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Introduction

The workshop on management strategy evaluation for the Norwegian spring-spawn-
ing herring (Clupea harengus) in subareas 1, 2, and 5, and in divisions 4.a and 14.a,
WKNSSHMSE, was convened to prepare the technical basis needed by ICES to respond
to the request from NEAFC. The request is listed in Annex 1 of this report. The work-
shop was given the following terms of reference:

a) Evaluate the proposed harvest control rules (HCRs) for a long-term manage-
ment strategy for Herring (Clupea harengus) in subareas 1, 2, 5 and divisions 4.a
and 14.a, Norwegian spring-spawning herring (the Northeast Atlantic and
Arctic Ocean), as specified in the request and

b) Prepare the first draft of the advice for the special request on NSSH in North

East Atlantic.
& &
o Rule 1 <o Rule 2
o o
N N
o o
w - Special case: MSY-btrig and Fmsy w - Spedial case: MSY-btrig and Fmsy
o o
S s | ya
o o
S S
o T T T T T T [=} T T T T T T
0 2 4 6 8 10 0 2 4 6 8 10
SSB SSB
® k]
o
g Rule 3 g Rule 4
@ ©
= =
G 5
z Special case: MSY-btrig g Specigl case: MSY-btrig
@ and haryest rate equivalent to Fmsy § and haryest rate equivalent to Fmsy
o g ©
8 -~ 3 /
a a
o 3]
s T 1 T T 1 T a 1 T 1 1 T 1
[=% o
© 0 2 4 6 8 10 © 0 2 4 6 8 10
SSBproxy (age 5+) SSBproxy (age 5+)

Figure 1.1: Graphical presentation of the four HCRs that the request specifies. Blue and red lines
indicate the ranges to evaluate and the black dot and line are the special cases to evaluate for each
rule.

The workshop addressed the terms of reference and the findings are recorded in this
report. The report is organised as follows: The methodological framework is presented
in Section 2 while section 3 covers updated work on reference points. Results are found
in Section 4 while section 5 presents overall workshop conclusions and section 6 lists
the references. Several annexes are included in the report. Annex 1 is the request
received by ICES. Annex 2 contains the working documents that were presented to
the workshop. Annex 3 contains all summary output tables corresponding to the final
results for the evaluation and performance criteria indicated in the request, for the
short term, medium term and long term. Annex 4 pro-vides a list of participants and
Annex 5 provides the summary table of the HCR eval-uation. Finally, Annex 6
provides a preliminary knowledge quality assessment — this work was not presented
at the workshop, but it was decided to include the Annex as it may help guide the
appropriate level of precision to report findings in future work using the simulation
model and data. Annex 7 includes the reviewers’ reports.
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While working with the Management Strategy Evaluation, the group encountered is-
sues with the reference point simulations from earlier this year (ICES, 2018), and there-
fore these issues have been revisited by WKNSSHMSE. This took considerable time,
and since the time schedule for answering the request was already very tight it was
decided to prioritize and first focus on issues that were considered most important and
then finish the other issues in the request if there was enough time. The plan was, how-
ever, to answer all issues in the request if possible.

Unfortunately, during the meeting in Torshavn it became clear that there was not
enough time to include all aspects of the Request in detail. Below is a list of deviations
from the request and an explanation for the prioritization made:

1) All four rules should be tested without constraint and with two different
types of constraint on the inter-annual variation of TAC.

One of the prioritizations made due to time issues was to first test the effect of the TAC
constraint only on rule 1 and rule 3 (one F-rule and one HR rule). The reason for pri-
oritizing rule 1 and 3 was that they have the form of the standard ICES MSY rule with
F/HR =0 when SSB = 0 and the results should illustrate the effect on inter-annual vari-
ability in catch of including the two different TAC constraints.

2) Test the effect of allowing a maximum of 10% to be banked or borrowed any
year.

This was unfortunately not done. It was unclear how banking and borrowing should
be implemented, and it was decided to prioritize getting the code ready and quality
checked for running the simulations with the 8 selected scenarios and to put bank-
ing/borrowing on the list of issues that could be done if time allowed after finishing
the prioritized issues. In the end, there was no time to do this. Banking/borrowing
could, however, be checked at a later stage when clients have decided on a HCR. It
should be noted that MSEs for other stocks have shown that the impact of 10% banking
or borrowing on the performance of the harvest control rules is insignificant (e.g. flat-
fish in North Sea (Brunel and Miller 2013); blue whiting (ICES 2016b); Pandalus (ICES
2016¢).

3) The request asks for special cases such as F = 0.102 (Fmsy as defined by
WKNSSHREEF) to be tested.

Due to the issues with the reference points simulations (WKNSSHREF) that were en-
countered, the simulations were conducted without the old and new Fmsy estimates.
These values have, however, been included in the evaluation tables by splining the
data (see section 4).

A draft advice for the special request was prepared by the workshop chairs after the
workshop.
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2 The MSE framework

The work is based on a simulation model using the results of the assessment model
(XSAM) used in ICES to conduct annual assessments for this stock. In the assessment,
the model is run for ages 2-12+ and for the years 1988-present (ICES, 2018). To establish
the basis for MSE, the model is run from 1950—present to obtain a sufficiently long time
series to establish an appropriate stock recruitment relationship (see ICES, 2018
(WKNSSHREF) for details). Technical details are given in WD 2 (status MSE). The set-
tings were as in WKNSSHREF with a few important exceptions:

The XSAM model is a state space model having fixed M but variable selectivity. In
the model the following time series model describes development of F.

log(Fpy) =V, + agy +Ugy +61,,

i.e. a separable model with deviations where the age coefficient is called _{aU} in the
code.

The deviations from a separable model are modelled as first order AR model
Ua’y = BU X Uy—l,a + 620.,3/

The variance-covariance matrix of the inherited changes in selection §2,,, (2;) and the
transient changes §1,, (X;) are assumed diagonal i.e. no correlation between age
groups. Also, all the elements of X; and X, are assumed to be the same. The use of
diagonal variance-covariance matrices can be justified here as the yearfactor V, intro-
duces strong positive correlation and predicting on correlations of U, ,, is difficult.

The effort in XSAM follows a time series model
VS, = Yy + 6 3y
Y, = X + 04
y =Py y_1+ y

83, denotes transient variability in effort and is not used in the herring model (variance
set to 0)

The observation model in XSAM is somewhat different from most other assessment
models as the variance covariance matrix of survey residuals is calculated for each year
based on bootstrapping the data, (using the program STOX). As sampling variability
(variability in acoustic values and pelagic trawl samples) does not include all variabil-
ity, the values are estimated by an estimated number (one for each of the main surveys)

The XSAM model was used to generate stochastic set of the estimated parameters from
the estimated Hessian matrix. In N stochastic simulations N sets of the estimated pa-
rameters in the equations above are given and a time series of selection patterns gen-
erated. The set of estimated parameters estimated this way is initial number in stock
and F (2017 values), parameters for equations describing development of selection pat-
tern (X;and X,,a,y,Ly above).

The effort V, does not need to be included in time series model as the simulations will
always be calculated from the catch given by the HCR. It is included in the code but
later scaled out by division to get the selection.

Most of the parameters of the selection model are variances, used by the models for F
and selectivity U above in each simulation.
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The selection patterns estimated historically are quite variable (somewhere between
VPA and separable model) and those generated in the stochastic simulations are also
quite variable.

The Hessian matrix of XSAM is used to generate covariance matrix between B.f g5y
and Biyigger,assy for biomass rule andSSBggsy11,Ny4+1,1:4 and Fyyq 1.4 for the F rules.
These matrices are then used to generate assessment error (using the function mvr-
norm) that is used to calculate predicted values of the measures used to calculate TAC
(Tables 1-4 in WD2 status MSE). No autocorrelation of assessment error is included.

The most important part of the simulations is the stock - recruitment model. Determin-
istic values of SSB,, and N0,, were generated from XSAM and used in the same way as
in EQsim and described by Simmonds et al. (2011) called AIC smoothing.

N, 1, used was in the beginning the same value as Ny ,, x e~2*%° It turned out that this
value of age 2 had to be corrected for heavy fisheries of age 0 and 1 in the fifties and
sixties (age 0 and 1 are not caught today), especially on the small year classes. Age 0
for a year-class was back calculated, Popes equation from age 2 estimated from XSAM,
catch in numbers and M=0.9/year. The calculations included 3 steps/year dividing the
catches equally between steps. Age 2 for the stock-recruitment model was then calcu-
lated by

— -1.8
Nz,y+2 = No'y X e
Autocorrelation of recruitment residuals used in the simulations was based on residu-
als from the fit to the data in correct order (EQSIM method).

Catches of age 0 and 1 were not included when Fusy was evaluated at WKNSSHREF.
Also, the number of iterations was increased from what was used at WKNSSHREF (see
section 3).

For comparison, HCR simulations were also conducted with a separable (SEP) or VPA
model described in WD1 and used for many Icelandic stocks. That model is a com-
bined assessment and simulation model where parameters of the stock-recruitment
function (including autocorrelation) are estimated in the assessment phase. The model
is therefore in many ways different from the EQSIM/XSAM type simulation model that
was the basis for the work in WKNSSHMSE.

Bias

One difference between the XSAM and SEP model was that the latter model included
considerably more assessment error and biological variability was included. In the
XSAM model the assessment error was based on the estimated Hessian matrix, both
for the assessment year and prediction year while the CV of the assessment error in the
SEP model was based on analytical retros done in 2015. The effect of those terms on
estimated Fusy is though small as long as bias in the assessment is not included but bias
in assessment was an important topic in the 2013 HCR evaluations (ICES, 2013). 10%
positive bias does simply mean 10% lower Fusy.

Analysis of retrospective patterns is sometimes used to establish autocorrelation in as-
sessment errors. For herring, the retrospective pattern is largely driven by incomplete
time series (e.g. the spawning survey which is available and used in the years 1988—
1989, 1994-1996, 1998-2000, 2005-2008, 2015-2018) since introduction or removal of
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this data source will cause the retrospective fits to shift due to the relative difference in
signals on stock size compared to the other data sources. The retrospective pattern for
the last 3 years is remarkably stable when data from this survey has been included. If
it is assumed that all surveys will be conducted and included in the assessment in the
years to come, we have little basis in the retrospective analysis to decide on autocorre-
lation in assessment error, except for the last years. Although a retrospective analysis
based on 2015-2018 may be considered to represent too few years to conclude, it is
noted that these fits indicate negligible autocorrelation in the deviations. On this basis,
the autocorrelation in the XSAM model is set to 0.

In order to evaluate effects of bias on the MSE, a subset of Fiarget/Buigger combinations for
Rules 1 and 3 was run with 10% and 15% bias, assuming that 10% bias would lead to
Freatised = Fintendea®1.1 and effective Buigger = Burigger/1.1. The HCRs were therefore run by
scaling F/HRuargets and Buigger by the constant bias.

Biological variability

Biological variability was not implemented in the simulations, but the effects of these
parameters were investigated. Below are some results from these investigations.

There is limited amount of documented results on the mechanisms for variation in bi-
ological parameters for NSS herring. Based on the assumption that variation is stochas-
tic and independent on other stock parameters, the effect of variation in biological
parameters, values for mean stock weight, catch weight and proportion mature at age
were examined by resampling respective empirical age specific mean values across
years at random with replacement for the years 1988-2018. Figure 2.1 and Table 2.1
shows the effect for Rule 1 with Brigger=3184 and Frarge=0.157. The effect is marginal,
although the risk is increased, most notably in the short term, and then the difference
decreases with time. However, the difference in the medium term, were the risk is
highest, is 0.006, i.e. on the third digit (Table 2.1). The effects on median recruitment,
SSB and yield are relatively smaller than for risk, but variable biological parameters
appear to cause marginally lower median values (Table 2.1), although the differences
are hardly visible visually (Figure 2.1). The reason for the very modest effect of varia-
bility in biological parameters is because the variability is overruled by the large re-
cruitment variability. The same result is found for the other harvest control rule (not
shown). Thus, this effect is relatively smaller than other differences caused by changes
in assumptions made for stock recruitment (see section 3 below) and is therefore not
considered a critical factor for the evaluation.



ICES WKNSSHMSE REPORT 2018

o
g_ Biological parameters: A n /\ y /\
— Constant - oo j\ v \V/ b
— Variable i~ 7 A /M/ Tt
S g ! \\ TN
=} T4 LN
o !
~ @ 1 -~
(=3 *GC-J‘ i L s
0 i
N o e | I
a/: — /\\ % i|:- -
o 5 /‘\\/\ S|
o) N 83|
. TR AL 377
[Te) ’\\/\ < v
Q = &
S // O P P N S W
[ D TSNS
/
—
o / 8 ________________________________
© — 7
e [ [ [ [ [ [ ! 8 ! ! [ [ [ [ [
2020 2030 2040 2050 2020 2030 2040 2050
Year Year
T S LN
o g_ .~ ,\‘_/ﬁ// - _,;f"
=} e
2L il
< P | e
- 8 L~ e §r
o] 7 v =
— « o7 -
o I
S o =
S -3 ] iy
‘cg = o] i
2 > 1 I N
I i il
° §_ ,I; 1 /-——/"_'
S S i [
© ‘,, ,/ //.—_,—__,—
o | N
. g\ ____.
n V ~~===T
o
Q — -
S
N T T T T T T T T T T T T T T
2020 2030 2040 2050 2020 2030 2040 2050
Year

Year

Figure 2.1. Comparing risk (P(S5B<2500)), median recruitment, SSB and yield for the years speci-
fied in the request using constant biological parameters (age specific means of stock- and catch
weights and proportion mature for 1988-2017) (black lines) and variable biological parameters (red
lines). Variability is obtained by resampling respective age specific values at random over years
with replacement. The results are shown for harvest control rule 1 with Beigger=3184 and Frarger=0.157.
The broken lines capture the 95%, 80% and 50% intervals of the respective distributions.

Table 2.1. Comparing risk (P(SSB<2500)), median recruitment, SSB and yield for short, medium and
long term as defined by the request using constant biological parameters (age specific means of
stock- and catch weights and proportion mature for 1988-2017) and variable biological parameters.
Variability is obtained by resampling respective age specific values at random over years with re-
placement. The results are shown for harvest control rule 1 with Beigger=3184 and Frarge=0.157

BIOLOGICAL P(SSB<2500) MEDIAN MEDIAN MEDIAN YIELD
RECRUIT- SSB
PARAMETERS
MENT
Short Med Long Short Med Long Short Med Long Short Med Long
Constant 0.052 0.087 0.063 10052 10413 10933 3503 4657 5326 548 738 835
Variable 0.063 0.093 0.067 10043 10384 10906 3491 4614 5300 545 736 832




ICES WKNSSHMSE REPORT 2018 | 7

3 Evaluation of new fishing mortality reference points

Since 1999 the management plan for this stock has been using F target of 0.125 and
Brrigger=b million tonnes. ICES first defined Fwmsy for this stock in 2010, estimated as F=0.15
using stochastic simulations assuming a Beverton-Holt stock recruit relationship
(ICES, 2010-WGWIDE report). Despite this, a re-evaluation of the management plan in
2013 did not lead to a change in the management plan target F. The 2013 report put
considerable effort in describing bias in assessment that had been substantial (>20%) in
the last 2 decades before that.

The problem of Fusy and management plan was revisited in 2016 (ICES, 2016a) and
again the bias problem was revisited. At that time survey 1 was introduced after being
discontinued for 6 years. Re-introduction of the survey lead to upwards revision of
the stock, removed part of the bias but was somewhat questionable taking into account
1 data point following 6-year time gap. Therefore, the bias problem is still an issue
though it was not discussed much at the WKNSSHMSE meeting.

How well the Fmsy evaluations done in 2010 and 2013 match comparable work done
today is difficult to say, the guidelines for evaluating Fwmsy have evolved during that
time and is now defined as the lower of F giving maximum median yield and Fpos with
Btrigger=Bpa. The Burigger (Bpa) value defined at WKNSSHREF 2018 is 3184 thousand tonnes
compared to 5000 thousand tonnes before that.

The Fusy value of 0.15 defined in 2010 was maintained until new reference points were
defined for the stock at WKNSSHREF in early 2018 (ICES, 2018). Here, Fmsy without
precautionary constraints was found to be near the previous 0.15 value, but it was re-
duced to 0.102 due to the limitation of P(SSB<Biim) < 5% (i.e. Fmsy was set as Fpos=0.102).

Low values of Fyos are inherently unstable and sensitive to small changes in input data
and assumptions as they depend on low quantiles of predicted recruitment that are
never reliable even when the time series is 65 year. Changes in SRR parameters, affect
the results, especially the parameters o and @ characterising the recruitment standard
deviation and autocorrelation of the recruitment residuals, respectively. High value of
o leads to small cohorts becoming very small and difficult/impossible to satisfy SSB
>Biim in long periods of only small year-classes.

The same simulation framework partly based on the XSAM model that was used at
WKNSSHREF has been adapted to carry out the MSE simulations for the current re-
quest (see Section 2). However, after WKNSSHREF, two changes were made:

1) Numbers at age 2 from XSAM were adjusted to account for catches at ages
0 and 1. (see section 2).

2) Numerical stability in the simulations was improved by increasing the num-
ber of iterations in the simulation.

Adjusting the numbers at age 2 (N2) in this way resulted in a proportionally significant
increase in the very low recruitment values seen at SSB>Biim during the period before
the collapse (Figure 3.1). A targeted fishery on these age groups has not occurred after
the collapse due to minimum landing size being established. Overall the corrected val-
ues of N2 result in higher mean recruitment with less variability, particularly for high
values of SSB. This leads to a reduction in the proportion of Ricker models and an in-
crease in the proportion of Beverton-Holt models when using the model averaging
based on AIC (Table 3.1).
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data for 1950-2017, while the green dots are the same numbers corrected for the number of 0
and 1 that were fished.

Table 3.1. Percentage of type of recruitment model with lowest AIC based on 5000 resamples of
pairs of stock recruitment.

DATA BEVERTON HOLT HOCKEY STICK RICKER
N2 43 25 32
N2 61 25 14

The procedure for evaluating Fumsy is identical to the procedure used to evaluate Har-
vest Rule 1 in the request when Beigge=Bpa and no stabiliser is used. The only difference
is that the Fumsy calculations are based on really long term (equilibrium) while the man-
agement plan evaluations end in 2053.

Further evaluation of numerical instability.

The initial MSE analysis (without the corrected numbers at age 2) using HCRs with
Frarget close to Fro5=0.102 gave higher risks than anticipated. Therefore, it was necessary
to revisit the analysis and results made at WKNSSHREF. The issue appeared to be nu-
merical instability due to too few resamples.

At WKNSSHREF 1000 resamples of parameters (stock recruitment) were used and each
HCR was simulated for 500 years, discarding the first 250 to ensure the process had
reached equilibrium. A test was made to ensure numerical stability of the results, but
it turned out that an error with the use of random seeds shortened the time effective
time span of the time series used (the seed was set to equal values in a sequence within
each time series). Effectively, the results became independent of the changes made in
number of resamples and number of years, and this potential problem was thus not
discovered.

Increasing the number of iterations to 2000 appears sufficient for numerical stability of
statistics for short, medium and long term (Figure 3.1.1), whilst also maintaining the
distribution of recruitment models used for the AIC smoothing.

To be able to finally conclude on the third digit in the estimates of F targets, it may be
necessary with more simulations (increasing number of resamples as well as increasing
the length of the time series beyond 500 time steps). Since this is computer intensive
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and require relative much storage place and memory the time constraints have re-
stricted this task. On the other hand, precision at the level of third digit of Fros is much
less troublesome than any other assumption made about e.g. biological parameters
(weights, proportion mature and natural mortality at age) and is an argument for re-
ducing number of digits. It should be noted that the most troublesome statistic to esti-
mate with numerical stability is risk factors such as low values of P(B<Blim) or in other
words the Fros (Figure 3.1.1, top left).
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Figure 3.1.1. The impact of number of iterations run on the estimates of the probability of SSB<2500
(top left), median recruitment (top right), SSB (bottom left) and catch (bottom right) for short (black
lines), medium (red lines) and long (green lines) term. The HCR used in this example correspond
to rule 1 with Frrger=0.1 and Burigge:=3184.

New reference points

Based on the two changes described above, the reference point analyses conducted at
WKNSSHREF were updated, keeping all other assumptions and inputs the same as
were used at WKNSSHREF.
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The inclusion of the catches at ages 0 and 1 have a large impact on our estimates of Fpos,
and therefore Fuvsy (Table 3.2.1 and Figures 3.2.1 and 3.2.2). This is mainly through the
impact on the average size of small year classes, rather than changes in the magnitude
of large year classes. Small year classes are predicted to be larger on the average, de-

creasing the probability of SSB<Biim in periods where all year-classes are small.

Table 3.2.1. Final estimated reference points for NSSH. Weights in million t, mean F for ages 5-12.

REFERENCE MSY BpA Bum FpA FLiM UNCONSTRAINED Fros Fmsy
POINTS. Brriccer Fusy
WKNSSHREF 3.184 3.184 2.500 0.182 0.234 0.152 0.102  0.102
value

WKNSSHREF 3.184 3.184 2.500 0.183 0.235 0.154 0.085  0.085
value )

(uncorrected N2)

WKNSSHMSE 3.184 3.184 2.500 0.227 0.291 0.179 0.157  0.157
value

(XSAM)
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Conclusion

The current analyses indicate that Fmsy(0.157, Table 3.2.1) is higher than the value that
was estimated at WKNSSHREF.

Similar analyses on a different platform (using a separable model, results not shown —
but presented in WD 1) show similar behaviour when accounting for the catches at age
Oand 1.

The new values are considered by WKNSSHMSE to be more appropriate, both in terms
of the adjusted SR pairs and the improved numerical stability gained through using
more iterations.

The WKNSSHREF reference points have not yet been used in advice for this stock but
were used by the Coastal States as a basis to formulate the current HCR options being
evaluated in this request.

In reference point analyses the assumptions we make have a big impact on the results
we obtain. The estimate of Fpos is sensitive to how the spawning stock — recruitment
relationship is modelled and can be anywhere between 0.1 and 0.15 depending on in-
puts used and assumptions made.

Bias in assessment has been a problem in the past but did not get much attention at the
WKNSSHMSE meeting. This is though not an indication that the problem has disap-
peared.

The comparative analyses with SCA platform together with the XSAM analyses sug-
gest that the input scenario with no catch for ages 0 and 1 leads to an outlier value of
Fumsy among the other scenarios (WD 1). The current management plan target of 0.125,
which has been used for nearly two decades without driving the stock below Biim still
seems appropriate given this reference point estimation uncertainty.

3.3.1 Proposed Fumsy in context to estimates from separable model and cur-
rent Ftarget

ICES procedures for evaluating Fumsy do not seem to include much about basing results
on more than one model/number of settings, something that is necessary for increasing
reliability of the work. The range of plausible Fmsy values presented at the
WKNSSHMSE is between 0.100-0.157. Evaluations of the management plan based on
the settings that give Fmsy = 0.157 also leads to Frarget = 0.120 based on type III risk (max-
imum in a year ) and 0.124 based on medium term (2023-2032). These values lie in the
middle of plausible values according to the simulations by WKNSSHMSE and almost
identical to the Frarget used since 1999.

3.3.2 Recommendation

If rules 3 or 4 will be selected as the basis for advice HRmsy should be defined instead
of Fumsy.

WKNSSHMSE proposes that the new fishing mortality reference point estimates from
this workshop should replace those established at WKNSSHREF. Not changing them
would lead to inconsistencies between the MSE simulations and the ICES reference
points. While changing them so soon after issuing advice with new reference points is
not ideal, it reflects the reality of how uncertain estimates of these reference points are.
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4.1

Full set of MSE results

This section presents a selection of results for the configuration selected to form the
basis of the MSE.

Although harvest proportions is the correct term to describe fishing mortality in the
biomass rules, in this section the term harvest rates (HR) has been used to comply with
the nomenclature in the request.

When comparing the four different Rules, Brrigger = 3184 was used, and when comparing
different Buigger and/or values of Frarget, Rule 1 was used. The reason for presenting rule
1 was that it has the form of the standard ICES MSY rule with F =0 when SSB = 0. Some
of the figures have been based on Furge= 0.125. This may be confusing, since this is
neither the new Fusynor the requested special case. The main reasons are, that the sim-
ulations were made before the discussions on Fmsy were finalised and Fusy was not
among the simulated Frargess. It is still possible to make general conclusions about the
HCRs with and without catch constraints based on Frarget = 0.125.

In some figures, F-rules and biomass rules are presented in the same plot-area. Frarget
and HRurget cannot be directly compared, and therefore the biomass rules have in most
of these figures been presented based on the median Frar obtained for a given HRuarget.

The simulations were conducted with F-values ranging from 0.10 to 0.20 with incre-
ments in F being 0.01 or 0.02. In order to answer the Request with regards to Fwmsy (0.102
in Request and 0.157 after re-estimating Fwmsy), Fiarget = 0.102 and Frarget = 0.157 have been
added to the tables based on splining (non-linear interpolation).

The main findings from the MSE are presented in section 5.

Scenarios evaluated and performance statistics

There were four different rules to test, and they are illustrated graphically in section 1
and given in full in Annex 1.

The Harvest Control Rules (HCRs) were evaluated under a range of Buigger values and
target Fs/target HRs, as indicated in the Request, although both ranges have been nar-
rowed, such that Buigger ranges from 2.5 to 5 million tonnes and Frarget ranges from 0.10
to 0.20 and HRtarget from 0.07 to 0.15.

As described in the introduction, there was not enough time for the group to investi-
gate all scenarios for all rules. Two sets of constraints of inter-annual variation of TAC
were applied to two of the rules — the F- and HR-rule going through 0,0. Simulations
with banking and borrowing were also requested, but these were not conducted due
to time limitations.
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Table 4.1 below describes the simulated rules.

ABBREVIATION DESCRIPTION OF RULES
HCRrl F-rule going through 0,0
HCRr1CCl1 or F-rule with TAC-constraint average of TAC in current and TAC-year
Rule1-Typel
HCRr1CC2 or F-rule with TAC-constraint +25%/-20% between current and TAC-year
Rule 1 -Type?2
HCRr2 F-rule with Fmin = 0.05
HCRr3 Biomass-rule going through 0,0
HCRr3CCl1 or Biomass-rule with TAC-constraint average of TAC in current and TAC-year
Rule 3 -Type 1
HCRr3CC2 or Biomass-rule with TAC-constraint +25%/-20% between current and TAC-
Rule 3 - Type 2 year
HCRr4 Biomass rule with HRmin = 0.05

The following time periods were considered in the evaluation, as requested:

e Short term: 2019-2023 (short-term years stated in the request)
¢ Medium term: 2024-2033 (medium-term years stated in the request)
e Long term: 20342053 (long-term years stated in the request) *

* This long term is, however, not the near-equilibrium long term.

4.1.1 P(SSB<Biim)

According to the ICES guidelines, an HCR is considered precautionary if the maximum
of the annual risks (P(SSB<Biim)) is <5%.

e The P(SSB<Bim) was calculated as the proportion of the 3000 iterations in the
simulation for which SSB was <Biim for each year individually. Prob3 was
then calculated as the maximum probability of being below Biim in the short,
medium and long term.

e The P(SSB<Bim) was also calculated as the proportion of the 3000 iterations
in the simulation for which SSB was <Biim (Prob1) This was done for the short,
medium and long term. These tables are not shown.

e In some of the figures P(SSB <Bim) is presented as the annual risk of SSB
<Biim.

4.1.2 Median Yield and Median SSB

For each period of years in the short, medium and long term, the median was taken
over the years in that period and the iterations (3000) in the simulation. In some of the
figures median yield and SSB have been presented as annual values.

4.1.3 Indicator for inter-annual variability of Yield and SSB
For each year and iteration in the simulation, the Inter-Annual Variability (IAV)
statis-tic for
Cyp1—C
iav, = abs(M)xIOO
Cy

Where Cy is catch in the year y. Inter-annual variability can in the same way be found
for other metrics than catch, and was also calculated for SSB.
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4.2

The median was then taken over the years in the short, medium and long term and the
iterations (3000) in the simulation. In some of the figures median inter-annual variabil-
ity in yield has been presented as annual values.

4.1.4 Realised F

In the Request, it is stated that “ICES is also requested to assess what, if any, other
measures in addition to those contained in the present Management Strategy might
contribute to attaining the objectives of the strategy, and provide estimates of their ef-
ficiency”.

The TAC constraints being tested will lead to median realized fishing mortality being
different from target fishing mortality. In order to better illustrate how the TAC con-
straint will affect the fishing mortality of the different rules, it was decided to present
realised fishing mortality for all rules. This makes it also easier to compare the biomass
rules to the F rules.

4.1.5 Comparison of the main model with a separable model

The main results of this report have been cross-validated by running similar scenarios
with another model. The main results of these comparisons are given in section 4.2.5.

4.1.6 Comparison of MSE simulations with historical stock trend

The Rule 1 scenario for Buigger = 3184 thousand tonnes and Frarget = 0.125 have been com-
bined with the assessment results for 2017 to show how the simulation behave com-
pared with the historical pattern.

4.1.7 Bias

For evaluating the effect of bias on the MSE, two of the Rules (Rule 1 and Rule 3) were
run with 10% and 15% bias for a subset of the F/HPtarget ,Buigger combinations. Bias was
assumed to overestimate SSB and underestimate F as described in section 2.1.

MSE results
Most results are presented in this result section, but the tables are listed in Annex 3.

Four summary tables are presented below (Tables 4.2.1-4.2.4) showing the F/HR on the
margin of being precautionary for different rules and value of different metrics at this
value. Tables 4.2.1 and 4.2.2 are based on maximum risk per year and lead to lower
Fpos and HRpO5 than the results given in tables 4.2.3 and 4.2.4 that are based on average
risk in medium term (2023-2032). The highest risk for an individual year is in 2023 and
will then be conclusive when type III risk is used. The request is on the other hand
based on medium term risk and leads to little lower Fpos.

Table 4.2.1.Fyos for the F rules based on risk< 5% (Risk 3). 5 different metrics when fishing at the
value of F shown with Buigge=3184 thousand tonnes.

STABILISER Fros MEDTERM LONGTERM LONGTERM 1AV 1AV

RULE CATCH CATCH Co5 MEDIAN 90%
none-Rulel 0.119 640 758 285 18.0 48.2
Avg-Rulel 0.121 651 779 280 10.0 311
%-Rulel 0.121 628 761 283 19.1 25.0

none-Rule2 0.146 716 818 185 20.0 63.8
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Table 4.2.2.HRpos for the biomass rules based on risk< 5% (Risk 3). 5 different metrics when fishing
at the value of HR shown with Buigge:=3184 thousand tonnes.

STABILISER HRO5 MEDTERM LONGTERM LONGTERM 1AV 1AV
RULE CATCH CATCH Co5 MEDIAN 90%
none-Rule3 0.097 616 746 287 9.8 26.8
Avg-Rule3 0.096 603 751 272 7.5 21.5
%-Rule3 0.097 599 737 288 11.0 25.0
none-Rule4 0.107 658 782 222 10.5 34.3

Table 4.2.3. Fyos for the F rules based on risk< 5% in medium term. 5 different metrics when fishing
at the value of F shown with Brigger= 3184 thousand tonnes.

STABILISER Fros MEDTERM LONGTERM LONGTERM 1AV 1AV
RULE CATCH CATCH co5 MEDIAN 90%
none-Rulel 0.124 653 769 282 18.2 48.9
Avg-Rulel 0.127 669 793 277 10.2 325
%-Rulel 0.127 645 775 280 19.5 25
none-Rule2 0.158 742 837 156 20.8 68.9

Table 4.2.4. HRpO5 for the biomass rules based on risk< 5% in medium term. 5 different metrics
when fishing at the value of HR shown with Buigger= 3184 thousand tonnes.

STABILISER HReo5 MEDTERM LONGTERM LONGTERM 1AV 1AV
RULE CATCH CATCH Co5 MEDIAN 90%
none-Rule3 0.102 633 760 281 10 27.8
Avg-Rule3 0.101 625 768 267 7.8 22.6
%-Rule3 0.102 617 752 283 11.3 25
none-Rule4 0.116 687 804 192 11 37.9

Figure 4.2.1 shows the trajectory of SSB in Rule 1 based on 3000 simulations together
with one randomly selected individual run. Bim (2.5 million tonnes) is illustrated as a
horizontal line, whereas the medium term period (2024-2033) is illustrated as two black
vertical lines. The NSS herring stock has been decreasing over nearly a decade. In the
medium term the simulations predict a gradual recovery of the SSB, but the range in
individual runs is large with resulting wide confidence limits around the estimate. Due
to this, it is understandable that the risk of SSB falling below Bim in the medium term
is larger than in the short and long term.
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Figure 4.2.1.Example of simulated SSB in the simulation period (vertical lines separate short term
2019-2023, medium term 2024-2033, and long term 2034-2053) as simulated with Rule 1 with Buigger =
3184 and Ftargel =0.125.

4.2.1 P(SSB <Blim)

Comparing short, medium and long term tables, for the HCRs without a TAC con-
straint, a main message is that, for any given (Ftarget, Buigger) combination, the P(SSB<Biim)
is largest for the medium term for all rules (Tables A.3.1 and A.3.2). This is as expected
given the current low stock size. For ICES to consider an HCR precautionary, this prob-
ability should be <5% in all time periods and really in all years. This means that the
table for the medium term is the relevant table to examine for determining if an HCR
is precautionary.

From examination of the medium term, tables for all rules in Tables A.3.1 and A.3.2, it
is clear that there is a “diagonal” borderline in the table for the 5% risk, whereby larger
values of Furget are associated with larger values of Brrigger.

In general, the rules going through 0,0 appear to have higher risks than the rules with
Fmin/HRmin. And in general, there is little difference in risk of falling below Bim between
the rules with and without constraints in inter-annual TAC change.

It may appear contradictory that Fusy is not precautionary in the Rule 1 scenario of the
MSE at MSY Burigger. This is probably mainly because the simulations have not reached
equilibrium in the long term defined in the request.

Figure 4.2.1.1 displays the P(SSB<Biim) in the medium term for all rules. For Rule 1 the
risk is slightly lower when the TAC-constraints are applied, but for Rule 3 there is
barely any difference between the runs with and without TAC-constraints. The rules
with Fmin/HRmin are associated with lower risks most likely because these rules have a
steeper reduction of F below Buigger.

The effects of the TAC constraint are not necessarily easy to anticipate, but it should be
born in mind that the constraint only applies when SSB is forecast to be above Brigger,
and this may be part of the reason why it results in some reduction of risk.
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Figure 4.2.1.1.Risk, P(SSB<Biin), expressed as proportion for F and biomass rules in the medium
term. The points are the precautionary options — grey points are biomass rules and black points are
F-rules. F is not a target in the biomass rule but rather median F obtained for a given HRtarget. Rules
2 and 4 are without catch constraint.

4.2.2 Yield and SSB

Table A.3.3 shows the median yield for the F-rules with and without TAC-constraints
and Table A.3.4 shows the median yield for biomass rules without and with TAC-con-
straint. The green colours identify the (Frarget, Birigger) combinations that correspond to
yield that is 295% of the maximum yield among the precautionary (Frarget, Btrigger) com-
binations. In general, high Farget — high Buigger combinations give the highest yield. At
the highest fishing targets the rules going through 0,0 and the TAC-constraint with
25/20% give lower yield than the other options. Yield is also graphically presented in
Figures 4.2.2.1 and 4.2.2.2.

Median SSB is shown in Tables A.3.5 and A.3.6. In the short term, there is little varia-
bility in realised SSB, but in the medium and long term realised SSB is highest for the
lowest F/HRutargets, whereas SSB does not vary as much with increasing Buigger.
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Figure 4.2.2.1. Median Yield (kt) vs. Ftarget in the medium term for all rules without and with con-
straint. The points are the precautionary options — grey points are biomass rules and black points

are F-rules. F is not a target in the biomass rule but rather median F obtained for a given HRuarget.
Rules 2 and 4 are without catch constraint.
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Figure 4.2.2.2. Median Yield (kt) vs. Furget for F-rules in the short medium and long term.

4.2.3 Interannual variability in yield and SSB

Increasing the Frarget or the Buigger in the HCR leads to increased inter-annual variability
(IAV, defined here as % change between any two consecutive years; see formula in
subsection 4.1.3) in yield. When no TAC constraint is included on F-rules, the interan-
nual variability (median value across years and iterations) ranges from about 17% for
(low Ftarget, low Burigger) combinations to about 30% for (high Frarget, high Brigger) precau-
tionary combinations (Table A.3.7). When an averaging TAC constraint is included, the
range is approximately 9%-18% and when a +25%/-20% TAC constraint was included
the range was 19%-25%. For the biomass rules (Table A.3.8), the variability for rules
without TAC-constraint varied between 8% and 16%, for averaging TAC-constraint the
variability was 6%-12% and for the +25%/-20% TAC constraint the variability was 10%-
17%.

Increasing Frarget lead to increased inter-annual variability in SSB, whereas increasing
Btrigger lead to decreased variability (Tables A.3.9 and A.3.10). The inter-annual variabil-
ity in SSB was less than in yield, though.

A graphical illustration of median inter-annual variability is provided for Buigger= 3184
in Figure 4.2.3.1.
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Figure 4.2.3.1. Median of the IAV in Yield vs. fishing mortality, in the medium term, without and
with constraint. The points are the precautionary options — grey points are biomass rules and black
points are F-rules. F is not a target in the biomass rule but rather median F obtained for a given
HRtarget. Rules 2 and 4 are without catch constraint.

AsFigures 4.2.3.2,4.2.3.3 and 4.2.3.4 illustrate, for any given (Ftarget, Birigger) combination,
there is a wide range of yield and inter-annual yield variability values that may occur
in the future. This means that future values of yield could be quite different from the
medians reported in Tables A.3.3-A.3.4. The range of possible future values widens as
the F target increases. For inter-annual yield variability (Figure 4.2.3.1) the range wid-
ens considerably with increases in either the F target or the Buigger, and inter-annual
yield variability values that are much higher than the medians reported in the tables
cannot be ruled out in those cases.
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Interannual variability in medium term
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Figure 4.2.3.2.Interannual variability in medium term yield versus Frget for rules without and with
TAC constraint. From left to right, the panels correspond to Brigger = 2.5, 3.184, 4 and 5 million t. The
figures show the 5th, 25th, 50th, 75th and 95th percentiles of the medium term distribution. (Cau-
tion: HRerget not scaled precisely to Frarget.)

Figures 4.2.3.3-4.2.3.4show the simulated distribution of SSB, catch (i.e. yield), Fbar,
and the P(SSB<Biim), for years 2019-2053, for Buigger = 3184, without or with the con-
straint on inter-annual TAC change. The panels corresponding to the realised SSB,
catch and Fvar show percentiles of the simulated distribution. The range of variation
covered by the 3000 iterations in the simulation, which results from the combination of
the uncertainty in the assessment / forecast and the natural variability of the herring
stock, is very large, as depicted by the shaded transparent areas in the figures. There-
fore, the stock may follow a trajectory very different from the one represented by the
median, as illustrated by the randomly selected trajectory of a single iteration (Figures
4.2.1and 4.2.6.1).
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Rule 1 - F-rule through 0,0 and Btrigger = 3184
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Figure 4.2.3.3. Simulation results for 2019-2053, for Rule 1 with Btrigger = 3184 kt and without con-
straint in interannual TAC change. Each column corresponds to the Fure value indicated in the
column’s heading. The top three rows correspond to the realised SSB (horizontal green line is Biim),
Catch and Frar(ages 4-8), and show the 5th, 25th, 50th, 75th and 95th percentiles of their distribution.
The bottom row shows the P(SSB<Biim), with the horizontal red line at 5 (i.e. 5%).

Btrigger = 3184 and Ftarget = 0.125/HRtarget = 0.11
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Figure 4.2.3.4. Simulation results for 2019-2053, for all tested rules without and with constraint in
interannual TAC change. Each column corresponds to the rules. The four rows correspond to the
realised Catch,Fvar(ages 5-12), SSB and p(SSB<Biim), and show the 5th, 25th, 50th, 75th and 95th per-
centiles of their distribution. (Caution: HRtger= 0.11 is not equal to Frarget = 0.125.)
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Table A.3.11 shows realised F in the medium term for all rules. Note, that also for the
biomass rules these tables are expressed as median F. In general, F decreases as Buigger
increases. Figure 4.2.4.1 summarises this information for Brigger = 3184 kt. Figure 4.2.4.2
illustrates the distribution of Fs for the F-rules with and without TAC-constraints. The
TAC-constraint with +25%/-20% leads to a relatively higher frequency of lower F as
compared to the non-constrained scenario or constrained by averaging between cur-
rent and TAC-year. The reason for this low tail is that the constraint is switched off
when the stock is perceived to be below Burigger.
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Figure 4.2.4.1.Median of the real Fvs.Furget/ HRurget, in the medium term, without and with constraint.
The figure is with Buigger= 3184 kt. (Caution: HRearget not scaled precisely to Frarget.)
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Histograms of realised F for F-rules - Btrigger = 3184
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Figure 4.2.4.2. Histograms of realised Fs for F-rules for Bigger = 3184 (kt) and Frarget = 0.125 and 0.16.

4.2.5 Comparisons with a separable model

The 2 models XSAM and the separable model operate in considerably different ways
(section 2). Comparing median catch and SSB shows very similar results for both mod-
els (Figure 15, WD 1). Looking at the lower quantiles of SSB and catch XSAM shows
higher values. This difference is driven by recruitment, which was more variable in the
separable model. Checking the results against "reality”" the median recruitment since
1950 in years where SSB > 2.5 million tonnes was 10.2 milliard herring at age 2 and the
lower quantile 1.6 milliard. The predicted numbers are lower but though similar.
Higher variability in recruitment when spawning stock is low might affect CV of re-
cruitment. The XSAM numbers show less variability than indicated in the separable
model assessment. They are based on XSAM stock assessment that could be somewhat
different, especially with regard to the small cohort. When looking at the so called "re-
ality” it must be kept in mind that the years where SSB > 2500 are only 47, rather few
years for a reliable fifth percent quantile. The "truth" is somewhere between the red
and blue lines, but it must be remembered that XSAM was fitted to a different "truth".
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The two harvest control rules F rule and biomass rule (HR) give similar results for both
models (Figure 4.2.5.1). Fishing mortality is of course not the key parameter in the bio-
mass rule but can be derived from the results, so the plots become comparable. The
results indicate that the harvest control rules perform equally well in terms of the met-
rics shown in the figure.
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Figure 4.2.5.1.Comparison between two models (separable model and XSAM) and between F-rules
and biomass rules.

4.2.5.1 Conclusions regarding comparison between the two models

Although there were some differences between the main model used in the MSE and
the separable model it was compared to, most of the comparisons gave similar results.
This was especially true in relative terms between results from different harvest rules
using the same model; the SEP model did though usually give lower precautionary
fishing mortality. The group concluded that there was no reason to believe that the
configuration of the XSAM software was wrong.
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4.2.6 Extending back in time with latest assessment
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Figure 4.2.6.1. Simulation results for 2019-2053 together with the historical assessment, for Rule 1
(Btrigger = 3184 thousand tonnes, Furget = 0.125). The three rows correspond to the realised Catch, Re-
cruitment and SSB, and show the 5th, 25th, 50th, 75th and 95th percentiles of their distribution. The
columns correspond to three particular realisations (numbered on top, selected semi-randomly).

Figure 4.2.6.1 shows three individual realisations of simulations results from Rule 1 on
top of the median from all 3000 iterations, and extended back in time with latest as-
sessment results. This figure illustrates how varying the individual simulations are
when large year classes enter the stock and in how large these year-classes are. It is this
variability that is reflected in the wide range between the 5t and 95t percentiles around
the median. The figure also indicates that predicted recruitment pattern matches his-
torical recruitment pattern reasonably well.

4.2.7 Bias

When bias was included, the risk of SSB being below Bim increased for any given
F/HRtarget, Buigger combination (Tables A.3.12 and A.3.13). Including 10% bias increased
the risk of SSB being below Biim in the medium term for Rule 1 for the combination
Ftarget = 0.157, Btrigger = 3184 from 9.7% to 13.0%. For 15% bias this risk increased to
15.1%.
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Main findings from the Workshop

Main findings with regards to Fusy

While working with the Management Strategy Evaluation, the group encountered is-
sues with the reference point simulations from earlier this year (ICES, 2018), and there-
fore these issues have been revisited by WKNSSHMSE. One of the issues was related
to catches of age 0 and 1 in the past. While catches of age 0 and 1 fish have been very
low since the collapse, catches in the 1950s and 1960s did include large amounts of
these young fish. Excluding these catches affects the calculation of Fmsy through the
impact on the estimated recruitment at age 2. If these catches are ignored like they were
in the WKNSSHREF simulations the model estimates lower recruitment to age 2 dur-
ing the early period. Adjusting the numbers at age 2 in this way resulted in a substan-
tial increase in the very low recruitment values seen at high SSB during the period
before the collapse but did not affect the large year classes much. Overall the corrected
values result in slightly higher mean recruitment with considerably less variability,
particularly for high values of SSB.

The second issue was related to numerical instability. At WKNSSHREF 1000 resamples
of parameters (stock recruitment) were used and each HCR was simulated for 500
years, discarding the first 250 to ensure the process had reached equilibrium. A test
was made to ensure numerical stability of the final results, but it turned out that an
error with the use of random seeds shortened the effective time span used (the seed
was set to equal values in a sequence within each time series). Effectively the results
became independent of the changes made in number of resamples and number of
years, and this potential problem was thus not discovered. Increasing the number of
iterations to 2000 appeared sufficient for numerical stability of statistics for short, me-
dium and long term.

Based on the two changes described above, the reference point analyses conducted at
WKNSSHREF were updated, keeping all other assumptions and inputs the same as
were used at WKINSSHREF. The changes had a minor effect on the biomass reference
points which were kept unchanged, but fishing mortality reference points were
changed: Fusy was revised to 0.157 (Figure 1), Fim was revised to 0.291 and Fpa was re-
vised to 0.227.

In reference point analyses the assumptions made have a big impact on the results. The
estimates of Fumsy (=Fpos) range between 0.1 and 0.15 depending on inputs used and as-
sumptions made. The current management plan target of 0.125, which has been used
for nearly two decades without driving the stock below Bin, still seems appropriate
given this reference point estimation uncertainty.

Main findings with regards to MSE

The target fishing mortality values evaluated are in the range of 0.10 to 0.20. These were
used in combination with Brrigger values in the range of 2.5-5 million tonnes, including
MSY Burigger = 3.184 million t. The target harvest rate values evaluated range from 0.07
to 0.15. Comparing short, medium and long term tables, for the HCRs without a TAC
constraint, a main result is that, for any given (Frarget, Burigger) 01 (HRtarget, Burigger) combi-
nation, the P(SSB<Biim) is largest in the medium term (Tables A.3.1 and A.3.2). This is
as expected given the current low stock size.

For rule 1 (F rule with one break point), Frarget values around 0.15 to 0.18 combined with
Btrigger values around 4.0 to 5.0 million t resulted in the highest median long term yield
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(Table A.3.3). Similar results were found for the medium term, although yield is gen-
erally lower in the medium term than in the long term. In the short term, the median
yield is even lower because of the current low stock size and highest yields were found
at Farget values around 0.125 to 0.17 combined with Buigger values around 3.5 to 5 million
t.

For rule 2 (F rule with two break points), a higher number of Frarget — Buigger combinations
were found precautionary compared to rule 1, likely because rule 2 has a steeper re-
duction in F below Brrigger. For rule 2, the highest median long term yields were at Farget
values around 0.17 to 0.20 combined with Buigger values around 4.0 to 5 million t (Table
A.3.3). In the medium term, highest median yields were at Frget values around 0.18 to
0.20 combined with Buigger values around 4 to 5 million t. In the short term, highest
median yields were found at Frrget values around 0.16 to 0.20 combined with Beigger val-
ues around 3.5 to 4 million t.

For rule 3 (biomass rule with one break point), HRirget values around 0.12 to 0.14 in
combination with Buigger values around 4.5 to 5 million t resulted in highest median
long term yields while in the medium term this was achieved at HRtarget values around
0.12 to 0.13 combined with Buigger values around 4.5 to 5 million t (Table A.3.4). Short
term median yield was highest with combinations of HRtarget values around 0.12 to 0.13
and Brrigger values around 4.5 to 5 million t.

Similar to the F rules (rule 1 and 2) the biomass rule with two break points (rule 4) had
a higher number of precautionary combinations compared to rule 3. Highest median
long term yields for rule 4 were found at HRarget values round 0.13 to 0.15 combined
with Burigger values around 4 to 5 million t (Table A.3.4). In the medium term highest
median yield was achieved at HRtrget values round 0.14 to 0.15 combined with Buigger
values around 4.5 to 5 million t, while in the short term highest median yield was
achieved at HRtrget value around 0.11 to 0.13 combined with Buigger values around 3.5
to 4 million t.

Increasing the Frarget, HRtarget OT the Brrigger in the HCR leads to increased inter-annual
variability (IAV, defined here as % change between any two consecutive years) in yield.
When no TAC constraint is included on F-rules, the interannual variability ranges from
about 17% for (low Ftarget, low Brigger) combinations to about 30% for (high Frarger, high
Btrigger) precautionary combinations (Table A.3.7). When an averaging TAC constraint
isincluded, the range is approximately 9%-17% and when a +25%/-20% TAC constraint
was included the range was 19-21%. For the biomass rules (Table A.3.8), the variability
for rules without TAC-constraint varied between 9% and 16%, for averaging TAC-con-
straint the variability was 7%-12% and for the +25%/-20% TAC constraint the variabil-
ity was 10%-16%.

SSB was not much affected by changing Frarget, HRtarget Or the Burigger in the short term, but
in the medium and long term increasing Frarget 0r HRtarget lead to lower realised SSB,
whereas increasing Buigger lead to higher SSB. Inter-annual variability in SSB was gen-
erally lower than inter-annual variability in yield.

It is important to note that (high Frarget, high Burigger) combinations result in actual Fs that
can, on average, be substantially lower than the target F (Table A.3.11). This is because
the F used to set the catch according to the HCR is reduced below the Frarget whenever
the SSB is forecasted to be below Buigger. So rules with higher target F do not necessarily
result in overall higher Fs in reality, but will result in higher inter-annual changes in
both F and yield.
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For any given (Frarget, Brrigger) Or (HRtarget, Burigger) combination, the interannual yield vari-
ability range widens considerably with increases in either the Frarget/HRtarget Or the Burigger,
and inter-annual yield variability values that are much higher than the medians re-
ported in the tables cannot be ruled out in those cases.

Precautionary (Frarget, Birigger) combinations were identified. There is a set of “borderline”
combinations, corresponding to the 5% risk (i.e. probability of SSB falling below Biim),
in which larger values of Frarget Were associated with larger values of Buigger (for the same
5% risk) and vice versa. The evaluated precautionary Frarget values associated with the
lowest and highest Buigger values and with MSY Buigger are shown in Table 5.2.1. Tables
4.2.1-4.2.4 further list the highest precautionary F/HRrgets associated with MSY Buigger
(3184 kt), beyond which the risk of SSB being below Biim was higher than 5%.

Table 5.2.1. Precautionary combinations of Farget and Brigger for lowest, MSY and highest Buigger.

Brriccer = MSY Brriccer =

Brriccer = 2.5 MILLION T 3.184 MILLION T Brriccer = 5 MILLION T
Rule 1 - F-rule 0.10 0.10 0.17
through 0,0
Rule 1 with 25/20% 0.10 0.12 0.17
TAC-constraint
Rule 1 with average 0.10 0.12 0.17
constraint
Rule 2 - F-rule with 0.12 0.14 0.20
Fmin =0.05
Rule 3 - biomass rule 0.08 0.09 0.13
going through 0,0
Rule 3 with average 0.08 0.09 0.13
constraint
Rule 3 with25/20% 0.08 0.09 0.13
TAC-constraint
Rule 4 - biomass rule 0.09 0.10 0.15

with HRmin= 0.05
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Annex 1: Special Request

ICES Request Form
Request North East Atlantic Fisheries Commission (NEAFC)
from
Commit- Coastal States on Norwegian spring-spawning herring
tee mak-
ing the
request
Contact Darius Campbell (darius@neafc.org; NEAFC Secretary)
within or-
ganisation
Content SigurgeirThorgeirsson, Ministry of Industries and Innovation, Sku-
contact lagata 4,
person 150 Reykjavik, Iceland - E-mail: st@an.is - cell phone: +354 896 5787
Request 22 May 2018
an-
nounced
Request [completed by ICES]
received
Outcome As soon as is practicable, to be discussed with the chair of the coastal
of request | consultations on the NSSH
required
by client
Request
code (cli-
ent)
Request [completed by ICES]
code
(ICES)
Details of | Request to ICES concerning a long-term management strategy for Nor-
request wegian spring-spawning herring

Rule 1

In order to revise the long-term management plan for Norwegian spring-spawning herring
consistent with the new stock assessment model (ICES 2016; 2017) and the corresponding
updated reference points (ICES 2018a; 2018b), a Management Strategy Evaluation is
needed. The objective is to ensure harvest of the stock within safe biological limits. The Parties
therefore request ICES to evaluate the following harvest control rules.
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e A range of Brigger from 1 to 6 million tonnes with a range of target Fs from 0.05 to
0.25.

e The fishing mortality is the average for age groups 5 to 12+ weighted by stock
numbers.

e Time of comparison for SSB is the same as used in the assessment.

e A harvest control rule with a fishing mortality equal to the target F when SSB is at
or above Byrigger.

e Inthe case that the SSB is forecast to be less than Byigger, the TAC shall be fixed
consistently with a fishing mortality that is given by:
F= Ftarget*SSB/Btrigger

e The following special case is to be evaluated: Btrigger=3.184 (=MSY Btrigger=Bpa) and
the target fishing mortality of 0.102 (Fpsy).

Rule 2
e A range of Birigger from 2.5 to 6 million tonnes with a range of target Fs from 0.05
to 0.25.
e The fishing mortality is the average for age groups 5 to 12+ weighted by stock
numbers.

o Time of comparison for SSB is the same as used in the assessment.

e A harvest control rule with a fishing mortality equal to the target F when SSB is at
or above Btigger.

e In the case that the SSB is forecast to be less than B, the target F is 0.05.

e Inthe case that the SSB is forecast to be between Bjim and Bigger, the target F will
decrease linearly between those two points.

e The following special case is to be evaluated: Birigger=3.184 (=MSY Btrigger=Bpa) and
the target fishing mortality of 0.102 (Fpsy).

Rule 3

o A proxy for SSB (S5Byroxy) is defined as the biomass of herring aged 5 and older or
an appropriate age range as identified by ICES.

e The reference biomass (B is defined as the biomass of herring aged 4 and older
or an appropriate age range as identified by ICES.

e Time of comparison for SSBproxy is the same as used for SSB in the assessment.

e Arange of Brigger from 1 to 6 million tonnes with an approriate range of harvest
rate (HRtarget)-

e A harvest control rule with TAC=HRtarget *Bref When SSBproxy is at or above Byrigger.

o Inthe case that the SSByoxy is forecast to be less than Byrigger, the TAC = HRtarget *Bref
* ( SSBmey/ Btrigger)

e The following special case is to be evaluated: Btrigger=3.184 (=MSY Btrigger=Bpa)
and a harvest rate equivalent to 0.102 (Fsy).

Rule 4

A biomass rule intended to be equivalent to Rule 2 with two levels of harvest rate:
target harvest rate = HRiarget When SSByroxy is greater than Birigger; harvest rate =
HRiowest When SSB,roxy is below Biim; and harvest rate decreasing linearly between
these bounds.

Evaluation and performance criteria

Starting point of the evaluations should be the current stock status as estimated by

the most recent assessment and be consistent across time.

Each alternative shall be assessed in relation to how it performs in the short term

(2019-2023), medium term (2024-2033) and long term (2034-2053) in relation to:
e Average SSB
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e Average yield
e Indicator for year to year variability in SSB and yield
e Risk of SSB falling below Bijn,

Evaluation of the management strategies shall be simulated:

e With no constraint on the inter-annual variation of TAC.

e  With a constraint on the inter-annual variation of TAC:

o When the rules would lead to a TAC, which deviates by more than
20% below or 25% above the TAC of the preceding year, the TAC is
to be set respectively no more than 20% less or 25% more than the
TAC of the preceding year.

o The TAC s to be set as the average of a) the current TAC and b)
the TAC that would result from the application of the harvest con-
trol rule without constraint for the TAC year.

e The TAC constraint shall not apply if the SSB (rule 1 and 2) or SSByroxy (rule
3 and 4) in the year for which the TAC is to be set is less or equal to Btrig-
ger.

o Allowing a maximum of 10% to be banked or borrowed any year.

ICES is also requested to assess what, if any, other measures in addition to those
contained in the present Management Strategy might contribute to attaining the ob-
jectives of the strategy, and provide estimates of their efficiency.

Finally, it is expected that the Parties will, as appropriate, review and revise these
management measures and strategies on the basis of any new advice provided by
ICES.
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request 2016; 2017) and the corresponding updated reference points (ICES 2018a;
output 2018b), a Management Strategqy Evaluation is needed. The objective is to en-
sure harvest of the stock within safe biological limits
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Annex 2: Working documents presented to the workshop

e WD 1: Hoskuldur Bjornsson, 2018. Norwegian spring spawning herring.
e WD 2: SondreAanes, 2018. Status MSE.

WD 3 Héskuldur Bjérnsson, Extra Work: Norwegian spring
spawning her-ring How to reach conclusions from the work done
so far, Working for WKNSSHMSE 2018



Norwegian spring spawning herring
HCR simulations based on a separable and VPA models and comparison with
XSAM results.

Working document 1 for WKNSSHMSE 2018

Hoskuldur Bjornsson
September 1st 2018

1 Introduction

The work shown here is just an update of earlier work and described in working documents 13, 9 and 1 in
WKPELA 2016 (WD 9 and 13 were also put on the sharepoint for WKNSSH-2018) and similar paper was
also described in WKNSSHREF in March 2018.The model that is described in WD-13 has been used for HCR
evaluation for many other stocks both, last time NEA mackerel. The model has not changed sinces 2 years
ago but the data have changed as 2 more years of data were added and survey 1 was not included in the work
2 years ago. The prediction part for a F rule has changed from 2 years ago when the F was implemented as
a F-multiplier in the advisory year (the year following the assessment year). Now the stock in the assessment
year is multiplied by an assessment error and the "perturbed stock" simulated one year using the TAC from
last year. The predicted "perturbed stock" is then used to calculate the TAC for the advisory year. In the end
the "real stock" is projected one year using the TAC generated last year. The assessment error used here is
therefore the uncertainty in the stock biomass in the beginning of the assessment year. This method leads to
consistency in the assessment error in biomass rules based on the biomass in the beginning of the assessment
year and F rules.

Most of the runs done here were just updates from 2016 and March 2018 but few more options added. As
an example the simulation periods in earlier work where either 1975-2014 or 1907-2014 but here the periods
1975-2017, 1950-2017 and 1907-2017 were investigated . The period 1935 - 2017 could also be investigated but
a problem with the data before 1935 is that mean weights at age are constant.

In the end most emphasis was put on runs based on age 12 as a plus group and the period 1950 - 2017 to
be in line with the work done using XSAM. Considerable part of the report is based on comparing the results
from the separable model and XSAM.

WD-9 from 2016 shows more details about the runs, stock - recruitment functions etc, what is shown here
are mainly summaries.

Nearly all the work is based on a Hockey stick stock - recruitment function. The reason is that the author
likes this function that does not promise anything as long as your are above the break point. With stochas-
tic breakpoint it could be argued that it approaches the Beverton-Holt function as the increase in average
recruitment is gradual when the ssb exceeds higher and higher proportion of the breakpoints.

The model can also be used as VPA model by changing one number in the input files. Then the separable
model is run first and the F of the oldest group used by the VPA. All survey and stock-recruitment modules
are the same. When the VPA option is used the oldest age should preferrably be as old as possible which is not
the case with forward running models.

2 Reference points

For this stock By, was set to 2.5 million tonnes in 1997. After the collapse the first large yearclass (1983)
increased the spawning stock from 600 thous. to 3 million tonnes in 2 years so relatively little information is
available from recent data on exactly where the break point in a Hockey stick function is.

Therefore, older data are used with the known limitation that selection pattern in earlier period is very
different from what is has been last 3 decades, with substantial fishing of ages 0-2 that have not been caught
recently. Catches of age 0 were not included in the runs from 2016 but they were tested to have relatively small
effect on estimated reference points while including age 1 changed more. Including age 0 does though have
more effect when running from 1950 (not done in 2016) as the catch of age 0 was relatively high in the period
1950-1965. The value of assumed M for ages 0-2 (0.9) does have some effect here, high M makes the effect of
fisheries on ages 0-2 less increases the recruitment before the collapse compared to the postcollapse period.



FirstY mnsel age rmax ssbbr cvbr CV  acf cvacf

1 1975 4 1-15 64.6 2242 0.10 1.01 0.00 0.00
2 1975 4 1-15 646 2233 0.11 1.01 0.21 0.73
3 1975 4 1-12 66.5 2382 0.11 1.02 0.00 0.00
4 1950 5 1-15 56.5 2238 0.36 1.33 0.00 0.00
5 1950 5 1-15 58.1 2324 0.13 1.35 0.30 0.40
6 1950 5 1-12 59.9 2443 049 1.36 0.32 0.38
7 1950 5 0-12 619 2116 0.18 1.28 0.27 0.47
8 1950 5 2-12 513 2571 0.14 152 039 0.30
9 1907 6 1-12 709 2380 0.20 1.17 0.31 0.30
10 1950 VPA 0-12 76.8 2688 0.10 1.21 0.34 0.35

Table 1: Estimated parameters of a hockeystick stock-recruitment function for various model settings and data

Looking at the relationship between SSBpreqr and Ry, the usual positive relationship appears (figure 2).
The runs starting in 1950 (runs 4-8) show lower estimated R, indicating relatively low productivity in the
period 1950-1975, something that is probably expected (exclusion of age 0 from the catches in some runs might
explain part of the difference). The runs with the lowest and highest breakpoint are the runs where age 0 from
the catches is used and where only ages 2 and older are used (runs 7 and 8 in figure 2. The run from 1950
excluding ages 0 and 1 from the catches (run 8) has the lowest R4, but when age 0 in the catches is added it
approaches the value obtained from the data since 1975.
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Figure 1: R,,qs as function of SS By eqr. Text shows number of the run referred to table 1

Standard error in SSBpeqr is sometimes relatively low (= 0.1). This is the standard error obtained from
the Hessian matrix, standard error from mecme simulations is always somewhere around (= 0.3). The reason for
this problem is not clear.

The main conclusion from table is 1 is that estimated S.SByp,cqir is close to or little lower than the current
value of By, that is2500 thous. tonnes. It could be argued that taking into account positive correlation
between SSBpreqr and Ry,q; higher By, should be used in high R,,,, runs, something that does not fit well
into current framework for advice. The run with the highest values of R, and SSBpreqr is the VPA run while
the separable model base on same data (run 7) has the lowest estimated break.



3 Assessment results
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Figure 2: Spawning stock from different runs. Numbers refer to table 1

Spawning stock from different runs is shown in figure 2. Many of the runs lead to exactly the same historical
results (those with and without estimated p,e.). The run with the largest SSB in 1950 is the run starting in
1950, ignoring catches of age 0 and 1. Runs 5 and 6 are identical except age range is 1:15 vs 1:12. They lead to
similar parameters but there is some difference in SSB in 1950 (figure 2) All the runs shown treat the surveys
in the same way and the selection pattern is allowed to change in the same years so getting identical results is
not surprising

Even though the runs lead to exactly the same spawning stock, the spawning stock - recruitment function
can be quite different and therefore results from HCR simulations. The rule is that SSB-rec function has little
effect on historical assessment except historical data are very poor that they are not for this stock.

4 Estimating F),,

Simulations were conducted based on the model configurations shown in figure 2 and table 1. CV of assessment
error was set to 0.2 based on estimated model uncertainty and analytical retros (work done in 2015 excluding
survey 1). This assessment error applies to biomass in the assessment year but the model takes care of the
"amplification of uncertainty" through the assessment year. Autocorrelation of assessment error was set to 0.7
based on analysis of retrospective pattern. Autocorrelation of recruitment was set to 0.3 (estimate in R based
on data since 1907) or as estimated when estimation of first order AR model was included in the assessment
which was in most cases (table 1). Mean weight at age was stochastic around the average of last 30 years. The
stochastic multiplier was a lognormal yearfactor with ¢ = 0.08 and p = 0.7.
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Figure 3: Fifth percentile of SSB as function of target fishing mortality, using Birigger—3184 thous tonnes
Numbers refer to table 1

FirstY age mnsel acf Fmsyl Fmsy2 F05 F05a  catchmed catchmean
1 1975 1-15 4 0.35 0.197 20 0.127 0.119 808 0
2 1975 1-15 4 Est 0.203 20 0.134 0.117 882 0
3 1975 1-12 4 0.35 0.196 20 0.119 0.108 823 0
4 1950 1-15 5 0.35 0.214 20 0.096 0.088 792 0
5 1950 1-15 5 Est 0.207 20 0.104 0.093 884 0
6 1950 1-12 5 Est 0.205 20 0.099 0.088 872 0
7 1950 0-12 5 Est 0229 20 0.114 0.105 907 0
8 1950 2-12 5 Est 0.156 20 0.061 0.058 764 0
9 1907 1-12 6 Est  0.191 20 0.140 0.131 954 0
10 1950 0-12 VPA Est 0.199 20 0.144 0.132 1009 0

Table 2: Summary HCR/Fmsy evaluations

In table 2 F'msyl is F leading to maximum median yield, Fmsy2 F leading to maximum average yield,
F05a F leading to fifth percentile of the spawning stock = By, when Byyigger = 0, catchmed maximum median
catch and catchmean maximum average catch. Those values are all based on no By,gger While F05 is fishing
mortality leading to fifth percentile of spawning stock = By, when Bipjigger=3184 thous. tonnes. F'05 would
in all cases be what would be defined by ICES as F,,,, as it is lower than the values maximising median catch.

P(SSB < Byjim) < 0.05) is the limiting criterion in determinition of F}, s, for this stock. Based on Birigger =



3184 (B,a) the range of estimated Fys is between 0.061 and 0.144 (figure 3 and table 2). The lowest value for
Fys is when the simulations are based the period 1950-2017 using catchdata for ages 2 and older (the same was
seen in XSAM simulations). The second lowest value is 0.093. Using the period 1950-2015 and catchdata for
age 1 and older leads to Fps in the range 0.096 — 0.104 but if the catchdata for age 0 is included Fps is 0.114.
Using the period 1975-2015 leads to Fps in the range 0.119-0.134. The highest values 0.14 and obtained when
using data since 1907 and using a VPA model based on data since 1950 ages 0-15 (similar to the seetings in
XSAM). There is little difference between using 1-15 and 1-12+ in the simulations. ***

Using the period since 1950 does usually to lowest Fy,,, but the catch is not nessecarily less. What makes
the period from 1950 onwards special is extremely large contribution of one cohort (1950) and including that
cohort leads more variablity in predicted recruitment. Unusually large catches of age 0 and 1 (not included
in some runs) in that period might also have an effect but these catches removed large proportion of small
yearclasses making them even smaller. Estimated CV is probably higher when catches of age 0 and or 1 are
ignored as the model works on log scale.



5 Effect of stock recruitment function

Two of the most imortant differences between the model used here and XSAM relate to the treatment of the
stock - recruitment function

In the separable model (SEP) the stock-recruitment function is part of the likelihood function in the as-
sessment part of the model which is not the case in XSAM where historical spawning stock and recruitment is
bootstrapped and all 3 types of stock-recruitment function fitted for each replica (same method as in EQSIM).
The stock-recruitment function fitting best is used for each replica while only one function is used in each
model run in the separable model In the SEP model the autocorrelation of recruitment residuals is one of the
parameters fitted and the fitting therefore by maximimizing multivariate normal likelihood, possibly leading
to fewer effective data points. The treatment of the stock-recruitment function in the SEP model is more an
integral part of the model than in XSAM and does probably lead to more variability. But at least it is a different
method that might be better than the "AIC smoothing" method and probably better where serial correlation
of residuals is expected.

It does though turn out that the form of the SSB-recruitment function is not most important but rather
the paramters ¢ and p describing the residuals. The estimate of o depends a lot on the estimate of the small
yearclasses and VPA type approach on age 0 and 1 fisheries seems to be the only plausible way to model
them. Estimated of recruitment at age 1 done in 1916 by the model (using VPA) indicates that modelling the
recruitment as lognormal is not a disaster (figure 4)
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Figure 4: QQplot of estimated recruitment age age 1 from 1907 based on VPA approach.

To see the effect of the type of the shape of the stock-recruitment function the model was run with the same
settings except apart from the stock-recruitment function. The settings were .

e Years 1950-2017, age 0-12+
e Autocorrelation of recruitment estimated
e 5 selection patterns

The results show that the Beverton and Holt function leads to lower estimate of Fys and median catch
compared to the other functions (figures 5 and 6).
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Figure 5: Fifth percentile of SSB as function of target fishing mortality, using Byyigger—3184 thous tonnes and
different stock-recruitment functions.
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Figure 6: Median catch as function of target fishing mortality, using By,igger = 0 and different stock-recruitment
functions.



6 Problems with the stock-recruitment function in the low SSB-period

Recruitment in the simulations is lognormally distributed around a geometric mean obtained from a stock -
recruitment function. Four parameters of the stock-recruitment function are estimated i.e 2 shape parameters
CV and 1 AR parameter. Looking at the log of recruitment residuals the CV is higher when the spawning
stock is small. The model has the possibility of having the CV function of the spawning stock, estimating one
additional parameter (this optionsused in HCR evaluations for Icelandic herring). As the range of spawning
stock is large a parameter of this type might have an effect. Two runs were conducted setting with variable
recruitment CV (differently formulated in terms of range of spawning stock where this applies) and the results
compared to fixed CV. The variable CV leads to lower recruitment variability when the spawning stock is above
Biim but the results on Fps (Fysy) are to reduce it a little (figure 7). Median catch is also less when the
variability in recruitment is modelled. (figure 8). It needs to be mentioned that when CV of recruitment is a
function of SSB 5 parameters in the SSB-rec function are estimated.
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Figure 7: Fifth percentile of SSB as function of target fishing mortality, using Bipigger=3184 thous tonnes and
different formulations of recruitment variability as function of spawning stock.
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Figure 8: Median catch as function of target fishing mortality, using Biyigger—o and different stock-recruitment
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7 MCMC algorithm settings

Settings of the meme algorithm in ADMB can occasionally be an issue, more so if data are poor which is not
the case here. The high recruitment variability in the spring spawning herring can though cause some problems.
The mecrb parameter used to reduce correlation in the covariance matrix (used as proposal distribution) was
reduced to see if it affected the results. The results (figure 9) show that changing mcrd to 2 change the results

for fixed CV. (2 is relatively low value reducing the correlation much)
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Figure 9: Fifth percentile of SSB as function of target fishing mortality, using Biigger—=3184 thous tonnes

changing the settings of the MCMC simulations in ADMB.



8 Effect of biological parameters and assessment error

The assessment error used here is uncertainty in the stock size in the beginning of the assessment year. The
settings most often used are lognormal with o = 0.2 (no bias correction) and p = 0.7 (1st order AR). This
translates to F5_19 in the advisory year having CV around 0.3 for F in the range 0.1-0.15. There is some bias
in F (0.033 when the target is 0.125) but it must be remembered that F is a strange measure, especially when
it is high and can be biased even though the stock size is not. Reducing CV to 0.1 does not change the results
much but increasing it to 0.25-0.3 has considerable effect. 0.13 - 0.2 is most likely the plausible range for the
CV of stock size in the beginning of the assessment year.

Investigation of real time retrospective pattern demonstrates some bias and more uncertainty than obtained
by the model. This bias is mostly caused by fiddling around with the assessment among that including and
excluding surveys. Introducing bias in the assessment does of course have major effect on the results, 10% bias
simply means 10% lower Fyqpget.

Similar considerations apply to uncertainty in biological parameters. In the model they are put in as
autocorrelated lognormal noise around selected average values (yearfactor). What has most effect here is what
is used as basis for the average (10, 20 or 30 years). The variability has to be really high or autocorrelation
high (p ~ 0.9) to have major effect on the result.

Some variation in maturity has been observed, the main feature is that large cohort mature later than small.
The way that maturity at age is compiled leads to final values being delayed by 2-3 years. Therefore the biomass
rules are based on using Bs, as proxy for trigger but Bs, is very close to SSB on the average. Also the trigger
in the biomass rule is in the assessment year, but one year later in the F rules.

The reason for relatively low effect of assessment error and "biological noise" is the CV of these noise terms
is always an order of magnitude less than variability in recruitment that is the dominating stochastic factor.
With uncorrelated stochastic terms variances are added.

Any structure like overestimation when stock is large or density dependent growth will have more effect.

To see the difference between the separable model settings and XSAM CV of assessement error was reduced
to 0.1 (close to what is used in XSAM) and variability in weights not included. The results (figure 10) show
that ~ 0.01 of the difference in estimates of Fj5 between XSAM and SEP could be caused by those factors,
especially the assessment error.
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Figure 10: Fifth percentile of SSB with 2 levels of CV of assessment error and with and without variability in
weights
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9 Measures of fishing effort

Currently advice for this stock is based on weighted average fishing mortality of ages 5-12 where the fishing
mortality is weighted by stock numbers. At the meeting other measures were discussed like unweighted fishing
mortality or harvest rates. 3 different measures are shown in figure 11 all showing similar main trends. Deviations
are related to large cohorts recruiting to the stock.
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Figure 11: Development of different measures of fishing effort since 1907. High values outside any plausible
management plan fall outside the plot. The measures shown are F5_;15 weighted by stock numbers, F5_1
unweighted and harvest rate based on By

The harvest rate in figure 11 is shown as proportion of Bs, but Bsy is a reasonable proxy for the fishable
stock and SSB. If the advice was based on biomass one year earlier (the assessment year) By; might be a better
candidate and some version of the HCR for Icelandic cod could be used.

Delay of maturity data would make Bs a good candidate for By, igger, it is not the correct SSB but relatively
close and it is available at the time of assessment. Still criteria in HCR simulations would be based on "real
SSB".

Figure 12 based on data since 1990 gives F that is on the average 8.7% higher than harvest rate (based on
Sep results).

Looking at XSAM results target harvest rate of 0.11 and Btrigger = 2500 lead to mean F of 0.127 and
median F of 0.130 in the long term. The median of harvest rate is 0.11 and the average 0.109. CV of harvest
rate is 0.064 but CV of Fy,, 0.18. In the separable model the median harvest rate in the same situation is 0.109,
the average 0.111 and CV (sd log) 0.24. Assessment error was set to 0.2 and getting higher CV on harvest
rate is expected as prediction error of mean weight at age is included and the reference biomass goes into the
denominator. Median F is 0.139, average F 0.137 and CV of F 0.27. All numbers are much more variable than
in XSAM.

To summarize the ratio between Harvest rate and fishing mortality is 1.24 in the separable model but 1.17
in XSAM. The difference in the separable model is higher than obtained from historical data.

Looking at results from XSAM where target fishing mortality is 0.125 and Birigger = 2500 the average
fishing mortality is 0.124 and the median 0.122. Mean harvest rate is 0.108 and median 0.105. Ratio between
fishing mortality and harvest rate 1.18. CV of harvest rate 0.206.

Doing the same thing for the separable model with Fiupger = 0.125 and Bypigger = 2500 leads to median
harvest rate of 0.100, average 0.103, average F of 0.126 and median F of 0.123, CV of F is 0.27 as is CV of
harvest rate. Ratio between Fishing mortality and harvest rate is 1.25.

For both models the ratio between F' and HR is the same in F rules and HR rules (error check). The ratio
is higher for the separble model and higher than what is obtained from historical data. Uncertainy in values
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seems more consistent in the Sep model than in XSAM where the uncertainty in the biomass rule is surprisingly
low.
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Figure 12: Fishing mortality aginst Harvest rate based on dat in the period 1990-2017. Regression lines has a
slope of 1.087
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10 Comparison with XSAM

The 2 models XSAM and the separable model operate in considerably different way as described before. Com-
paring median catch and SSB shows very similar results for both models (figure 16). Looking at the lower
quantiles of SSB and catch XSAM shows higher values. This difference is driven by recruitment, that is as
shown more variable in the separable model. Checking the results against "reality" the median recruitment
since 1950 in years where SSB > 2.5 million tonnes is 10.2 milliard herring at age 2 and the lower quantile 1.6
milliard. The predicted numbers are lower but though similar. As described earlier higher variability in recruit-
ment when spawning stock is low might affect CV of recruitment. The XSAM numbers show less variability
than indicated in the separable model assessment. They are based on XSAM stock assessment that could be
somewhat different, escpecially with regard to the small cohort. When looking at the socalled "reality" it must
be kept in mind that the years where SSB > 2500 are only 47, rather few years for a reliable fifth percent
quantile. The "truth" is somewhere between the red and blue lines but it must be rememebered that XSAM
was fitted to a different "truth".

11 Comparison of XSAM, SEP and VPA based on data since 1950
from age 0

What drives the results of the different models is estimated variability in recruitment. Here only the cases
where the spawning stock is reasonably large is taken, what is selected is SSB > 2 million tonnes. Standard
error of recruitment o(log(R)) is shown for the 3 models and different time intervals. Recruitment of age 2 has
considerably lower standard error in the XSAM and VPA results compared to the SEP model but in both VPA
and XSAM catch of 0 and 1 is modelled like VPA. The catches of 0 and 1 are extremely variable so the SEP
model (or any other model than VPA) has no way of modelling those catches. Interestingly the varability of
age 0 is lower than variability of age 2 in the period 1988-2016. The reason seems to be fisheries on age 1 in
2008, 2010 and 2011.
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Figure 13: SSB from the 3 models
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Figure 15: Recruitment at age 0 from the 3 models plotted on log scale

Comparison of SSB shows some difference between the models figure 13) shows some differerence between
VPA and the other models. This difference has to do with the amount of the 1983 yearclass that was left at
age 15 (the VPA model uses 15 as oldest age the other 2). Assumptions in the VPA about how much is left of
this yearclass make difference about the size of spawning stock earlier and affect later result through survey 1
that extends back into the late eighties.
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Recruitment is reasonably similar 14). The difference for the 1985 yearclass is artifact of wrong age readings
at ages 13-15 that do not affect the models using 0 -12. The difference in recruitment on log scale is noticeable
especially as the small yearclasses in the early period are smaller in the SEP model (XSAM and VPA are partly
the same model in this period)

The analysis presented show similar assessment with the 3 selected model but some differences caused by
variable fisheries on young fish (0-2) and relatively large abundance of the 1983 at age 15. F on this yearclass
was usually low so assumptions about it at oldest age have large effect few years earlier.
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Figure 16: Comparison of catch, spawning stock and recruitment from the 2 models using Biyigger = 3184 thous
tonnes and a F rule .

Comparing SSB vs Harvest rate leads to more difference than in fishing mortalities as shown in figure 17
but HRys is 0.09 vs 0.12. Part of the difference (0.01) is the low variability in the XSAM results.
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Figure 18: Median catch aginst harvest rate. Byigger = 3184

12 Comparison between harvest rules

The 2 Harvest control rules F rule and biomass rule (HR) give similar results for both models (figure 19).
Fishing mortality is of course not the key parameter in the biomass rule but can be derived from the results so
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the plots become comparable. The results indicate that the harvest control rules perform equally well in terms
of the metrices shown in the figure.
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Figure 19: Comparison of 3 metrics using the 2 models and 2 types of harvest control rules. Byyigger = 3184.
No stabilizer.

Looking in details on the behaviour of HR and F rules from XSAM shows that median catch in the long term
increases with Fiqrge: and and to get maximum median yield means getting the highest F that is precautionary
which in this case turns out to be in the medium term. Both rules give medium catch for given F (figure 20)
but the F rule is precautionary over little more range (tables 3 and 4)
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Figure 20: Medium of catch in the long term vs fishing mortality for F and HR rules. The points are in the
area that is precautionary, grey points are HR rules but black points F rules. F is not a target in the HR rule
but rather median F obtained for a given HR. Rules 2 and 4 only shown without stabiliser
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Figure 21: 5th percentile of catch in the long term vs fishing mortality for F and HR rules. The points are in
the area that is precautionary, grey points are HR rules but black points F rules. F is not a target in the HR
rule but rather median F obtained for a given HR. Rules 2 and 4 only shown without stabiliser
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Figure 22: Risk vs fishing mortality for F and HR rules. The points are in the area that is precautionary, grey
points are HR rules but black points F rules. F is not a target in the HR rule but rather median F obtained
for a given HR. Rules 2 and 4 only shown without stabiliser

Median interannual variability %

204

15+

101

/

%

—
—

0.075

0.125 0.150 0175

Ftarget

0.100

HRule_CC
— F none

F Typel
— F Type2
— F2 none
— HR none

HR Typel
— HR Type2

— HR4 none

Figure 23: Median of interannual variability vs fishing mortality for F and HR rules. The points are in the area
that is precautionary, grey points are HR rules but black points F rules. F is not a target in the HR rule but

rather median F obtained for a given HR. Rules 2 and 4 only shown without stabiliser
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Hrule-CC Cmedt  Clongt CO05longt iav  iav90 NA
Rulel-none 0.124  653.000 769.000 282.000 18.200 48.900
Rulel-Typel 0.127  669.000 793.000 277.000 10.200 32.500
Rulel-Type2 0.127  645.000 775.000 280.000 19.500 25.000
Rule2-none 0.158  742.000 837.000 156.000 20.800 68.900

=W N

Table 3: Estimated F05 for F rule with catch stabilisers, median catch in medium an long term, 5th percentile
of long term catch, median interannual variablity and 90th percentile of interannual variability at those points

Hrule-CC Cmedt  Clongt CO05longt iav  iav90 NA
Rule3-none 0.102  633.000 760.000 281.000 10.000 27.800
Rule3-Typel 0.101  625.000 768.000 267.000  7.800 22.600
Rule3-Type2  0.102 617.000 752.000 283.000 11.300 25.000
Rule4-none 0.116 687.000  804.000 192.000 11.000 37.900

=~ W N

Table 4: Estimated HRO5 for biomass rule rule with catch stabilisers, median catch in medium an long term,
5th percentile of long term catch, median interannual variablity and 90th percentile of interannual variability
at those points

In terms of interannual variability the biomass rule seems to perform better than F rule, especially in the
XSAM model (figure 25). Why the difference is so large for the XSAM model is not clear but the SEP model
does also show lower interannual variability with the biomass rule.It can also be seen that the assessment error
has some effect on interannual variability. (figures 26 and 27). Figure 27 does though show that assessment
error and stochastic weights do not explain that the difference between interannual variability between F and
HR rule is much more in XSAM than the SEP model (figure 25)

Summary from biomass and F rules operating at maximum F/HR that is sustainable in the median term
(tables 4 and 3) show the F rule superior in term of some metrics the biomass rule in terms of other. The
difference in the "precaution" is most likely in Birigger that is defined in the assessment year for the biomass
rule (1 year earlier) and is not exactly in terms of SSB. The biomass rule is still much less complicated an
performance more or less the same. F obtained from type III risk is little lower than F based on medium term
(the year with highest risk is 2023).
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Figure 25: Interannual variability of catches. The shaded areas show 5th, 25th, 75th and 95th probability. The
red line shows the median. No stabilizer, By, igger = 3184.
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Figure 26: Interannual variability of catches for CV of assessment error 0.1 and 0.2 and CV of weights 0.005
and 0.08. SEP modle with no no stabiliser.
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without stabilizer
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The request asks for stabilisers to reduce the interannual variability in catches. The request is for 20%
percent down 25% up stabiliser but a catch stabiliser where the TAC is the average of last years TAC and
what the Fiorget/Htarget gives was also tested. In the SEP model the weight of last years TAC (0.5) is reduced
gradually below Byjgger but in XSAM the stabiliser is turned off below Byygger (according to the request). The
results are shown in figures 28 and 29 and show that the stabiliser works with no unexpected problems that
usually occur when the stabilizer is turned abruptly off around Byyigger-
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Figure 28: Comparison of median of interannual variability in a Harvest rule with and without a stabilizer.
SEP model, Assessment CV 0.2, Weight CV 0.08.

13 Results

The XSAM model is run forward from 2017 until 2054, that is strictly not long enough but most likely enough
considering other uncertainty in the work. The development of the spawning stock (figure 30). The figure
demonstrates that the risk is highest in the medium term and the selected combinations marginal in that period
while they are precautionary in the long term.
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Figure 29: Comparison of median of interannual variability in a Harvest rule with and without a stabilizer.
SEP model, Assessment CV 0.2, Weight CV 0.08.
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Figure 30: Development of spawning stock 2017 - 2054 based on XSAM with Fiurger = 0.125 and Bipigger = 3184
The shaded areas show 5, 10, 25, 75 90 and 95th percentiles and the red line the median. The black vertical
line show what is called short, median and long term and the black horizontal line shows Bj;,,. The blue lines
shows one iteration.
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14 Conclusions

Using estimated breakpoint from a Hockey stick fit as candidate for By;,, is not a perfect solution but does
a better method exist. For this stock the value of the break point turns out to be relatively robust to model
settings but standard error of the estimate is close to 0.3. Compared to most other stocks the breakpoint is
relatively well defined.

Basing runs on the timeperiod 1950-2017 makes the results sensitive to inclusion of catches of ages 0 and 1.
Having to include those agegroups is in itself a problem as the effect of the fisheries on ages 0 and 1 depend
much on the assued M for those ages. In the runs shown here (table 2) maximum median yield is reasonably
constant for different estimation periods.

Comparison of the XSAM and SEP results do indicate lower Fy5 from the latter model. The range is between
0.1-0.15 in the long term for most of the settings tested. For exactly the run presented from XSAM the values
are 0.115 and 0.147. Most of the difference is caused by different method of modelling the stock - recruitment
function and how ages 0 and 1 are modelled in the assessment. Larger assessment error used and biological
variability could explain around 0.01 of the difference.

The models are based on different assessments (same data) where the SEP assessment gives 12% smaller
spawning stock in 2017 leading to little more risk in the short term. The variability in historical recruitment
from the XSAM model when SSB exceeds Bj;,, is lower than in the SEP model. Running the SEP model in
VPA mode reduces variability, again the catches of age 0 and 1 matter. Increased recruitment variability means
increased risk.

Using Byrigger = 3184 lead to a Fys of 0.147 based on the long term but 0.125 in the medium term (XSAM).
The latter value should be used as candidate for Fj,,, but it does barely fit in the range of candidate reference
points obtained by the SEP model in the long term. Running the XSAM model for very long term leads to
F=0.157 that is then defined as Fj,,,, value considered as outlier compared to other values obtained here. In
terms of harvest rates HR,,s, would be 0.102 based on medium term but 0.118 based on long term. In short
and medium term the SEP model and VPA version of it lead to Figpger ~ 0.1

The request calls for testing different combinations of Byyigger, stabilisers and type of actions below Birigger-
The results are that there are a number of combinations that are precautionary and Fi, e+ can usually be
increased if Bypigger is high or action below Byyigger rapid as it is in rules 2 and 4.

Comparing F and Biomass rules they lead to similar median catch for the same F but F/HR but F that is
precautionary is a little higher for the F rule so medium catch is lower. Interannual variability in catches is
though much lower when the biomass rules is used.

The form used in rules 1 and 3 gives the most gradual reduction in F below Biyig4er but the cost to pay is
that F/HR can not be as high. A stabiliser of some form can be recommened for this stock but turning the
stabiliser off below Byjgger is questionable although it does not matter for low F, low Byyigger rules. Stabiliser
of type 1 works and there are versions of it where it is gradually turned off. In F rules the selection used to
calculate TAC should be a part of the rule.

But the reccomended combinations are either F=0.125, B=3184 or HR=0.1, B=3184, both with type I
stabiliser i.e last years TAC gets 50% weight both as target and socalled Fi,,s,.
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Figure 31: Summaries of spawning stock, recruitment and catch when target fishing mortality is 0.125 and
Btrigger 3184. The shaded areas show 5, 10, 25, 75 90 and 95th percentiles and the red line the median. 3
individual runs are shown. Hockey stick function with autocorrelation of recruitment estimated. Mean weight
average 1988-2016
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Figure 32: Development of spawning stock for 5 different target fishing mortalities. The shaded areas show 5,
10, 25, 75 90 and 95th percentiles and the blue lines the median. One individual run is shown. The horizonal
lines shows By, =2500 thous. tonnes. Hockey stick function with autocorrelation estimated
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Figure 33: Development of catch for 5 different target fishing mortalities. The shaded areas show 5, 10, 25, 75
90 and 95th percentiles and the blue lines the median. One individual run is shown. Hockey stick function with
autocorrelation estimated. Mean weight average of 2011-2015.
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STATUS MSE by 26/6-2018

Sondre Aanes
The request is too ambitious to fully answer until WGWIDE 2018.
To be able to at least partly answer the request the scope is narrowed.

The R-code is updated to include all 4 rules in the request and currently include only one option for
catch constraint, setting TAC in the quota year as the average of the TAC in the assessment year and
the TAC given by the HCR. The code should be quality checked by others to reduce the probability of
bugs! The code is available on sharepoint with a working example for estimation of Fegs. If time
allow, others catch constraints can be considered.

In the initial analysis a slight bias in the Fpo s established at WKNSSHREF was detected as the value
0.102 gave higher risk levels than anticipated for the HCRs examined here (particularly for rule 1
USINg Frarget=0.102 With Birigger=3184). It turns out that Fpg s is close to 0.085 as the value 0.102 is
biased. The reason for the bias is numerical instabilities due to number of resamples and is
elaborated on below. This means a change in harvest proportion of 1.6% (harvest proportion from 1-
exp(-0.102)=0.097 to 1-exp(0.085)=0.081 for the revised value. Therefore, the value 0.085 is added to
the list of Fiarget’s to consider.

Settings
Use the same settings as in WKNSSHREF unless otherwise noted:

SSB-recruitment model data and model
Use the same age range (2-12+), time range (1950-2017) and model (AIC smoothed SSB-recruit) with
1 order dependency in residuals.

Mean weights and proportion mature at age
Long term unweighted means 1988-2017.

Exploitation pattern
As estimated by XSAM using data 1988-2017 (i.e. exploitation pattern follows the same model).

Assessment/predication error
A full feedback approach will be too elaborate, but provided the cv’s and correlations among the
estimated and predicted values it is accounted for (see below).

Initial values for MSE
Assessment 2017 and quota for 2018.

Random initial values

Is obtained from the assessment model fit: provides the approximated simultaneous distribution of
all parameters and stock sizes such that initial values can be sampled from this approximated
distribution. Apply quota for 2018 as catch for 2018. For 2019 onwards catches are given by the
management strategies.



One simulation:

Sample one stock size, (and parameters for F etc...) for stock sizes 1. January 2018 from the
assessment made in 2017 (initial values). Sample one set of parameters for the spawning stock
recruitment model by the same approach as used in WKNSSHREF independently from stock sizes (see
Details on stock recruitment below for justification). For one set of initial values and set of
parameters for spawning stock recruitment, run the model forward with for a given management
strategy (using assessment and prediction errors as outlined) until 2053. Repeat this procedure a
sufficient number of times until performance criteria have stabilized. The statistics as a function of
sample size (number of replicates) are shown in Figure 1. A visual inspection suggests that the
sample sizes should be kept above 2000. | have chosen 3000 replicates which on average take slightly
more than 1 minute on my computer.

Details on HCR’s

Notation
Assessment year:y

Quotayear:y +1
Prediction of biomass or spawning biomass in year y + 1: §y+1 and S?Byﬂ, respectively.

A mathematical formulation of all rules follows to be very precise on how to interpret the rules (and
avoid confusion later)

Rule 1
The quota is given by

F

_ {Ftarget X SF§By+1/Btrigger ’ SF§By+1<Btrigger
y+1 =

Ftarget' SSBy+1ZBtrigger

Rule 2
Fnin, SSBy+1<Bim
Fyi1 =@+ B XSSByi1, Bim < S5By11<Birigger
Frarget SSBy412Birigger

Where the slope § = (Ftarget — min)/(Btrigger — Blim) and intercept @ = Figrget — B X Birigger-

Note that rule 1 is a special case of rule 2 with F,,;,, = Bji,,, = 0 and setting Birigger = 0 means

fishing with a constant F.

Rule 3

HRtarget X Bref,y' SSBproxy,y = Btrigger

TACyyq = { — —~
HRtarget X Bref,y X SSBproxy,y/Btrigger ’ SSBproxy,y < Btrigger



Rule 4

HRlowest X Bref,y' S?BproxnyBlim
TACy+1 =qa+p X Bref,y x SSBproxy,y/Btrigger » Bim < SSBproxyy<Btrigger
HRtarget X Bref,yv SSBproxy y—Btrlgger

With constraints
@ + B X Bresy X Biim/Birigger = HRiowest X Brefy
and
@ + B X Brery X Birigger/Btrigger = HRtarget X Brery
Which has solution
@ = HRjpwest X Brefy — B X Bresy X Bim/Btrigger = (HRlowest — B X Blim/Btrigger) X Brery
And

_ HRtarget — HRyowest

B B Btrigger
trigger — Plim

Note that Rule 3 is a special case of Rule 4 with HR;, .+ = Bji, = 0 and setting Birigger = 0 means

fishing with a constant harvest proportion HRt 4y get-

Details on F rules
An F rule gives the F in the quota year from which the correspond quota is found Fy, .. The F) 4

correspond to a specified age range and represent a weighted average over some reference ages

a a .
Fyi1 = Xalns* W yi1Fays1/Damas:  Waye1, Where w) 1 represent the weights (usually

aA=0afFmin a=afrmin
w,iyﬂ = Ng y+1 i-€. weighted by stock numbers). Write Fj, 11 = Frpyity+1 X Say+1 Where Sqp41 is

the fishing pattern and Fy,,;1 541 the multiplier to scale the fishing pattern to the corresponding
fishing mortality. Then the F,, ,,,1’s are found by solving

AFmax AFmax
Fyy = Z Way+1Fay+1/z Way+1

A=Aafmin aA=Aafmin

AFmax AFmax
= Pmuity+1 Z Wa y+15a, y+1/z Wa y+1

A=AFmin A=AFmin

For Fruuit,y+1, i-€.

AFmax P AFmax P
qulty+1 - y+1/ 2 Way+15ay+1/2 Way+1

A=AFmin aA=AFmin

And all Fy 11 is specified by F, 511 = Fppuity+1 X Sq,y+1 for all ages provided known s 5,4 1.
Then the total catch at age in numbers is given by the catch equation

Fa,y+1

— —F -M
Cay+1 = (1—e Far+ a’Y+1)Na,y+1

Foys1+Mgyiq



And the corresponding TAC is given by
TACy4q = z Way+1Cay+1
a

Where w544 is the mean weight at age in catch at age in the quota year.

Implications of prediction error
As described above, the target F is given by the predicted SSB which contains error.

Then the F multiplier will be affected by the error in the weighting factors wf;y+1 and selection
pattern s, 5 44. Finally, the TAC will be affected by the projected N .4 which gives C, ,, 41 in
addition to the weight at age in the prediction

Therefore to fully implement error in TAC: generate SSB with error, generate selection with error,
generate N ,, .1 with error. This will fully reflect the error incorporated in the TAC. The predicted
values of SSB,, 1, Ny 11 and s, 14 are generally correlated. In case of positive correlation, the
error induced in TAC generated by the F-rule will be larger than if they are independent and is thus
important to take into account. The normal approximation of the covariance structure is available
from TMB and can be utilized.

Assessment/prediction error
Provided RSE for each variable used in the prediction and corresponding correlations, the prediction
error matrix is parameterized as following

Since Var(x) = [E(x)]?(e®” — 1) we have that RSE(x) = SD(x)/E(x) = Ve°" — 1 and thus 0% =
In([RSE(x)]? + 1). Furthermore, for a multivariate variable

¥, = oRo

p

Table 1. XSAM estimates of CV for predictions of variables entering the HCR for 2018

SSB N22018 N32018 IV42018 Ns,zms Ns,zms N72018 st(ns IVQ,ZOIS N102018 N112018 IV122018
0.12 | 1.27 0.69 0.45 0.25 0.25 0.21 0.22 0.19 0.24 0.25 0.22

Fypo1s | Fspo1s | Fipors | Fooors | Fezots F7,2018 F8,2018 Fopois | Fiozos ﬁ11,2018 Fiz2018
0.45 0.43 0.41 0.38 0.39 0.39 0.41 0.37 0.40 0.44 0.44

Table 2. XSAM estimates of correlation of predicted values for 2018 in the 2017 asessment

SsB IVZ 201 NS 201| N4201 NS 201 IVGZOl N7 201 IV8 201) N9201 NlO 20| ﬁll 20| IV12 20| FZ 201 F3,201 ﬁ‘l 2014 FS,ZOl ﬁﬁ 201 F7,201 FS 201§ Fg 201 ﬁlO,ZO Fll 20 ﬁlZ,ZO
SSB 1.00 0.04 0.04 0.23 0.58 0.44 0.47 0.46 0.56 0.43 0.46 0.60 -0.27 -0.32 -0.29 -0.30 -0.28 -0.32 -0.27 -0.30 -0.30 -0.34 -0.34
ﬁ2’201 0.04 1.00 0.01 0.05 0.05 0.01 0.04 0.05 0.00 0.01 -0.04 0.00 -0.03 -0.04 -0.03 -0.04 -0.03 -0.02 -0.01 -0.01 -0.02 -0.02 -0.02
IV3 201 0.04 0.01 1.00 0.11 -0.01 0.00 -0.03 0.01 0.02 0.03 0.08 0.04 -0.06 -0.06 -0.05 -0.04 -0.05 -0.05 -0.06 -0.04 -0.08 -0.04 -0.04
1’\74’201 0.23 0.05 0.11 1.00 0.02 0.11 0.06 0.08 0.04 0.09 0.07 0.07 -0.09 -0.09 -0.01 -0.08 -0.03 -0.07 -0.05 -0.06 -0.06 -0.08 -0.08
NS,ZOl 0.58 0.05 -0.01 0.02 1.00 0.15 0.15 0.16 0.20 0.15 0.14 0.08 -0.25 -0.31 -0.27 -0.19 -0.23 -0.21 -0.21 -0.23 -0.21 -0.06 -0.06
IV6 201 0.44 0.01 0.00 0.11 0.15 1.00 0.26 0.18 0.20 0.18 0.21 0.07 -0.19 -0.23 -0.28 -0.29 -0.16 -0.17 -0.16 -0.20 -0.17 -0.01 -0.01
IV7’201 0.47 0.04 -0.03 0.06 0.15 0.26 1.00 0.36 0.34 0.26 0.28 -0.01 -0.29 -0.32 -0.31 -0.40 -0.42 -0.28 -0.25 -0.28 -0.26 0.12 0.12
IVS 201 0.46 0.05 0.01 0.08 0.16 0.18 0.36 1.00 0.39 0.34 0.34 0.07 -0.28 -0.25 -0.26 -0.28 -0.38 -0.45 -0.25 -0.26 -0.29 0.07 0.07
1’\79'201 0.56 0.00 0.02 0.04 0.20 0.20 0.34 0.39 1.00 0.50 0.41 0.04 -0.36 -0.38 -0.40 -0.41 -0.40 -0.47 -0.58 -0.41 -0.40 0.15 0.15
IV10 20 0.43 0.01 0.03 0.09 0.15 0.18 0.26 0.34 0.50 1.00 0.49 0.06 -0.31 -0.31 -0.31 -0.36 -0.33 -0.36 -0.38 -0.57 -0.32 0.19 0.19




1’\711'20 0.46 -0.04 0.08 0.07 0.14 0.21 0.28 0.34 0.41 0.49 1.00 0.13 -0.32 -0.34 -0.33 -0.39 -0.35 -0.37 -0.34 -0.46 -0.61 0.14 0.14
le 20 0.60 0.00 0.04 0.07 0.08 0.07 -0.01 0.07 0.04 0.06 0.13 1.00 0.18 0.16 0.18 0.19 0.21 0.14 0.22 0.15 0.12 -0.75 -0.75
FZ,ZOl -0.27 -0.03 -0.06 -0.09 -0.25 -0.19 -0.29 -0.28 -0.36 -0.31 -0.32 0.18 1.00 0.50 0.53 0.46 0.55 0.53 0.51 0.49 0.51 -0.46 -0.46
ﬁ3’201 -0.32 -0.04 -0.06 -0.09 -0.31 -0.23 -0.32 -0.25 -0.38 -0.31 -0.34 0.16 0.50 1.00 0.53 0.55 0.54 0.54 0.50 0.50 0.55 -0.46 -0.46
ﬁ4 201 -0.29 -0.03 -0.05 -0.01 -0.27 -0.28 -0.31 -0.26 -0.40 -0.31 -0.33 0.18 0.53 0.53 1.00 0.50 0.56 0.57 0.54 0.52 0.56 -0.48 -0.48
ﬁ5‘201 -0.30 -0.04 -0.04 -0.08 -0.19 -0.29 -0.40 -0.28 -0.41 -0.36 -0.39 0.19 0.46 0.55 0.50 1.00 0.51 0.51 0.50 0.49 0.53 -0.56 -0.56
ﬁ6,201 -0.28 -0.03 -0.05 -0.03 -0.23 -0.16 -0.42 -0.38 -0.40 -0.33 -0.35 0.21 0.55 0.54 0.56 0.51 1.00 0.55 0.55 0.53 0.54 -0.54 -0.54
ﬁ7 201 -0.32 -0.02 -0.05 -0.07 -0.21 -0.17 -0.28 -0.45 -0.47 -0.36 -0.37 0.14 0.53 0.54 0.57 0.51 0.55 1.00 0.52 0.50 0.55 -0.49 -0.49
ﬁS,ZOl -0.27 -0.01 -0.06 -0.05 -0.21 -0.16 -0.25 -0.25 -0.58 -0.38 -0.34 0.22 0.51 0.50 0.54 0.50 0.55 0.52 1.00 0.53 0.54 -0.51 -0.51
ﬁ9'201 -0.30 -0.01 -0.04 -0.06 -0.23 -0.20 -0.28 -0.26 -0.41 -0.57 -0.46 0.15 0.49 0.50 0.52 0.49 0.53 0.50 0.53 1.00 0.54 -0.55 -0.55
ﬁ10,20 -0.30 -0.02 -0.08 -0.06 -0.21 -0.17 -0.26 -0.29 -0.40 -0.32 -0.61 0.12 0.51 0.55 0.56 0.53 0.54 0.55 0.54 0.54 1.00 -0.47 -0.47
Fll 20 -0.34 -0.02 -0.04 -0.08 -0.06 -0.01 0.12 0.07 0.15 0.19 0.14 -0.75 -0.46 -0.46 -0.48 -0.56 -0.54 -0.49 -0.51 -0.55 -0.47 1.00 1.00
ﬁ12,20 -0.34 -0.02 -0.04 -0.08 -0.06 -0.01 0.12 0.07 0.15 0.19 0.14 -0.75 -0.46 -0.46 -0.48 -0.56 -0.54 -0.49 -0.51 -0.55 -0.47 1.00 1.00

Table 3. XSAM estimates of CV for estimates of biomass 4+ and 5+ in 2017

§4+,2017 §5+,2017
0.103 0.104

Table 4. XSAM estimates of correlation between estimates of biomass 4+ and 5+ in 2017

§4+,2017 BS+,2017
By, 5017 | 1.000 | 0.903

Bs, 2017 | 0.903 | 1.000

Details on stock recruitment

For stock recruitment uncertainty in parameters has been accounted for by considering the
distribution of parameters based on point estimates of pairs of stock recruitment data. Provided the
distribution of each point estimates are available, this could be incorporated in the analysis by e.g.
using the entire distribution of data when examining the parameters. However, the uncertainty in
the point estimates is already accounted for, at least implicitly. To see this, write the true stock
recruitment as R; = f(St_aR; o, 0),

Where 0 is the parameters for the deterministic part of the process and ¢ the environmental noise
(i.e. the variability around mean recruitment for a given spawning stock E(Rt|5t_aR)). However R;
and S;_,, are not precisely known since only estimates are available.

Subject to some assumptions it can be shown that
Ry = f(St—aRF 6,0%)

Where now @ is the same as before while g* will includes environmental noise as before in addition
to variability depending on the level of uncertainty in the estimates such that * = o. If the
uncertainties in the estimates are small compared to the environmental noise, then ¢* ~ ¢, and all
parameters 8 and ¢ can be estimated based on R, and S‘t_aR and the uncertainty in parameters in
the process can be evaluated by methods such as resampling techniques (e.g. bootstrapping) and will
include the uncertainty due to uncertainty in the data used for estimation. It is well known that
uncertainty in input data may account for bias in inference if the uncertainty is large, but preliminary
tests specifying the sampling distributions of R, and ft_aR as log normal, and treating R; and S;_,,,




as latent variables estimates of the parameters 6 and ¢ showed only marginal differences of
estimates of 6 and o compared to the much simpler approach estimating 6 and ¢ based on ﬁt and
S't_aR directly (obtained by TMB). Therefore, the simplified approach is used to estimate 8 and o
while the distribution of the parameters is found by bootstrapping based on similar methods as
Simmonds et al xxxx as outlined in Aanes et al. WKNSSHREF 2018.

Initial analysis

The initial MSE analysis using HCRs with Ftargets close to Fpo5=0.102 gave higher risks than
anticipated. Therefore, it was necessary to revisit the analysis and results made for the last run at
WKNSSHREF. | find that the Fpo5=0.102 is slightly biased upwards. This has one major cause which
essentially boils down to numerical instability due to too few resamples. Going into the technical
details this can be broken into two factors:

1. At WKNSSHREF we used 1000 resamples of parameters (stock recruitment) and simulating
each HCR for 500 years, discarding the first 250 to ensure the process had reached
equilibrium. This conclusion was based on the WD presented at WKNSSHREF (Aanes et al
2018). At WKNSSHREF a number of changes to the original analysis (i.e. as in the WD) were
made that effected that conclusion, including the definition of risk (average of risk within
each time series versus risk across all time series) which was changed to a more common
‘ICES definition’, changes in biological parameters etc. One test was made to ensure
numerical stability of the final results, but it turned out that an error with the use of random
seeds shortened the time effective time span of the time series used (the seed was set to
equal values in a sequence within each time series) and effectively the results became
independent of the changes made in number of resamples and number of years, and this
potential problem was thus not discovered.

2. This also resulted in a slight bias in stock recruitment (using the aic smoothed approach, the
relative proportion of SSB-R models in use (Beverton Holt, Ricker and Segmented Regression)
became biased, and hence the smoothed estimate biased.

Increasing the number of iterations to 2000 appear sufficient for numerical stability of statistics for
short, medium and long term (Figure 1) (and also maintain the distribution of recruitment models
used for the AIC smoothing). On this basis, the simulations for the reference point were rerun using
2000 replicates each of length 500 and discarding the first 200 gives the results in Figure 2 which
suggest a somewhat lower value of Fpos (~0.085). It is important to notice that this is a minor change,
since it means a change in harvest proportion of 1.6% (harvest proportion from 1-exp(-0.102)=0.097
to 1-exp(0.085)=0.081). The result did not appear to be sensitive to the change in use of prediction
error (using the estimated simultaneous distribution of the parameters entering the F-rule, see
comments to F-rules above). On this basis, the MSE evaluation also includes the F target value of
0.085. To be able to finally conclude on the 3d digit, it may be necessary with more simulations
(increasing number of resamples as well as increasing the length of the time series beyond 500 time
steps). Since this is computer intensive and require relative much storage place and memory the time
constraints as restricted this task. On the other hand, precision at the level of third digit of Fpgs is



much less troublesome than any other assumption made about e.g. biological parameters (weights,
proportion mature and natural mortality at age) and is an argument for reducing number of digits. It
should be noted that the most troublesome statistic to estimate with numerical stability is risk
factors such as low values of P(B<Blim) or in other words the Fpos (see also Figure 1). Here, it is
necessary with at least 2000 resamples of parameters to keep the results numerical stable within the
3d or 4" digit for a specified year range (e.g. short, medium or long term as defined by the request
for the MSE) (see Figure 1).
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Figure 1. Probability of SSB<2500, median recruitment, ssb and catch for short (black lines), medium
(red lines) and long (green lines) term versus number of samples used for calculating the statistics.
The HCR used in this example correspond to rule 1 with Ftrigger=0.1 and Btrigger=3184.
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using prediction error as described in the text.
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Figure 4. Probability of SSB<2500, recruitment, SSB and yield by years (2017-2053). The solid line for
recruitment, SSB and yield is the median value while the shaded areas are 95, 80 and 50% prediction
intervals, respectively. The HCR correspond to rule 1 with Ftarget=0.085 and Btrigger=3184

Simulations done with results to be compiled:

Rule 1
All combinations of

Ftargets={0.06, 0.07 ,0.08 ,0.085,0.9,0.102,0.125,0.14,0.15}
Btriggers={2500, 3184, 3500, 4000, 4500, 5000}
Results in 54 different combinations

Rule 2
All combinations of

Ftargets={0.06, 0.07 ,0.08 ,0.085,0.9,0.102 ,0.125 ,0.14 ,0.15}

Btriggers={2500, 3184, 3500, 4000, 4500, 5000}



Blim=2500
Fmin={0,0.025,0.05}

Results in 162 different combinations

Rule 3
All combinations of

Harvest proportions 1-exp(-Ftarget), where Ftarget is defined as for Rule 1 and 2
Btriggers={2500, 3184, 3500, 4000, 4500, 5000}
Results in 54 different combinations

Rule 4
All combinations of

Harvest proportions 1-exp(-Ftarget), where Ftarget is defined as for Rule 1 and 2
Btriggers={2500, 3184, 3500, 4000, 4500, 5000}

Blim=2500

Minimum harvest proportions 1-exp(-Fmin), where Fmin is defined as for rule 2

Results in 162 different combinations

Remains: some simulations using catch constraints.
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How to reach conclusions from the work done sofar.
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One of the problems with assessment of the spring spawning herring has been consistent overestimation of
the stock as shown by the empirical retros from ICES data base. It looks like the empirical retros have improved
recently but what happened is that in 2015 the spawning survey that had been discontinued for 6 years was
restarted. The first years in the retrospective series are difficult to use as the fishing mortality was really low
and the 1983 yearclass was accounting for large proportion of the catches.

Looking at the potential bias, SSB is on the average overestimated by 50% while F is underestimated by
30% from 1996-2010. If the plan is to have F=0.125 and By, igger = 3184 the F value will be 0.125/0.7=0.178
until the spawning stock is below B”li";” = 2122 i.e the trigger action does not occurr until the stock is well
below Birigger-

Here a more modest but still quite bad example i.e 25% overestimation of SSB and F,,; = ?—;‘gf will
be selected. One of the reasons is that Byyijgger = 3184 tonnes becomes in reality close to 2500 tonnes and
Freatized = 1.25 % Fiptendeq- Calculations are available for Birigger = Blim = 2500 million tonnes that can then
be used to present By igger = 3184 with 25% bias. Without bias Fys (type III risk) is 0.118 but 0.084 with bias.
(figure 1)

2400
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+= 2100 - 1.25
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0.08 0.12 0.16 0.20
Ftarget

Figure 1: Fifth percentile of SSB against intended F with no bias and 25% bias. Type III risk i.e minimum
S5 Byps in the year giving minimum 5SS Bys.
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Figure 2: Fifth percentile of SSB against intended F with no bias and 25% bias based on the years 2033-2054.

As may be seen in figure 2 25% bias decreases Fys from 0.147 to 0.108 in the long term The realised F is
36% higher than intended F. Similar things happen in the medium term (figure 1) and if a bias is included the
starting point might be biased and risk in the short term considerable.

The most interesting thing about the bias is that it does not show up when using analytical retros using
only surveys 4 and 5 (see WD from 2016). Part of the problem seems to be related to other surveys conducted
irregularly and the last one of those was added in 2015 (survey 1 ssb survey) and that survey does indicate
higher stock than survey 5.

All analysis of retrospective bias for this stock are hampered by slow convergence of assessment caused by
low F, in recent years. F has recently been particularly low due to steep reduction in adviced F below the
current value of Byigger. How will the rule of basing "Mohns rho" calculations on last 5 years work for this
stock?

To be able to look a little better ath those factors a smoother was set up. (not working perfectly) With
a bias of 0.15 Fys based on type 3 risk changed from 0.124 to 0.101 (figure 3). Comparable numbers for long
term risk (2033-2054) are 0.151 and 0.122. The numbers are not exactly the same as in the simulations as the
smoother is not accurate but the ratios are OK. Selected numbers should be run again.
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Figure 3: 5th percentile of SSB based on type 3 risk (lowest in any year) with and without 15% bias

10% bias changes Fps based on the long term from 0.151 to 0.131 (15%) and Fps based on type IIT from
0.125 to 0.108, again with the reservation that the numbers are not exact.

For Icelandic summer spawning herring advice from ICES was based on historical bias as was done for
Icelandic cod in 2009. In both those cases the bias used was on the lower side compared to indications from
historical retros (10% for cod, 15% for the Herring). For the spring spawning herring 10-15% seems to be
appropriate value to use for bias.

So where do we end.

1. Birigger= 3184 kt reduced from 5000 kt.

2. Fisy based on different models and configurations 0.1-0.157. Higher values 0.125-0.157 seem more
plausible as they are based on VPA modelling of the fisheries of age 0 and 1 before collapse. Using
Birigger = 5000kt F'pgs is estimated to be 0.2.

3. Short and medium term considerations lead to Fipgs = 0.118 (type 3 risk) 0.121 if the average over medium
term (2023-2032) is used

4. Assessment error in the simulations is on the lower side and biological variability not included. Changing
this would lead to reduction in F reference points by approximately 0.01.

5. 10% bias in assessment reduces F'pgs values by =~ 15%. 0.157 would change by to 0.136 and then again to
0.126 by including biological variablity. 10% bias is not much looking at empirical.

6. Taking type III risk, bias, and biological variability would lead to Fiqrger = 0.1.
7. Summarizing these points leads to Figrger = 0.12, Byrigger = 3184 both for F,sy and Fiarget-

8. Type I catch stabiliser should be used and a type III biomass rule with harvest rate selected to realised F
is 0.12 above Birigger-

The proposed values of F' = 0.12 and Byyigger = 3184 lead to substantial increase in risk from earlier
management plan. (F' = 0.125 and Bipigger = 5000).

In the end it must be mentioned that many of the factors included here can not be analysed for most stocks,
the reason is the length of the data series (including collapse of the stock) and series of historical assessments.
Even though the data are good they do not lead to one magic number and the resulting advice should be
based on a combination of many factors, among them being in line with earlier work from 1998-2014 that is
not obsolete. Perhaps the proposed values lead to too much increase in risk compared to earlier work. A much
simpler way would have been to make one EQSIM run and believe the results.
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Annex 3: Full set of MSE results

The simulation output tables are found in full on the following pages of Annex 3.

Table A.3.1. Risk,P(SSB<Biim), expressed as % in short, medium and long term for F-rules without and with constraint in interannual TAC change. Unshaded cells
correspond to the precautionary (Ftarget, Brrigger) combinations (P(SSB<Biim)<5%).Tables are shown for Prob3 (named here Risk 3).
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Table A.3.2. Risk,P(SSB<Biim), expressed as % in short, medium and long term for biomass rules without and with constraint in interannual TAC change. Unshaded
cells correspond to the precautionary (Farget, Buigger) combinations (P(SSB<Biim)<5%). Tables are shown for Prob3 (named here Risk 3).

Rule 3 - biomass rule going through 0,0

Rule 3 with average constraint

Rule 3 with25/20% TAC-constraint

0.05

Rule 4 - biomass rule with HRmin

Btrigger

Btrigger

Btrigger

Btrigger

shortterm risk

0.07 0.8
29 41 83
25 34 438
22 29 41
17 123 |29
16 1.8 | 23
16 16 1.8

0.09
2500

3184
3500
4000
4500
5000

shortterm risk

0.07
2500 4.0 | 4.9

2.8 | 3.9
23 | 31
17 123
4500 1.6 | 1.8
5000 1.6

0.08  0.09

5.9
5.0
4.2
2.9
2.3
16 1.8

3184
3500
4000

shortterm risk
0.07
3.3
25
2.2
1.7
1.6
1.6

0.08
42 53

35|48
2.9 441
23 29
1.8 23
16 1.8

0.09
2500

3184
3500
4000
4500
5000

shortterm risk

0.07 0.8
2.7 | 3.9
22 | 31
22 26
20 23 26
18 120 23
18 1 1.9 21

0.09
5.0
3.9
3.2

2500
3184
3500
4000
4500
5000

HRtarget
0.1 0.11 0.12
65 83 10.6
58 73 92
51 62 78
40 50 6.1
29 37 49
23 28 34

HRtarget
0.1 0.11 0.12
71 88 104

58 71 89
51 61 75
39 50 6.0
29 |37 |49
23|28 |34

HRtarget
01 041 0.42
6.4 83 105

S | 72 | CLil
51 62 77
40 50 6.0
29|37 49
23|28 |34

HRtarget
0.1 0.11 0.12
6.1 77 96

48 57 6.8
41 48 87
29 36 43
25 28 3.1
23 25 27

0.13
12.7
1.2
10.0

7.3

5.5

4.6

0.13
12.1

10.7
9.4
71
5.5
4.6

0.13
12.5

11.0
9.6
71
5.5
4.6

0.13
1.4

8.4
6.5
4.8
3.7
2.9

0.14
15.3
13.3
1.7
9.0
6.5
5.3

0.14
14.2

12.6
1.3
8.7
6.5
5.3

0.14
143

12.6
1.2
8.7
6.5
5.3

0.14
13.8

9.9
7.8
5.2
4.2
3.2

0.15
17.6
15.6
13.7
10.9
8.0
6.2

0.15
15.8

14.3
12.9
10.8
7.8
6.2

0.15
16.1

143
12.7
10.5
7.8
6.2

0.15
15.7

12.0
9.2
6.2
4.5
3.7

Risk3 tables for biomass rules

Btrigger

Btrigger

Btrigger

Btrigger

mediumterm risk
0.07 0.08
28 | 3.7
24 31
2027 36
15 21 28
450 1.1 1 1.5 21
09 12 16

0.09
5.0
4.0

2500
3184
3500
4000

5000

mediumterm risk
0.07
3.4
2.7
2.2
1.5
4500 1.1

0.08
4.3

3.2

0.09
5.5

4.2
2.8 | 36
22|28
1.5 21
09 12 16

2500
3184
3500
4000

5000

mediumterm risk
007 008 0.09
29 38 51
2531 4.0
27 35
15 21 28
1.5 | 21
09 12 16

2500
3184
3500 2.1
4000
4500 1.1
5000

mediumterm risk

0.07
2.6
22|27
20|24 29
4000 16 21 | 24
15 1.7 21
14 16 1.7

0.08
3.4

0.09
4.5
3.3

2500
3184
3500

4500
5000

HRtarget
0.1 0.11 0.12
66 86 10.8
54 74 91
47 60 78
3.7 45 6.0
28 36 43
22 27 35

HRtarget
0.1 0.11 0.12
71 9.0 109

55 74 90
46 60 76
3.7 44 6.0
28|36 |43
2127 |35

HRtarget
01 011 042
6.6 85 10.7

54 73 91
46 59 78
37 44 6.0
28 |36 |42
2127 |35

HRtarget
0.1 0.11 0.12
58 75 9.1

42 53 63
35 43 55
29 34 38
23 27 32
21 23 26

0.13
12.8
1.2

9.8

7.2

5.6

4.1

0.13
12.7

10.7
9.6
7.2
5.6
4.1

0.13
12.6

10.9
L7
71
5.5
4.1

0.13
10.8

7.9
6.3
4.7
3.5
3.0

0.14
15.2
12.9
11.6
8.8
6.8
5.2

0.14
14.6

12.4
1.1
8.8
6.8
5.1

0.14
14.5

12.5
1.1
8.7
6.8
5.1

0.14
125

8.9
7.3
5.7
4.2
3.4

0.15
18.0
15.2
13.3
10.7
8.1
6.6

0.15
16.7

14.5
13.1
10.5
8.0
6.5

0.15
16.9

14.4
12.9
10.5
8.0
6.5

0.15
14.5

10.1
8.4
6.6
4.9
3.9

Btrigger

Btrigger

Btrigger

Btrigger

longterm risk

0.07 0.08 0.09

2500 1.4 2.0 31
3184 1.1 16 | 2.7
3500 1.0 14|23
08|11 17
06|10 13
05|07 1.0

4000
4500
5000

longterm risk

0.07
2500 1.6

0.08
2.4

1.9
350 1.1 1.6
08 |13
06 | 1.0
05|07

0.09
3.6

2.8
2.4
1.7
1.3
1.0

3184 1.2

4000
4500
5000

longterm risk

0.07
2500 1.4

3184 1.1

0.08
2.0

1.6
1.4
0.8 | 1.1
06 | 1.0
05|07

0.09
3.0

2.6
2.2
1.7
1.3
1.0

3500 1.0
4000
4500
5000

longterm risk

0.07 0.08
2500 1.2 | 1.8 2.7
3184 1.1 14 22
350 1.0 1.3 1.8
4000 1.0 1.1 14
09 10 13
08 10 12

0.09

4500
5000

HRtarget
0.1 0.11 0.12
44 60 77
35 49 64
31 42 56
24 33 43
18 26 32
13 18 25

HRtarget
0.1 0.11 0.12
51 66 89

39 53 6.9
34 |45 59
26 33 46
19 26 34
14 20 26

HRtarget
01 041 042
42 59 75

35|46 63
3.0 42 55
23 32 43
1.8 25 32
1.3 1.8 25

HRtarget
0.1 011 0.12
36 46 6.0
27 35 45
24 30 38
19 24 30
16 20 24
14 16 21

0.13
10.0
8.3
72
5.5
4.2
3.3

0.13
1.1

9.3
8.0
5.9
4.4
3.4

0.13
9.6

7.9
71
55
4.1
3.2

0.13
7.6

5.5
4.6
3.6
2.9
2.4

0.14
12.1
104
9.1
71
5.2
4.1

0.14
13.6

11.4
9.9
7.7
5.8
4.3

0.14
1.7

10.1
9.0
6.9
5.3
4.0

0.14
9.1

6.6
5.7
4.2
3.3
2.7

0.15
14.8
12.4
11.2
9.0
6.7
5.1

0.15
16.7

13.7
12.1
9.7
7.3
5.7

0.15
14.2

12.0
10.9
8.9
6.6
5.1

0.15
10.8

8.1
6.8
5.3
4.0
3.0



Table A.3.3. Yield, expressed as median catch (kt), in short, medium and long term for F-rules without and with a constraint in interannual TAC change. Unshaded
cells correspond to the precautionary (Farget, Brrigger) combinations (P(SSB<Biim)<5%). Cells shaded in green colours indicate the combinations that result in yield 295%

of the maximum yield among the precautionary combinations.Tables are shown for Prob3 (named here Risk 3).

Yield tables for F-rules with Risk3

Rule 1 - F-rule through 0,0

Rule 1 with 25/20% TAC-constraint Rule 1 with average constraint

Rule 2 - F-rule with Fmin = 0.05

Btrigger

Btrigger

Btrigger

Btrigger

shortterm yield
Ftarget

01 0.402 042 0.125 0.14 015 0.157 0.16 0.7 0.8 02
2500 381 387 442 456 499 527 545 553 578 603 651

3184 381387 442 456 499 526 545 552 578 602 649
3500381387 441 455 495 521 539 546 570 593 636
4000 365 370 418 430 [H6) 488 503 509 531 550 589
4500 333 338 383 394 428 449 [463|HBE] 489 507 544
5000 307 311|353 364 396 416 430 436 454 472 507

shortterm yield
Ftarget

01 0102 042 0.125 0.14 045 0.157 0.16 047 0.18 02
2500 377 382 424 435 468 491 506 512 533 554 593

3184 375 379 421 433 467 489 504 510 532 552 591
3500 371|376 419 431 465 488 503 510 531 552 591
4000 356 362 411 423 458 481 496 502 523 543 581
4500 333338 383 395 429 451 [GSIHH 491 510 547
5000 307 312 353 364 396 416 430 436 456 473 508

shortterm yield
Ftarget

0.1 0102 012 0.125 0.14 015 0.157 0.16 017 0.8 02
2500 375|381 433 448 480 480 499 504 528 551 598

3184 368 373 427 442 480 480 493 491 514 536 580
3500 362 368 420 434 475 480 489 485 507 530 572
4000 345 351 399 412 448 472 479 480 496 516 554
4500 323 328 373 385 419 441 [466IHBH] 480 494 530
5000 301|306 | 349 360 392 412 426 432 450 469 502

shortterm yield
Ftarget

0.1 0.102 0.12 0.125 0.14 0.15 0.157 0.16 0.17 0.18 0.2
2500 381 388 443 457 501 528 547 555 581 605 655
3184382 388 444 459 502 529 548 556 582 606 655
3500 381387 442 456 497 523 541 549 [Bji@) 595 636
4000 361366 409 420 450 469 481 487 503 517 546
4500 328|332 366 375 401 417 427 431 445 459 484
5000 307 310 339|346 369 384 393 397 409 421 444

Btrigger

Btrigger

Btrigger

Btrigger

mediumterm yield
Ftarget

01 0102 012 0.4125 0.14 015 0.157 0.16 0.7 0.8 0.2
2500 579 586 640 652 688 708 720 725 742 757 782

3184 581 588 642 656 692 713 727 733 750 766 793
3500 583 590 645 658 696 718 732 738 755 772 799
4000 587 | 594 650 665 703 726 741 747 765 782 808
4500 592 | 598 657 671 710 733 747 752 769 782 798

5000 596 603 661 676 712 732 748 A7 IS 764 771

mediumterm yield
Ftarget

0.14 015 0.157 0.6 017 0.8 02
2500 579 586 644 659 700 723 739 745 765 782 815

3184 582 589 649 663 704 728 743 749 770 789 820
3500 584 591 651 666 707 731 747 753 774 791 821
4000 587 594 655 670 711735 750 756 775 791 814
4500 590 597 658 673 713 735 748 753 767 779 797
5000 592 599 659 673 706 725 735 [40| B8l 764 779

01 0102 0.12 0.125

mediumterm yield
Ftarget

0.1 0.102 0.12 0.125 0.14 0.15 0.157 0.16 017 0.18 02
2500 564 571 626 640 677 699 714 720 740 758 793

3184565 571 626 639 678 701 717 723 742 761 793
3500 565 572 626 641 679 702 718 725 744 761 791
4000 566 573 630 644 683 705 719 725 744 760 788
4500 568 574 631 645 683 705 719 724 741 756 779
5000 568 575 632 646 680 702 714 [£49|{88l 746 765

mediumterm yield
Ftarget

01 0102 012 0125 0.14 0.5 0.157 0.16 0.17 0.18 02
2500 581 587 642 655 692 715 729 735 754 771 801
3184 584 590 646 661 701 724 740 747 767 785 820
3500 586 593 650 665 705 730 746 753 773 794 829
4000 589 | 596 656 672 713 739756 763 785 806 841
4500 593 600 662 678 721 746 763 770 790 807-
5000 596 603 666 681 722 745 758 763 777 788 792

Btrigger

Btrigger

Btrigger

Btrigger

longterm yield

0.1 0102 0.12
2500 704 710 757
3184/706 712 760
3500708 713 762
4000 711 716 767
45001714 720 771
5000717 724 778

longterm yield

0.1 0102 0.12
2500718 724 773
3184721 727 777
35001722 728 780
40001725 731 785
4500 729 735 789
5000 732 739 794

longterm yield

01 0102
25001701 707
3184 703 709
35001705 710
4000707 713
4500709 715
5000711 717

0.12
756

759
761
764
767
770

longterm yield

0.1 0.102
25001706 712
3184708 714
3500710 716
4000 712 718
45001715 | 721
5000717 724

0.12
760

764
767
770
775
780
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0.125
768
771

774
778
784
790

0.125
784

0.125
767

770
773
776
779
783

0.125
77
776
779
783
788
794

N

Ftarget
014 0.45 0157 0.6 0.47 018 02
795 808 816 819 827 833 841

800 814 823 827 838 846 858
803 818 828 832 843 853 866
809 826 836 841 854 864 880
816 834 846 851 [864] 875 888

824 843 854 859 Bl B8l 880

Ftarget
0.14 0.15 0.157 0.16 0.17 018 0.2
812 826 835 838 847 855 864

819 834 844 848 859 868 881
822 839 849 853 865 875 887
829 847 858 [862] 874 883 892

835 854 8641868 [B78l 852 881
841 855 (862864 8881 878 670

Ftarget
0.14 0.15 0.157 0.16 0.17 0.18 0.2
795 810 818 822 832 840 852

800 815 826 830 841 850 864
803 819 829 833 845 855 868
807 824 835 839 851 860 872
811 829 838 842 [§88) 863 871

815 831 841 845|888 BBH 865

Ftarget

014 0.15 0.157 0.16 0.17 0.18 0.2

801 817 827 830 842 852 869
807 824 835 840 853 866 888
810 829 840 845 860 873 897
817836 849 854 871 886 [Bg
824 845 858 864 880 897 [920]
831 852 866 872 888 900 (BRI
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Table A.3.4. Yield, expressed as median catch (kt), in short, medium and long term for biomass rules without and with a constraint in interannual TAC change.
Unshaded cells correspond to the precautionary (Ftarget, Btrigger) combinations (P(SSB<Blim)<5%). Cells shaded in green colours indicate the combinations that
result in yield 295% of the maximum yield among the precautionary combinations. Tables are shown for Prob3 (named here Risk 3).

Rule 3 - biomass rule going through 0,0

Rule 3 with average constraint

Rule 3 with25/20% TAC-constraint

0.05

Rule 4 - biomass rule with HRmin

Btrigger

Btrigger

Btrigger

Btrigger

shortterm yield
0.07
293
292
289
270
243
220

0.08
333

331
328
305
274
248

0.09
372

370
366
339
305
277

2500
3184
3500
4000
4500
5000

shortterm yield
0.07
318
317
310
269
242
220

0.08
346

346
344
305
274
249

0.09
374

374
372
339
305
277

2500
3184
3500
4000
4500
5000

shortterm yield
0.07
307
307
303
270
242
220

0.08
331

330
327
305
274
249

0.09
370
369
365
338
304
277

2500
3184
3500
4000
4500
5000

shortterm yield
0.07
293
292
289
274
258
249

0.08
332

330
327
304
281
267

0.08
372

368
364
332
303
285

2500
3184
3500
4000
4500

5000

HRtarget
01 041 042 0.13
411 449 486 524

408 446 483 520
403 440 477 512
372 404 435 466
335 | 364 [B88Y 420

305 332 358 383

HRtarget
01 041 012 0.13
402 430 459 489

402 431 459 488
400 427 454 481
372 405 437 467

335 | 364 |8 421

305 332 358 383

HRtarget
01 041 012 013
408 447 480 491
407 445 480 482
402 439 477 480
371 404 436 468
3

335 | 364 |8 421

305 332 358 383

HRtarget
01 011 012 013
410 448 486 523

406 443 480 516

401 |H88Y 471 505

0.14

556
548
496
448
409

0.14
518

517
510
485
448
409

0.14
526
515
499
480
448
409

0.14
560

552
537

357 | 383 407 428N 449

324 343 362 380
302 319 335 350

398
365

Yield tables for biomass rules with Risk3

mediumterm yield

0.15 007 008 0.09
598 2500 493 541 584
591 _ 3184 484 542 586
582 %mn 496 545 | 589
526 g 4000 499 549 594
474 4500 | 502 553 600
434 5000 506 557 604

mediumterm yield
0.15 007 008 009
547 2500 478 528 S74
545 _ 3184 480 531 578
539 %3500 483 534 581
523 5 4000 488 539 587
475 4500 | 492 545 594
434 5000 497 550 600

mediumterm yield
0.15 007 008 009
562 2500 475 522 565
550 _ 3184 478 526 | 570
531 %3500 480 529 574
506 g 4000 | 485 534 579
475 4500 | 490 540 585
434 5000 | 493 543 589

mediumterm yield
0.15 007 008  0.09
596 2500 493 542 585
586 _ 3184/ 495 544 | 589
570 %mn 496 546 592
469 g 4000 | 498 549 596
414 4500 499 552 | 600
380 5000 500 554 602

HRtarget
01 041 042
623 657 687

626 661 692
629 664 696
635 672 706
642 679 T14
646 683 717

HRtarget
01 041 012
617 655 691

621 660 697
624 664 701
631 672 710
639 680 T17
645 685 718

HRtarget
01 011 012
603 639 670
609 645 678
613 649 683
620 659 693
627 665 698
631 669 702

HRtarget
01 011 012
625 660 692

630 667 702
634 672 708
640 680 717
645 686 724
646 687 725

0.13
714

721
725
736
743

0.13
724

730
735
743
749

0.14
737

745
750
762
769
767

0.14
752

760
765
772
775

8 762

0.13
700
707
713
723
729

0.14
726
735
741
749
754

&0 755

0.13
722

734
740
751
756
757

0.14
748

762
770
781

787 Bl
782 [802)

0.15
758

766
773
784
791
781

0.15
778

787
791
796
792
773

0.15
751
760
766
773
775
770

0.15
773

789
798
809

Btrigger

Btrigger

Btrigger

Btrigger

longterm yield
0.07
633
634
635
637
639
641

0.08
680

682
683
686
689
692

0.09
720

722
724
727
731
735

2500
3184
3500
4000
4500
5000

longterm yield
0.07
638
639
641
643
646
649

0.08
686

688
690
693
697
701

0.09
727

730
732
736
741
747

2500
3184
3500
4000
4500
5000

longterm yield
0.07
622
624
625
628
631
833

0.08
669

671
672
676
680
684

0.09
708

711
714
718
723
727

2500
3184
3500
4000
4500
5000

longterm yield
0.07
634
634
835
636
837
638

0.08
681

683
684
686
687
689

0.09
722

724
726
728
731
733

2500
3184
3500
4000
4500

HRtarget
01 041 012
751 778 799

755 783 805
758 786 809
762 792 817
767 797 824
771 803 830

HRtarget
01 011 012
761 788 810

765 794 818
768 798 822
773 805 832
779 813 841
787 821 850

HRtarget
01 011 012
741 767 788
746 774 797
748 777 802
754 784 810
759 791 817
765 796 | 822

HRtarget
04 041 042
755 784 807

759 789 815
761 792 819
765 797 826
769 802 831
771 805 835

0.13
814

822
828
837

0.14
825

836
842
852

0.15
833

853
865
875

845 861
&5 |88l o=

0.13
825

837
843 860
855 874 886

[885) 883 892
672|683l &7

0.14
837

852

0.15

864
873

0.13
805
816
821

0.14
819
831
838
831 848 862
839 856 871

45, |88 o7+

0.15
829

852

0.13
827

837
842

0.14
843

855
861 878
849 870 888

855 877 [BEEN
seo (881 [E8H

0.15
856

872
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Table A.3.5. SSB, expressed as median (million tonnes), in short, medium and long term for F-rules without and with a constraint in interannual TAC change. Cells
shaded red correspond to the non precautionary (Ftarget, Btrigger) combinations (P(SSB<Blim)>=5%). Cells shaded greyindicate the combinations that result in
SSB 295% of the maximum achievable SSB among the precautionary combinations. Tables are shown for Prob3 (named here Risk 3).

SSB tables for F-rules with Risk3

=3
2 shortterm SSB mediumterm SSB longterm SSB
E] Ftarget Ftarget Ftarget
g 01 0102 012 0125 0.14 0.15 0.157 0.16 017 0.18 0.2 01 0102 012 0125 0.14 0.15 0.157 016 0.17 0.18 0.2 0.1 0.102 0.12 0.125 0.14 0.15 0.157 0.16
@ 2500 3.7 3.7 2500 7.0
T 137 37 _ _ 98474 7.0 64
- 8 0037 37 37 386 S &, 3s00 7.1 64 6.3
2 2 2 2
e 4000 3.7 3.7 36 & & 4000 7.1 65 6.3

4500 37 37 37 36 36 36 4500 65 64

5000 3.7 3.7 37 3.7 36 5000 6.6 6.4
= shortterm SSB mediumterm SSB longterm SSB
s Ftarget Ftarget Ftarget
E 01 0102 012 0125 0.14 0.15 0.157 0.16 017 0.18 02 0.1 0.102 012 0125 0.14 0.15 0.157 0.16 0. 01 0102 012 0125 014 0.15 0.157
8 250037 2500 5.8 5.8 250071 7.0
@
§ _ 18437 37 _ 3184 59 58 _ 3184 7.1 64
& §w037 37 37 37 § %059 58 54 Q=072 7.1 64 63
£ = ‘= =
I 3.7 3.7 36 A 59 55 54 & 7.1 65 6.3
> 4500 37 37 37 36 36 36 4500 56 55 4500 65 6.4
E 5000 3.7 3.7 | 3.7 (3.7 |3.7 | 3.6 5000 56 55 5000 6.6 6.4
= shortterm SSB mediumterm SSB longterm SSB
£ Ftarget Ftarget Ftarget
g 01 0102 012 0125 0.14 0.15 0.157 0.16 017 018 02 0.1 0102 012 0125 0.14 0.15 0.157 016 0. 0.1 0102 012 0125 014 0.15 0.157
3 2500 3.7 | 3.7 2500 59 | 5.8 25073 7.2 6.6
2 aw37 37 _ 38459 59 _ 973 7.2 66
g § w037 37 37 37 & 350 6.0 5.9 § 30 7.3 7.2 656
el = s =
8 F 4000 3.7 3.7 36 g 4000 6.0 g 4000 7.3 6.7
z 4500 3.7 37 37 36 36 36 4500 4500 8.7
2 5000 37 37 37 37 36 5000 5000 6.8
=

shortterm SSB mediumterm SSB longterm SSB

I Ftarget Ftarget Ftarget
o 01 0102 042 0125 0.14 0.15 0.157 016 017 0.18 02 0.1 0102 012 0125 0.14 0.15 0.157 016 0. 0.1 0102 012 0125 0.14 0.15 0.157
& 20037 37 2500 5.8 5.7 5.3 250074 7.0 6.4 6.3 58
£ _ 91437 37 37 36 36 _ 318458 57 54 _ 38474 7.1 85 63 59
g 'éasou 37 37 37 37 36 36 36 36 35 %3500 58 58 54 %3500 71 65 63 59
% 5 4000 37 37 37 36 36 36 36 36|35 5 4000 58 55 5 4000 65 64 59 57 55 55 53 51 47
u:- 4500 3737 3.7(3.7|3.7|3.7|3.6(36 4500 55 54 52 51 50 49 48 47 45 4500 66 64 6.0 58|56 55 53 51 48
@ 5000 33737 3.7 |3.7|3.6 5000 56 55 53 52 51 50 49 48 46 5000 66 65 6.1 58 57 56 54 52 4.9
3
14
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Table A.3.6. SSB, expressed as median (million tonnes), in short, medium and long term for biomass rules without and with a constraint in interannual TAC change.
Cells shaded red correspond to the non precautionary (Ftarget, Btrigger) combinations (P(SSB<Blim)>=5%). Cells shaded grey indicate the combinations that result
in SSB 295% of the maximum achievable SSB among the precautionary combinations. Tables are shown for Prob3 (named here Risk 3).

shortterm ssb

SSB tables for biomass rules with Risk3

=
S
] HRtarget
E 0.07 008 009 0.1 0.1 012 013  0.14 0.15
é’ 2500 3.8 3.7
g‘ _ %84 38 37 37
2 &0 38 38 37
E £ 38 37 37
2 & e :
o 4500 38 37 37 37
.
2 soo0 38 38 3737 37
shortterm ssb
E HRtarget
‘E 0.07 008 0.09 0.1 011 012
§ 2500 3.8 3.7
8 3184 38 3.7
E
& oo 38 3.8
£ 8
B 4000 3188 3.7
3 4500 38
[4
5000 3.8
shortterm ssb
= HRtarget
E’ 0.07 008 0.09 0.1 011 012
E 2w 38 37
@ 34| 38 37
E B
£ G0 38 38
% g 4000 3188 3.7
g s 3.8
™
2 5000 3.8
['4
g shortterm ssb
S HRtarget
g 0.07 008 0.08 0.1 011 012 013 014 015
.,I'E 2500 37 37
g v 38 37 37
2 ‘éasw 38 37 37 38
§ & w0 38 37 37 36 36
§ 4500 38 38 37 37 37 36 36
;‘g 5000 38 38 37 37 37 37
2
['4

2500 6.4 6.1

3184
3500
4000

Btrigger

4500
5000

2500

3184

Btrigger

2500
3184
3500
4000

Btrigger

4500
5000

2500
3184
3500
4000

Btrigger

4500
5000

mediumterm ssb
HRtarget

007 008 008 01 011 012

64 6.1 58
64 61 58
6.2 59
62 6.0
6.3 6.0

mediumterm ssb
HRtarget

007 008 008 01 011 012

64 6.1
64 62 59
65 62 59

6.0
6.0
6.1

mediumterm ssb
HRtarget

007 008 009 01 011 012
64 6.1

64 61 59
64 62 59
6.2 6.0
6.3 6.0
64 6.1

mediumterm ssb

HRtarget
007 008 009 01 011 012
6.1

6.1
6.1

6.2
6.2
6.2

Btrigger

Btrigger

Btrigger

Btrigger

longterm ssb
g HRtarget
0.07 008 009 0.1 0.12
2500 75|70
3184 75 7.0
3500 75|70
4000 75 71
4500 76 71
5000 76 7.2
longterm ssb
HRtarget
0.41 0.2
2500
3184
3500
4000

4500

5000

longterm ssb
HRtarget
007 008 008 01 011 012
2500 76 71 87
3184 76|71 67
3500 76 71 67
4000 76|72 67
4500 7.7 72 68
5000 77 73 68
longterm ssb
HRtarget
007 008 009 01 011 042
2500 75|70 66 6.2
3184 75 70|66 62
3500 75|71 66 6.2
4000 75 71|67 63
4500 76|71 87 63
5000 76 72 68 64




Table A.3.7. Median Inter-Annual Variability (IAV, expressed as a %) in Yield in the short, medium and long term for F-rules without and with a constraint in
interannual TAC change. Unshaded cells correspond to the precautionary (Ftarget, Btrigger) combinations (P(SSB<Biim)<5% in Table A.3.1). Tables are shown for Prob3

(named here Risk 3).

Rule 1 - F-rule through 0,0

Rule 1 with 25/20% TAC-constraint Rule 1 with average constraint

Rule 2 - F-rule with Fmin = 0.05

Btrigger

Btrigger

Btrigger

Btrigger
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Interannual variability in yield - F-rules - Risk3

shortterm |AV-Yield
Ftarget

01 0102 042 0125 0.14 0.5 0.157 0.16 0.17 0.18 0.2
250018.5/18.6 18.9 18.9 19.3 19.6 19.8 19.920.2 20.5 21.1

318421.3/21.321.8 21.922.4 22.7 23.0 23.1 23.5 23.8 24.5
350023.1/23.123.723.824.3 24.7 24.9 25.0 25.2 25.6 26.5
400025.8(25.9 26.3 26.426.8 27.0 27.3 27.4 27.7 27.9 28.4
450027.9(27.9 28.2 28.2/28.4 28.5 28.6 28.6 28.9 29.1 29.5
500029.1/29.129.329.2/29.329.3/29.4/29.5129.7 29.8 30.1

shortterm IAV-Yield
Ftarget

01 0102 012 0.425 014 0.15 0.157 0.16 017 018 0.2
2500 9.5 9.6 10.010.210.811.111.4 11.511.912.3 13.0

318413.9/14.014.6 14.8 15.5 15.8 16.2 16.3 16.7 17.1 18.0
350016.9/17.017.517.718.1 18.5 18.7 18.9 19.3 19.7 20.5
400021.021.121.8 21.8/22.3 22.522.7 22.7 23.0 23.3 23.9
450024.1/24.2 24.6 24.8 25.1 25.2/25.4 25.4 25.6 25.9 26.3
5000 26.526.526.826.827.0 27.1)27.227.2|27.3 27.4 27.8

shortterm |AV-Yield
Ftarget

01 0102 012 0.425 0.14 0.15 0.157 0.6 0.17 0.18 0.2
2500119.9/19.920.0 20.0 20.0 20.0 20.6 20.4 22.4 24.4 25.0

318423.3/23.323.8 24.1 25.0 25.0 25.1 25.0 25.0 25.0 25.0
350025.025.025.025.025.0 25.0 25.0 25.0 25.0 25.0 25.0
400025.0(25.0 25.0 25.025.0 25.0 25.0 25.0 25.0 25.0 25.0
450025.0(25.0 25.0 25.0125.0 25.025.0125.025.0 25.0 25.0
500025.025.025.025.025.0(25.0 25.025.0 25.0 25.0 25.0

shortterm IAV-Yield
Ftarget

01 0102 042 0125 0.14 0.5 0.157 0.16 0.17 0.18 0.2
250019.2/19.319.7 19.9 20.3 20.8 21.1 21.3 21.8 22.2 23.2
318423.7/23.8/25.6 26.127.6 28.8 29.5 29.8 31.1 32.3 34.6
350026.326.528.7 29.4/31.3/32.4/33.3/33.6/34.8 36.0 38.8
400028.2(28.5 31.4/32.0 33.8 35.2/36.0/36.537.7 38.8 41.1
450029.0(29.3 31.7 32.5/34.4/35.6 36.5/36.8/38.0 39.0 40.9
500028.8/29.131.5/32.1/33.9/35.0/35.7 36.0/36.9/37.9/39.7

Btrigger

Btrigger

Btrigger

Btrigger

mediumterm |AV-Yield
Ftarget

01 0102 012 0.125 0.14 0.5 0.157 0.16 0.17 0.18 0.2
250017.7 17.818.4 18.6 19.1 19.519.8 19.920.4 20.8 21.8

318418.4/18.519.3 19.5 20.2 20.6 20.9 21.1 21.6 22.1 23.1
350018.8/18.919.7 20.020.7 21.1 21.5 21.7 22.2 22.7 23.7
400019.4/19.520.520.7 21.5 22.1 22.4 22.6 23.1 23.6 24.7
450020.1/20.2121.2121.522.322.923.223.423.924.425.4
500020.9/21.022.022.3123.0 23.6 24.0 24.224.6 25.1 26.1

mediumterm IAV-Yield
Ftarget

0.1 0102 012 0.125 0.14 0.45 0157 0.16 017 0.18 02
2500 9.2 9.2 9.7 9.9 10.310.710.911.011.4 11.8 12.6

3184 9.9 10.010.610.8 11.4 11.8 12.2 12.3 12.8 13.3 14.4
350010.2/10.311.011.312.0 12.5 12.9 13.0 13.5 14.1 15.2
400011.0/11.112.012.313.113.7 14.1 14.2 14.8 15.5 16.7
450011.9/12.113.1/13.3/14.214.915.4 15.6 16.2 16.9 18.3
500013.0/13.114.2/14.515.6 16.3/16.8/17.0/17.7 18.4 19.9

mediumterm |AV-Yield
Ftarget

04 002 012 0425 0.14 0.5 0.157 0.6 0.17 018 0.2
250019.0 19.1 19.9 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0

318420.020.020.020.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0
350020.0/20.020.020.020.0 20.0 20.0 20.0 20.0 20.0 20.7
400020.0120.020.020.020.020.0 20.1 20.0 20.8 21.6 23.2
450020.020.020.020.020.6 21.522.0 22.3 23.0 23.7 25.0
500020.0 20.121.121.5/22.7|23.3 23.924.0 24.6 25.0 25.0

mediumterm |AV-Yield
Ftarget

01 0102 012 0.125 0.14 0.5 0.157 0.16 0.17 0.18 0.2
250017.9/18.018.7 18.9 19.4 19.9 20.2 20.3 20.8 21.3 22.2
318418.9/19.020.0 20.421.4 22.0 22.5 22.7 23.4 24.3 25.9
350019.3/19.4 20.6 21.022.0 22.823.3/23.6 24.4 25.3 27.1
400019.920.021.3'21.7/22.923.8 24.4 24.825.6 26.6 28.5
450020.3/20.522.0 22.423.8 24.6 25.3 25.626.527.429.3
500020.7/20.922.522.924.325.2.25.8 26.027.1 28.0 29.8

Btrigger

Btrigger

Btrigger

Btrigger

longterm IAV-Yield
Ftarget

01 0102 012 0.125 0.14 0.5 0.157 0.16 0.7 0.18 0.2
2500116.8/16.917.6 17.8 18.4 18.8 19.1 19.2 19.7 20.1 21.1

3184/17.1/17.2118.0 18.318.9 19.5 19.8 20.0 20.5 21.1 22.2
350017.317.418.3/18.519.3/19.8 20.2 20.4 21.0 21.5 22.7
4000(17.7/17.8 18.8 19.0/19.9 20.520.9 21.1 21.7 22.3 23.5
4500118.2/18.319.3/19.6 20.521.2121.621.822.423.1 24.3
5000118.7/18.8 19.9.20.2121.2.21.8 22.322.523.1 23.7 25.0

longterm IAV-Yield
Ftarget

01 0102 042 0.125 0.14 0.5 0.157 0.16 0.7 0.18 0.2
25008.9 8.9 9.5 9.6 10.110.510.810.911.411.8 12.7

9.3/9.9/10.110.811.211.6 11.8 12.3 12.8 14.0
9.5/10.2/10.411.211.7 12.1 12.2 12.8 13.4 14.6
9.9 10.8/11.011.9/12.5/12.9/13.113.7 14.4 15.7
4500110.3/10.411.411.7/12.6 13.3/13.814.014.7 15.4 16.9
5000110.9/11.012.1/12.513.514.3 14.8/15.0 15.8 16.6 18.1

3184 9.2
3500 9.4

4000 9.8

longterm IAV-Yield
Ftarget

0.4 0102 012 0125 0.14 0.5 0457 0.6 0.47 018 02
250017.517.6/18.5/18.8 19.7 20.0 20.1 20.0 20.0 20.0 20.0

3184/17.918.0 19.1/19.4 20.0 20.0 20.1 20.0 20.0 20.0 20.0
350018.2/18.3/19.4/19.7 20.020.0 20.0 20.0 20.0 20.0 20.0
4000118.6/18.8 19.920.020.020.020.0 20.0 20.0 20.0 20.0
4500119.1/19.2'20.020.020.020.0 19.9.20.020.0 20.0 21.3
500019.7 19.7 20.020.0/20.0/20.0 19.9/20.0 20.0 20.8 23.0

longterm IAV-Yield
Ftarget

0.4 0102 012 0.125 0.14 0.15 0.157 0.16 0.17 018 02
2500116.9/17.017.7/17.9/18.518.9 19.2 19.4 19.920.4 21.4
3184/17.3/17.418.4 18.7/19.520.2 20.7 21.0 21.6 22.5 24.3
3500117.517.6 18.7 19.0 20.120.8 21.4 21.6 22.5 23.4 25.2
4000(17.9/18.0 19.2/19.6 20.8 21.6 22.322.523.524.4 26.4
4500118.2/18.419.7 20.121.422.323.023.324.325.227.3
5000118.6/18.8 20.3 20.7 22.0 22.9 23.6 23.9 24.8 25.8 27.9
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Table A.3.8. Median Inter-Annual Variability (IAV, expressed as a %) in Yield in the short, medium and long term for biomass-rules without and with constraint
in interannual TAC change. Unshaded cells correspond to the precautionary (Ftarget, Buigger) combinations (P(SSB<Biim)<5% in Table A.3.2).Tables are shown for Prob3

(named here Risk 3).

Rule 3 - biomass rule going through 0,0

Rule 3 with average constraint

Rule 3 with25/20% TAC-constraint

0.05

Rule 4 - biomass rule with HRmin

Btrigger

Btrigger

Btrigger

Btrigger

2500

3184

3500

4000

4500

5000

2500

3184

3500

4000

4500

5000

shortterm IAV

0.07
7.6

8.6
10.0
12.4
13.6
14.1

0.08
7.8

8.8
10.2
12.6
13.7
14.1

0.09
8.0

9.1
10.5
12.8
13.8
14.2

shortterm IAV

0.07

0.08

0.09

79 6.8 6.0

8.9
10.3
12.6
13.6
14.3

8.0
10.1
12.4
13.6
14.3

7.5
9.9
12.4
13.7
14.3

shortterm 1AV

0.07

0.08

0.09

2500 11.0 9.3 8.9

3184

3500

4000

4500

5000

2500

3184

3500

4000

4500

5000

11.5
121
13.6
14.8
15.2

10.0
1.1
13.6
14.8
15.1

10.0
11.3
13.8
14.9
151

shortterm IAV

0.07

0.08

0.09

7.8 80 |82

8.9
10.1
1.2
11.2
10.9

9.6
1.1
12.8
12.6
121

10.2
12.2
14.2
13.9
13.3

HRtarget

0.1
8.2

9.4
10.8
13.1
14.0
14.3

0.11

0.12

Interannual variability in yield - biomass rules - Risk3

mediumterm IAV

0.13

0.14

0.15

84 87 90 93 97

9.7
1.1
13.4
14.2
14.4

10.1
1.5
13.5
14.4
14.6

HRtarget

0.1
5.6
7.8
99

12.6
13.8
14.5

0.1
5.8

8.1
10.1
12.8
14.0
14.6

0.12
6.3

8.6
10.5
13.2
14.3
14.8

HRtarget

0.1
9.1

10.3
1.7
14.0
15.0
15.2

0.11
9.4

10.8
12.2
14.4
151
15.3

0.12
10.1

1.7
13.2
14.8
15.4
15.5

HRtarget

0.1
8.4
10.8
13.4
15.5
15.2
14.4

0.1
8.7
115
14.7
16.9
16.4
15.4

0.12
9.0
124
16.0
18.1
17.4
16.4

10.4
12.0
13.9
14.6
14.7

0.13
7.0

9.3
11.3
13.5
14.6
14.9

0.13
11.5

13.2
14.5
15.5
15.7
15.6

0.13
9.3
13.4
17.4
19.4
18.4
17.3

10.8
12.4
14.2
14.7
14.9

0.14
7.8

10.1
12.1
14.0
14.8
15.1

0.14
131

15.2
16.0
16.3
16.0
15.7

0.14
9.7
143
18.7
20.5
19.3
18.2

1.3
13.0
14.7
15.0
15.0

0.15
8.6

11.0
13.0
14.6
15.0
15.2

0.15
15.6

17.7
17.9
17.0
16.3
15.9

0.15
10.1
15.4
20.2
21.8
20.3
18.9

Btrigger

Btrigger

Btrigger

Btrigger

2500

3184

3500

4000

4500

5000

2500

3184

3500

4000

4500

5000

2500

3184

3500

4000

4500

5000

2500

3184

3500

4000

4500

5000

0.07
7.9

8.1
8.3
8.6
8.9
9.2

mediumterm

0.07
6.3
6.5
6.7
71
7.5
7.9

mediumterm

0.07
9.6

9.8
9.9
10.3
10.6
11.0

mediumterm

0.07
7.9
8.1
8.2
8.4
8.6
8.7

0.08
8.3

8.7
8.9
9.2
9.5
9.9

0.08
6.6
6.9
71
7.5
7.9
8.4

0.08
10.1

10.4
10.5
10.9
1.3
1.7

0.08
8.3
8.7
8.9
9.1
9.4
9.5

0.09
8.9

9.2
9.5
9.8
10.2
10.6

IAV
0.09
6.9
7.2
7.5
7.9
8.4
8.9

IAV
0.09

10.7
11.0
11.2
1.7
121
12.5

IAV
0.09
8.9
9.4
9.6
9.9
10.2
10.4

HRtarget

0.1
9.4

€L

10.1
10.5
11.0
1.3

0.1
10.0

10.5
10.8
11.2
1.7
12.1

0.12
10.6

11.2
1.5
12.0
12.4
12.9

HRtarget

0.1
7.2

7.6
8.0
8.4
9.0
9.5

0.1
7.6

8.1
8.5
8.9
9.6
10.2

0.12
8.0

8.6
9.0
Ok
10.2
10.8

HRtarget

0.1
11.3

1.7
12.0
12.5
12.9
13.3

0.11
11.9

12.4
12.7
13.3
13.7
141

0.12
12.6

13.2
13.5
14.0
14.5
14.9

HRtarget

0.1
9.4
10.1
10.3
10.7
11.0
1.3

0.1
10.0
10.7
1.1
11.6
11.9
12.2

0.12
10.6
11.5
11.9
12.4
12.9
13.2

0.13
11.3

11.9
12.3
12.8
13.2
13.7

0.13
8.4

9.2
9.6
10.3
10.9
11.6

0.13
13.4

14.0
14.4
14.9
15.4
15.7

0.13
1.2
12.3
12.8
13.4
13.9
14.2

0.14
12.0

12.7
13.0
13.6
14.1
14.5

0.14
8.9

9.8
10.2
10.9
1.7
12.3

0.14
14.2

14.9
15.3
15.8
16.3
16.6

0.14
11.9
13.1
13.6
14.4
14.9
15.3

0.15
12.7

13.5
13.9
14.4
14.9
15.4

0.15
9.4

10.4
10.9
1.7
12.4
13.1

0.15
14.9

15.9
16.2
16.7
171
17.4

0.15
12.5
14.0
14.6
165
16.0
16.4

Btrigger

Btrigger

Btrigger

Btrigger

2500

3184

3500

4000

4500

5000

2500

3184

3500

4000

4500

5000

2500

3184

3500

4000

4500

5000

2500

3184

3500

4000

4500

5000

longterm 1AV

0.07
8.2

8.3
8.4
8.5
8.6
8.8

0.08
8.7

8.8
8.9
9.1
9.3
9.5

0.09
9.2

9.3
9.5
9.7
9.9
10.2

longterm 1AV

0.07
6.3
6.5
6.5
6.6
6.8
7.0

0.08
6.7
6.8
6.9
71
7.3
7.6

0.09
71
7.3
7.4
7.6
7.9
8.2

longterm IAV

0.07
9.1

9.2
9.3
9.4
9.5
9.7

0.08
9.7

9.8
9.9
10.0
10.2
10.5

0.09
10.3

10.5
10.5
10.7
11.0
1.3

longterm 1AV

0.07
8.2
8.3
8.3
8.4
8.5
8.6

0.08
8.7
8.8
8.9
9.1
9.2
9.3

0.09
9.2
9.4
9.5
9.7
9.9
10.1

HRtarget

0.1
9.7

9.9
10.1
10.3
10.6
11.0

0.1
10.3

10.5
10.7
11.0
11.4
11.8

0.12
10.8

1.2
1.4
11.8
12.2
12.6

HRtarget

0.1
7.5
7.7
7.9
8.1
8.5
8.9

0.1
7.9

8.2
8.4
8.8
9.2
9.6

0.12
8.3

8.7
9.0
9.4
9.9
10.4

HRtarget

0.1
11.0

11.1
11.3
11.5
11.8
12.2

0.11
11.6

11.9
12.0
12.3
12.7
131

0.12
12.3

12.6
12.8
13.2
13.6
14.0

HRtarget

0.1
9.7
10.0
10.2
10.4
10.7
11.0

0.1
10.2
10.7
10.9
11.2
11.5
11.9

0.12
10.8
11.4
11.6
12.1
12.5
12.8

0.13
11.4

11.9
121
12.6
13.1
13.5

0.13
8.8

9.3
9.6
10.1
10.7
1.2

0.13
131

13.5
13.7
14.1
14.6
14.9

0.13
1.4
121
12.5
13.0
13.5
13.9

0.14
12.1

12.6
12.9
13.4
13.9
14.4

0.14
9.4

10.0
10.3
10.9
11.4
12.0

0.14
13.9

14.4
14.7
15.1
15.5
16.0

0.14
12.0
12.9
13.3
14.0
14.6
15.0

0.15
12.8

13.4
13.8
14.3
14.8
15.3

0.15
9.9

10.6
11.0
1.7
12.3
12.9

0.15
14.7

15.4
15.7
16.1
16.6
17.0

0.15
12.7
13.8
14.3
15.1
15.7
16.1
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Table A.3.9. Median Inter-Annual Variability (IAV, expressed as a %) in SSB in the short, medium and long term for F-rules without and with a constraint in
interannual TAC change. Unshaded cells correspond to the precautionary (Frarget, Btrigger) combinations (P(SSB<Biim)<5% in Table A.3.1). Tables are shown for Prob3
(named here Risk 3).

Interannual variability in SSB - F-rules with Risk 3

=3 shortterm IAV-SSB mediumterm |AV-SSB longterm IAV-SSB
2 Ftarget Ftarget Ftarget
g 0.1 0.102 0.12 0.125 0.14 0.15 0.157 0.16 0.17 0.18 0.2 0.1 0.102 0.12 0.125 0.14 0.15 0.157 0.16 0.17 0.18 0.2 0.1 0.102 0.12 0.125 0.14 0.15 0.157 0.16 0.17 0.18 0.2
£ 2500 7.5 7.5 7.7 7.8 81 84 85 85 88 9.1 9.6 2500 7.8 7.8 8.3 84 88 9.0 92 9.2 95 9.7 10.2 2500 7.8 7.9 84 85 89 9.1 93 93 96 9.8 103
:‘3; L 3184 74 75 76 7.7 79 82 83 84 86 89 93 L a4 7.7 78 82 83 86 89 9.0 9.1 93 95 99 _ s84 78 79 83 85 88 9.0 92 93 95 9.7 10.1
:.L %3500 7474|7676 7.9 8.0 81 82 84 87 9.1 %asoo 7.7|/7.7/82 83 86 8.8 8.9 9.0 92 94 938 %ssoo 7.8 7.9/83 /84 88 90 9.1 9.2 94 96 100
2 5 4000 75757575 77 78 79 79 81 82 86 5 4000 7.6 7.7 /8.0 82 85 87 88 89 9.1 93 96 5 4000 7.8 7.8 8.3 84 8.7/89 9.1/9.1 93 95 938
® 4500074 74 74 74 76|77 77 77 7.8 8.0 82 4500 7.5/7.6/8.0 81 84 86 87 88 9.0 9.1 95 4500/7.7 |7.8 82 83 86 88 9.0 9.0 92 94 97
50007.5 7574 74 74|75 75|76 76 7.7 8.0 5000 7.5 7579 80 83|85 86|87 88 9.0 93 5000 7.7 7.7 81 82 85/8.7 89|89 9.1/9.2 95
shortterm IAV-SSB mediumterm |IAV-SSB longterm IAV-SSB
= Ftarget Ftarget Ftarget
g 0.1 0102 0.12 0.125 0.14 0.15 0.157 0.16 0.17 0.18 0.2 0.1 0.102 0.12 0.125 0.14 0.15 0.157 0.16 0.17 0.18 0.2 0.1 0.102 0.12 0.125 0.14 0.15 0.157 0.16 0.17 0.18 02
§ 2500 7.8 7.8 7.9 7.9 82 82 84 84 86 88 9.2 2500 8.2 8.2 8.7 89 93 9.6 9.8 9.8 10.110.310.9 2500 8.3 8.4 9.0 9.1 9.5 9.8 10.010.1 10.3 10.6 11.0
:1;), _ o184 77 77 77 78 80 81 82 82 85 86 9.0 L 81 81 86 87 9.1 93 95 96 9.8 10.010.4 L 8.3 /83 89|90 94 9.7 98 9.9 10.110.3 10.7
% %3500 76 76 /7.7 77 7.8 80 81 81 83 86 89 éssoo 8.0 81 85|87 9.0 93 94 94 97 99 103 %3500 8.2 /83 88/9.0 9.3 9.6 9.7 9.8 10.010.2 10.6
% 5 4000 7.6 76 76 7.7 7.8 79 80 80 82 83 86 5 4000 7.9 /8.0 84 85 88 9.1 92 93 94 96 10.0 5 4000/8.2 /8.3 8.7 89 9.2 94 96 96 9.8 10.010.3
- 4500 7.6 |76 757577 78 78 79 79 81 83 450007.9 7.9 /83 84 87/89 9.0 91 93 94 97 4500 8.1 8.2 8.6 8.7 9.1/93 94|95 96 9.8 10.1
é 5000 7.6 76|75 75 75|76 77|77 7.8 7.9 8.0 500007.8 7.8 /8.2 83 85|87 89|89 9.1 92 95 5000 8.0 8.1 8.5 86 89|/9.1 92/9.3 94 96 9.9
- shortterm IAV-SSB mediumterm IAV-SSB longterm IAV-SSB
£ Ftarget Ftarget Ftarget
‘é 0.1 0.102 0.12 0.125 0.14 0.15 0.157 0.16 0.17 0.18 0.2 0.1 0.102 0.12 0.125 0.14 0.15 0.157 0.16 0.17 0.18 0.2 0.1 0.102 0.12 0.125 0.14 0.15 0.157 0.16 0.17 0.18 0.2
$ 2500 7.7 7.8 7.9 80 82 84 85 86 87 89 92 2500 8.1 8.1 8.6 88 9.2 95 96 9.7 9.9 10.210.7 2500/8.1 /8.2 8.7 89 9.3 9.6 9.8 99 10.210.4 10.9
'% L 4 77 77 79 79 81 83 83 84 85 87 9.0 L 8.0 81 85 87 9.0 93 94 95 9.7 10.010.4 e 8.1/82 87|88 92 95 9.7 9.8 10.010.2 10.6
§ %3500 77 77 78 79 80 81 82 83 84 86 89 %3500 8.0 80 85 86 89 92 93 94 96 9.8 103 é’ssoo 8.1/8.2 8.7 88 92 95 96 9.7 9.9 10.110.5
§ 5 4000 7.7 |77 7778 79 80 80 81 82 84 87 5 400007.9 7.9 8485 88/9.0 92 92 94 96 10.0 5 4000 8.1 8.1 8.6 /8.7 9.1/93 9.5 96 9.8 99 103
% 4500 7.7 |7.7 76 /7.6 78 7.8 79 79 81 82 84 4500 7.8 7.8 /8.2 83 8.7/89 9.0 91 93 94 938 4500 8.0 8.1 8.5 8.7 9.0/ 9.2 94|94 96 9.8 10.1
° 5000 7.7 7.7 76 76 76 7.7 7.7|78|78 7.9 81 5000 7.7 /7.8 /8.1 82 86 87/89/89 9.1 93 96 5000 8.0 /8.0 84 85 89 9.1 92 93 94 96 99
S
'I shortterm IAV-SSB mediumterm |AV-SSB longterm IAV-SSB
Ftarget Ftarget Ftarget
"8 0.1 0.102 0.12 0.125 0.14 0.15 0.157 0.16 0.17 0.18 0.2 0.1 0.102 0.12 0.125 0.14 0.15 0.157 0.16 0.17 0.18 0.2 0.1 0.102 0.12 0.125 0.14 0.15 0.157 0.16 0.17 0.18 0.2
<..j 250075 75 7.7 78 81 84 85 86 88 9.1 97 2500 7.7 7.8/8.2 83 87 89 9.1 92 94 96 10.1 2500 7.8 7.9 8385 88 9.1 92 93 95 9.8 103
é _ 3184 74 74 76 77 79 81 82 82 84 87 9.0 . 3184 7.7 /7.7 /81 82 85 88 89 9.0 92 93 98 = 3184/7.8 /79 83 84 87 9.0 9.1 9.2 94 9.6 10.0
% %3500 74 7576 76 78|80 80|81 82 84 88 %3500 76 77 81,82 85|87 8889 9.1 93 96 %3500 78 78 83 84 87 89 9.1 91 93 95 98
2 5 4000 7575757577 77 78 7.8 79 8.0 83 5 4000 7.6 7.6 /8.0 8.1 84|86 87|87 89 9.1 94 g 4000 7.8 7.8 8.2 83 86/8.8 9.0/9.0 9.2 94 96
uw 4500074 74 74 74 757576 76 7.7 77|79 4500 7.5/7.6 /79 80 83 85/86/86 88 89 92 4500/7.7 /7.8 82 83 86 87 89 89 91 92|95
‘a“; 500007.5 74|74 74 74|74 75|74 7576 7.7 50007.5 7578 /7.9 82|84 85 85 86 88|91 5000 7.7 7.7 81 82 85|86 88|88 89 9.1 93
>
o
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Table A.3.10. Median Inter-Annual Variability (IAV, expressed as a %) in SSB in the short, medium and long term for biomass rules without and with a constraint
in interannual TAC change. Unshaded cells correspond to the precautionary (Ftarget, Btrigger) combinations (P(SSB<Blim)<5% in Table A.3.2). Tables are shown
for Prob3 (named here Risk 3).

Rule 3 - biomass rule going through 0,0

Rule 3 with average constraint

Rule 3 with25/20% TAC-constraint

0.05

Rule 4 - biomass rule with HRmin

Btrigger

Btrigger

Btrigger

Btrigger

shortterm IAV-SSB
HRtarget

007 008 009 01 041 0.2
250 7.9 79 80 82 85 88

3184/ 7.9 |79 80 82 85 88
350 8.0 80 80 82 85 87
4000/ 81 | 80 81 82 84 86
4500/ 8.3 |81 81 82 83 84
s000 84 83 81 81 82 83

shortterm IAV-SSB
HRtarget

007 008 009 01 011 012
250 8.1 81 82 83 85 87

3184 81 8.1 82 82 84 86
50 818182 82 83 85
4000 82 81 |81 82 83 85
4500/ 8.3 | 81 81 81 82 84
5000 84 83 8.1 |81 81|83

shortterm |IAV-SSB
HRtarget

007 008 009 01 011 0.2
2500 8.0 80 81 83 86 89

3184/ 8.0 1 80 81 83 85 88
350 8.1 81 81 83 85 87
4000/ 81 81 81 82 84 86
4500 8.3 | 8.1 81 82 83|84
5000 85 83 81|81 81|83

shortterm IAV-SSB
HRtarget

007 008 009 01 011 0.2
250 7.9 179 80 82 86 89
3184 8.0 80 81|83 86 89
350 8.0 80 81 83 86 89
4000/ 8.0 | 80 81 83 85 87
4500 81 1 81 81 82 83 85
5000 81 81 80 81 82 83

Interannual variability in SSB - biomass rules - Risk 3
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mediumterm |AV-SSB
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0.07 0.08 0.09 0.1 0.11 0.12
2500 7.6 81 84 89 93 97

3184 76 | 81 84 88 92 97
3500 76 80 84|88 92 97
4000 76 | 80 84 88 92 96
4500 76 7.9 83|87 91 95
500 7679 83 86 90 94

mediumterm |IAV-SSB
HRtarget

007 008 009 01 011 012
2500 7.8 | 82 87 941 95 10.0

3184 78 82 86 90 95 99
350 7.7 1 8286 90 94 98
4000 7.7 | 81 85 89 93 97
4500 7.7 | 81 84 88 92 96
5000 7.6 | 80 83 87 91 94

mediumterm |IAV-SSB
HRtarget

007 008 009 01 041 012
2500 7.7 ' 81 85 89 93 98

3184/ 77 1 81 85 89 93 98
350 7.7 81 85|89 93 97
4000 7.7 1 80 84 88 92 96
4500 7.6 1 8.0 83|87 91 95
5000 76 79 83|86 90|94

mediumterm |AV-SSB

HRtarget
0.07 0.08 0.09 0.1 0.11 0.12
2500 7.6 81 84 89 93 98

3184 76 8.0 84 |88 92 97
350 76 80 84 88 92 97
4000 76 1 80 83 87 91 96
4500 76 8.0 83|87 91 95
500 7679 83 86 90 94
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longterm IAV-SSB
HRtarget

007 008 009 01 011 012
250 7.7 1 8186 9.0 95 99

3184 77 81 86 90 94 99
3500 7.7 81 86 90 94 98
4000 7.7 1 81 85 9.0 94 98
4500 7.7 81|85 89 94 98
5000 7.7 ' 81 8589 93 97

longterm IAV-SSB
HRtarget

007 008 009 01 011 012
250 8.0 84 89 94 98 104

3184 80 84 89 93 98 103
3500 79 84 89 93 98 103
4000 79 84 88 93 97 102
4500 79 83 88 92 9.6 10.0
500 79 83 87 91 95 99

longterm IAV-SSB
HRtarget

007 008 009 01 011 012
2500 7.8 | 82 87 9.1 95 10.0

3184 7.8 1 82 87 91 95 99
3500 7.8 82 87 91 95 99
4000 7.8 1 8286 91 95 99
4500 7.8 ' 8.2 86 | 9.0 94 098
5000 7.8 82 86 90 94 97

longterm IAV-SSB
HRtarget

007 008 009 01 011 012
250 7.7 1 8186 9.0 95 99
3184 7.7 81 86 9.0 94 099
350 7.7 18185 9.0 94 99
4000 7.7 1 8185 9.0 94 98
4500 7.7 ' 81 85 89 94 98
500 7.7 1 8185 89 93 97
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Table A.3.11. Median of the real F in medium term for HCRs without and with a constraint in interannual TAC change. Unshaded cells correspond to the precau-
tionary (Ftarget, Btrigger) or (HRtarget, Buigger) combinations (P(SSB<Blim)<5% in Table A.3.1 and A.3.2). OBS!! The values for the biomass options are also shown
as real F — not harvest rate. Tables are shown for Prob3 (named here Risk 3).

Realised F for all tested rules with Risk3

Rule 1 - F-rule through 0,0 Ftan Rule 3 - biomass rule going through 0,0
get HRtarget
0.1 0.12 0.125 0.14 0.15 0.16 0.17 0.18 0.2 0.07 0.08 0.09 0.1 0.11 0.12 0.13 0.14 0.15
250 0.10 0.12 0.12 0.14 0.15 0.15 0.16 0.17 0.19 2500 | 0.08 | 0.09 0.10 0.11 0.13 0.14 0.15 0.17 0.18
_ 318 010 012 012 0.3 0.14 0.15 0.16 0.17 0.19 _ %184 1 0.08  0.09 0.10 011 0.13 0.14 0.15 0.16 0.17
%3500 0.10 | 0.11 | 0.12 0.13 0.14 0.15 0.16 0.17 0.18 % 3500  0.08 0.09 0.10 0.11 0.12 0.14 0.15 0.16 0.17
5 4000 | 0.10 0.11 1 0.12 0.13 0.14 0.15 0.16 0.16 0.18 5 4000  0.08 0.09 0.10 0.11 0.12 0.13 0.14 0.16 0.17
4500 1 0.09 0.11  0.12 0.13 0.14 0.14 0.15 0.16 0.17 4500 | 0.08 | 0.09 0.10  0.11 0.12 0.13 0.14 0.15 0.16
s000 1 0.09 0.11  0.11 0.13 0.13 0.14 0.15 0.15 0.17 5000 | 0.07 | 0.09 0.10 | 0.11 0.12 0.13 0.14 0.15 0.15
Rule 1 with average constraint Rule 3 with average constraint
Ftarget HRtarget
0.1 0.12 0.125 0.14 0.15 0.16 0.17 0.18 0.2 0.07 0.08 0.09 0.1 0.11 0.12 0.13 0.14 0.15
250 0.10 0.12 0.12 0.14 0.15 0.15 0.16 0.17 0.19 2500 | 0.07 | 0.09 0.10 0.11 0.12 0.13 0.15 0.16 0.17
_ 318 010 0.11 012 043 0.14 015 0.16 0.17 0.18 _ 3184007 008 0.10 0.1 012 013 0.14 015 0.16
%3500 0.10 1 0.11 | 0.12 ' 0.13 0.14 0.15 0.16 0.16 0.18 % 3500 | 0.07 | 0.08 0.10 0.11 ' 0.12 0.13 0.14 0.15 0.16
Z 400 | 009 011012 013 0.14 0.14 0.15 0.16 0.17 Z 4000 | 0.07 | 0.08 | 0.09 0.10 0.1 [0.13 0.14 0.15 0.15
4500 | 0.09 0.11 1 0.11 0.12 0.13 0.14 0.15 0.15 0.17 4500 1 0.07 0.08 0.09 0.10 0.11  0.12 0.13 0.14 0.15
5000 | 0.09 0.11  0.11 0.12 0.13 0.14 0.14 0.15 0.16 5000  0.07 0.08 0.09 0.10 0.11  0.12 0.13 | 0.14 0.14
Rule 1 with 25/20% TAC-constraint Rule 3 with25/20% TAC-constraint
Ftarget HRtarget
01 012 0125 014 015 046 047 018 02 007 008 009 01 011 012 013 014 0.5
2500 0.09 0.11 0.12 0.13 0.14 0.15 0.16 0.17 0.18 2500 1 0.08 0.09 0.10 0.11 0.12 0.14 0.15 0.16 0.17
_ de4 0.09 0.11 0.11 0.13 0.14 0.14 0.15 0.16 0.17 _ e 0.08 0.09 0.10 0.11 0.12 0.13 0.14 0.16 0.17
% 3500 | 0.09 0.11  0.11 0.13 0.13 0.14 0.15 0.16 0.17 % 3500  0.08 0.09 0.10 0.11 0.12 0.13 0.14 0.15 0.16
Z 400 009011011012 013 014 014 015 0.16 Z 4000 1 0.07 | 0.09 0.10 | 0.11 /0.12 /0.13 0.14 0.15 0.16
4500 1 0.09 | 0.10 | 0.11 0.12 0.13 0.13 0.14 0.15 0.16 4500 | 0.07 | 0.08 0.09 0.10 0.11 0.12 0.13 0.14 0.15
5000  0.09 | 0.10 | 0.11 0.12 0.12 | 0.13  0.14 0.14 0.15 5000 | 0.07 | 0.08 0.09 0.10 | 0.11 0.12 0.13 | 0.14 0.14
Rule 2 - F-rule with Fmin = 0.05 Rule 4 - biomass rule with HRmin = 0.05
Ftarget HRtarget
0.1 0.12 0.125 0.14 0.15 0.16 0.17 0.18 0.2 0.07 0.08 0.09 0.1 0.11 0.12 0.13 0.14 0.15
2500 1 0.10 | 0.12 | 0.12 0.14 0.15 0.15 0.16 0.17 0.19 2500 | 0.08 | 0.09 0.10 0.11 0.13 0.14 0.15 0.17 0.18
_ 318 010 012 012 013 0.14 015 0.16 0.7 0.19 _ 3184 /008 009 0.10 0.11 012 014 015 0.16 0.17
%3500 0.10 | 0.11 | 0.12 | 0.13 ' 0.14 | 0.15 ' 0.16 0.17 0.18 % 3500 | 0.08 | 0.09 0.10 0.11  0.12 0.14 0.15 0.16 0.17
5 4000 | 0.10 0.11  0.12 0.13 0.14 0.15 0.15 0.16 0.18 5 4000  0.08 0.09 0.10 0.11 0.12 0.13 0.14 | 0.16 0.17

4500 1 0.09  0.11  0.12 0.13 0.14 0.14 0.15 0.16 0.17 4500 | 0.08 ' 0.09 0.10  0.11 0.12 0.13 0.14  0.15 0.16
5000 1 0.09 0.11  0.11 0.12 0.13 0.14 0.14 0.15 0.16 5000 | 0.07 | 0.09 0.10  0.11  0.12  0.13  0.14  0.15 0.15
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Table A.3.12. Risk and yield for a selection of the(Ftarget, Btrigger) or (HRtarget, Buigger) combinations in Rule 1 and Rule 3 including 10% bias. Red shaded cells
correspond to the non-precautionary (Ftarget, Btrigger) or (HRtarget, Buigger) combinations (P(SSB<Blim)<5%. Cells shaded in green colours indicate the combina-
tions that result in yield 295% of the maximum yield among the precautionary combinations. Tables are shown for Prob3 (named here Risk 3).

Btrigger

Btrigger

Btrigger

Btrigger

rule1_short.term risk

Ftarget

0.102 0.125
2500 57 8.5

3184 5.1 7.5
5000 2.1 3.1

rule1_short.term Péiteld
arg

0.156
13.8

12.4
6.0

et
0.102 0.125 0.156
2500 433 504 592
3184 434 505 593
5000 385 - 512
rule3_short.term risk
- HPtarget
0.08 0.1 0.12
2500 5.0 8.4 13.2
3184 4.7 8.1 12.5
5000 2.2 3.5 5.6
rule3_short.term yield
Ptarget
0.08 0.1 0.12
2500 369 451 531
3184 - 449 526
5000 286 353 423

0.2
221

20.0
9.6

0.2
694

692
582

0.14
18.7

17.6
8.5

0.14
611

611
494

Btrigger

Btrigger

Btrigger

Btrigger

10% bias
rule1_medium.term risk
- Ftarget

0.102 0.125 0.156

2500

3184

5000

rule1_medium.term yield
Ftarge

2500

3184

5000

5.5 9.2 14.8
5.0 8.2 13.0
22 35 6.4

get
0.102 0.125 0.156
618 679 738

620 681 744

634 - 768

rule3_medium.term risk
- HP

2500

3184

5000

rule3_medium.term yield
HPtarge

2500

3184

5000

target
0.08 0.1 0.12

47 8.7 13.4
43 8.1 12.3
1.8 35 5.7

get
0.08 0.1 0.12
586 666 726

587 669 732

604 - 762

02
23.6

20.9
10.9

0.2
789

799
784

0.14
19.2

17.5
8.3

0.14
769

777
807

Btrigger

Btrigger

Btrigger

Btrigger

rule1_long.term risk
Ftar

2500

3184

5000

rule1_long.term yield
Ftar

2500

3184

5000

rule3_long.term risk
- HP

2500

3184

5000

rule3_long.term r)_/|ield

2500

3184

5000

0.102
3.6

3.0
1.3

0.102
738

740
751

0.08
2.9

2.6
1.2

0.08
712

713
722

get

0.125 0.156 0.2
6.6 12.6 22.6

5.7 10.6 19.4
24 4.6 9.5

get

0.125 0.156 0.2
789 824 834

793 833 850

812 - 877

target
0.1 0.12 0.14

6.1 10.7 16.6
5.4 9.4 14.5
25 42 71

Ptarget

0.1 0.12 0.14
774 812 828

778 819 841

796 - 878
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Table A.3.13. Risk and yield for a selection of the(Ftarget, Btrigger) or (HRtarget, Btrigger) combinations in Rule 1 and Rule 3 including 15% bias. Red shaded cells
correspond to the non-precautionary (Ftarget, Btrigger) or (HRtarget, Btrigger) combinations (P(SSB<Blim)<5%. Cells shaded in green colours indicate the combi-
nations that result in yield 295% of the maximum yield among the precautionary combinations. Tables are shown for Prob3 (named here Risk 3).

15% bias
rule1_short.term risk rule1_medium.term risk rule1_long.term risk
Ftarget Ftarget Ftarget
0.102 0.124 0.157 0.2 0.102 0.124 0.157 0.2 0.102 0.124 0.157 0.2
5 2500 6.0 9.3 15.4 24.0 5 2500 6.2 10.1 16.5 25.9 5 2500 46 7.5 14.0 26.4
S 58 87 141 222 Base 57 93 151 234 Baee 38 66 125 225
C 00 26 43 72 18 500 26 46 | 77 131 © 500 16 31 59 114
rule1_short.term yield rule1_medium.term yield rule1_long.term yield
target Ftarget Ftarget
0.102 0.124 0.157 0.2 0.102 0.124 0.157 0.2 0.102 0.124 0.157 0.2
5 2500 448 521 610 719 5 2500 632 691 747 799 5 2500 749 796 827 832
Baee | 449 521 611 718 Bses | 634 693 751 805 Bses | 753 801 836 847
o o o

s000 | 410 - 539 611 s000 | 647 - 780 795 s00 | 763 - 871 877

rule3_short.term risk rule3_medium.term risk rule3_long.term risk
HPtarget HPtarget HPtarget
0.08 0.1 0.12 0.14 0.08 0.1 0.12 0.14 0.08 0.1 0.12 0.14
5 2500 5.6 9.6 14.9 20.8 5 2500 54 9.8 14.9 21.0 5 2500 3.5 7.0 12.4 18.8
Be 54 93 142 200 Bos 49 93 139 204 Se | 32 64 112 169
D00 26 @ 48 | 69 106 @500 24 | 41 | 70 108 @500 14 31 | 55 95
rule3_short.term yield rule3_medium.term yield rule3_long.term r)_/|ield
Ptarget HPtarget Ptarget
0.08 0.1 0.12 0.14 0.08 0.1 0.12 0.14 0.08 0.1 0.12 0.14

2500 384 470 552 638 2500 602 681 737 77 2500 | 724 784 817 829

3184~ 383 469 549 638 3184 | 603 683 744 786 3184 | 727 788 824 842

5000 309 - 462 529 5000 619 - 774 817 s000 | 735 - 855 880

Btrigger
Btrigger
Btrigger
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Annex 5: Summary table of the HCR evaluation

Stock: Norwegian spring spawning herring

Background

Motive/ INEAFC, on behalf of the Coastal States have in May 2018 submitted a request

initiative/ for ICES to evaluate options for NSSH long term management plan. This fol-

background lowed on from the advice on the revision of NSSH reference points issues in
the beginning off 2018 (WKNSSHREF).

Main objectives The objective is to ensure harvest of the stock within safe biological limits.

Formal framework ICES on request from NEAFC.

Who did the evaluation |[WKNSSHMSE 2018

work

Method

Software XSAM based simulation framework.

Name, brief outline Age structured operating model, no full assessment in the loop.

include ref.

or documentation

Type of stock Long life span, pelagic, straddling, very valuable
Knowledge base * Analytic assessment
Type of regulation TAC

Operating model conditioning

Function, source of data Stochastic? - how (distribution,
source of variability)

Recruitment Beverton-Holt, Ricker and segmented re-  [Log-normal
gression SRRs, with lowest AIC based on
5000 resamples of pairs of stock recruitment
(SSB-Age2) from1950 onwards, including
the collapse period 1968-87. Includes 1+ or-
der dependency in residuals.

Growth & maturity Weight in catch: resampled from 1988-2016 |[Resampling from past values
Weight in stock: resampled from 1988-2016
no density dependence in growth

Maturity: maturity ogive for a normal year

class
Natural mortality For age 2 M =0.9, ages 3+ M=0.15 No
Selectivity As estimated by XSAM using data 1988-2017|Yes
(i.e. exploitation pattern follows the same
model).

Initial stock numbers From assessment Obtained from the assessment
model fit: provides the approxi-
mated simultaneous distribution|
of all parameters and stock sizes
such that initial values can be
sampled from this approxi-
mated distribution.

Decision basis ** SSB or Bref (4+ biomass) in the TAC year

Number of iterations 3000

Projection time 35 years

Observation and implementation models

Type of noise CVs and correlations among the estimated |YesS

and predicted values is accounted for. The F
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multiplier will be affected by the error in the
weighting factors wf, ,,,, and selection pat-
tern sq 4. Finally, the TAC will be affected
by the projected N, ., which gives Cg 41 in
addition to the weight at age in the predic-
tion

** Comparison with ordi-
nary assessment?

Based on ordinary assessment.

Projection: If yes - how?

No STF conducted (not full feedback).

Harvest rule design

Projection: Deviations N/A
from WG practice?
Implementation First F given by the HCR is found based on

the perceived SSB. Then a TAC is calculated,
and this TAC is translated into catch num-
bers at age, accounting for the selection at
age and weights at age.

i.e. prediction error is accounted for, but no
implementation error is assumed

Four rules were studied, with different parameterisations (see request).

Stabilizers

Two catch stabilising mechanisms were requested:
1.  20% down /25% up restrictions
2. TAC =mean of currrent TAC and HR TAC

Duration of decisions

Annual

Revision clause

Interest parameters

No clause for when the MP should be revised.

Short term (2019-2023), medium term (2024-2033) and long term (2034-2053):

. Average SSB

. Average yield

i Indicator for year to year variability in SSB and yield
. Risk of SSB falling below Blim

*+** Risk type and time in-
terval

Risk type 3 as defined by WKGMSE 2013; the maximum probability that SSB
is below Biim, where the maximum (of the annual probabilities) is taken over

the relevant years). For short, medium and long term and quasi-equilibrium

(see definitions above).

Precautionary risk level

Review, acceptance:

5% of risk type 3.

The current management plan has been in effect since 2001.

Experiences and com-
ments

89
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Annex 6: Preliminary knowledge quality assessment of ICES Advice for

NSSH Fishery

Mimi E. Lam'?, Tony J. Pitcher?, Silvio O. Funtowicz!, and Jeroen P. van der Sluijs'?

"University of Bergen, Centre for the Study of the Sciences and the Humanities, Post-
boks 7805, N-5020, Bergen, Norway,

2University of British Columbia, Institute for the Oceans and Fisheries, 2202 Main Mall,
Vancouver, Canada V6T 174

3Utrecht University, Department of Sustainable Development, P.O. Box 80115, 3508 TC
Utrecht, The Netherlands

Introduction

A preliminary knowledge quality assessment of the Norwegian spring-spawning her-
ring fishery recommendations provided by the ICES WKNSSHMSE is presented in this
annex. First, major sources of uncertainty in the quantification of fishing mortality and
other limit reference points are reviewed. A pedigree analysis of the XSAM conceptual
model used in the MSE framework follows. This is a proof-of-concept analysis, as there
was not sufficient time for the entire working group to be involved in the pedigree
scoring. Hence, this annex illustrates the utility of including a knowledge quality as-
sessment with ICES scientific advice to communicate scientific uncertainty and the pol-
icy implications underlying the calculated Harvest Control Rules (HCR).

Major Sources of Uncertainty

The XSAM (state-space Stock AssessMent) model, commonly used by ICES, was used
here for the NSSH stock assessments and in the management strategy evaluation (MSE)
framework. It is a state-space single-species stock assessment model with fixed natural
mortality (M) and variable fishing selectivity used to compute annually updated fish-
ing mortalities (F).SAM models are fully stochastic that allow fishing selectivity to vary
gradually with time, but have well-constrained error structures and employ fewer
model parameters than fully parametric models (Koster et al. 2011). XSAM was devel-
oped by Sondre Aanes, Norwegian Computing Centre (ICES 2016a, 2016b; Valstad
2017).

Model specification uncertainty associated with the XSAM model results has been
evaluated by comparing it with the separable (SEP) or virtual population analysis
(VPA) stock assessment model described in WD1 (Bjornsson 2018), but not with other
models widely used in fisheries. These include statistical catch-at-age (SCAA) stock
assessment models, such as Stock Synthesis, a statistical age-structured population dy-
namics modelling framework favoured by the National Oceanic and Atmospheric Ad-
ministration in the USA (Methot and Wetzel 2013). A future improvement would be to
compare the MSE modelling results here to incorporate ecosystem impacts through
ecosystem-based modelling, such as Ecopath with Ecosim (EwE) and Atlantis
(Plaganyi 2007). In the EWE framework (Christensen and Walters 2004), Ecopath cre-
ates, using the principle of mass balance, a static food web model that serves as a plat-
form for calculating ecological metrics and dynamic ecosystem simulations in Ecosim.
EwE has been expanded to include a sophisticated MSE module (Mackinson et al.
2018). Meanwhile, Atlantis is a biogeochemical, whole-ecosystem, spatially explicit,
age-structured, and deterministic model whose overall structure is based around the
MSE approach (https://research.csiro.au/atlantis/).
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The XSAM results are particularly sensitive to the input parameters because of the un-
certainty in the natural mortality and stock-recruitment (S-R) relationship. In XSAM,
the natural mortality has been assumed to be fixed, set at M = 0.9 for age 2 and M =0.15
for ages 3+, which neglects a significant uncertainty in the differential mortality effects
of predators, as well as other sources of natural mortality, including disease, parasites
and old age. The S-R relationship was investigated in the current simulations using
segmented regression (hockey-stick), Beverton-Holt, and Ricker models. The input
data obtained from NSSH surveys is of reasonable quality, though retrospective anal-
ysis of spawning stock biomass (SSB) has shown SSB to deviate by as much as 30% for
various Northeast Atlantic stocks (Hauge 2011). The choice of time series used in the
stock assessments (1988 — present) and to determine the S-R relationship (1950 — pre-
sent) introduces another source of uncertainty stemming from assumptions about the
stability of environmental conditions and their influence on herring populations. Other
potential sources of uncertainty include bias in the assessments, which has already
been noted in the introduction, and age-weighted Fs in the reference point calculations,
as per WKNSSHREF (ICES 2018).

Pedigree Analysis

In light of these uncertainties, we evaluated the tenability of the XSAM simulation
model used for the NSSH assessments and MSE using a so-called pedigree analysis,
which is part of the Numeral, Unit, Spread, Assessment and Pedigree (NUSAP) ap-
proach (Van der Sluijs 2017).

NUSAP is a notational system, proposed by Funtowicz and Ravetz (1990), to improve
uncertainty assessment and communication of issues characterized by high systems
uncertainty and high decision stakes (called "post-normal science"). NUSAP aims to
provide an analysis and diagnosis of uncertainty and quality in science for policy. The
NUSAP system structures the systematic appraisal and communication of three di-
mensions of uncertainty: technical (inexactness), methodological (unreliability) and
epistemological (border with ignorance). It provides a heuristic for good practice ad-
dressing uncertainty in quantitative information. NUSAP extends the statistical ap-
proach to uncertainty with methodological and epistemological dimensions by adding
expert judgment of reliability (Assessment) and systematic multi-criteria evaluation of
the underpinning of numbers (Pedigree).

Pedigree conveys an evaluative account of the production process of information, and
indicates different aspects of the underpinning of the numbers and scientific status of
the knowledge used. Pedigree is expressed as a set of criteria and assessed using qual-
itative expert judgment. Arbitrariness and subjectivity in measuring strength are min-
imised by using a Pedigree matrix to code qualitative expert judgments for each
criterion into a ordinal scale from 0 (weak) to 4 (strong) accompanied by linguistic de-
scriptors or modes. Each special sort of information has its own aspects that are key to
its Pedigree, so different Pedigree matrices using different criteria can be used to qual-
ify different sorts of information (Van der Sluijs 2017). For an illustrative Pedigree anal-
ysis of the XSAM model applied in this report, we selected the Pedigree matrix for
evaluating models (Refsgaard et al. 2006) that is presented in Table 1.
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Table 1: Pedigree matrix for evaluating the tenability of the XSAM conceptual model (after Refsgaard et al. 2006).

Score  Supporting Empirical Evidence Theoretical Understanding Representation of Plausibility Colleague

Proxy Quality & Quantity understood underlying Consensus
mechanisms

4 Exact measures of the  Controlled experiments and Well established theory Model equations reflect Highly All but

modelled quantities large sample; direct high mechanistic process  plausible cranks
measurements detail

3 Good fits or measures  Historical/field data; Accepted theory with partial Model equations reflect Reasonably  All but
of the modelled uncontrolled experiments; small ~ nature (in view of the acceptable mechanistic plausible rebels
quantities sample; direct measurements phenomenon it describes) process detail

2 Well correlated but Modelled/derived data; indirect ~ Accepted theory with partial =~ Aggregated Somewhat Competing
not measuring the measurements nature and limited parametrized meta plausible schools
same thing consensus on reliability model

1 Weak correlation but ~ Educated guesses; indirect Preliminary theory Grey box model Not very Embryonic
commonalities in approximate rule of thumb plausible field
measure estimate

0 Not correlated and Crude speculation Crude speculation Black box model Not at all No opinion

not clearly related

plausible
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The pedigree scoring, visualized in Figure 1, is preliminary and has been done by the
authors of this appendix, mainly to illustrate the approach

B The position indicates the pedigree score

Pedigree low high
XSAM model for Harvest Control Rules (HCR)

Proxy

Quality and quantity empirical data
Theoretical understanding
Representation of mechanisms
Plausibility

Colleague consensus

Figure 1: Pedigree scores for XSSAM model for Harvest Control Rules (HCR)

The supporting empirical evidence (proxy and quality & quantity) scores for XSAM
were both evaluated as 3. The proxy score reflects the 10 - 30% uncertainty often as-
sessed for key measures of the state of the stock in ICES assessments (Skagen and
Hauge 2002). The quality and quantity scores reflect the general representativeness and
quality of the NSSH survey data, respectively. Each of the remaining criteria, i.e., the-
oretical understanding, representation of understood underlying mechanisms, plausi-
bility, and colleague consensus, was scored slightly lower at 2. Theoretical
understanding and predictability of the natural fluctuations of herring population dy-
namics are still poor. Single-species stock assessment models such as XSAM omit pred-
ator-prey and other ecosystem interactions in its calculations of herring reference point
limits, which gives it a low score for its representation of understood underlying mech-
anisms. Consequently, the plausibility and colleague consensus are also scored low,
given alternative single-species stock assessment and ecosystem-based modelling ap-
proaches commonly used within the fisheries community. Note that in this preliminary
knowledge quality assessment, we have only examined technical (inexactness) and
methodological (unreliability) dimensions of uncertainty for the XSAM model, not
epistemological (ignorance) or societal (limited social robustness) uncertainty (Maxim
and van der Sluijs 2011). Neglecting these additional sources of uncertainty leads to
“hyper-precision” in the ICES framework for quota advice (Hauge 2011).

Implications

The implications of this preliminary knowledge quality assessment of the results re-
ported by the WKNSSHMSE suggest that the precision of the recommended reference
limits for the HCR considered here (that is, the number of significant digits) should be
restricted to below what is recommended by ICES guidelines to avoid the pitfalls of
hyper-precision. Hence, a range of Fusy = 0.10-0.15 has been given in the conclusions
to reflect the sensitivity of the modelled outputs to the input parameters and other
sources of XSAM model uncertainty in the MSE framework.

The analysis here shows a problematic mismatch between the number of significant
digits that can scientifically be justified given the many uncertainties, complexities and
limitations to knowledge quality in fisheries stock assessments, and the precision re-
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quired by the political process of fish-quota negotiations. If, for instance, only one sig-
nificant digit is warranted from a scientific point of view, 10% to 100% fluctuations in
quota from year to year could occur, which is politically unacceptable. The practice and
guidelines of ICES for significant digits in this field of tension needs more critical re-
flection and dialogue to develop responsible ways forward in dealing with uncertainty
and limits to achievable knowledge quality in fishery science for policy.
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WKNSSHMSE Review,

10 September 2018

N. Hintzen, Wageningen Marine Research

General remarks:

The MSE does not seem to be executed in line with best practices on MSEs. There are a
number of conceptual mistakes or simplifications in the MSE evaluated here, related
to including productivity, error structures, uncertainty in biological parameters that
have not been appropriately considered. I focus on 4 points especially:

1)

All together do I not see this MSE fit for advisory purposes. These concerns were noted
by the authors but simply all ignored without further justification. If justification of

Biological variability in weights-at-age, maturity-at-age is not included in
the MSE. The authors claim they have investigated this aspect but do not
present any proof of why ignoring this is justified. I am suspicious of their
conclusion as my experience in MSE has shown me clearly that variability
usually plays a very important role.

There is a substantial retrospective pattern in the assessment which is ig-
nored in the MSE. Even if retrospective error is low in recent year, there
seems to be no bias implementation error (just simple well balanced noise).
Given the already high medium term risk, we need to be precautionary and
include known sources of bias into the MSE

The SR-pairs that were used provide far too optimistic predictions. This is
also shown in their results indicating a direct growth of the stock and po-
tential to observe SSBs and Recruitments well above anything observed in
the entire time-series. Provided that recruitment is low in the recent decade,
this should be reflected in this MSE

There is a lot of confusion on the estimation of Fmsy and what methods fi-
nally have been used to derive Fumsy. It seems an XSAM simulation has been
used, but results seem not to agree with MSE results, only adding to the
confusion.

why these points can be ignored is given I'm happy to change my views.

Other specific comments were made on a draft of the report; these have also been ad-

dressed by the group in Annex 8.
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Fan Zhang

Centre for Fisheries Ecosystems Research, Fisheries and Marine Institute of Memorial University, Canada

I've reviewed the Report of the Workshop on management strategy evaluation for the Norwegian spring
spawning herring (WKNSSHMSE) in subareas 1, 2 and 5, and in divisions 4.a and 14.a (hereinafter
referred to as “Report”). WKNSSHMSE was convened to prepare the technical basis needed by ICES to
respond to the request from North East Atlantic Fisheries Commission (NEAFC) concerning a long-term
management strategy for Norwegian spring spawning herring (hereinafter referred to as “Request”). As
requested, this review mainly focused on evaluating whether the Report is sufficient to address the
issues raised by the Request.

In general, the Report addressed many important issues in the Request, but several key aspects were
missing. In particular, three major issues need to be modified and improved to fully address the
Request.

ISSUE 1. Incomplete simulation scenarios of harvest control rules

The Request asks for Management Strategy Evaluation (MSE) simulations involving 4 Harvest Control
rules (HCRs) and 3 scenarios of inter-annual variations in Total Allowable Catch (TAC). This lead to 12
simulation scenarios:

F-rule through 0 with no constraint of TAC variation.

F-rule through 0 with TAC-constraint average of TAC in current and TAC-year.
F-rule through 0 with TAC-constraint +25%/-20% between current and TAC-year.
F-rule with Fmin With no constraint of TAC variation.

F-rule with Fmin with TAC-constraint average of TAC in current and TAC-year.
F-rule with Fmin with TAC-constraint +25%/-20% between current and TAC-year.
B-rule through 0 with no constraint of TAC variation.

B-rule through 0 with TAC-constraint average of TAC in current and TAC-year.
B-rule through 0 with TAC-constraint +25%/-20% between current and TAC-year.
10. B-rule with HRmin with no constraint of TAC variation.

11. B-rule with HRmin with TAC-constraint average of TAC in current and TAC-year.
12. B-rule with HRmin with TAC-constraint +25%/-20% between current and TAC-year.

Lo NOURWNPR

In the Report, only 8 out of 12 simulation scenarios were simulated (scenarios 5, 6, 11 and 12 were
excluded; see Table 4.1 in the Report). Time constraint is described as the reason for this simplification,
but it needs to be explained why these specific simulation scenarios were ignored and how this
simplification will affect the ability of the Report to address this Request.

For the 8 simulation scenarios described in the Report, scenarios 3 and 9 were not included in the MSE
source code (line 330 in MSEcode.R clearly states "The only catchconstraint option currently provided is
'CCType==1' (Average of last year and the one given by the HCR)!!"). This makes me curious how the



results relevant to scenarios 3 and 9 were generated if they are not included in the simulation code. The
inconsistency between Rcode and Report needs to be explained and clarified.

In the Request, there are two conditions to apply to the TAC variations:

1. The TAC constraint shall not apply if the SSB/SSByroxy in the year for which the TAC is to be set is
less or equal to Btrigger.
2. Allowing a maximum of 10% to be banked or borrowed any year.

In the Report, it seems condition 1 was applied (see section 4.2.1). However, it is unclear how this was
implemented in the code (MSEcode.R). | didn’t find the code corresponding to this condition (apology if |
missed them). Condition 2 was not applied at all, but without detailed explanation. Admittedly,
condition 2 is a bit vague and needs to be further clarified in the Request. The Report should at least
have some discussions over this or provide some options of simulation, rather than simply ignoring
condition 2.

ISSUE 2. Change of special case scenario without sufficient details

The Request specifically asked for special case simulations at : Btrigger=3.184 (=MSY Btrigger=Bpa) and the target
fishing mortality of 0.102 (Fumsv).

In the Report, Fusy was re-calculated as 0.157 by WKNSSHMSE, and was claimed to be more appropriate
than the 0.102 calculated by WKNSSHREF. On basis of this, the simulation used Fumsy=0.157 and F=0.12
for the special case simulation. F=0.102 (value specified in the Request) was not tested as a special case
atall.

This represents a major mismatch between the Request and Report, and a detailed justification needs to
be provided to support this change. However, | feel the justifications provided in the Report are not
sufficient.

It is unclear why F=0.12 was chosen as a special case. If the special case is for Birigger and Fusy, why testing
other F values and why 0.12 in particular? More explanations are needed.

The difference between Fysy calculated by WKNSSHMSE and WKNSSHREF was attributed to corrected-
N2 and increased simulation iterations.

First, as noted in the Report, accounting for age-0 and age-1 catches seems to have stronger impact on
recruitment in early years (lead to greater recruitment when recruitment was high) than in recent years
(basically no change in recruitment when recruitment was low). More details need to be provided to
justify this correction is appropriate to reduce bias, rather than introducing other sources of bias.

Second, the Report noted numerical instability in the simulation with insufficient iterations, but then
stated “Since this is computer intensive and require relative much storage place and memory the time
constraints have restricted this task”. In section 3.2, it is unclear how the problem is addressed.
Evaluating numerical instability by visual check of only a few plots seems not to be very convincing.
More detailed and rigorous tests are needed to justify the current WKNSSEMSE simulations have
addressed the problem of numerical instability.

ISSUE 3. Incomplete results and conclusions



The Request specifies 5 performance criteria over 3 terms, which lead to 15 performance statistics (PSs):

Average SSB in short term (2019-2023).
Average SSB in medium term (2024-2033).
Average SSB in long term (2034-2053).
Average yield in short term (2019-2023).
Average yield in medium term (2024-2033).
Average yield in long term (2034-2053).
Inter-annual variability in SSB in short term (2019-2023).
Inter-annual variability in SSB in medium term (2024-2033).
Inter-annual variability in SSB in long term (2034-2053).
. Inter-annual variability in yield in short term (2019-2023).
. Inter-annual variability in yield in medium term (2024-2033).
. Inter-annual variability in yield in long term (2034-2053).
. Risk of SSB falling below Bjim in short term (2019-2023).
. Risk of SSB falling below Bjim in medium term (2024-2033).
15. Risk of SSB falling below By, in long term (2034-2053).

LWooNOUREWNRE
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The Report included 12 out of 15 PSs (PS 7, 8 and 9 regarding inter-annual variation in SSB were
excluded; see section 4.2.3), and no explanation was given.

The Request mentioned “ICES is also requested to assess what, if any, other measures in addition to
those contained in the present Management Strategy might contribute to attaining the objectives of the
strategy, and provide estimates of their efficiency”.

In the Report, Realised F was used as an additional PS, but no explanation was given on why to use it or
how it could help to achieve the objective in the Request (see section 4.1.4).

The conclusion of the Report should fully correspond to the Request. However, the section 5.2 just listed
scattered results from the simulation, which makes it difficult to understand how the conclusions of this
Report will address the Request.

In summary, | don’t think the Report has sufficiently addressed the Request in its current form. Time
constraint was frequently raised as reason for these simplifications, but that couldn’t justify this Report
as an appropriate answer to the Request. If more time is needed to complete the task, negotiations of
time extension should be considered between WKNSSHMSE and NEAFC.
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Annex 8: Answer to the reviews of the WKNSSHMSE report

Reviewer: Fan Zhang
ISSUE 1. Incomplete simulation scenarios of harvest control rules

It is correct that not all the questions in the Request were answered due to time limita-
tions. We have now added text in the Introduction section regarding the deviations
from the Request and tried to explain the decisions made.

Source code: It appears the reviewer did not have access to updated source code. Both
TAC constraints are included, but they were only rested for rule 1 and 3.

ISSUE 2. Change of special case scenario without sufficient details

It is correct that this was not included in the first edition of the report. Since we en-
countered issues with the estimate of Fusy from WKNSSHREEF, the special case with
Fumsy=0.102 was not included at first. However, following the reviewers comments this
has been done now and included in the report, both for Fmsy = 0.102 (from
WKNSSHREF) and for Fumsy=0.157 (from WKNSSHMSE).

Regarding catches on young fish

Have added text to explain why catches on young fish is only relevant in the past since
a minimum landing size was established after the collapse.

ISSUE 3. Incomplete results and conclusions

Criteria related to inter annual variability in SSB is now included and we have ex-
plained why realized F is included (section 4.1.4), even though not asked for in the
request.

Section 5 in the report has been edited to better communicate the main findings.

Reviewer N. Hintzen
1) Biological variability

We have now included text, table and figure in the report (in section2) to explain that
including variability in biological parameters have marginal effects and are therefore
not included in the simulations.

2) Retrospective pattern

This is correct. We do not, however, know the sources of the bias, but have now in-
cluded a paragraph where the effects of such a bias is discussed

See ExtraWork WD for the examination of the effect of including bias in the simula-
tions.

3) SR pair being too optimistic.

Here we disagree. The recruitment scenario is not too optimistic. One can look at the
recruitment pattern historically to see long periods of poor (normal) recruitment and
large cohorts in between.

Keep in mind that the last 10 years is already included in the data and it is not the mean
values that will have the largest impact on estimates of risk (and subsequently Fp05),
but the tails of the distribution.
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Since year-class 2005, we have not had any large year-classes. The median year-class
is (in numbers) 7.4 milliards, the smallest 3.85 milliards and the average 8.5 milli-
ards. Over the historic time since 1950, taking the years when the SSB has been above
2 million tonnes, the median is 11.4, 10th percentile 3.9 and 5th percentile 2.2 milliard
fishes. The average is of course much higher as there are 7 year-classes > 40 milliards
in the historic time series.

We conclude that there is no empirical evidence that the recruitment has changed in a
way such that it is necessary to change the recruitment function. If you simulate 1000
years of recruits, it is possible to find periods with recruitment of 10 years that is similar
to the dynamics since 2005 and there is no basis to state that recruitment is overly op-
timistic in the simulations.

4) Confusion regarding the estimation of FMSY

Fusy = 0.157 estimation was based on equilibrium situation, as per ICES guidelines. It
is not surprising that different results regarding precautionary levels of F are obtained
on the time-scales presented in the Request, particularly for short term =2019-2023 and
medium term =2024-2033 simulations, which are not equilibrium situations. Hope this
is now better explained in the report
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Annex 9: Follow-up request from the Coastal States concerning a long-
term management strategy for Norwegian Spring-Spawning
(Atlanto-Scandian) Herring

Following the advice concerning the management strategy evaluation of harvest control
rule (HCR) options released by ICES, 28th September 2018 (ICES, 2018), the Coastal States
sent a new request to ICES regarding further evaluation of their selected harvest control
rule (see below), that had not been included in the advice of 28th September.

Request to ICES

Request to ICES concerning a long-term management strategy for Norwegian Spring-
Spawning (Atlanto-Scandian) Herring

With basis in the advice released by ICES on 28t of September 2018 regarding LTMS for
Norwegian Spring Spawning (Atlanto-Scandian) Herring, ICES is requested to evaluate
the following LTMS:

L4 Rule 2 with a Btrigger=Bpa = 3,184:,000 tonnes and Fmanagement= 0.14

] Interannual variation constraint: When the rules would lead to a TAC,
which deviates by more than 20% below or 25% above the TAC of the
preceding year, the TAC is to be set respectively no more than 20% less
or 25% more than the TAC of the preceding year.

*  The TAC constraint shall not apply if the SSB for the year for which the
TAC is to be set is forecast to be less or equal to Btrigger.

* Allowing a maximum of 10% to be banked or borrowed any year.
However, borrowing shall not be allowed when the stock is forecast to
be under Btrigger at the end of the TAC year.

The above LTMS shall be assessed in relation to how it performs in the short term (2019-
2023), medium term (2024-2033) and long term (2034-2053) in relation to:

e Average S5B

e Average yield

e Indicator for year to year variability in SSB and yield

e Risk of SSB falling below Biim

In case the above LTMS is consistent with the precautionary approach, ICES is requested
to apply the LTMS as basis for the advice for 2019 and onward. However, for 2019, the
interannual variation constraints shall not be applied.

In case ICES evaluates banking not to be consistent with the precautionary approach when
the stock is below Buigger, ICES is asked to provide advice for 2019 according to Rule 2 but
without the banking provision if the SSB is below Btrigger.

ICES is asked to provide advice by October 224 2018.
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Methodology

To answer the request, the basis was the same as in WKNSSHMSE: assessment in 2017
using sum of national quotas for catch in 2017 (~805 thousand t) and catch advice for 2018
(~384 thousand t).

The code was updated to include a TAC constraint (+25%/-20%) and a 10% banking and
borrowing for the specific rule chosen by the Coastal States (rule 2 with breakpoints at
Blim=2500 and Bp.=3184, and with minimum F=0.05 and target F=0.14).

Banking/borrowing is implemented to affect the TAC after application of the catch con-
straint. It was simulated to take effect on the TAC from 2018 onwards, with the following
scenarios

e Scenario 1: banking 10% in every year from 2018 onwards (scenario 2 in Brunel

and Miller 2013)
e Scenario 2: borrowing 10% in every year from 2018 onwards (scenario 3 in Bru-
nel and Miller 2013)
Results

Results from simulations with F-rule with two break-points, Buigger = 3184 and Frarget = 0.14.
Four different scenarios were evaluated:

e No banking and borrowing, no catch constraints
e No banking and borrowing, catch constraints

e Banking every year, catch constraints

e Borrowing every year, catch constraints

All scenarios gave P(SSB<Biim) less than 5% (Table 1, Figure 1). Including +25%/-20% catch
constraint slightly decreased the risk of falling below Bim. The yield was also lower when
including the catch constraint; the difference was largest in the short term and smallest in
the long term. Median SSB was lower in the short term but larger in the medium and long
term.

Including banking and borrowing induced very small changes. For median ssb, yield and
IAV in ssb changes were generally less than 1 %, and for P(SS5B<Bim) generally less than
5%. IAV in yield decreases by about 10% for banking every year, and increases by about
10% for borrowing every year.
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Table 1. Results from the four scenarios in short, medium and long term.
INTERANNUAL INTERANNUAL
P(SSB SSB YIELD VARIATION IN SSB VARIATION IN YIELD
<Buwm) (KT) (KT) (%) (%)
MAX.
ANNUA | MEDIA
L% N MEDIAN MEDIAN MEDIAN
1. No Short term -
banking or 2019-2023 4.3 3622 502 8.1 27.6
borrowing, Medium term
No catch -2024-2033 4.6 5049 701 8.5 21.4
constraints
Long term -
2034-2037 3.2 5856 807 8.7 19.5
2. No Short term -
banking or 2019-2023 3.8 3681 461 8.3 25
borrowing, Medium term
Catch - 2024-2033 3.9 5474 673 8.9 20
constraints
Long term -
2034-2037 24 6183 810 9.2 20
3. Banking Short term -
every year, 2019-2023 3.8 3734 461 8.3 22.5
Catch Medium term
constraints -2024-2033 3.7 5510 675 8.9 18
Long term -
2034-2037 2.6 6206 810 9.3 18
4. Borrowing | Short term -
every year, 2019-2023 3.8 3655 458 8.4 27.5
Catch Medium term
constraints -2024-2033 3.7 5463 673 8.9 22
Long term -
2034-2037 2.4 6174 808 9.2 22
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Ftarget = 0.14 and Btrigger = 3184

Ftarget = 0.14 and Blrigger = 3184 MSEsimresR2_nobanknobaorr

Ftarget = 0.14 and Birigger = 3184 MSEsimresR2_bankeveryyear
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Ftarget = 0.14 and Blrigger = 3184 MSEsimresR2_borreveryyear
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Figure 1. Performance statistics for the four scenarios examined: No banking or borrowing or catch constraints (Scenario 1, Far left); No banking or borrowing with catch
constraints (Scenario 2, centre left); Banking every year with catch constraints (Scenario 3, centre right); and Borrowing every year with catch constraints (Scenario 4, far
right). Results are shown from 2017 to 2053 for: the probability of SSB being below Biim (top), SSB (second from top), Yield (middle), interannual variation in SSB (second
from bottom) and interannual variation in yield (bottom). Solid black lines represent medians, and the SSB and Yield plots include confidence ranges (outermost = 95%
range).
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Conclusion

The HCR proposed for the LTMS is found to be consistent with the precautionary ap-
proach (the maximum annual probability of SSB being below Biim is less than 5% in any
of the years simulated). In addition, the HCR remains precautionary when constraints
on interannual TAC change are added, and is also robust to 10% banking or borrowing
of quota between years.
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