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Executive summary

IBPNEACOD 2019 was chaired by Daniel Howell from Norway and run in order to examine a
proposed change to the North East Arctic (NEA) cod SAM model settings for variance in the
data.

The SAM model was adopted at IBPCOD 2017, based on data up to 2016. Since that time the two
large year classes from 2003 and 2004 have continued to age and continuing fishing with mod-
erate F has led to good survivorship of these year classes. As a result, the age structure of the cod
population has continued to improve. This means that several of the assumptions made at the
most recent benchmark (IBPCOD 2017) about how to handle the older (age 12 and upwards) fish
in the model may no longer be valid. One key assumption made was that the variance in the data
was assumed constant for each tuning fleet. This assumption was examined at the 2019 Arctic
Fisheries Working Group (AFWG) meeting and found to be unrealistic, with larger variances for
many older age groups. Furthermore, these age groups now contain a significant biomass of fish.
Consequently, a revised model setting was proposed, with a more detailed variance structure to
account for this.

Two reviewers were appointed to examine the proposal. Both reviewers concurred that there
was an issue that needed addressing, and that revising the variance structure was an appropriate
response. However, both reviewers had concerns about the lack of justification for the specific
choice of ages to select for different variances in the proposed approach. One reviewer was pre-
pared to accept the changes with a further justification of the choice, while the other would only
recommend an alternative approach (not fully investigated due to time constraints) with a sim-
pler structure. The relevant advice drafting group (ADGANW 2019) concurred with this second
viewpoint, and was further concerned that the structure chosen this year may represent over-
fitting and might need changing in future years.

The overall decision was therefore to keep with the status quo in the SAM model until the vari-
ance structure (and other measures such as increasing the age range of the tuning data) could be
more thoroughly addressed at a full benchmark. IBPNEACOD 2019 strongly recommends that
such a benchmark be held as soon as practical - likely early in 2021.
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Working Document 1. Proposed changes in the
northeast Arctic cod stock assessment, 2019.

1.1 Background

Although North-East Arctic has never been driven to extremely low levels, it did experience a
multidecadal period of high fishing pressures and moderately low stock biomass. As a result,
the age structure became truncated, with few fish above age ca. 10 in the stock. This cod stock
then had an extended period of management with moderate fishing pressure with a series of
formal HCRs since 2002. Fishing pressure was cut in half from 2006 to 2008 and has stayed low
since then; this reduction came later than the HCR introduction mainly due to enforcement is-
sues. This period of low fishing pressure coincided with two very good year classes in 2004 and
2005. As a result of the good survivorship of these year classes, the cod stock biomass has dras-
tically increased, and now appears to be fluctuating with recruitment variation rather than fish-
ing intensity. More recently the age structure has also begun to improve (greater range of ages,
more old fish) as these two year classes began to age beyond that seen in quantity in the recent
stock history. Because this age-structure recovery has been led by this pulse of recruitment, the
changes in the age structure have been rather rapid. For example, the fraction of the catch that is
from age 10+ or 12+ fish has increased rapidly over the past few years (Figures 1.1 and 1.2.). The
increase in the total stock numbers and biomass which is 10+ or 12+ (Figure 1.3) as well as these
age-groups’ proportion of the total numbers/biomass is also strong (Figures 1.4 and 1.5). Figure
1.5 also shows the ratio of 12+ biomass in catch compared to in stock for both assessments.

While such changes are of course desirable, they place challenges on the modelling and assess-
ment of the stock. In this case, the choices made at the last interbenchmark about the age range
for which variances could be estimated were valid at the time, but have been invalidated by the
rapid change in age structure of the stock. The last interbenchmark was held prior to the 2017
stock assessment and thus used 2015 as the last data year for catches. Thus this year’s assessment
had three more years of available data and the two strong year classes were age 13 and 14 in the
last data year compared to age 10 and 11 in the dataset used at the interbenchmark.

The tuning data in the model goes to age 15 for the catch and age 12 for the surveys. One might
expect that the data on the oldest fish in each dataset would be more uncertain than that for
younger fish. However, there were very few fish in these older age categories, making estimating
uncertainty difficult. Furthermore, the low quantity of fish of this age previously made the tun-
ing data unnecessary for the assessment. However, these simplifications are no longer valid,
these age classes are now numerous enough to matter and for separate estimates of variance to
be made. This document presents a proposal to adjust the SAM assessment model to account for
these changes. We note that because the changes are ongoing, this issue will need revisiting in a
more considered fashion once the large year classes have worked their way further through the
population. We are therefore proposing the changes described here as an interim solution prior
to a full benchmark, ideally just prior to the 2021 stock assessment. We would also highlight that
the changes here do not affect the validity of the HCR or the biomass reference point. The
changes are only significant in the more recent years, which correspond to the period of high
biomass. Estimates of Bim/Bpa are thus unaffected by these changes. Although estimates of Fmsy
would likely be slightly affected, this quantity is not used in the HCR used for the management
of this stock.
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Figure 1.1. % old (ages 10+ and ages 12+) fish in catches from the fishery, by number.
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Figure 2.2. % old (ages 10+ and ages 12+) fish in catches, in biomass
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Biomass of 10+and 12+ NEA cod
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Figure 1.3. Age 10+ and 12+ biomass (tonnes) with FINAL and SPALY run
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Figure 1.4. % age 10+ fish in stock, by biomass
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Figure 1.5. % age 12+ fish in stock, by biomass and in catch

1.2 Explanation to changes in SAM model settings for cod

In northeast Arctic Cod stock assessment using SAM the fleet-specific variance parameters for
the observations are used, but within the same fleet these parameters are age-independent (see
Table 1.1, representing the corresponding block in the model configuration file used in 2017 and
2018 following the IBP in 2017, hereafter denoted as SPALY/SPALY run).

The first row in the table corresponds to catch-at-age, further rows correspond to “fleet 15” (Bar-
ents Sea bottom trawl winter) “fleet 16” (Barents Sea acoustic winter+Lofoten), “fleet 18” (Rus-
sian late autumn survey) and “fleet 007" (ecosystem-survey). Note that for fleet 18 and 007, no
data for the last year were available. The meaning of the same values in each of the rows is that
the same values of variance are used for all age groups for a given fleet.

Table 1.

# Coupling of the variance parameters for the observations - SPALY
000000O0OO0OCOOOO
-1111111111-1-1-1
-1222222222-1-1-1
3333333333-1-1-1

4 444444444-1-1-41

At the interbenchmark it was decided to have the same observation variance at age within each
of the 4 tuning series and in the commercial catches, i.e. the simplest possible structure. At the
time this seemed reasonable since there were very few fish in the oldest age groups (and note
that time at the interbenchmark for checking settings was limited). Since the IBP however, the
proportion of the stock and catch in the oldest age groups has increased and can no longer be
treated as insignificant (ca. 15% of the catch in biomass in 2018 was from age 12+ fish compared
to 3% in 2015, Figure 1.5). At the same time the model diagnostics were indicating that the vari-
ance in the data for these oldest fish was (unsurprisingly) different from the younger fish (Figure
1.6).

ICES
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Figure 1.6. Residuals at age for the different data sources used in the assessment.

In WD_02 to AFWG-2019 it was proposed to use more parameters for coupling variances using
as a starting point the values of standard deviations (STD) for the model residuals. It was pro-
posed to use separate variances for ages with untypically high or small STD of residuals (Table
1.5) assuming that for such ages the use of fleet-average variance may not allow the model to
describe the data adequately. Simultaneously it was intended not to include too many new free
parameters into the model. The results presented in WD_02 showed better results of diagnostics
(lower AIC value and better retrospective stability in terms of RHO(SSB,R,F)) with respect to the
SPALY settings used at AFWG-2018.

The proposed in the WD setting of variance parameters for the observations are given in Table
1.2.

Table 1.2

# Coupling of the variance parameters for the observations — WD02
0000000OO0O0O0O0OS55

11111121-1-1-1

22222282-1-1-1

33330380811

4444444sW114

68}
=~ W N o

At the meeting of AFWG-2019 the proposed changes to SAM settings were tested with the new
dataset. Also a number of different variants of variance parameters settings, including enhanced
and reduced number of age groups with coupled variance parameters, were tested.

The final choice was based on analysis of AIC values and measures of retrospective stability.
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Table 1.3. Some criteria for diagnostic of fitting quality (Akaike criteria, Rho for F, R and SSB) for SAM runs with different
assumption regarding ages with different variance of observations

age 13 for
catch
added
2509
8
-20
-1

According to Table 1.3, the case where age 13 (see table 4) was added to the block with ages 14
and 15 for catch data was found to be preferable as the estimated SD for residuals in the chosen
blocks became closer to 1.0 (Tables 1.5 and 1.6) and model diagnostics (AIC values and retro-
spective measures) were improved. This adjusted model variance parameterization adds 6
model parameters, but improves the AIC score by 336.

The final adjusted variance structure, which is almost identical with the one proposed in WD02-
2019, thus prescribes two variance parameters for catches (ages >12 and age 12 and above), three
variance parameters for fleet 15 (separate for age four, separate for age 11, and common for the
remaining ages), two variance parameters for fleet 16 (separate for age 11, common for remaining
ages), two variance parameters for fleet 18 (one for ages 9, 11, and 12, and one common for the
remaining ages), finally two parameters for fleet 07 (one for age 12 and one common for the
remaining ages).
Table 1.4
# Coupling of the variance parameters for the observations — FINAL run

0000000000555

161111117 1-1-1-1

-1222222282-1-1-1

3333330300811

4444444440114
Table 1.5. Standard deviations of residuals by fleets and age groups from SPALY run, in blue - SD for ages which later

were dealt with as separate parameters. “Fleet 15” (Barents Sea bottom trawl winter) “fleet 16” (Barents Sea acoustic
winter+Lofoten), “fleet 18” (Russian late autumn survey) and “fleet 007” (ecosystem-survey)

Age/Flect | 3 4 5 6 7 8 9 10 11 12 13 14 15
Catch 1.00 0.71 0.68 0.62 0.64 0.55 0.52 0.85 0.79

Fleet 15 [eEE 108 0.95 0.91 1.06 0.99 0.90

Fleet 16 0.83 0.81 0.90 0.86 0.92 0.97 0.75

Fleet 18 0.54 0.98 1.00 0.86 0.66 0.70 0.97

Fleet007 0.92 0.79 0.94 0.96 1.04 1.06 0.56 0.64

Table 1.6. Standard deviations of residuals by fleets and age groups from FINAL run, dealing with SD for ages marked in
blue as separate parameters. “Fleet 15” (Barents Sea bottom trawl winter) “fleet 16” (Barents Sea acoustic winter+Lofo-
ten), “fleet 18” (Russian late autumn survey) and “fleet 007” (ecosystem-survey)

Age / Fleet 3 4 5 6 7 8 9 10
Catch 1.02 0.83 0.79 0.72 0.87 076 | 0.72 1.01
Fleet 15 oA o4 0.99 0.89 1.06 114 1.05
Fleet 16 0.89 0.95 0.80 0.89 0.97 1.06 | 0.86
Fleet1s | 0.76 116 1.02 0.82 0.80 0.84 1.49
Fee07 | 1.02 0.83 0.95 1.00 1.04 099 | 066 | 076
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The WG propose to use the above mentioned new SAM settings for NEA cod stock assessment
as it gives apparently better results of retrospective diagnostics and better model fit to data (in
terms of AIC) with respect to the SPALY SAM settings.

1.3 Differences in diagnostics and results

Figures 1.7 and 1.8 show the diagnostics for the two runs and Figure 1.9 shows the retro pattern

FLT18:NorBarLofAcSur

Age

FLT18:RUsSweptarea 1980 1990 2000 2010 2020

2 4 6 B 101214182 4 6 B 101214162 4 6 8 10 12 14 18

T T T
1980 QDDD 2010 2020

. . @ 0 @ . Year

Figure 1.7. Log-catchability residuals of catch and fleets. SPALY run

FLT16:NorBarLofAcSur

FLTDO7 Ecosystem_2018c:

Age

2 4 6 B 101214162 4 6 B 101214162 4 B 8 10 12 14 16

T T T T
1990 2000 2010 2020

Figure 1.8. Log-catchability residuals of catch and fleets. Final run.
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Figure. 1.9. Results of retrospective run for SPALY SAM settings (left) and Final SAM run (right)

1.4

Differences in results

The effect of new SAM settings on stock dynamic estimates is demonstrated in Figures 1.10 and

1.11.
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Figure. 1.10. Comparisons of R, SSB, TSB and Fy,,, dynamics from 4 models (SPALY SAM, Final SAM, XSA and TISVPA)
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Figure. 1.11. Comparisons of numbers-at-age for 2019 from 4 models (SPALY SAM, Final SAM, XSA and TISVPA). Upper
panel: Ages 3-15+, lower panel: Ages 9-15+

1.5 Concerns with the proposed assessment

Since the choice of which age groups should be linked will be strongly affected by the changing
age structure in a recovering stock, the group believes that this needs evaluating and updating
more frequently than at the benchmarks. AFWG (in common with many other groups) used to
do something similar to the stock-size dependent catchability in XSA, and for much the same
reason. There was considerable debate at the group with some concern raised that this increased
the modelled stock size for ages without survey data. However, the final consensus was that the
forced linked variances was clearly wrong, and that we should move away from this. This will
be examined in more detail at the next benchmark.

The change in assessment settings resulted in an increase in the assessed stock biomass, espe-
cially for the oldest ages (13+) for which no tuning data were available. This change is being
proposed for the 2019 assessment, with the rationale that this improved the model fitting (in-
cluding on AIC), reduced most retros and misfits.

The estimated stock numbers for age groups 14 and 15+ in 2019 are the highest in the time-series
and the 15+ value is twice the previous maximum for that age group. Of the SSB in 2019, 31%
consists of age 13+. The model results show that the fishing mortality on these age groups in
recent years is much lower than experienced in the late 1940s and early 1950s when catches of

_15

_15

ICES



ICES

IBPNEACOD2019 2019

these age groups were high (i.e. higher than in recent years). The recent average selectivity for
those age groups used in the prediction implies that the in the years to come, a considerable
proportion of the 15+ group will be fish older than 15 years, a situation which has not been ex-
perienced before. Stock and fishery dynamics (mortality, selectivity, growth) for older cod, in
particular age 15+, is largely unknown. There is a single commercial fleet with a dome shaped
selectivity, and no survey data on the oldest fish. This leads to the possibility that the model
could estimate an artificially low selectivity and artificially high stock for these oldest fish. In-
vestigations at AFWG showed no evidence of this happening using the SPALY run (simulations
showed the model seemed robust to this possibility, while examination of the age composition
in fleet sector catching the oldest fish showed no major deviations between this validation da-
taset and the model results).

A simulation study indicates that the model does reliably estimate the fishing mortality-at-age
over time in the current data situation. The estimation accuracy does naturally decrease for at
ages where less data are available. This simulation did not study the potential effect of conflicting
data sources.

It was noted that model estimates for age 15+ for the proposed final run may be going up faster
than the 15+ catch data suggested, and the short available series of survey estimates for ages 13+
from FLT16 (not included in the tuning) also indicates less of an increase in age groups 13+ in
2017-2019 than the assessment indicates. (Figure 1.12.) FLT 16 includes coverage of the spawning
area and is the one of the two surveys with data from the last year which is considered to cover
the largest part of the 10/12+ stock. However, Figure 1.13 shows that the model results reflect the
proportion of age 12+ fish found in the catches of the Norwegian conventional fleet. Thus, these
two data sources show different trends in the last three years.

Assessmentvs FLT16, 13+

40000 20000
35000 17500
30000 15000
25000 12500
20000 10000
15000 7500
10000 5000
5000 — 2500
o 0

2011 2012 2013 2014 2015 2016 2017 2018 2019

FINAL 13+ SPALY 13+ FLT16 13+

Figure 1.12. Number-at-age 13+ from FLT 16 (Barents Sea acoustic+Lofoten) vs. number-at-age from the two assessments.
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Figure 1.13. SSB of age 13+ vs. catch of age 12+ in the Norwegian conventional (non-trawl) fleet the previous year.
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Review of the proposed changes to the northeast
Arctic Cod stock assessment (Paul Regular)

In their working paper, the authors outline some logical changes to the configuration of the SAM
model used to assess the northeast Arctic cod stock. Given the trends in the data and patterns in
the model diagnostics, changes to the model are justified in my humble opinion. Nevertheless,
there are several aspects of the working paper that could benefit from more clarification, and
more details on the merits of specific configurations could be provided.

My primary, and very minor, concern regarding the proposed changes lies with the very directed
nature of the changes. Specifically, I am referring to the post hoc use of results from the SPALY
run to modify the assumptions around age-specific observation error. I realize iterative modifi-
cations of assessment models like this are common, however, troublesome diagnostics ideally
have an explanation and, with the potential explanation in mind, the model is adjusted accord-
ingly. In the case of the proposed changes, it is reasonable to expect that observations of older
fish may be more noisy than more abundant and more catchable younger age classes, however,
I struggle to see how observations of 11 year old cod would be different from 12 year old cod. I
wonder if the apparent differences, based on the post hoc analysis of the residuals, are an artefact
of differing sample sizes? For instance, there are more than twice the number of years where age
11 fish were observed compared to age 12 fish for the Barents Sea acoustic winter + Lofoten sur-
vey (Fleet 16). To me it seems more realistic that the variance of these two age groups are similar
and I would therefore like to see a run that couples the variance parameters for ages 11+ cod for
each surveys. This would be a simpler modification that would be easier to explain and I suspect
this change, like the FINAL run, will address the issues with the fits to the older ages.

On a related note, why are the estimates so tight for age 4 cod from the bottom trawl winter
survey (Fleet 15)? Also, are there any ideas on what the issue is with observations of age 9 cod
from the Russian survey (Fleet 18)? Is it driven by the large residuals from 1992 and 19937 If the
latter is true, then perhaps the variance parameter for age 9 cod from the Russian survey could
be coupled with ages 3-10.

In summary, I agree that changes are justified to address the residual patterns in older fish and
I think that the approach used to change the configuration is logical but perhaps a little too spe-
cific. It would be great to see more detail on other model configurations (such as the simple
suggestion above, if time permits) and some potential explanations of the patterns observed.
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North East Artic cod

Review

Hoskuldur Bjornsson
May 20th 2019

1 Introduction

Advice for Barentssea cod has since 2017 been based on a SAM assessment. The settings of the model are rather
unconventional with 21 correlation parameters in the observation models estimated. table(1). The correlations
structures estimated look reasonably sensible i.e more correlation between agegroups at higher age.

The correlation matrices shown here are for model 3 (NEAcod2019block)that is the alternative with the least
AIC. Models 2 (NEAcod2019WD) and 3 have exactly the same number of observation variance parameters. One
more parameter is used for the catches in model 3 but one less for FLT15 i.e the trawl survey in February).
Generally the parameter setup for model 3 looks more sensible than for model 2, taking fleet 15 in model 2
variance parameter 3 is used for ages 5- 10 and then again for age 12 special parameter is set only for age 11. In
model 3 the same observation variance is used for ages 4-10 for fleet 15 but model 2 has indicated that variance
for age 4 was much lower than for the rest (0.4 vs 0.64). In model 3 the observation variance for fleet 15 is 0.56
for ages 4-10. (all these variances will have to be looked at taking correlations into account.)

Then we come to the main problem. We have plenty of fish of age 11 and older. The surveys end at age 12
but variance is estimated seperately for ages 10 and 11 for all fleets. And the estimated standard errors for ages
11 and 12 are high or 1.0085, 0.7190, 1.1780108, 0.6435177 for fleets 15, 16, 18 and 7. The lowest CV is from
the ECOSYSTEM survey (fleet 7) that is not available at the time of assessment. For comparison CV on the
landing for ages 11 and 12 is 0.23 and 0.6 for ages 13-15. The random walk constraint in F has standard error of
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0.33 (same value for all ages). The estimated correlation parameter on changes in F is 1.357 meaning relatively
much correlation between agegroups, reducing the effect of the random walk constraint. (1.357 is equivalent to
0.876 in a first order AR model).

Comparison of model 1 and model 3 2 shows the same general pattern of F i.e reducing after age 11. This
reduction in F is questionable without some explanation of what might be causing it. Survey indices should
be extended to "15+", at least for one of the surveys and the ¢ constrained to be the same for some of the
oldest age groups, at least for surveys considered to cover the whole stock. There should not be that much
difference between age 11 and 15 in terms of catchability, the question is more what is causing less than predicted
amount of old fish. The main problem is though that there is not sufficient information in the data to estimate
development of the oldest agegroups.

An alternative run was attempted where the run called "NEAcod2019block" was changed so F on ages 11-15
was constrained to be the same. It changes the estimated spawning stock considerably, and the selection on the
oldest fish is of course very different (figure 1). The negative log-likelihood changes from 1181.147 to 1183.934.
The number of parameters is reduced by 3 so the AIC should be lower. The problem is that the F parameters
(keyLogFsta in conf) are not included in the total number of parameters that are 70 in both cases instead of
82 and 79. The spawning stock in 2019 in run 3 is 35% higher than in the run with flat selection above age
10. The effect on adviced F are though less as the advice is based on F going down with age so even though
the virtual fish contributes to the stock size it does not contribute to the advice. (Tested with the MUPPET
program). This does though only apply if SSBsgggo is above the trigger of 3 x B,, = 1380 thous tonnes. It is
not there in 2019 but might be in 2020.

One problem with the current assessment is exclusion of ages 1 and 2. They are of course problematic
for example due to variability in M, part of which is included in cannibalism. The model used for assessment
estimates some kind of variability in M, feature abused for the adult fish but could be useful in recruitment
estimates. Estimates of recruitment are also needed in the projections as the TAC is calculated as the
average catch predicted for the coming 3 years, using the target level of exploitation (Ftr). Also If
the spawning-stock biomass in the present year, the previous year, and each of the three years of
prediction is above Bpa, the TAC should not be changed by more than +20% compared with the
previous year’s TAC. In this case, Ftr should however not be below 0.30.. The advice is therefore
based on projections but it does though look like Ftr is based on only the estimated SSB in the advice year.
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Figure 1: Comparison of SSB based on the run 3 and the same run with F constrained to be the same for 11-15.
SSB before 2000 is identical.
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3 4 5 6 7 8 9 10 11 12 13 14

Residual catch
FLT15:NorBarTrSur -1 0 1 2 3 4 4 4 4 -1 -1 -1
FLT16:NorBarLofAcSur -1 5 6 7 8 9 10 10 10 -1 -1 -1
FLT18:RusSweptArea 11 12 13 14 14 14 14 14 14 -1 -1 -1
FLT007:Ecosystem2018corr 15 16 17 18 19 20 20 20 20 -1 -1 -1

Table 1: Coupling of correlations in the SAM setup for NEA cod

3 4 ) 6 7 8 9 10 11 12 13 14
3 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00
4 -1.00 100 030 007 0.02 001 001 001 001 -1.00 -1.00 -1.00
5 -1.00 030 100 025 007 004 003 003 0.03 -1.00 -1.00 -1.00
6 -1.00 o0.07v 025 100 029 016 014 0.12 010 -1.00 -1.00 -1.00
7T -1.00 0.02 007 029 100 055 048 042 0.37 -1.00 -1.00 -1.00
§ -1.00 001 004 016 055 1.00 087 0.76 0.67 -1.00 -1.00 -1.00
9 -1.00 001 003 014 048 087 100 0.87 0.76 -1.00 -1.00 -1.00

10 -1.00 0.01 003 012 042 076 087 100 0.87 -1.00 -1.00 -1.00
11 -1.00 0.01 0.03 010 037 067 07 087 1.00 -1.00 -1.00 -1.00
12 -100 -100 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00
13 -100 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00
14 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00

Table 2: Estimated correlation matrix for FLT15:NorBarTrSur
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Figure 2: Selection by ageo with 5 years time interval

2 Alternative way to set variances

One way of estimating observation variance for the catches is to use pattern in residuals from Shephard -
Nicholsson model log(Cno) factor(year) + factor(age) + factor(yearclass) and estimate one multiplier on it.
Similarly the patten of residuals in the surveys could be obtained from an Adapt type model (model where
CNO does take completely over historically) and one multiplier estimated for each survey.

The surveys give indications that number of fish in the oldest agegroups is increasing. The problem is
that there were zero or very few fishes in those agegroups earlier, just a coincidence if 1, 2, 3 or 4 otholits were
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3 4 ) 6 7 8 9 10 11 12 13 14
3 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00
4 -1.00 100 031 007 0.04 0.03 0.03 003 003 -1.00 -1.00 -1.00
5 -100 031 100 021 012 011 010 0.10 0.10 -1.00 -1.00 -1.00
6 -1.00 0.07 021 100 057 052 045 047 048 -1.00 -1.00 -1.00
7 -1.00 004 012 057 100 091 080 082 0.84 -1.00 -1.00 -1.00
§ -1.00 003 011 052 091 1.00 088 090 092 -1.00 -1.00 -1.00
9 -1.00 003 010 045 080 0.8 1.00 098 096 -1.00 -1.00 -1.00

10 -1.00 0.03 0.10 047 082 090 098 1.00 098 -1.00 -1.00 -1.00
11 -1.00 0.03 0.10 048 084 092 09 098 1.00 -1.00 -1.00 -1.00
12 -100 -100 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00
3 -100 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00
14 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00

Table 3: Estimated correlation matrix for FLT16:NorBarLofAcSur

3 4 5 6 7 8 9 10 11 12 13 14
3 100 025 005 001 001 0.01 000 000 000 -1.00 -1.00 -1.00
4 025 100 019 0.06 004 003 0.02 001 001 -1.00 -1.00 -1.00
5 005 019 100 031 020 013 009 0.06 0.04 -1.00 -1.00 -1.00
6 001 006 031 100 065 043 028 0.18 0.12 -1.00 -1.00 -1.00
7
8

0.01 0.04 020 065 1.00 065 043 028 018 -1.00 -1.00 -1.00

0.01 0.03 013 043 065 1.00 065 043 028 -1.00 -1.00 -1.00
9 000 002 009 028 043 065 100 065 043 -1.00 -1.00 -1.00
10 0.00 0.01 006 018 028 043 065 1.00 0.65 -1.00 -1.00 -1.00
1 0.00 0.01 004 012 018 028 043 065 1.00 -1.00 -1.00 -1.00
12 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00
3 -100 -100 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00
14 -100 -100 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00

Table 4: Estimated correlation matrix for FLT18:RusSweptArea

obtained. A method that has been used in the Muppet model and was originally tested on the Norwegian Spring

Spawning herring is to use modified logresiduals i.e log%% where R is a number correponding to 4 sampled

otholits i.e when sampling error starts to dominate. What this method does is to increase the standard deviation
where numbers in stock are low. By using this method surveys that are thought to cover older agegroups can be
used without the estimated CV becoming too high. The estimated g in the surveys are shown in figure 3. What
can be ween there are contratictory trends in the February surveys (F15 and F16 ) that need to be investigated.

The same feature can be seen in figure 4 but fleet 7 is becoming closer to flat and "flat q" might be obtained
by weighted sum of F15 and F16.
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3 4 5 6 7 8 9 10 11 12 13 14
3 100 076 042 0.18 0.04 001 0.01 000 0.00 -1.00 -1.00 -1.00
4 07 1.00 055 024 005 002 001 001 0.00 -100 -1.00 -1.00
5 042 055 1.00 044 0.10 0.03 0.02 001 0.01 -1.00 -1.00 -1.00
6 018 024 044 1.00 0.22 0.07 004 003 0.02 -1.00 -1.00 -1.00
7 0.04 005 010 022 1.00 032 019 012 0.07 -1.00 -1.00 -1.00
8 001 0.02 003 007 032 100 060 037 022 -1.00 -1.00 -1.00
9 001 001 002 004 019 060 1.00 060 0.37 -1.00 -1.00 -1.00
10 0.00 0.01 0.01 003 012 037 060 100 0.60 -1.00 -1.00 -1.00
11  0.00 0.00 0.01 0.02 0.07 022 037 060 1.00 -1.00 -1.00 -1.00
12 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00
13 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00
14 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00
Table 5: Estimated correlation matrix for FLT007:Ecosystem2018corr
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Figure 3: Estimated Q from the surveys based on Model 3
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Figure 4: Estimated Q from the surveys based on Model 3 changed so F on last 5 agegroups is the same

3 Icelandic cod

The same problem shows up for Icelandic cod, i.e that fishing mortality by age is predicted to go down. As
fishing mortality has been low for some years this is starting to have some effect on the predicted biomass and
there is in addition some signal in the survey data for the older age groups. . When the number of agegroups
usee in survey tuning is increased from 1-10 to 1-14 years the pattern of fishing mortality by age changes
considerably (figure 5). The reference biomass changes by 7% and the difference in Q is most 9% in the March
survey but 25% in the autumn survey. The F changes from boing down with age after age 9 to going slightly
up.

TAC for Icelandic cod is a proportion of the reference biomass. For NEA cod estimated selection pattern is
used to compile the catch so the effect on advice could potentially be less.

Another option here would be use flat selection but estimate q by age more freely. Also M used in the
assessment might be looked at for the older fish. Neither having selection of the fisheries nor @ in one survey
constrained to be flat for the older ages should not be an acceptable option.

Estimated observation variance for the surveys for Icelandic cod are much lower than for NEA cod. SAM
estimates for Icelandic cod (variance the same for all age groups) are 0.25 for the March survey, 0.28 for the
October survey. For the bottom trawl survey in February model 3 gives CV=0.56 for 4-10 bu 1.0 for 11-12.
The only survey with reasonably low CV is the the ecosystem survey where estimated CV for ages 3-10 is 0.28.
Treating F'15 and F16 as separate indices might cause the problem here.
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Figure 5: Estimated B4+, fishing mortality by age and Q in the surveys based on tuning with ages 1-14 and
1-10. When 1-14 is used same Q is used for 10-14.

4

Conclusions

. Of the runs presented model 3 (NEAcod2019block) seems to make most sense. It has the lowest AIC and

more sensible grouping of observation variance than the other runs.

. Canging model 3 so that 5 of the oldest age groups are constrained to have the same F leads to change in
log-likelihood from 1181.147 to 1183.934 with 3 parameters less, i.e lower AIC.

. All data on ages 11-15 have very high observation variance and high correlation leading to random walk
taking over the estimation. This should be noticed when a decision of fixing F for 5 oldest vs 2 oldest age
groups is taken.

. Reference points do not have to be changed, historical SSB and therefore Bj;, are equally wrong or
right for all the runs. Changed selection might have small effect on Fj,,s, and the management plan but
simulating that takes more time than is available here.

. And then the changes that can not be done this year. Using age 2 and/or 1, extending the survey
abundance indices to age 15+, look better at the grouping of the observation variances, combining fleets
15 and fleet 16.

. If it were not for the increase in F between 2 x B,, and 3 x B,, the advice would be robust to what
happens with selection of the oldest age group. The ocean will be full of virtual cod that has no effect on
the advice.
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Conclusions from the reviewers

“Of the two options, the FINAL run appears to be the better option for providing advice.”

“The SPALY run sets the same observation parameters for all age groups. The close to zero val-
ues in the past of the older age groups (multinomial errors) make the estimated variances high.
But the advantage of the coupling over all the age groups is that the survey indices of the older
ages will not be ignored. Therefore, of those two, I would go for SPALY.

ICES
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