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1 The input data

Catch at age

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

1985



0.742
0.588
2.464
0.154
0.604
0.016

1986



0.172
0.170
1.245
0.117
0.565
0.014

1987

0.043
0.594
7.638
4.153
0.320
0.877
0.229
0.415

1988

0.052
0.214
7.533
6.446
0.421
0.452
0.088
0.184

1989

0.006
0.218
11.813
12.619
1.318
1.369
0.172
0.276

1990

0.002
0.154
10.169
9.340
2.632
0.742
0.137
0.116

1991

0.004
0.125
7.177
8.562
2.499
0.288
0.012
0.003

1992

0.001
0.051
1.767
2.634
0.730
0.126
0.008
0.005

1993

0.000
0.029
0.647
0.706
0.208
0.044
0.006
0.006

1994

0.001
0.053
1.152
0.727
0.079
0.053
0.012
0.003

1995


0.008
0.593
0.729
0.140
0.036
0.001
0.001

1996


0.002
0.148
0.262
0.119
0.056
0.009
0.007

1997










1998










1999


0.082
0.396
0.238
0.037
0.004



2000










2001










2002

0.001
0.565
1.952
1.282
0.333
0.091
0.000
0.000

Survey at age

Year\Age
1
2
3
4

1985
107.5
45.4
0.4
2.5

1986
6.2
124.0
11.8
1.3

1987
0.3
75.0
119.8
6.7

1988
0.1
15.3
72.3
34.3

1989
0.1
58.5
37.3
21.7

1990
0.1
24.1
35.0
12.2

1991
63.6
2.4
29.0
12.2

1992
0.1
38.2
13.1
7.7

1993
0.1
6.9
33.2
10.5

1994
0.6
1.4
6.4
4.3

1995
0.2
19.0
3.8
3.2

1996
0.1
7.4
10.3
1.7

1997
1.9
5.9
2.7
0.8

1998
0.3
7.7
13.5
1.3

1999
0.1
0.4
1.2
2.7

2000
0.1
7.0
4.1
0.4

2001





2002
7.2
53.2
19.6
6.9

Weight at age

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

1985

0.557
0.563
0.840
1.290
1.820
2.250
2.970
3.550

1986

0.557
0.563
0.860
1.440
2.050
2.390
2.940
3.300

1987

0.460
0.690
0.880
1.170
2.300
2.910
4.370
4.150

1988

0.320
0.650
1.050
1.170
1.660
2.510
4.350
4.140

1989

0.570
0.750
1.190
1.340
1.800
2.210
3.610
3.630

1990

0.720
0.640
1.080
1.280
1.330
1.780
3.260
3.340

1991

0.720
0.600
0.840
1.070
1.040
1.420
1.770
2.750

1992

0.710
0.540
0.840
1.170
1.160
1.610
2.390
4.030

1993

0.720
0.530
0.760
1.250
1.230
1.970
3.570
3.970

1994

0.720
0.430
0.830
1.130
1.640
2.320
3.350
3.680

1995

0.557
0.450
0.870
1.280
1.670
1.780
3.170
6.180

1996

0.557
0.390
0.940
1.390
2.030
2.710
3.400
1.970

1997

0.557
0.563
0.884
1.221
1.606
2.081
3.270
3.462

1998

0.557
0.563
0.884
1.221
1.606
2.081
3.270
3.462

1999

0.310
0.560
0.710
1.020
1.250
1.580
3.270
3.462

2000

0.557
0.563
0.884
1.221
1.606
2.081
3.270
3.462

2001

0.557
0.563
0.884
1.221
1.606
2.081
3.270
3.462

2002

0.320
0.520
0.690
1.090
1.510
1.700
3.360
0.310

Average weight at age over the period where assumed for missing data cells.

2 The model

This documents describes a simple statistical catch at age model in MS Excel on the Greenland cod 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 and 4 where estimated seperately, but the selectivity of ages 5 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

Survey (rho)
3.444
1.089
1.181
0.707






Catch (sigma)

6.963
2.639
0.707
2.515
1.754
4.857
7.395
3.255

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 then scaled such that the denominator would be unity in the age group that gave the lowest squared residuals. This approach resulted in relatively high penalty weight of ages above and below age 4 in the catch. Estimation of sigma from average sample size in the catch may be a more appropriate canditate for weighing different age groups but this was not investigated further.

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. There are large blocks 

2) aged summer survey indices for ages 1 to 4 for years 1985-2002 (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) 4 estimates of a for a=1, 2, …. , 4

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

or a total of ____ parameter estimates.

The accompanying Excel spreadsheet that was used to implement the model is named WDXXXX_model.xls, with summary statistics and diagnostic plots provided in spreadsheet named WDXXXX_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

Diagnostics and point estimators

Catch at age residuals

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

1985



0.218 
-1.294 
0.173 
-1.264 
2.421 
0.015 

1986



0.106 
-0.693 
0.341 
-1.993 
0.923 
-0.457 

1987

1.145 
-0.250 
0.265 
2.558 
-0.485 
-0.435 
-1.744 
0.189 

1988

2.390 
-0.585 
-0.414 
1.012 
1.567 
1.158 
-1.439 
-0.661 

1989

-0.356 
-0.542 
-0.169 
0.054 
-0.281 
3.042 
0.485 
0.003 

1990

-0.988 
-1.239 
0.097 
0.156 
-0.545 
0.112 
1.708 
1.058 

1991

0.124 
-0.837 
-0.465 
0.846 
0.234 
-1.362 
-2.622 
-0.877 

1992

-1.422 
-0.730 
-0.602 
0.413 
0.876 
-0.263 
-2.405 
-0.992 

1993

-0.508 
-0.737 
-0.384 
0.179 
0.055 
0.255 
-1.136 
-0.570 

1994

1.585 
0.714 
0.024 
0.322 
-1.074 
-0.363 
-0.150 
-0.917 

1995


-0.127 
0.306 
0.210 
-0.350 
-0.892 
-3.127 
-1.382 

1996


-0.941 
0.360 
0.391 
-0.385 
-0.049 
-1.103 
-0.210 

1997










1998










1999


3.875 
0.713 
1.148 
-0.514 
-2.182 



2000










2001










2002

-1.992 
1.278 
-0.097 
1.884 
0.587 
-1.868 
-6.020 
-5.831 

Survey at age residuals

Year\Age
1
2
3
4

1985
3.087 
0.118 
-1.987 
-0.190 

1986
0.504 
0.117 
-1.230 
0.099 

1987
-1.783 
-0.118 
0.090 
-0.723 

1988
-2.994 
-1.078 
-0.150 
-0.193 

1989
-1.866 
0.264 
-0.175 
-0.223 

1990
-1.358 
0.418 
-0.237 
0.001 

1991
4.762 
-1.293 
0.626 
0.292 

1992
-1.069 
1.139 
0.422 
0.617 

1993
-0.366 
0.035 
1.004 
1.184 

1994
1.289 
-0.838 
-0.040 
-0.097 

1995
0.424 
1.554 
0.150 
0.142 

1996
-1.382 
0.785 
0.947 
0.148 

1997
3.025 
-0.421 
-0.224 
-0.751 

1998
1.543 
1.296 
0.406 
-0.198 

1999
-1.799 
-1.357 
-0.558 
-0.404 

2000
-2.016 
-0.670 
0.980 
-0.855 

2001





2002
-0.000 
0.049 
-0.024 
0.426 
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The data are according to the model relatively noisy and there seems to be a positive trend in the u@a residuals from the beginning of the series until and including the year 1998. An estimator of an efficiency coefficient for the period 1985 to 1998 indicates an increase in survey catchability by about 22% per year over that period. This could indicate: 1) an increase in relative availability of cod in the survey area, 2) increase in catchability due to systematic changes in w@a, 3) substantial improvement in efficiency of the survey participants, 4) decline in reporting of catches over the period. This is not an inclusive list and of course this may just be due to noise in the data. The lack of catch at age data in the most recent years make the use of this analysis suspect as a basis for management advice. Given the historical data series available so far, continuous and accurate sampling from the fishery may make this feasable in the forseeable future.
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Population size on the x-axis vs. survey indices on the y-axis - a straight line fit through the orgin on the left side plots.

Year
N2
Y/Bfish
Y/B3+
Avg F3-7
Bfish
B3+

1985
21
28%
27%
0.28
30
31

1986
58
21%
15%
0.20
25
35

1987
44
52%
26%
0.60
35
70

1988
24
39%
23%
0.39
48
81

1989
24
59%
44%
0.73
63
86

1990
8
73%
51%
1.04
39
55

1991
5
91%
67%
1.61
19
27

1992
6
75%
53%
1.07
8
11

1993
3
41%
24%
0.43
5
8

1994
2
34%
26%
0.34
6
8

1995
2
24%
21%
0.23
7
8

1996
2
12%
11%
0.11
8
9

1997
5
16%
14%
0.14
8
9

1998
1
4%
3%
0.04
8
10

1999
1
8%
7%
0.07
8
9

2000
7
9%
9%
0.08
8
9

2001
11
23%
16%
0.22
7
11

2002
27
57%
32%
0.68
6
12

2003




9
23

Summary table: Point estimators of recruitment, exploitation and stock estimates.

The point estimators indicate that the exploitation rate in recent years has been increasing. There are indication of improved recruitments in the last three years that may be entering into the fishable biomass in the forseeable future. 
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