.251 
0.028 
-0.500 
-0.268 
-0.256 

0.142 

1998
0.774 
0.286 
-0.237 
-0.263 
0.199 
0.378 
-0.720 
-0.248 

-0.530 

1999
-0.762 
-1.019 
0.556 
0.161 
-0.176 
-0.021 
-0.056 
0.207 

0.627 

2000
-0.186 
-0.015 
-0.544 
-0.029 
-0.324 
-0.011 
0.055 
-0.867 

-0.256 

2001
-0.397 
0.109 
-0.030 
-0.216 
-0.080 
0.164 
0.456 
0.331 

0.257 

2002
1.106 
0.283 
-0.051 
-0.251 
-0.329 
-0.316 
0.097 
0.351 

-0.141 

2003









-0.924 

Below are is a visual representation of the catch at age residuals and the summer survey residuals.

[image: image4.emf]-1.0 

-0.8 

-0.6 

-0.4 

-0.2 

0.0

0.2

0.4

0.6

0.8

1.0

1985 1987 1989 1991 1993 1995 1997 1999 2001

Ln(ObsC/PredC)

[image: image5.emf]-1.0 

-0.8 

-0.6 

-0.4 

-0.2 

0.0

0.2

0.4

0.6

0.8

1.0

1994 1996 1998 2000 2002

Ln(ObsU/PredU)


The predicted vs the observed summer survey biomass using weight at age in the catches is given below: This kind of a plot can be considered qualitatively as a summary of the survey residuals of the individual age groups that are shown to the right, above.
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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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Historical stock estimates, exploitation and recruitment and forward projections based on the average fishing mortality in years 2000-2002 and geometric mean recruitment for year classes 2002 and younger. Adopted refers to the final run of the NWWG 2003. The principal difference in the results lie in the estimation of the fishing mortality in recent years as well as in the recruitment estimators of year classes 2000 and 2001. The difference may in part be explained by model configurations, no shrinkage is built into the EXCAM model. In addition the XSA analysis indicates that fishing mortality may have increased in the younger age groups in recent years; this is also confirmed in the positive residuals in the c@a in the EXCAM analysis. This may result in the more optimistic SSB estimation in the terminal year in the latter model.

As seen above the adopted (XSA) estimates of the fishing mortality is higher and SSB lower than obtained in a EXCAM. A scatter plot of the terminal SSB vs the F is given below, the small points refering to 2500 bootstrap estimates using the residuals in the optimum fit to obtain input values (The resampling in the c@a matrix was limited to within each age group and in the u@a matrix to within each age and year block).
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What Fsq to carry into the projections?

In an effort control system the most important parameter to estimate is the fishing mortality in the terminal year(s). Point estimators of the fishing mortality indicate that effort may have increased considarable in the last three years. To adress the question wether this increase is within the noise of the data or possibly a true increase, 2500 bootstrap were run using the residuals in the optimum fit to obtain bootstap input values (The resampling in the c@a matrix was limited to within each age group and in the u@a matrix to within each age and year block). The cumulative results of the bootstrap values are given below. The results show that the 80th percentile of the fishing mortality in the year 2000 (F2000,80th=0.48) is below the 20th percentile value of the fishing mortality in 2002 (F2002,20th=0.55). This suggests that the increase in fishing mortality from 2000 to 2002 reflects very likely a true increase in effort over the period. The analysis indicate that the most sensible value of F to use in the assessment year is the terminal year value, not the average of the last three years.
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Likely yield in 2003 and 2004

No significant changes in the fishery system were imposed by the managers for the current fishing year. It can thus be assumed that the fishing mortality in 2003 will be similar to that observed in 2002. A likely profile of the catch in 2003 using F3-7=0.65 (see figure below) indicate that the catch will most likely be around 42 kt. There is 50% likelyhood that the catch will be between 36-47 kt, given the data and the model assumptions. The largest contributor to the yield in 2003 will be the 1999 year class (age 4 in 2003) and only around 20% of the yield is estimated to come from younger age groups, which are more poorly determined (see figure below). The greatest uncertainty of the total yield however is still related to the size of the large 1999 year class, the optimum fit indicating that the catch from that year class will be 20kt, with 80% of the bootstrap values lying between 16 and 24 kt.

If management actions in 2004 remain unchanged from the present it is very likely that the catch will be around 49 kt. with year class 1999 still making the largest contribution to the catch (around 18kt). Yield from the 2000 year class, which size is estimated to be twice the size of the long term mean year class strength, will be around 15kt. The size of the 2001 year class is highly uncertain, the indices from the summer survey in 2002 being higher than model prediced but the indices from the spring survey in 2003 being much lower than model predictions. It is prdicted to contribute around 7kt to the total yield in 2004. Excluding this year class from the predicitons (ie setting its size to zero) would still result in total yield predictions in 2004 to be on the same order as that observed in 2002 and estimated in 2003. As a final reminder it is noted that these predictions assume that the fishing pattern has been the same since 1985, an assumption that may not hold true for the most recent years. That may result in a somewhat optimistic prediction in yield.
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