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3 Faroe Bank Cod 

Summary 

The total reported landings in 2012 were 107 tonnes a three-fold decrease with re-

spect to 2011. 

The 2013 spring index suggests a slight increase in stock biomass. However this value 

needs to be taken with caution as only half the total number of stations were sur-

veyed in 2013 due to logistic problems. Nevertheless both the summer and spring 

index suggest the stock is well below average while there is no indication of strong 

incoming year classes. 

The results of an exploratory production model based on both surveys indicate a 

good agreement in the stock biomass index in recent years whereas the observed sur-

vey-based exploitation rates correlates reasonably well with estimated fishing mor-

talities. However the model  failed to pick up the large increases in stock biomass 

observed in the 1996-2003 period Correlation between modelled F’s and summer sur-

vey based exploitation rates is R2=0.92. The exploitation ratio sharply increased in 

2011 as a consequence of the increase in landings and it decreased the following year 

reflecting the fall of catches observed in 2012. 

3.1 State of the stock - historical and compared to what is now. 

Total nominal catches of the Faroe Bank cod from 1987 to 2012 as officially reported 

to ICES are given in Table 3.1 and since 1965 in Figure 3.1 UK catches reported to be 

taken on the Faroe Bank are all assumed to be taken on the Faroe Plateau and are 

therefore not used in the assessment. Landings have been highly variable from 1965 

to the mid-1980s, reflecting the opportunistic nature of the cod fishery on the Bank, 

with peak landings slightly exceeding 5 000t in 1973 and 2003. The trend of landings 

has been smoother since 1987, declining from about 3 500t in 1987 to only 330 t in 

1992 before increasing to 3 600t in 1997. In 2012 landings were estimated at 107t 

which is a three-fold decreased with respect to 2011. (Figure 3.7.1). Longline fishing 

effort increased substantially in 2003 and although it decreased in 2004 and 2005 the 

latter remains the second highest fishing effort observed since 1988 (Figure 3.1). From 

2005 to 2007 the effort has been reduced substantially. In the 2010-2011 and 2011-2012 

fishing years a total of 61 and 100 fishing-days were allocated to the Bank. No days 

were allocated in the 2012-2013 fishing year. 

The Faroese groundfish surveys (spring and summer) cover the Faroe Bank and cod 

is mainly taken within the 200 m depth contour. The catches of cod per trawl hour in 

depths shallower than 200 meter are shown in Figure 3.2. 

The spring survey was initiated in 1983 and discontinued in 1996,2004 and 2005. The 

summer survey has been carried out since 1996. The CPUE of the spring survey was 

low during 1988 to 1995 varying between 73 and 95 kg per tow. Although noisy, the 

survey suggests higher, possibly increasing biomass during 1995 - 2003. The 2013 in-

dex is estimated at 134 kg per tow, which is the largest observed since 2003. However 

this value needs to be taken with caution as only half the total number of stations 

were surveyed in 2013 due to logistic problems. The 2012 summer index is estimated 

at 34 kg per tow which is very close to the observed average since 2004 (46 kg per 

tow). The agreement between the summer and spring index is good during 1996 to 
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2001 and since 2006, but they diverged in 2002 and 2003.  Both indexes have re-

mained well below average since 2004. 

The figure of length distributions (figure 3...3 and figure 3.5.1) show in general good 

recruitment of 1 year old in the summer survey from 2000 – 2002 (lengths 26 – 45 cm), 

corresponding to good recruitment of 2 years old in the spring surveys from 2001 to 

2003 (40 – 60 cm). The spring index shows poor recruitment from 2006 to 2013 reflect-

ing the weak year classes observed in the summer survey since 2004. Age-

disaggregated indices confirm the pattern observed in the length composition (figure 

3.4 and figure 3.6) 

A way to estimate recruitment strength is by simply counting the number of fish in 

length groups in the surveys. In the spring index, recruitment was estimated as total 

number of fish below 60 cm (2-year old) and in the summer index as number of fish 

below 45 cm (1-year old). According to the summer index the recruitment of 1 year 

old has been good from 2000 to 2003, while the recruitment has been relatively poor 

since 2004 (Figure 3.7) The spring recruitment index in 2013 shows no sign of incom-

ing year classes. Correlation between the spring and summer survey recruitment in-

dices is fairly good (r2=0.85). Correlation between numbers of 1-year and 2-years old 

cod in the age-disaggregated summer and spring surveys respectively is estimated at 

r2=0.79. 

The group tried the ASPIC (Prager 1992) stock production model for the stock. The 

model requires catch data and corresponding effort or CPUE data that are reasonable 

indices of the stock biomass.  

ASPIC requires starting guesses for r, the intrinsic rate of increase, MSY, B1/Bmsy 

ratio and q, catchability coefficients. No sensitivity analysis was performed to explore 

the stability of parameter estimation. 

The program was run with the time-series from 1983-2012 including spring survey  

and 1996-2012 summer CPUE’s separately. The result of the runs are presented in 

tables 3.2 and 3.3 For both runs the model seemed to follow reasonably well  survey 

trends in periods of low stock abundances but it failed to pick up the large increases 

observed in the 1996-2003 period (figures 3.8 and 3.9). The agreement between mod-

eled fishing mortalities from the model and exploitation ratios in the summer and 

spring indexes is estimated at r2=92 and r2=47 respectively (Figure 3.10). The ratio of 

landings to the survey indices provides an exploitation ratio, which can be used as a 

proxy to relative changes in fishing mortality. For the summer survey, the results 

suggest that fishing mortality has been reasonably stable during 1996 to 2002, but that 

it increased steeply in 2003, consistent with the 160% increase in longline fishing days 

in that year (Figure 3.1). The exploitation ratio has decreased since 2006 but increased 

in 2011 due to the increase in catches and decreased again the following year reflect-

ing the fall of catches observed in 2012. 

3.2 Comparison with previous assessment and forecast 

The status of the stock remains almost unchanged with respect to last year assess-

ment. Both the spring and the summer indexes suggest the stock is well below aver-

age while there are no indications of incoming recruitment. The exploratory 

production model performed in 2013 confirms the poor status of the stock. 
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3.3 Management plans and evaluations (Could just be a reference to the 

year when the plan was agreed/evaluated.  Include proposed/agreed 

management plan.) 

None 

3.4 Management considerations  

The landing estimates are uncertain because since 1996 vessels are allowed to fish 

both on the Plateau and on Faroe Bank during the same trip, rendering landings from 

both areas uncertain. Given the relative size of the two fisheries, this is a bigger prob-

lem for Faroe Bank cod than for Faroe Plateau cod, but the magnitude remains un-

quantified for both. The ability to provide advice depends on the reliability of input 

data. If the cod landings from Faroe Bank are not known, it is difficult to provide ad-

vice. If the fishery management agency intends to manage the two fisheries to protect 

the productive capacity of each individual unit, then it is necessary to identify the 

catch removed from each stock. Simple measures should make it possible to identify 

if the catch is originating from the Bank or from the Plateau e.g. by storing in differ-

ent section of the hold and/or by tagging of the different boxes. 

Consistent with the advice given in 2012 the WG suggests the closure of the fishery 

until the recovery of the stock is confirmed. The reopening of the fishery should not 

be considered until both surveys indicate a biomass at or above the average that of 

the period 1996-2002. 

3.5 Regulations and their effects  

In 1990, the decreasing trends in cod landings from Faroe Bank lead ACFM to advise 

the Faroese authorities to close the bank to all fishing. This advice was followed for 

depths shallower than 200 meters. In 1992 and 1993 longliners and jiggers were al-

lowed to participate in an experimental fishery inside the 200 meters depth contour. 

For the quota year 1 September 1995 to 31 August 1996 a fixed quota of 1 050 t was 

set. The new management regime with fishing days was introduced on 1 June 1996 

allowing longliners and jiggers to fish inside the 200 m contour. The trawlers are al-

lowed to fish outside the 200 m contour. 

A total fishing ban during the spawning period (1 March to 1 May) has been enforced 

since 2005. In 2009 fishing was restricted to all fishing gears from 1 January to 31 Au-

gust. However,in the 2010-2011 and 2011-2012 fishing years a total of 61 and 100 fish-

ing-days were allocated to the Bank to jiggers in the shallow waters of the Bank. No 

days were allocated in the 2012-2013 fishing year. 

3.6 Changes in fishing technology and fishing patterns 

None 

3.7 Changes in the environment 

None 
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Table 3.1. Faroe Bank (sub-division Vb2) cod. Nominal catches (tonnes) by countries 1986-2012 as 

officially reported to ICES. From 1992 the catches by Faroe Islands and Norway are used in the 

assessment. 

1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998

Faroe Islands 1836 3409 2966 1270 289 297 122 264 717 561 2051 3459 3092

Norw ay 6 23 94 128 72 38 32 2 8 40 55 135 147

UK (E/W/NI) - - - - 2 2 1 2 74 2 186 2 56 2 43 2 126 3 61 3 27 3

UK  (Scotland) 63 3 47 3 37 3 14 3 205 3 90 3 176 3 118 3 227 3 551 3 382 3 277 3 265 3

Total 1905 3479 3097 1412 568 426 404 570 1008 1195 2614 3932 3531

Used in assessment 289 297 154 266 725 601 2106 3594 3239

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

Faroe Islands 1001 1094 1840 5957 3607 1270 1005 471 231 81 111 381 114

Norw ay 88 49 51 25 72 18 37 10 7 1 4 1

Greenland - - - - - - - - - - - -

UK (E/W/NI) 51 3 18 3 50 3 42 3 15 3 15 3 24 3 1 3

UK  (Scotland) 210 3 245 3 288 3 218 3 254 3 244 3 1129 3 278 3 53 32 38 54

Total 1350 312 1483 2125 6298 3884 2460 1294 531 264 123 166 381 114

Correction of Faroese 

catches in Vb2

-65 -109 -353 -214 -75 -60 -28 -14 -5 -7 -23 -7

Used in assessment 1089 1194 1080 1756 5676 3411 1232 955 450 218 80 105 358 107  
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Table 3.2. Faroe Bank (sub-division Vb2) cod. Surplus production model output using the sum-

mer index. 

Faroe Bank Cod RV                                                                                                Page 1 

                                                                                                21 Apr 2013 at 13:04.12 

ASPIC -- A Surplus-Production Model Including Covariates (Ver. 3.82)                                           FIT Mode 

 

Author: Michael H. Prager; NOAA/NMFS/S.E. Fisheries Science Center                                  ASPIC User's Manual 

        101 Pivers Island Road; Beaufort, North Carolina  28516  USA                                is available gratis 

                                                                                                       from the author. 

Ref:    Prager, M. H.  1994.  A suite of extensions to a nonequilibrium 

        surplus-production model.  Fishery Bulletin 92: 374-389. 

 

 

CONTROL PARAMETERS USED (FROM INPUT FILE) 

------------------------------------------------------------------------------------------------------------------------ 

Number of years analyzed:                        48             Number of bootstrap trials:               0 

Number of data series:                                 1              Lower bound on MSY:                      5.000E+02 

Objective function computed:           in effort         Upper bound on MSY:                      1.000E+09 

Relative conv. criterion (simplex):    1.000E-08       Lower bound on r:                              7.000E-02 

Relative conv. criterion (restart):       3.000E-08       Upper bound on r:                              2.500E+00 

Relative conv. criterion (effort):        1.000E-04        Random number seed:                      2010417 

Maximum F allowed in fitting:                 8.000        Monte Carlo search mode, trials:    1     10000 

 

 

PROGRAM STATUS INFORMATION (NON-BOOTSTRAPPED ANALYSIS)                                                          code  0 

------------------------------------------------------------------------------------------------------------------------ 

Normal convergence.                                                           

 

 

GOODNESS-OF-FIT AND WEIGHTING FOR NON-BOOTSTRAPPED ANALYSIS 

------------------------------------------------------------------------------------------------------------------------ 

                                                     Weighted           Weighted      Current    Suggested    R-squared 

Loss component number and title                           SSE    N           MSE       weight       weight      in CPUE 

 

Loss(-1)  SSE in yield                              0.000E+00 

Loss( 0)  Penalty for B1R > 2                  1.375E-03    1           N/A    1.000E-01          N/A 

Loss( 1)  Survey CPUE Summer           1.680E+00   17     1.120E-01    1.000E+00    1.000E+00        0.750 

TOTAL OBJECTIVE FUNCTION:      1.68129927E+00 

 

NOTE: B1-ratio constraint term contributing to loss. Sensitivity analysis advised. 

 

Number of restarts required for convergence:               11 

Est. B-ratio coverage index (0 worst, 2 best):         1.9111                < These two measures are defined in Prager 

Est. B-ratio nearness index (0 worst, 1 best):         1.0000                <     et al. (1996), Trans. A.F.S. 125:729 

 

 

MODEL PARAMETER ESTIMATES (NON-BOOTSTRAPPED) 

------------------------------------------------------------------------------------------------------------------------ 

Parameter                                            Estimate     Starting guess    Estimated   User guess 

 

B1R       Starting biomass ratio, year 1965         2.249E+00          1.000E+00            1            1 

MSY       Maximum sustainable yield                1.593E+03          3.000E+03           1            1 

r         Intrinsic rate of increase                             1.988E-01          8.000E-01            1            1 

........  Catchability coefficients by fishery: 

q( 1)     Survey CPUE Summer                              2.257E-02          1.000E-02           1            1 

 

 

MANAGEMENT PARAMETER ESTIMATES (NON-BOOTSTRAPPED) 

------------------------------------------------------------------------------------------------------------------------ 

Parameter                                            Estimate            Formula         Related quantity 

 

MSY       Maximum sustainable yield                 1.593E+03               Kr/4 

K         Maximum stock biomass                     3.204E+04 

Bmsy      Stock biomass at MSY                      1.602E+04                K/2 

Fmsy      Fishing mortality at MSY                  9.942E-02                r/2 

 

F(0.1)    Management benchmark                      8.948E-02           0.9*Fmsy 

Y(0.1)    Equilibrium yield at F(0.1)               1.577E+03           0.99*MSY 

 

B-ratio   Ratio of B(2013) to Bmsy                  1.388E-01 

F-ratio   Ratio of F(2012) to Fmsy                  5.173E-01 

F01-mult  Ratio of F(0.1) to F(2012)                1.740E+00 
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Y-ratio   Proportion of MSY avail in 2013           2.583E-01          2*Br-Br^2     Ye(2013) = 4.114E+02 

 

........  Fishing effort at MSY in units of each fishery: 

fmsy( 1)  Survey CPUE Summer                        4.405E+00           r/2q( 1)       f(0.1) = 3.964E+00 
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ESTIMATED POPULATION TRAJECTORY (NON-BOOTSTRAPPED) 

------------------------------------------------------------------------------------------------------------------------ 

 
           Estimated   Estimated    Estimated     Observed        Model    Estimated     Ratio of     Ratio of 

      Year     total    starting      average        total        total      surplus       F mort      biomass 

Obs  or ID    F mort     biomass      biomass        yield        yield   production      to Fmsy      to Bmsy 

  1   1965     0.068   3.602E+04    3.451E+04    2.341E+03    2.341E+03   -5.348E+02    6.822E-01    2.249E+00 

  2   1966     0.059   3.315E+04    3.214E+04    1.909E+03    1.909E+03   -2.236E+01    5.974E-01    2.069E+00 

  3   1967     0.051   3.122E+04    3.055E+04    1.569E+03    1.569E+03    2.816E+02    5.166E-01    1.949E+00 

  4   1968     0.137   2.993E+04    2.825E+04    3.871E+03    3.871E+03    6.594E+02    1.378E+00    1.868E+00 

  5   1969     0.095   2.672E+04    2.595E+04    2.457E+03    2.457E+03    9.792E+02    9.523E-01    1.668E+00 

  6   1970     0.124   2.524E+04    2.429E+04    3.002E+03    3.002E+03    1.167E+03    1.243E+00    1.576E+00 

  7   1971     0.090   2.340E+04    2.300E+04    2.079E+03    2.079E+03    1.290E+03    9.093E-01    1.461E+00 

  8   1972     0.098   2.262E+04    2.220E+04    2.168E+03    2.168E+03    1.355E+03    9.824E-01    1.412E+00 

  9   1973     0.256   2.180E+04    1.991E+04    5.101E+03    5.101E+03    1.492E+03    2.577E+00    1.361E+00 

 10   1974     0.115   1.819E+04    1.794E+04    2.068E+03    2.068E+03    1.570E+03    1.160E+00    1.136E+00 

 11   1975     0.117   1.770E+04    1.746E+04    2.036E+03    2.036E+03    1.580E+03    1.173E+00    1.105E+00 

 12   1976     0.134   1.724E+04    1.690E+04    2.258E+03    2.258E+03    1.588E+03    1.344E+00    1.076E+00 

 13   1977     0.057   1.657E+04    1.689E+04    9.590E+02    9.590E+02    1.588E+03    5.712E-01    1.034E+00 

 14   1978     0.278   1.720E+04    1.574E+04    4.379E+03    4.379E+03    1.588E+03    2.799E+00    1.074E+00 

 15   1979     0.090   1.441E+04    1.454E+04    1.306E+03    1.306E+03    1.579E+03    9.032E-01    8.993E-01 

 16   1980     0.081   1.468E+04    1.487E+04    1.203E+03    1.203E+03    1.584E+03    8.136E-01    9.164E-01 

 17   1981     0.081   1.506E+04    1.524E+04    1.229E+03    1.229E+03    1.589E+03    8.110E-01    9.402E-01 

 18   1982     0.144   1.542E+04    1.512E+04    2.184E+03    2.184E+03    1.587E+03    1.453E+00    9.627E-01 

 19   1983     0.158   1.482E+04    1.446E+04    2.284E+03    2.284E+03    1.577E+03    1.588E+00    9.254E-01 

 20   1984     0.159   1.412E+04    1.380E+04    2.189E+03    2.189E+03    1.562E+03    1.596E+00    8.813E-01 

 21   1985     0.228   1.349E+04    1.278E+04    2.913E+03    2.913E+03    1.526E+03    2.293E+00    8.421E-01 

 22   1986     0.154   1.210E+04    1.193E+04    1.836E+03    1.836E+03    1.489E+03    1.548E+00    7.556E-01 

 23   1987     0.318   1.176E+04    1.072E+04    3.409E+03    3.409E+03    1.416E+03    3.199E+00    7.339E-01 

 24   1988     0.334   9.764E+03    8.884E+03    2.966E+03    2.966E+03    1.275E+03    3.358E+00    6.095E-01 

 25   1989     0.158   8.073E+03    8.036E+03    1.270E+03    1.270E+03    1.197E+03    1.590E+00    5.040E-01 

 26   1990     0.034   8.000E+03    8.470E+03    2.890E+02    2.890E+02    1.238E+03    3.432E-01    4.994E-01 

 27   1991     0.031   8.950E+03    9.459E+03    2.970E+02    2.970E+02    1.325E+03    3.158E-01    5.587E-01 

 28   1992     0.015   9.978E+03    1.060E+04    1.540E+02    1.540E+02    1.410E+03    1.461E-01    6.229E-01 

 29   1993     0.022   1.123E+04    1.184E+04    2.660E+02    2.660E+02    1.483E+03    2.260E-01    7.012E-01 

 30   1994     0.056   1.245E+04    1.285E+04    7.250E+02    7.250E+02    1.530E+03    5.673E-01    7.772E-01 

 31   1995     0.044   1.326E+04    1.374E+04    6.010E+02    6.010E+02    1.560E+03    4.401E-01    8.275E-01 

 32   1996     0.151   1.421E+04    1.394E+04    2.106E+03    2.106E+03    1.566E+03    1.520E+00    8.873E-01 

 33   1997     0.285   1.367E+04    1.259E+04    3.594E+03    3.594E+03    1.518E+03    2.870E+00    8.536E-01 

 34   1998     0.304   1.160E+04    1.065E+04    3.239E+03    3.239E+03    1.412E+03    3.060E+00    7.240E-01 

 35   1999     0.110   9.771E+03    9.907E+03    1.089E+03    1.089E+03    1.361E+03    1.106E+00    6.099E-01 

 36   2000     0.118   1.004E+04    1.014E+04    1.194E+03    1.194E+03    1.378E+03    1.185E+00    6.269E-01 

 37   2001     0.104   1.023E+04    1.039E+04    1.080E+03    1.080E+03    1.396E+03    1.046E+00    6.384E-01 

 38   2002     0.170   1.054E+04    1.036E+04    1.756E+03    1.756E+03    1.394E+03    1.705E+00    6.581E-01 

 39   2003     0.739   1.018E+04    7.678E+03    5.676E+03    5.676E+03    1.150E+03    7.436E+00    6.355E-01 

 40   2004     0.821   5.654E+03    4.156E+03    3.411E+03    3.411E+03    7.154E+02    8.256E+00    3.529E-01 

 41   2005     0.482   2.958E+03    2.556E+03    1.232E+03    1.232E+03    4.674E+02    4.849E+00    1.847E-01 

 42   2006     0.509   2.194E+03    1.875E+03    9.550E+02    9.550E+02    3.507E+02    5.124E+00    1.369E-01 

 43   2007     0.299   1.589E+03    1.505E+03    4.500E+02    4.500E+02    2.852E+02    3.007E+00    9.921E-02 

 44   2008     0.150   1.425E+03    1.453E+03    2.180E+02    2.180E+02    2.759E+02    1.509E+00    8.892E-02 

 45   2009     0.050   1.482E+03    1.590E+03    8.000E+01    8.000E+01    3.005E+02    5.060E-01    9.254E-02 

 46   2010     0.058   1.703E+03    1.819E+03    1.050E+02    1.050E+02    3.411E+02    5.808E-01    1.063E-01 

 47   2011     0.184   1.939E+03    1.941E+03    3.580E+02    3.580E+02    3.626E+02    1.855E+00    1.210E-01 

 48   2012     0.051   1.944E+03    2.081E+03    1.070E+02    1.070E+02    3.868E+02    5.173E-01    1.213E-01 

 49   2013             2.223E+03                                                                     1.388E-01 
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RESULTS FOR DATA SERIES # 1 (NON-BOOTSTRAPPED)                              Survey CPUE Summer                       

------------------------------------------------------------------------------------------------------------------------ 

Data type CC: CPUE-catch series                                             Series weight:  1.000 

 
                Observed    Estimated    Estim     Observed        Model    Resid in     Resid in 

Obs    Year         CPUE        CPUE         F        yield        yield   log scale        yield 

 

  1    1965     *           7.790E+02   0.0678    2.341E+03    2.341E+03     0.00000    0.000E+00 

  2    1966     *           7.254E+02   0.0594    1.909E+03    1.909E+03     0.00000    0.000E+00 

  3    1967     *           6.895E+02   0.0514    1.569E+03    1.569E+03     0.00000    0.000E+00 

  4    1968     *           6.375E+02   0.1370    3.871E+03    3.871E+03     0.00000    0.000E+00 

  5    1969     *           5.857E+02   0.0947    2.457E+03    2.457E+03     0.00000    0.000E+00 

  6    1970     *           5.482E+02   0.1236    3.002E+03    3.002E+03     0.00000    0.000E+00 

  7    1971     *           5.191E+02   0.0904    2.079E+03    2.079E+03     0.00000    0.000E+00 

  8    1972     *           5.010E+02   0.0977    2.168E+03    2.168E+03     0.00000    0.000E+00 

  9    1973     *           4.493E+02   0.2562    5.101E+03    5.101E+03     0.00000    0.000E+00 

 10    1974     *           4.049E+02   0.1153    2.068E+03    2.068E+03     0.00000    0.000E+00 

 11    1975     *           3.941E+02   0.1166    2.036E+03    2.036E+03     0.00000    0.000E+00 

 12    1976     *           3.813E+02   0.1336    2.258E+03    2.258E+03     0.00000    0.000E+00 

 13    1977     *           3.811E+02   0.0568    9.590E+02    9.590E+02     0.00000    0.000E+00 

 14    1978     *           3.552E+02   0.2782    4.379E+03    4.379E+03     0.00000    0.000E+00 

 15    1979     *           3.283E+02   0.0898    1.306E+03    1.306E+03     0.00000    0.000E+00 

 16    1980     *           3.357E+02   0.0809    1.203E+03    1.203E+03     0.00000    0.000E+00 

 17    1981     *           3.440E+02   0.0806    1.229E+03    1.229E+03     0.00000    0.000E+00 

 18    1982     *           3.412E+02   0.1445    2.184E+03    2.184E+03     0.00000    0.000E+00 

 19    1983     *           3.264E+02   0.1579    2.284E+03    2.284E+03     0.00000    0.000E+00 

 20    1984     *           3.114E+02   0.1587    2.189E+03    2.189E+03     0.00000    0.000E+00 

 21    1985     *           2.883E+02   0.2280    2.913E+03    2.913E+03     0.00000    0.000E+00 

 22    1986     *           2.692E+02   0.1539    1.836E+03    1.836E+03     0.00000    0.000E+00 

 23    1987     *           2.419E+02   0.3180    3.409E+03    3.409E+03     0.00000    0.000E+00 

 24    1988     *           2.005E+02   0.3339    2.966E+03    2.966E+03     0.00000    0.000E+00 

 25    1989     *           1.814E+02   0.1580    1.270E+03    1.270E+03     0.00000    0.000E+00 

 26    1990     *           1.912E+02   0.0341    2.890E+02    2.890E+02     0.00000    0.000E+00 

 27    1991     *           2.135E+02   0.0314    2.970E+02    2.970E+02     0.00000    0.000E+00 

 28    1992     *           2.392E+02   0.0145    1.540E+02    1.540E+02     0.00000    0.000E+00 

 29    1993     *           2.672E+02   0.0225    2.660E+02    2.660E+02     0.00000    0.000E+00 

 30    1994     *           2.901E+02   0.0564    7.250E+02    7.250E+02     0.00000    0.000E+00 

 31    1995     *           3.100E+02   0.0438    6.010E+02    6.010E+02     0.00000    0.000E+00 

 32    1996    3.105E+02    3.146E+02   0.1511    2.106E+03    2.106E+03     0.01308    0.000E+00 

 33    1997    4.492E+02    2.842E+02   0.2854    3.594E+03    3.594E+03    -0.45754    0.000E+00 

 34    1998    3.871E+02    2.403E+02   0.3042    3.239E+03    3.239E+03    -0.47660    0.000E+00 

 35    1999    1.495E+02    2.236E+02   0.1099    1.089E+03    1.089E+03     0.40230    0.000E+00 

 36    2000    1.199E+02    2.287E+02   0.1178    1.194E+03    1.194E+03     0.64592    0.000E+00 

 37    2001    2.626E+02    2.344E+02   0.1040    1.080E+03    1.080E+03    -0.11363    0.000E+00 

 38    2002    3.472E+02    2.338E+02   0.1695    1.756E+03    1.756E+03    -0.39545    0.000E+00 

 39    2003    1.618E+02    1.733E+02   0.7392    5.676E+03    5.676E+03     0.06882    0.000E+00 

 40    2004    7.304E+01    9.379E+01   0.8208    3.411E+03    3.411E+03     0.25006    0.000E+00 

 41    2005    6.188E+01    5.768E+01   0.4820    1.232E+03    1.232E+03    -0.07020    0.000E+00 

 42    2006    2.927E+01    4.231E+01   0.5094    9.550E+02    9.550E+02     0.36835    0.000E+00 

 43    2007    3.331E+01    3.397E+01   0.2990    4.500E+02    4.500E+02     0.01963    0.000E+00 

 44    2008    3.117E+01    3.280E+01   0.1500    2.180E+02    2.180E+02     0.05085    0.000E+00 

 45    2009    4.927E+01    3.589E+01   0.0503    8.000E+01    8.000E+01    -0.31678    0.000E+00 

 46    2010    4.164E+01    4.104E+01   0.0577    1.050E+02    1.050E+02    -0.01445    0.000E+00 

 47    2011    5.854E+01    4.381E+01   0.1844    3.580E+02    3.580E+02    -0.28981    0.000E+00 

 48    2012    3.425E+01    4.696E+01   0.0514    1.070E+02    1.070E+02     0.31547    0.000E+00 

 

* Asterisk indicates missing value(s). 
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Table 3.3. Faroe Bank (sub-division Vb2) cod. Surplus production model output using the spring 

index. 

Faroe Bank Cod RV                                                                             

Page 1 

                                                                                                

22 Apr 2013 at 16:29.29 

ASPIC -- A Surplus-Production Model Including Covariates (Ver. 3.82)                                

FIT Mode 

 

Author: Michael H. Prager; NOAA/NMFS/S.E. Fisheries Science Center                                  

ASPIC User's Manual 

        101 Pivers Island Road; Beaufort, North Carolina  28516  USA                                

is available gratis 

                                                                                                    

from the author. 

Ref:    Prager, M. H.  1994.  A suite of extensions to a nonequilibrium 

        surplus-production model.  Fishery Bulletin 92: 374-389. 

 

CONTROL PARAMETERS USED (FROM INPUT FILE) 

------------------------------------------------------------------------------------------

------------------------------ 

Number of years analyzed:                        48              Number of bootstrap tri-

als:                           0 

Number of data series:                            1                    Lower bound on MSY:        

5.000E+02 

Objective function computed:             in effort         Upper bound on MSY:                     

1.000E+09 

Relative conv. criterion (simplex):     1.000E-08        Lower bound on r:                        

7.000E-02 

Relative conv. criterion (restart):       3.000E-08         Upper bound on r:                      

2.500E+00 

Relative conv. criterion (effort):        1.000E-04         Random number seed:                    

2010417 

Maximum F allowed in fitting:                 8.000          Monte Carlo search mode, tri-

als:            1     10000 

 

 

PROGRAM STATUS INFORMATION (NON-BOOTSTRAPPED ANALYSIS)                                             

code  0 

------------------------------------------------------------------------------------------

------------------------------ 

Normal convergence.                                                           

 

 

GOODNESS-OF-FIT AND WEIGHTING FOR NON-BOOTSTRAPPED ANALYSIS 

------------------------------------------------------------------------------------------

------------------------------ 

                                                     Weighted           Weighted      Cur-

rent    Suggested    R-squared 

Loss component number and title                           SSE    N           MSE       

weight       weight      in CPUE 

 

Loss(-1)  SSE in yield                              0.000E+00 

Loss( 0)  Penalty for B1R > 2                       2.177E-02    1           N/A    

1.000E-01          N/A 

Loss( 1)  Survey CPUE Spring                        1.831E+01   27     7.324E-01    

1.000E+00    1.000E+00        0.177 

TOTAL OBJECTIVE FUNCTION:                      1.83308597E+01 

 

NOTE: B1-ratio constraint term contributing to loss. Sensitivity analysis advised. 

 

Number of restarts required for convergence:               16 

Est. B-ratio coverage index (0 worst, 2 best):         1.8978                < These two 

measures are defined in Prager 

Est. B-ratio nearness index (0 worst, 1 best):         1.0000                <     et al. 

(1996), Trans. A.F.S. 125:729 

 

 

MODEL PARAMETER ESTIMATES (NON-BOOTSTRAPPED) 

------------------------------------------------------------------------------------------

------------------------------ 

Parameter                                            Estimate     Starting guess    Esti-

mated   User guess 

 

B1R       Starting biomass ratio, year 1965         3.189E+00          1.000E+00            

1            1 

MSY       Maximum sustainable yield                 2.144E+03          3.000E+03            

1            1 

r         Intrinsic rate of increase                5.935E-01          8.000E-01            

1            1 

........  Catchability coefficients by fishery: 

q( 1)     Survey CPUE Spring                        3.698E-02          1.000E-02            

1            1 
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MANAGEMENT PARAMETER ESTIMATES (NON-BOOTSTRAPPED) 

------------------------------------------------------------------------------------------

------------------------------ 

Parameter                                            Estimate            Formula         

Related quantity 

 

MSY       Maximum sustainable yield                 2.144E+03               Kr/4 

K         Maximum stock biomass                     1.445E+04 

Bmsy      Stock biomass at MSY                      7.226E+03                K/2 

Fmsy      Fishing mortality at MSY                  2.967E-01                r/2 

 

F(0.1)    Management benchmark                      2.671E-01           0.9*Fmsy 

Y(0.1)    Equilibrium yield at F(0.1)               2.123E+03           0.99*MSY 

 

B-ratio   Ratio of B(2013) to Bmsy                  7.397E-01 

F-ratio   Ratio of F(2012) to Fmsy                  8.086E-02 

F01-mult  Ratio of F(0.1) to F(2012)                1.113E+01 

Y-ratio   Proportion of MSY avail in 2013           9.322E-01          2*Br-Br^2     

Ye(2013) = 1.999E+03 

 

........  Fishing effort at MSY in units of each fishery: 

fmsy( 1)  Survey CPUE Spring                        8.024E+00           r/2q( 1)       

f(0.1) = 7.221E+00 
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ESTIMATED POPULATION TRAJECTORY (NON-BOOTSTRAPPED) 

------------------------------------------------------------------------------------------------------------------------ 

 
           Estimated   Estimated    Estimated     Observed        Model    Estimated     Ratio of     Ratio of 

      Year     total    starting      average        total        total      surplus       F mort      biomass 

Obs  or ID    F mort     biomass      biomass        yield        yield   production      to Fmsy      to Bmsy 

 

  1   1965     0.121   2.304E+04    1.931E+04    2.341E+03    2.341E+03   -3.979E+03    4.087E-01    3.189E+00 

  2   1966     0.125   1.672E+04    1.532E+04    1.909E+03    1.909E+03   -5.691E+02    4.198E-01    2.315E+00 

  3   1967     0.115   1.425E+04    1.363E+04    1.569E+03    1.569E+03    4.556E+02    3.879E-01    1.972E+00 

  4   1968     0.331   1.313E+04    1.170E+04    3.871E+03    3.871E+03    1.300E+03    1.115E+00    1.817E+00 

  5   1969     0.241   1.056E+04    1.020E+04    2.457E+03    2.457E+03    1.780E+03    8.120E-01    1.462E+00 

  6   1970     0.322   9.885E+03    9.322E+03    3.002E+03    3.002E+03    1.960E+03    1.085E+00    1.368E+00 

  7   1971     0.236   8.843E+03    8.822E+03    2.079E+03    2.079E+03    2.039E+03    7.941E-01    1.224E+00 

  8   1972     0.248   8.804E+03    8.741E+03    2.168E+03    2.168E+03    2.050E+03    8.358E-01    1.218E+00 

  9   1973     0.727   8.686E+03    7.015E+03    5.101E+03    5.101E+03    2.112E+03    2.450E+00    1.202E+00 

 10   1974     0.364   5.697E+03    5.686E+03    2.068E+03    2.068E+03    2.047E+03    1.226E+00    7.884E-01 

 11   1975     0.358   5.676E+03    5.681E+03    2.036E+03    2.036E+03    2.046E+03    1.208E+00    7.855E-01 

 12   1976     0.406   5.686E+03    5.568E+03    2.258E+03    2.258E+03    2.031E+03    1.367E+00    7.869E-01 

 13   1977     0.159   5.459E+03    6.026E+03    9.590E+02    9.590E+02    2.081E+03    5.363E-01    7.555E-01 

 14   1978     0.836   6.581E+03    5.238E+03    4.379E+03    4.379E+03    1.962E+03    2.817E+00    9.108E-01 

 15   1979     0.295   4.164E+03    4.424E+03    1.306E+03    1.306E+03    1.821E+03    9.947E-01    5.763E-01 

 16   1980     0.238   4.679E+03    5.056E+03    1.203E+03    1.203E+03    1.949E+03    8.019E-01    6.476E-01 

 17   1981     0.210   5.425E+03    5.849E+03    1.229E+03    1.229E+03    2.064E+03    7.081E-01    7.508E-01 

 18   1982     0.351   6.260E+03    6.217E+03    2.184E+03    2.184E+03    2.102E+03    1.184E+00    8.664E-01 

 19   1983     0.376   6.178E+03    6.077E+03    2.284E+03    2.284E+03    2.090E+03    1.267E+00    8.551E-01 

 20   1984     0.369   5.984E+03    5.925E+03    2.189E+03    2.189E+03    2.075E+03    1.245E+00    8.282E-01 

 21   1985     0.541   5.870E+03    5.385E+03    2.913E+03    2.913E+03    2.002E+03    1.823E+00    8.124E-01 

 22   1986     0.366   4.959E+03    5.014E+03    1.836E+03    1.836E+03    1.943E+03    1.234E+00    6.863E-01 

 23   1987     0.820   5.066E+03    4.158E+03    3.409E+03    3.409E+03    1.748E+03    2.763E+00    7.011E-01 

 24   1988     1.245   3.406E+03    2.382E+03    2.966E+03    2.966E+03    1.170E+03    4.197E+00    4.713E-01 

 25   1989     0.975   1.609E+03    1.302E+03    1.270E+03    1.270E+03    7.020E+02    3.287E+00    2.227E-01 

 26   1990     0.237   1.041E+03    1.220E+03    2.890E+02    2.890E+02    6.624E+02    7.983E-01    1.441E-01 

 27   1991     0.175   1.415E+03    1.696E+03    2.970E+02    2.970E+02    8.873E+02    5.901E-01    1.958E-01 

 28   1992     0.061   2.005E+03    2.513E+03    1.540E+02    1.540E+02    1.228E+03    2.065E-01    2.775E-01 

 29   1993     0.071   3.079E+03    3.741E+03    2.660E+02    2.660E+02    1.639E+03    2.396E-01    4.261E-01 

 30   1994     0.143   4.452E+03    5.059E+03    7.250E+02    7.250E+02    1.946E+03    4.829E-01    6.161E-01 

 31   1995     0.093   5.673E+03    6.432E+03    6.010E+02    6.010E+02    2.110E+03    3.149E-01    7.851E-01 

 32   1996     0.292   7.183E+03    7.203E+03    2.106E+03    2.106E+03    2.144E+03    9.853E-01    9.940E-01 

 33   1997     0.560   7.221E+03    6.418E+03    3.594E+03    3.594E+03    2.110E+03    1.887E+00    9.993E-01 

 34   1998     0.643   5.737E+03    5.039E+03    3.239E+03    3.239E+03    1.942E+03    2.166E+00    7.939E-01 

 35   1999     0.224   4.440E+03    4.853E+03    1.089E+03    1.089E+03    1.911E+03    7.562E-01    6.145E-01 

 36   2000     0.210   5.262E+03    5.693E+03    1.194E+03    1.194E+03    2.045E+03    7.068E-01    7.282E-01 

 37   2001     0.163   6.113E+03    6.646E+03    1.080E+03    1.080E+03    2.127E+03    5.476E-01    8.460E-01 

 38   2002     0.239   7.159E+03    7.361E+03    1.756E+03    1.756E+03    2.143E+03    8.039E-01    9.908E-01 

 39   2003     1.048   7.546E+03    5.414E+03    5.676E+03    5.676E+03    1.964E+03    3.533E+00    1.044E+00 

 40   2004     1.321   3.834E+03    2.582E+03    3.411E+03    3.411E+03    1.243E+03    4.452E+00    5.306E-01 

 41   2005     0.873   1.666E+03    1.412E+03    1.232E+03    1.232E+03    7.552E+02    2.941E+00    2.305E-01 

 42   2006     0.994   1.189E+03    9.604E+02    9.550E+02    9.550E+02    5.315E+02    3.351E+00    1.645E-01 

 43   2007     0.599   7.654E+02    7.518E+02    4.500E+02    4.500E+02    4.230E+02    2.017E+00    1.059E-01 

 44   2008     0.252   7.384E+02    8.645E+02    2.180E+02    2.180E+02    4.822E+02    8.498E-01    1.022E-01 

 45   2009     0.062   1.003E+03    1.288E+03    8.000E+01    8.000E+01    6.952E+02    2.092E-01    1.387E-01 

 46   2010     0.051   1.618E+03    2.058E+03    1.050E+02    1.050E+02    1.045E+03    1.719E-01    2.239E-01 

 47   2011     0.116   2.557E+03    3.075E+03    3.580E+02    3.580E+02    1.433E+03    3.924E-01    3.539E-01 

 48   2012     0.024   3.632E+03    4.459E+03    1.070E+02    1.070E+02    1.820E+03    8.086E-02    5.026E-01 

 49   2013             5.345E+03                                                                     7.397E-01 
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RESULTS FOR DATA SERIES # 1 (NON-BOOTSTRAPPED)                              Survey CPUE Spring                       

-------------------------------------------------------------------------------------------------

----------------------- 

Data type CC: CPUE-catch series                                             Series weight:  1.000 

 

                Observed    Estimated    Estim     Observed        Model    Resid in     Resid in 

Obs    Year         CPUE        CPUE         F        yield        yield   log scale        yield 

 

  1    1965     *           7.140E+02   0.1213    2.341E+03    2.341E+03     0.00000    0.000E+00 

  2    1966     *           5.667E+02   0.1246    1.909E+03    1.909E+03     0.00000    0.000E+00 

  3    1967     *           5.041E+02   0.1151    1.569E+03    1.569E+03     0.00000    0.000E+00 

  4    1968     *           4.326E+02   0.3309    3.871E+03    3.871E+03     0.00000    0.000E+00 

  5    1969     *           3.771E+02   0.2410    2.457E+03    2.457E+03     0.00000    0.000E+00 

  6    1970     *           3.447E+02   0.3220    3.002E+03    3.002E+03     0.00000    0.000E+00 

  7    1971     *           3.263E+02   0.2356    2.079E+03    2.079E+03     0.00000    0.000E+00 

  8    1972     *           3.233E+02   0.2480    2.168E+03    2.168E+03     0.00000    0.000E+00 

  9    1973     *           2.595E+02   0.7271    5.101E+03    5.101E+03     0.00000    0.000E+00 

 10    1974     *           2.103E+02   0.3637    2.068E+03    2.068E+03     0.00000    0.000E+00 

 11    1975     *           2.101E+02   0.3584    2.036E+03    2.036E+03     0.00000    0.000E+00 

 12    1976     *           2.059E+02   0.4056    2.258E+03    2.258E+03     0.00000    0.000E+00 

 13    1977     *           2.228E+02   0.1592    9.590E+02    9.590E+02     0.00000    0.000E+00 

 14    1978     *           1.937E+02   0.8360    4.379E+03    4.379E+03     0.00000    0.000E+00 

 15    1979     *           1.636E+02   0.2952    1.306E+03    1.306E+03     0.00000    0.000E+00 

 16    1980     *           1.870E+02   0.2379    1.203E+03    1.203E+03     0.00000    0.000E+00 

 17    1981     *           2.163E+02   0.2101    1.229E+03    1.229E+03     0.00000    0.000E+00 

 18    1982     *           2.299E+02   0.3513    2.184E+03    2.184E+03     0.00000    0.000E+00 

 19    1983    7.899E+01    2.247E+02   0.3759    2.284E+03    2.284E+03     1.04561    0.000E+00 

 20    1984    1.752E+02    2.191E+02   0.3695    2.189E+03    2.189E+03     0.22357    0.000E+00 

 21    1985    1.735E+02    1.991E+02   0.5410    2.913E+03    2.913E+03     0.13802    0.000E+00 

 22    1986    2.661E+02    1.854E+02   0.3662    1.836E+03    1.836E+03    -0.36108    0.000E+00 

 23    1987    1.640E+02    1.538E+02   0.8199    3.409E+03    3.409E+03    -0.06468    0.000E+00 

 24    1988    7.311E+01    8.808E+01   1.2454    2.966E+03    2.966E+03     0.18627    0.000E+00 

 25    1989    3.655E+01    4.816E+01   0.9753    1.270E+03    1.270E+03     0.27577    0.000E+00 

 26    1990    2.324E+01    4.512E+01   0.2369    2.890E+02    2.890E+02     0.66342    0.000E+00 

 27    1991    5.097E+01    6.273E+01   0.1751    2.970E+02    2.970E+02     0.20756    0.000E+00 

 28    1992    2.843E+01    9.294E+01   0.0613    1.540E+02    1.540E+02     1.18446    0.000E+00 

 29    1993    2.576E+01    1.384E+02   0.0711    2.660E+02    2.660E+02     1.68098    0.000E+00 

 30    1994    8.674E+01    1.871E+02   0.1433    7.250E+02    7.250E+02     0.76874    0.000E+00 

 31    1995    9.017E+01    2.379E+02   0.0934    6.010E+02    6.010E+02     0.96997    0.000E+00 

 32    1996     *           2.664E+02   0.2924    2.106E+03    2.106E+03     0.00000    0.000E+00 

 33    1997    5.934E+02    2.374E+02   0.5600    3.594E+03    3.594E+03    -0.91633    0.000E+00 

 34    1998    6.074E+02    1.863E+02   0.6428    3.239E+03    3.239E+03    -1.18164    0.000E+00 

 35    1999    4.210E+02    1.795E+02   0.2244    1.089E+03    1.089E+03    -0.85263    0.000E+00 

 36    2000    3.645E+02    2.105E+02   0.2097    1.194E+03    1.194E+03    -0.54885    0.000E+00 

 37    2001    1.022E+03    2.458E+02   0.1625    1.080E+03    1.080E+03    -1.42534    0.000E+00 

 38    2002    4.439E+02    2.722E+02   0.2386    1.756E+03    1.756E+03    -0.48892    0.000E+00 

 39    2003    8.671E+02    2.002E+02   1.0483    5.676E+03    5.676E+03    -1.46565    0.000E+00 

 40    2004     *           9.549E+01   1.3210    3.411E+03    3.411E+03     0.00000    0.000E+00 

 41    2005     *           5.221E+01   0.8727    1.232E+03    1.232E+03     0.00000    0.000E+00 

 42    2006    6.051E+01    3.552E+01   0.9944    9.550E+02    9.550E+02    -0.53281    0.000E+00 

 43    2007    5.206E+01    2.780E+01   0.5986    4.500E+02    4.500E+02    -0.62725    0.000E+00 

 44    2008    6.402E+01    3.197E+01   0.2522    2.180E+02    2.180E+02    -0.69430    0.000E+00 

 45    2009    5.550E+01    4.765E+01   0.0621    8.000E+01    8.000E+01    -0.15252    0.000E+00 

 46    2010    5.808E+01    7.612E+01   0.0510    1.050E+02    1.050E+02     0.27055    0.000E+00 

 47    2011    1.224E+02    1.137E+02   0.1164    3.580E+02    3.580E+02    -0.07370    0.000E+00 

 48    2012    4.454E+01    1.649E+02   0.0240    1.070E+02    1.070E+02     1.30905    0.000E+00 

 

* Asterisk indicates missing value(s). 
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Figure 3.1. Faroe Bank (sub-division Vb2) cod. Reported landings 1965-2012. Since 1992 only 

catches from Faroese and Norwegian vessels are considered to be taken on Faroe Bank. Lower 

plot: fishing days (fishing year) 1997-2013 for long line gear type in the Faroe Bank. 
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Figure 3.2. Faroe Bank (subdivision Vb2) cod. Catch per unit of effort in the spring groundfish 

survey (1983-2013) and summer survey (1996-2012). Vertical bars and shaded areas show the stan-

dard error in the estimation of indexes.  
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Figure 3.3. Faroe Bank (sub-division Vb2) cod. Length distributions in summer survey (1996-2012) 

 

Figure 3.4. Faroe Bank (sub-division Vb2) cod. Age-disaggregated indices in the summer survey 

(ages 1-11)(1996-2012) 
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Figure 3.5. Faroe Bank (sub-division Vb2) cod. Length distributions in spring survey (1994-2013). 

No surveys were conducted in 1996, 2004 and 2005. 
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Figure 3.6. Faroe Bank (sub-division Vb2) cod. Age-disaggregated indices in the spring survey 

(ages 1-11) (1994-2013). No surveys were conducted in 1996, 2004 and 2005. 
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Figure 3.7. Faroe Bank (sub-division Vb2) cod. Correlation between recruitment year classes in 

both survey indices. 
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Figure 3.8. Results from the surplus production model using the summer index. Observed 

(points) and expected catch rates (kg/hour) (top panel). Estimated fishing mortality (black line) 

and exploitation ratios (ratio of spring index to landings)(green line) (ratio of summer index to 

landings)(red line)(middle panel). Model residuals in log scale (bottom panel) 
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Figure 3.9. Results from the surplus production model using the spring index. Observed (points) 

and expected catch rates (kg/hour) (top panel). Estimated fishing mortality (black line) and exploi-

tation ratios (ratio of spring index to landings)(green line) (ratio of summer index to landings)(red 

line)(middle panel). Model residuals in log scale (bottom panel) 



56 ICES NWWG REPORT 2013 

 

 

Figure 3.10. Faroe Bank (Subdivision Vb2) cod. Estimated fishing mortality (black line) and ex-

ploitation ratios (ratio of spring index to landings)(green line) (ratio of summer index to land-

ings)(red line). 

 

 


