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i Executive summary 

The Inter-Benchmark Protocol on East and Southwest Greenland Cod 2 (IBPGCOD2) was 
established as a result of the rejection of the regular assessment in 2021 conducted by the 
Northwestern Working Group (NWWG) of cod (Gadus morhua) in ICES Subarea 14 and NAFO 
Division 1.F (East Greenland, Southwest Greenland). This was due to a violation of the 
predefined limits for retrospective bias. IBPGCOD2 decided to focus on a short-term technical 
fix to solve the assessment problems, as data for a more systematic solution are not available. 
The most likely explanation for the difficulties in assessing the stock arises from the mixing of 
the stock with both the neighbouring Icelandic cod on Dohrn Bank and the West Greenland 
cod stock, a process which has increased in recent years as indicated by changes in fishing 
patterns and abundance of older fish. IBPGCOD2 suggests, following an in-depth sensitivity 
analysis, altering the natural mortality (M) to account for changes in immigration and 
emigration. M is therefore reduced for age groups 5+ to 0.2. The immediate assessment 
problems could be solved with this technical fix; the retrospective pattern has improved 
considerably. The stock now appears to be slightly smaller, updated reference points are 
similar with the exception of Fmsy and Fpa which are now much lower. The advice based on Fmsy 
gives a slightly higher catch for 2022 than for the rejected assessment. Solving the biological 
problems with the assessment of this stock will inter alia require work on stock definitions and 
stock separation in the catches and surveys. It is expected that such data will be available for 
the next benchmark planned for 2023. 
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ii Expert group information 
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1 Introduction 

Inter-Benchmark Protocol on East and Southwest Greenland Cod 2 

At the 2021 NWWG meeting, the assessment of the East Greenland cod stock showed poor be-
haviour as judged from the retrospective performance; SSB is underestimated and F is overesti-
mated, and the Mohn’s rho for both parameters exceeds 0.2 by far (Figure 3.2). Further, the as-
sessment showed a high sensitivity for leaving out one of the main tuning series, i.e. the German 
survey. Without this survey, the final estimates of F and SSB are outside the confidence limits of 
the model. This survey also contains the longest time-series, so obviously, the dataseries have a 
high weight in the model estimation.  

From fisheries and survey data it appears that the retro pattern might be caused by a recent 
higher abundance of older cod in the northern area adjacent to Icelandic Waters in parallel with 
a change in fishery distribution to these northern areas.  

The survey data indicate 1) some improved recruitment from around 2010 passing through the 
time-series and now showing up as relatively old fish, 2) an overall increase in abundance of old 
and large cod in Dohrn Bank. 

The fishing pattern in East Greenland has changed in the last 15 years from catching relatively 
younger fish in the southwestern area of the stock boundary to relatively older fish in the north-
eastern area of the stock boundary. Since approximately 2016, a larger part is taken in the Dohrn 
Bank area (Q1–Q2, up to above 65%). This catch is composed of larger and older cod. The bulk 
of the current fisheries in East Greenland occurs on the eastern boundary of the currently defined 
stock distribution area at the border of the Icelandic and Greenlandic EEZ. This area is quite close 
to the westernmost area of the Icelandic fisheries, it is bounded by the relatively deep Denmark 
Straight. Therefore, the cod in the Dohrn Bank area is likely to be a mix of cod from both East 
Greenland and Iceland. 

At the moment it is not possible to separate the catch into the different cod components. Consid-
erable tagging and otolith chemistry are planned to take place in the near future to evaluate 
whether it is possible to split the commercial and survey catches into stock components. A bench-
mark of the East Greenland cod is scheduled for the year 2023 to take into account this new 
information. 
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2 IBP assessment: approach, sensitivity analysis, and 
settings 

The main issue for this inter-benchmark was to improve the poor performance of the analytical 
assessment. The approach therefore focused on technical solutions to improve the assessment. 
Solving the overall problems on stock connectivity for the East Greenland cod stock was consid-
ered to be beyond the remit of this group. This will be addressed at the forthcoming benchmark 
scheduled for 2023. 

Downgrading the assessment to a category 3, using either relative results of the analytical assess-
ment or survey indices only, was discussed but not considered beneficial for providing advice 
for 2022 (see: Retzel and Jansen, 2021, WD03). Specifically, important survey data are not avail-
able for 2019, an important year for calculating the reference period. 

The SAM model configuration was changed to reflect an altered fishing pattern/fish abundance 
within the stock area. Since fishing distribution and abundance of older cod seem to have 
changed from around 2016, based on survey indices, landings at age and residuals from catch 
matrix, the assumed emigration that is currently contained in the M at age was changed from 
2016 and onwards (Table 2.1). M for the years 2016–2020 was changed accordingly from having 
an increasing M from age 5 to 9 (older fish emigrating) to a constant 0.2 (the assumed natural 
mortality) for all ages. This should not be interpreted as the cod had “ceased migrating” to Ice-
land but rather reflecting the mix of cod stocks in the Dohrn Bank area over the Greenland and 
Iceland EEZs (stock border).  

Table 2.1. Cod in East Greenland and 1F: Settings of natural mortality (M) in the 2018 IBPGCOD (ICES, 2018) and this 2021 
IBPGCOD2. 

M in the period 2016– 
2020 

Age 1 Age 2 Age 3 Age 4 Age 5 Age 6 Age 7 Age 8 Age 9 Age 10+ 

2018 IBPGCOD 0.2 0.2 0.2 0.2 0.3 0.4 0.5 0.5 0.5 0.5 

2021 IBPGCOD2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 

 
The second change in the SAM configuration was on the assumption of “no correlation in F 
across ages (independent estimation)” where it was previously assumed to be an “autoregressive 
process (AR1)”, meaning some parallel development between age groups exists. However, with 
the known (separate) distribution of cod age groups, this might not be the case. By changing this 
assumption to “no correlation across ages (independent)”, a further improvement on the retro-
spective pattern was observed. Although the model fit was slightly worse measured by e.g. AIC, 
the model fit for the most recent part of the time-series improved.  

A sensitivity analysis of the choices of emigration rate (0, 0.1, and 0.2) and the starting year of 
changing the emigration was performed by judging the AIC, Mohn’s rho and the leave out sur-
vey plots (Riget et al., 2021a, WD01). An emigration rate of 0 was preferable whereas the starting 
year could be from 2012 to 2016. 2016 was chosen based on the changed fishing pattern and catch 
composition. 

An analysis using only the long German survey in the tuning (Hjörleifsson, 2021, WD04) showed 
among other things that assuming a power relationship between stock in number and survey 
indices and decoupling of observation variance among age groups improved the fit (AIC). This 
also indicated better long-term retrospective patterns in particular in association with the 
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relatively strong 2003 year class passing through the surveys and the fisheries. This finding was 
not considered further in the current process. 
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3 IBP assessment results 

With the agreed changes in the model assumptions, the assessment quality improved signifi-
cantly. The retrospective pattern in SSB and F are minimized and trajectories of both parameters 
are now within the confidence limits of the model (Figure 3.3). Mohn’s rho is now within the 
acceptable range (−0.069 for SSB and 0.104 for F).  

The perception of stock development changes with the agreed modifications; SSB is scaled down-
wards in recent years (changed from 66 000 t to 59 000 t in 2020) while F remains unchanged 
(Table 3.1).  

The sensitivity of the tuning data showed that, when tuning with the Greenlandic survey only, 
results in point estimates within the confidence limits and is therefore acceptable. 

The accepted SAM model for this inter-benchmark is available on stockassessment.org as run 
codEastNWWGM_indepF. Further elaboration on results is presented in Riget et al. 2021a (WD01 
in Annex 5).  

 

Figure 3.1 Cod in East Greenland and 1F: Retrospective plots of SSB (left) and Fbar (right) in the accepted assessment in 
the 2018 benchmark. (Stockid in stockassement.org: EastCod_2017_final). 
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Figure 3.2. Cod in East Greenland and 1F: Retrospective plots of SSB (left) and Fbar (right) in the rejected assessment in 
NWWG 2021 based on the benchmark 2018 setup of SAM. (Stockid in stockassement.org: codEastNWWG2021). 

 

Figure 3.3. Cod in East Greenland and 1F: Retrospective plots of SSB (left) and Fbar (right) in the accepted assessment in 
IBPGCOD2 2021. (Stockid in stockassement.org: codEastNWWG2021M_indepF). 

 

 

 

  

https://www.stockassessment.org/datadisk/stockassessment/userdirs/user249/codEastNWWG2021/res/big_xxx-00-00.00.00_022.png
https://www.stockassessment.org/datadisk/stockassessment/userdirs/user249/codEastNWWG2021/res/big_xxx-00-00.00.00_023.png
https://www.stockassessment.org/datadisk/stockassessment/userdirs/user249/codEastNWWG2021M_indepF/res/big_xxx-00-00.00.00_021.png
https://www.stockassessment.org/datadisk/stockassessment/userdirs/user249/codEastNWWG2021M_indepF/res/big_xxx-00-00.00.00_022.png
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Table 3.1. Cod in East Greenland and 1F: Summary of the IBPGCOD2 assessment. Estimated recruitment, spawning-stock 
biomass (SSB), and average fishing mortality. 

Year R 
(age 1) 

Low High SSB Low High Fbar 
5-10 

Low High TSB Low High 

1973 52131 15051 180567 85035 45414 159224 0.222 0.101 0.488 111807 65294 191455 

1974 194208 58964 639652 64382 37440 110712 0.202 0.094 0.432 95108 60661 149115 

1975 30679 9468 99409 60019 38007 94780 0.218 0.118 0.406 112800 74054 171817 

1976 13566 4191 43910 62909 43119 91783 0.315 0.188 0.528 147728 90953 239942 

1977 12712 3926 41160 75315 50594 112114 0.418 0.261 0.671 181950 107243 308698 

1978 20739 6441 66774 104184 64414 168508 0.589 0.348 0.997 198180 117055 335529 

1979 7455 2291 24253 120454 72352 200535 0.654 0.355 1.203 180591 109540 297728 

1980 15387 5174 45762 100971 60485 168558 0.386 0.197 0.753 134332 84092 214587 

1981 5202 1911 14162 80376 51184 126219 0.393 0.216 0.716 104469 70136 155608 

1982 5475 2226 13463 59776 41843 85394 0.638 0.395 1.030 81960 59038 113783 

1983 2274 859 6016 43574 30618 62011 0.563 0.350 0.906 64346 45895 90213 

1984 4168 1774 9792 34169 23753 49152 0.480 0.291 0.789 49662 35450 69572 

1985 150818 64239 354081 27412 19039 39469 0.281 0.167 0.473 42342 30607 58578 

1986 116062 48494 277772 27396 19097 39302 0.230 0.141 0.374 56836 39708 81351 

1987 2987 1272 7012 30886 22034 43295 0.326 0.207 0.513 84742 57242 125451 

1988 2556 1108 5898 39634 27933 56236 0.450 0.295 0.687 118204 77470 180356 

1989 729 314 1697 65976 42850 101583 0.592 0.395 0.886 148148 95912 228832 

1990 1451 599 3513 80133 50418 127360 0.775 0.527 1.139 130154 83722 202335 

1991 2374 971 5805 49917 30437 81865 1.141 0.802 1.622 65676 41025 105140 

1992 822 350 1933 15649 9201 26618 1.216 0.747 1.982 18996 11502 31373 

1993 727 305 1733 3239 2012 5216 0.480 0.253 0.910 4447 2965 6668 

1994 3382 1363 8390 2142 1201 3822 0.207 0.105 0.408 3331 2114 5251 

1995 236 90 616 2194 1306 3688 0.107 0.055 0.209 3737 2453 5693 

1996 309 109 879 2172 1327 3555 0.099 0.050 0.197 3750 2489 5650 

1997 1520 546 4235 2478 1547 3970 0.111 0.053 0.233 4071 2693 6153 

1998 5036 2085 12167 2460 1551 3903 0.101 0.048 0.214 3821 2534 5761 

1999 9792 3989 24038 2379 1488 3804 0.068 0.035 0.133 4192 2828 6214 

2000 13497 5609 32476 2479 1581 3886 0.064 0.033 0.124 5549 3792 8119 
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Year R 
(age 1) 

Low High SSB Low High Fbar 
5-10 

Low High TSB Low High 

2001 8260 3449 19784 3165 2108 4752 0.052 0.026 0.105 8297 5682 12115 

2002 1540 593 3998 5192 3510 7681 0.064 0.029 0.141 12515 8556 18305 

2003 36368 15276 86582 7984 5412 11779 0.066 0.031 0.143 16989 11691 24687 

2004 318375 124355 815108 11186 7594 16478 0.077 0.038 0.156 30586 20245 46208 

2005 62150 25632 150695 16045 10936 23543 0.092 0.050 0.170 64900 37815 111385 

2006 34173 14793 78942 24935 16951 36680 0.073 0.041 0.128 96408 58034 160154 

2007 14014 6297 31189 39462 26617 58507 0.112 0.066 0.191 111544 71309 174480 

2008 21167 10300 43499 42715 29302 62269 0.144 0.081 0.255 82149 56191 120096 

2009 47717 22873 99549 57677 38366 86706 0.075 0.044 0.129 100693 69438 146017 

2010 51597 25079 106155 53170 36017 78491 0.059 0.033 0.104 87181 61549 123486 

2011 10239 4912 21345 53709 36655 78698 0.096 0.056 0.166 85914 61101 120804 

2012 5390 2608 11138 60623 42297 86889 0.110 0.063 0.195 104753 74974 146361 

2013 2602 1262 5367 70506 49460 100508 0.122 0.068 0.220 115653 82345 162435 

2014 987 459 2120 86220 60783 122304 0.148 0.083 0.263 124696 88519 175661 

2015 5096 2425 10709 73173 51335 104299 0.216 0.123 0.379 94011 66803 132301 

2016 46410 21709 99217 68324 47151 99005 0.242 0.139 0.419 83394 58662 118552 

2017 3732 1622 8585 79218 52998 118409 0.246 0.146 0.416 97746 67644 141242 

2018 7284 2252 23559 71426 44873 113691 0.273 0.158 0.474 87536 57934 132264 

2019 6925 2287 20967 63087 37472 106211 0.359 0.204 0.631 86242 55512 133983 

2020 23741 8552 65906 58617 34515 99550 0.369 0.195 0.698 81301 50693 130390 
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4 Updated reference points 

Based on the new SAM settings reference points were updated. The estimation of reference 
points follows the ICES Reference Points Guidance (ICES, 2021), using the R-programme EqSim. 
The setup of the EqSim programme was the same as in the 2018 benchmark except that the av-
erage of the biological variable M was decreased from 10 to 5 years because of the change of 
migration pattern from year 2016 in the SAM model (WD 01). 

The simulation was performed with 2000 runs, scanning F from 0 to 3 divided into 100 intervals. 
The age group assumed representative for recruitment is age 1. The stock-recruitment simulation 
was based on the time-series 1973–2018 assuming a segmented regression relationship. 2019 and 
2020) were omitted as the SAM model estimated numbers of recruits for these most recent years 
are considered too uncertain.  

The SR relation was assessed to be a category 1, ‘Spasmodic stocks—stocks with occasional large 
year classes’ (ICES guidelines for reference points for category 1 and 2 stocks, ICES 2021). In that 
case, Blim is based on the lowest SSB which still gave a large recruitment. This was the 2003 year 
class, and Blim is calculated as the mean of this and the following two year classes (2003, 2004 and 
2005)1. Blim is therefore calculated as 11 738 t (Table 4.1). Bpa is calculated from the formula 
Bpa = Blim * exp(1.645 *σ), where σ is SD of ln(SSB) in 2020—here estimated by SAM to 0.265. Bpa 
is then 18 146 t.  

Flim is estimated by simulation using the above values of Blim and Bpa, setting Fcv, Fphi and 
SSBcv = 0 (no assessment and advice noise) and with no Btrigger. The range of years is from 1996 
to 2019. This resulted in a Flim of 1.98.  

Fmsy is initially estimated as the F that maximize median long-term yield in the simulation under 
constant F exploitation. The default values of cvF = 0.212, phiF = 0.423 and cvSSB = 0 were applied 
to the simulation. The initial Fmsy was estimated at 0.29, which is below the above estimated Fpa. 
The final Fmsy is estimated by a simulation using the default Fcv, Fphi, the estimated Blim, Bpa and 
Btrigger which is equal to Bpa. Fp05 (the F that leads to SSB ≥ Blim with 95% probability) was esti-
mated to 0.65. Following the ICES guidelines (ICES, 2021) Fp05 equals Fpa. The final Fmsy estimate 
was 0.29. The precautionary principle states that if Fmsy > F05, which is not the case here, Fmsy 

should be reduced to F05. 

Table 4.1. Cod in East Greenland and 1F: Reference points calculated at IBPGCOD2 2021 compared to reference points 
calculated at IBPGCOD 2018. 

Framework Reference point 2021 IBPGCOD2 2018 IBPCOD 

MSY approach MSY Btrigger 18 146 14 803 

FMSY 0.29 0.46 

Precautionary approach Blim 11 738 10 354 

Bpa 18 146 14 803 

Flim 1.98 2.34 

                                                           
1 An error was detected in the IBPGCOD report 2018, Section 3.5.2 line 10, where it is wrongly stated that the average of 

the year classes 2002, 2003 and 2004 have been used for this calculation. 
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Framework Reference point 2021 IBPGCOD2 2018 IBPCOD 

Fpa* 0.65 1.33 

Management plan SSBmgt - - 

Fmgt - - 

*Fpa for IBPGCOD2 is based on Fp0.05 

 
Further elaboration on reference points are presented in Riget et al. 2021b (WD02 in Annex 5). 
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5 Forecast for 2022 

Based on the updated reference points a short-term forecast for 2022 was performed (Table 5.1), 
using a catch constraint of Catch2021 = TAC2021 (26 091 t), which is considered to be the most real-
istic option.  

Table 5.1. Cod in East Greenland and 1F: Short-term forecast for 2022. 

Basis Total catch (2022) F (2022) SSB (2023) % SSB change 

F=FMSY 8768 0.29 53 622 +4 

F=0 0 0 68 680 +34 

F=Flim 28 423 1.98 24 763 −52 

F2022=F2021 
19 261 0.89 38 053 −26 

SSB(2022)=Blim 41 326 6.6 11 738 −77 

SSB(2022)=Bpa 35 002 3.4 18 146 − 65 

 
When the Fmsy approach is applied, catches in 2022 should not be more than 8768 t. 
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6 Recommendations and future work needs 

IBPGCOD2 recommends that national institutes:  

• Gain further insight into the stock structure and migration patterns of cod stocks across 
the relevant areas using tools such as genetics, otolith chemistry, tagging, and analysis 
of existing catch and survey data. A progress report should be delivered to NWWG 2022. 

 
IBPGCOD2 recommends to the future benchmark group: 
• Develop a modelling approach that will utilize a spatial resolution of genetics data to 

estimate the split between the stocks adjacent to the East Greenland cod stock. This 
would account for differences in spatio-temporal stock dynamics and may improve the 
understanding of migration patterns. 

• Organize a dedicated workshop prior to the benchmark to identify and solve ageing is-
sues between Greenland and German age readers. 

• On the basis of available information on population structure, and stock mixing, consider 
shifting to assessments and advice based on alternative stock definitions. 

• Propose a harmonized management approach in Greenlandic and Icelandic Waters, pos-
sibly based on the Icelandic Management Plan. 
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Annex 2: Resolutions 

Inter-Benchmark Process on East and Southwest Greenland Cod 2 (IBPGCOD2) 

2021/2/FRSG69  An Inter-Benchmark Process on East and Southwest Greenland Cod 2 (IBPG-
Cod-2), chaired by Christopher Zimmermann, Germany, and attended by two invited external 
experts, Anders Nielsen, Denmark, and Rasmus Hedeholm, Greenland, will be established and 
will meet by correspondence on 12, 16, and 18 of August 2021 to: 

a) evaluate and if necessary revise current assumptions in natural mortality and migration 
as well as recent information on changes in fishing patterns; 

b) investigate the sources of the larger than acceptable retrospective inconsistencies in F 
and SSB, this may include model assumptions and qualities of the input data; explore 
mechanisms to reduce the retrospective inconsistencies with no detriment to other diag-
nostics of the stock assessment; 

c) agree and document the preferred method for evaluating stock status and short-term 
forecast and update the stock annex as appropriate. If no robust analytical assessment 
method can be agreed, then propose alternative methods to provide advice including 
data-limited methods;  

d) update the stock annex as appropriate;  
e) if required re-examine and update MSY and PA reference points according to ICES 

guidelines (see Technical document on reference points). 

 

Stock  Stock leader 

Cod (Gadus morhua) in ICES Subarea 14 and NAFO Division 1F (East Greenland, South-
west Greenland) 

Anja Retzel 

 

The inter-benchmark will report by 25 August 2021 for the attention of FRSG and ACOM. 
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Annex 3: Stock annex update 

 



16 | ICES SCIENTIFIC REPORTS 3:88 | ICES 
 

 



ICES | IBPGCOD2   2021 | 17 
 

 



18 | ICES SCIENTIFIC REPORTS 3:88 | ICES 
 

 



ICES | IBPGCOD2   2021 | 19 
 

 



20 | ICES SCIENTIFIC REPORTS 3:88 | ICES 
 

 



ICES | IBPGCOD2   2021 | 21 
 

 



22 | ICES SCIENTIFIC REPORTS 3:88 | ICES 
 

 



ICES | IBPGCOD2   2021 | 23 
 

 



24 | ICES SCIENTIFIC REPORTS 3:88 | ICES 
 

 



ICES | IBPGCOD2   2021 | 25 
 

 



26 | ICES SCIENTIFIC REPORTS 3:88 | ICES 
 

 



ICES | IBPGCOD2   2021 | 27 
 

 



28 | ICES SCIENTIFIC REPORTS 3:88 | ICES 
 

 

 



ICES | IBPGCOD2   2021 | 29 
 

 

Annex 4: Reviewer comments 

Background 

The inter benchmark for East and Southwest Greenland cod (IBPGCOD2) was conducted via 
three half-day online meetings (12, 16, and 18 August 2021). Prior to the meeting 6 background 
documents were supplied (previous benchmark report, stock annex, and documents from pre-
vious assessment meetings) and 4 working documents explaining the reason for the current inter 
benchmark, showing suggested options for improving the assessment procedure. At the meeting 
the supplied documents were presented by the assessment team. The reviewers would like to 
thank the assessment team for providing a detailed and transparent documentation and presen-
tation of all the steps taken.  

The inter-benchmark was called because a larger than acceptable retrospective pattern was ob-
served at the latest expert group meeting and the updated assessment was rejected at the ICES 
advice drafting group). The retrospective was -21% for SSB and +41% for average F. An inter-
benchmark was held in 2018 and a full benchmark is planned for 2023. The purpose of this inter-
benchmark is to provide an acceptable assessment solution for the next few years until the next 
full benchmark has been given time to research and address the more fundamental issues with 
this stock. 

A larger issue with this assessment, which is beyond the scope of this inter-benchmark to fully 
solve, appears to be the interaction with neighbouring stocks. It is hypothesized that older fish 
are moving between Greenland and Iceland waters. In the most recent years the fishery has been 
increasingly concentrated near the border towards the Icelandic cod stock and it is believed that 
part of the catches are originating in the Icelandic cod stock.  

Assessment 

In the last few years, the stock assessment model used to provide advice for the East and South-
west Greenland cod has performed increasingly poorly. The model has an unacceptable biased 
retrospective pattern and when leaving out the main survey index, the stock perception changes 
drastically. The changing stock perception when leaving out the main survey index is unfortu-
nate, but less surprising because very little survey data remains.  

The main driver causing the retrospective pattern in the stock assessment is presumably a shift 
in the fishery pattern in the last few years. The fleet have increasingly fished in the north-western 
part of the stock distribution, and in this area, there is apparently a link to the Iceland cod stock. 
This link manifests itself as an un-quantified spill over of older cod from Iceland to Greenland 
waters, and that has shifted the Greenland catch-at-age matrix towards larger cod in recent years. 

The IBPGCOD2 suggested two updates to the previous assessment model:  

The previous assessment model had configured larger natural mortalities for ages five and above 
as a rudimentary way to account for the older fish moving out of the area, but as the fishery is 
increasingly concentrating near the Icelandic cod stock this adjustment does not remain valid. It 
was suggested to remove the increased natural mortality adjustment for the most recent years 
(from and including 2016). 

The previous assessment model estimated a correlation between fishing mortalities at age. For 
most of the historic time-series this is reasonable, because fishing mortality at any given age gen-
erally tend to follow the trend of fishing mortalities at neighbouring ages. However, the 
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increased fishing near the Icelandic cod stock has caused an increase in fishing mortality of older 
fish, which is not matched by fishing mortality for ages 4 and 5. To avoid this problem the model 
was changed to use independent fishing mortality-at-age.  

The IBPGCOD2 concluded that these two changes provided an improved assessment model that 
can be used as the interim assessment model until a better model can be developed and scruti-
nized at the already planned 2023 benchmark. The retrospective pattern is reduced to be within 
acceptable limits (-7% for SSB and 10% for average F) and the issue with the model being highly 
sensitive to leaving out the main survey time-series was solved. However, these two changes do 
not attempt to reflect the stock-mixing situation adequately, which limits the model’s ability to 
predict the stock dynamics and future catch options.  

IBPGCOD2 briefly discussed downgrading this assessment to a category 3, but it was agreed 
that this presented a far from ideal solution that should be avoided. When sticking to a category 
1 assessment the model assumptions remain explicit and transparent. Which is important when 
the spatial mixing issues and the changing fishing pattern needs to be closely monitored.  

Reference points  

The reference points were calculated following as closely as possible the procedure outlined dur-
ing the 2018 benchmark but based on the revised assessment. The stock reference points were 
calculated using the EqSIM software. The average period for the biological parameters had to be 
changed from the most recent 10 years to the most recent 5 years, because the natural mortality 
was changed in the assessment model for the last five years. Using ten years would have aver-
aged over the “old” setup with increased M at older ages and IBPGCOD2 did not consider this 
appropriate to the following years.  

Conclusions 

The reviewers agree with the group that the analytical stock assessment model (both the original 
and less so the revised model) has many shortcomings and that major improvements are war-
ranted. The major challenge is how to incorporate the complex biological interactions in Green-
land and between Greenland and Iceland (i.e. migration and fishing on mixed-stocks). The ToRs 
of the group were, however, not to explore assessment models that addressed this issue in a new 
way, but only to evaluate if the revised assessment model presented to the group could serve as 
an interim solution before more complex models can be explored during the 2023 benchmark. 
The group reached the following conclusions.  

• The revised assessment procedure can be used as basis for the advice (category 1 stock). 
• The assessment model is modified, with M fixed at 0.2 for all ages (from 2016) and inde-

pendent fishing mortalities at age for all ages. 
• The solution should be interim, and a better assessment model should be developed prior 

to the planned 2023 benchmark.  

The reviewers find that the conclusions are well supported and that the efforts have strengthened 
confidence in this assessment. The retrospective problem (and the less problematic leave-one-
out issue) has been adequately addressed and the model now pass the standard model diagnos-
tics. The changes in M and in F process assumptions are based on observed changes in spatial 
fishing pattern and resulting age compositions (and not purely on model diagnostics). The group 
applying the model is well aware of the limitations of using this single-stock approach in a 
mixed-stock setting, so results will be critically scrutinized. 
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Annex 5: Working documents 

WD01: Improving the East Greenland cod stock assessment 

WD02: New reference points based on the changed emigration in the SAM model 

WD03: 2022 advice for East Greenland cod as a category 3 stock 

WD04: ecod ass explorations 
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