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1 Executive Summary 

The European Union, Norway, and the United Kingdom jointly requested ICES 

to identify appropriate combination s of Ftarget and Btrigger in a harvest control 

rule that, together with  possible TAC constraints, could form part of a  long-term 

management strategy for  North Sea autumn spawning herring ( Clupea harengus) 

in Subarea 4 and divisions 3.a and 7.d, (North Sea, Skagerrak and Kattegat, 

eastern English Channel). A Management Strategy Evaluation (MSE) process 

was set up to evaluate such combinations, check that the management strategy 

was robust to a 10% banking and borrowing mechanism, and to investigate 

sensitivity to a number of exploitation pattern scenarios. Key sources of 

uncertainty (related to recruitment and natural mortality) were cap tured by a 

reference set of operating models, and results were integrated over these. 

Key findings are that several management strategies are possible for a similar 

level of precaution (less than 5% risk), with similar levels of catch (less than 5% 

difference in average yield between the possible rules). These different rules 

involve either a high Ftarget and high Btrigger, or a lower Ftarget combined with 

a lower Btrigger, and  provid e a trade-off between maximising catch and 

minimising interannual variability in catch . However, a high Ftarget-high 

Btrigger combination (e.g. Ftarget=0.34, Btrigger=1.7 million tonnes) results in a 

marginally higher yield (average annual catch of 0.37 million tonnes) but with a 

realised fishing mortality well below Ftarget (0.23 against Ftarget=0.34) because 

such high theoretical Ftarget rules result in the stock being frequently below the 

Btrigger value.  This combination of control points are also associated with more 

unstable catches (IAV= 18.5%), lower SSB (1.3 million tonnes) , and the more 

frequent suspension of TAC constraints (as a result of SSB being below Btrigger). 

In contrast, a low Ftarget-low Btrigger combination (e.g. Ftarget=0.21, 

Btrigger=0.8 million tonnes) results in marginally lower yield (average annual 

catch of 0.36 million tonnes) but with realised fishing mortality close to Ftarget  

(0.2 against Ftarget=0.21), substantially more stable catches (IAV= 9.9%), higher 

SSB (1.5 million tonnes), and less frequent suspension of any stability 

mechanisms in place. 

Assuming current fishing conditions (2022-3), as opposed to longer-term recent 

(2013-2021) or historical (1998-2003) condition s, leads to higher risk and more 

variable fishing mortality on ages 0 -1, provid ing assurance that assuming 

current conditions (as was adopted for the reference set of operating models) is 

both reasonable and errs on the side of precaution with respect to risk. Increasing 

fishing mortality on ages 0 -1 has a clear negative impact on risk, SSB and catch 

in the long-term. Furthermore, shifting the selection pattern towards younger 

ages is generally negative across all performance metrics. Management 
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strategies appear to be robust to implementing a 10% banking and borrowing 

scheme, even under an extreme version that deliberately forces unrealistic 

annual fluctuations in catch  (the opposite of its intended purpose).  It should be 

stressed that Ftarget and Btrigger selected from the MSE should not be confused 

with  reference points set by ICES and should not be used to indicate stock status. 



4 |  ICES SCIENTIFIC REPORTS 7:53 |  ICES 
 

 

2 Introduction 

A WKMSEHerring Scoping meeting was held during 17 -18 January 2024 in 

Copenhagen to plan the work needed to answer the joint request to ICES to 

advise on a Long-Term Management Strategy for North Sea autumn -spawning 

(NSAS) herring in North Sea, Skagerrak and Kattegat and Eastern English 

Channel, given in Annex 1 of this report  (which  includes clarifications on the 

request). The scoping meeting was followed by a series of online meetings to 

finalise the set of operating models, sensitivity tests and robustness tests (21 

February, 15 April, 22 July, 28 October 2024); a summary of these meetings can 

be found in the Scoping Report associated with this meeting (Annex 9). A 

participants list can be found in Annex 2. Descriptions and main results of the 

MSE are given in the main body of the report , with Annexes 3-6 providing 

further details. A stakeholder engagement session was held as part of this 

process and is reported in Annex 7. 3ÏÌɯÌßÛÌÙÕÈÓɯÙÌÝÐÌÞÌÙÚɀɯÙÌ×ÖÙÛɯÐÚɯÎÐÝÌÕɯÐÕɯ

Annex 8. 

Formal TORs for the meeting were developed once the request was signed off 

and agreed between ICES and the advice requesters. These are as follows: 

2024/WK/FRSG45 ς The ²ƻǊƪǎƘƻǇ ƻƴ aŀƴŀƎŜƳŜƴǘ {ǘǊŀǘŜƎȅ 9Ǿŀƭǳŀǘƛƻƴ ŦƻǊ bƻǊǘƘ {Ŝŀ IŜǊǊƛƴƎ 

(WKMSEHerring) chaired by José De Oliveira, UK will be established and will meet at ICES HQ, 

Copenhagen 10-12 December 2024, and online 23 January 2025 and 13 February 2025 to: 

a) Develop a work plan as outlined below, following on from the January 2024 meeting with advice 
requesters to agree on the approach and tools for the MSE, in response to the joint request from 
the advice requesters on a long-term management strategy for North Sea autumn spawning 
herring. 

b) The December 2024 meeting to include results for the conditioning of the suite of pre-agreed 
operating models, results for the management strategy options and sensitivity tests stipulated in 
the request, and any additional results of interest forthcoming from the MSE analysis. This meeting 
will include stakeholder engagement.  

WKMSEHerring will report by 01 April 2025 for the attention of ACOM. 

Description  Date Meeting format and 
composition 

Additional information 

Start: 1st meeting Jan-24 In-person + 
managers 

17-18 Jan, ICES HQ, Copenhagen 

  Mar-24   HAWG 

Explorations 
meeting 

Dec-24 In-person 10-12 Dec, ICES HQ, Copenhagen 

Final explorations 
meeting 

Jan-25 On-line + managers 23 Jan 

Tuning final model Feb-25 On-line + managers 13 Feb 

  Mar-25   HAWG 

  Apr-25   Report to ICES 

  

tǊƛƻǊƛǘȅ IƛƎƘ ǇǊƛƻǊƛǘȅΦ ¢Ƙƛǎ ǿƻǊƪǎƘƻǇ ǿƛƭƭ ŦŀŎƛƭƛǘŀǘŜ ŀ ǎǇŜŎƛŀƭ ǊŜǉǳŜǎǘ ǘƻ L/9{ ŦǊƻƳ 
9¦πbhπ¦YΦ 
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{ŎƛŜƴǘƛŦƛŎ ƧǳǎǘƛŦƛŎŀǘƛƻƴ  

wŜǎƻǳǊŎŜ ǊŜǉǳƛǊŜƳŜƴǘǎ  

tŀǊǘƛŎƛǇŀƴǘǎ ¢ƘŜ ²Y ǿƛƭƭ ōŜ ŀǘǘŜƴŘŜŘ ōȅ ŜȄǇŜǊǘǎ ŎƻƴǘǊƛōǳǘƛƴƎ ǘƻ ǘƘŜ Ƨƻƛƴǘ ǊŜǉǳŜǎǘΣ 
I!²D ŜȄǇŜǊǘǎ ƛƴŎƭǳŘƛƴƎ ǘƘŜ bƻǊǘƘ {Ŝŀ ƘŜǊǊƛƴƎ ǎǘƻŎƪ ŀǎǎŜǎǎƻǊΣ ŀƴŘ ǘǿƻ 
ŜȄǘŜǊƴŀƭ ǊŜǾƛŜǿŜǊǎΦ 

{ŜŎǊŜǘŀǊƛŀǘ ŦŀŎƛƭƛǘƛŜǎ L/9{ Iv ŦƻǊ ǘƘŜ ƛƴπǇŜǊǎƻƴ ƳŜŜǘƛƴƎ ŀƴŘ ƻƴƭƛƴŜ ƳŜŜǘƛƴƎ ǎŜǘǳǇΦ 

CƛƴŀƴŎƛŀƭ .ǳŘƎŜǘ ǎŜǘ ƛƴ ǊŜǎǇƻƴǎŜ ǘƻ ǘƘŜ Ƨƻƛƴǘ ǊŜǉǳŜǎǘ 

[ƛƴƪŀƎŜǎ ǘƻ ŀŘǾƛǎƻǊȅ 
ŎƻƳƳƛǘǘŜŜǎ 

5ƛǊŜŎǘ ƭƛƴƪ ǘƻ !/haΦ 

[ƛƴƪŀƎŜǎ ǘƻ ƻǘƘŜǊ 
ŎƻƳƳƛǘǘŜŜǎ ƻǊ ƎǊƻǳǇǎ 

HAWG 

[ƛƴƪŀƎŜǎ ǘƻ ƻǘƘŜǊ 
ƻǊƎŀƴƛȊŀǘƛƻƴǎ 

 

 

There is a github repository that contains the software code used (https://github.com/ices -

taf/wk_WKMSEHerring.git ); it is not public, but access can be provided on request. 

 

https://github.com/ices-taf/wk_WKMSEHerring.git
https://github.com/ices-taf/wk_WKMSEHerring.git
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3 Background 

3.1 NSAS herring and assessment model 

The assessment for North Sea Autumn-Spawning (NSAS) herring is using 

commercial and survey data and spans the 1947-2023 period. The assessment is 

conducted annually  at the Herring Assessment Working Group (HAWG ; ICES 

(2024a)). The model used is the SAM stock assessment model (Nielsen and Berg 

(2014)) in a single fleet configuration. In parallel to the single fleet assessment, a 

SAM multi -fleet assessment model (Nielsen et al. (2021)) is also conducted 

yearly to inform the sho rt -term forecast on fleet-wise fishing selectivity. The 

NSAS stock assessment was benchmarked in 2018 (ICES (2018)) and 2021 (ICES 

(2021)) and underwent a management strategy evaluation (MSE) in 2019 (ICES 

(2019)). Despite the latter, there is no agreed management strategy to date for 

this stock and under the ICES framework, the ICES MSY approach advice rule1 

has taken precedence for the advice since 2018. 

The NSAS stock is harvested by 4 fleets (Figure 3.1): 

Ɉ A fleet: human consumption in the North Sea and Eastern Channel 

Ɉ B fleet: bycatch of herring (in the sprat and Norway Pout fishery) in the 

North Sea 

Ɉ C fleet: human consumption in 3.a (Skagerrak-Kattegat area) 

Ɉ D fleet: bycatch of herring (in the sprat and Norway Pout fishery) in 3.a  

 

1 https://www.ices.dk/advice/Pages/technical_guidelines.aspx  
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Figure 3.1: Conceptual drawing of the spatial coverage of the A-D and F fleets. The A and B fleets operate in the North 
Sea (red shaded area). The C and D fleets operate in the Western Baltic area, green and blue shaded areas respectively. 

 

The corresponding data for catches at age are available from 1947 but are only 

disaggregated by fleet from 1997. Most of the catches are realised by the A-fleet 

(Figure 3.2). However, other fleets are of importance because of the different 

fleets selectivity and mixing with the Western Baltic Spring Spawning (WBSS) 

herring stock. In term of selectivity, the A fleet targets ages 2+ winter rings (wr) , 

the C fleet targets ages 1-3 wr and the fleets B and D bycatch juveniles (ages 0-1 

wr ) (Figure 3.3). 

In term of surveys, the assessment model is informed by 5 surveys: 

Ɉ Larvae abundance index, LAI: survey focuses on the early larvae life 

stage of NSAS and covers the four different stock components: 

Orkney/Shetland, Buchan, Central North Sea (CNS), Southern North Sea 

(SNS). The influence of this survey is limited but remain s important as it 

provides information on stock components.  This survey is also known 

as the IHLS (International Herring Larvae Survey).  

Ɉ IBTS0 (age 0): late larvae survey (MIK net) taking place Q1 of each year 

on all stock components except the southern North Sea components (so 

called Downs). This is usually a good indicator of recruitment.  

Ɉ IBTS-Q1 (age 1): bottom trawl survey taking place Q1 of each year which 

provides clear information on the recruitment survivors to the fishery.  

Ɉ IBTS-Q3 (age 0-5): bottom trawl survey taking place Q3 of each year. 

Ɉ HERAS (age 1-8+): acoustic survey covering the full extent of the NSAS 

and WBSS stocks and is conducted yearly in June/July. The derived 

indices cover age 1+ and are very influential to the stock assessment 
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model. This survey also provides the weight at age and the maturity at 

age for the assessment. 

A summary of data sources by age is shown in Figure 3.4. 

In addition to these input data, natural mortality for herring is estimated by the 

North Sea SMS multi-species model (ICES (2024b)). 
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(a) 

 

(b) 

 

Figure 3.2: Catch per fleet (A-D). (a): Catches over the 1947-2023 period. (b): Catches over the period 2010-2023 (note 
the different scaling in y axis). 
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Figure 3.3: fishing selectivity at age by fleet. Fleets B and D are bycatch fleets and exemplify the same fishing 
selectivity. 

 

 

Figure 3.4: Summary of fishery dependent (red markers) and fishery independent (blue markers) input data to the 
assessment. 
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3.2 Intermixing with WBSS 

Intermixing between the NSAS and WBSS herring stocks is taking place in the 

3.a area and along the Norwegian coast (Figure 3.5). Further background 

information can be found in Bekkevold et al. (2023). Most of the mixing is 

taking place in the 3.a area where the C and D fleets operate, but also in the 

ÌÈÚÛÌÙÕɯ×ÈÙÛɯÖÍɯƘÈɯÈÕËɯƘÉɯÐÕɯÛÏÌɯÚÖɯÊÈÓÓÌËɯɁÛÙÈÕÚÍÌÙɯÈÙÌÈɂ (Figure 3.6). The MSE 

undertaken in WKMSEHerring only concerns the NSAS stock, but the 

intermixing has implication s for the management of the WBSS stock, as it is 

currently below its biomass reference point Blim (Figure 3.7; within the ICES 

framework , Blim is estimated through the fitting of segmented regression stock 

recruitment functions, following dedicated technical guidelines; ICES (2023)). 

As a result, the stock is subject to zero-catch advice from ICES (2019-2024). In 

practice, the TACs for the C and D fleets follow management rules with 1) the 

C fleet TAC being scaled based on the A fleet TAC and 2) the D fleet TAC 

being kept constant at 6659 t. The consequence is that TACs for  the C and D 

fleets are not set as zero and to avoid putting fishing pressure on the WBSS 

stock, they are transferred almost entirely since 2022 from the 3.a area to the 

North Sea (Figure 3.6). When transfer of the C fleet TAC takes place, the TAC is 

taken in the North Sea and the fleet selection pattern follow s the one from the 

A fleet. The way this transfer has been implemented following negotiations has 

led to a yearly overshoot of the overall TAC for NSAS herring . 
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Figure 3.5: Proportions of NSAS herring (green) and WBSS herring (orange) based on vertebral counts 
(Norwegian data) and otolith microstructure (Danish and Swedish data) from 1980-2020. Mixing levels between 
NSAS and WBSS from commercial and scientific data (columns) during Q1-4 (rows). 
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Figure 3.6: Depiction of the transfer area. 

 

 

Figure 3.7: SSB trajectory of the WBSS stock. 

 

3.3 Stock assessment and advice 

In order to provide advice, the NSAS stock assessment model is run yearly in 

mid -late March at HAWG. The data lag for all data sources is 1 year except for 

the IBTS0 (age 0) and IBTS-Q1 (age 1) indices. It means that in 2024, the IBTS0 

and IBTS-Q1 data run up to 2024 and all other data sources run up to 2023 

(Figure 3.4). The management lag for the stock is of 1 year. It means that the 

catch advice given in 2024 is for the 2025 calendar year. Here are the 

corresponding definitions : 
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Ɉ Data year: the final  year of the data (excluding IBTS0 and IBTS-Q1). 

Ɉ Intermediate year: data year+1, also corresponds to the year the 

assessment is conducted. 

Ɉ Forecast year: year where catch advice is given (data year+2). 

Ɉ Continuation year: forecast year+1 (or data year+3) 

The reference assessment model is single fleet, aggregating catch at age from 

fleets A-D. The multi -fleet version of the model is also run  to estimate fleet 

selectivity for the forecast. The stock trajectory is shown in Figure 3.8. The 

assessment model used during the HAWG working group is stable overall with 

a limited retrospective pattern (ICES (2024a)). The assessment for the current  

MSE undergoes slight adjustments (Section 3.4) and exemplifies similar 

properties. The estimated observation variance per survey is shown in Figure 

3.9, demonstrating the importance of the different data sources for the model . 

Overall, the most informative survey is the HERAS survey across the core ages. 

Importantly, the natural mortality used in the assessment is the output of the 

SMS multi-species model from WGSAM (ICES (2024b)). In the SMS model, two 

natural mortalities are considered: M1 (background mortality) and M2 

(predation mortality). The total mo rtality is the addition of these two 

components for each quarter of the year M=M1+M2. Whilst the SMS model 

effectively estimates the predation mortality M2, the background mortality M1 

is taken as a fixed value. The background mortality or residual mortali ty is the 

natural mortality that is not accounted for in M2, either by predators not 

included in the model or by other natural mor tality causes. The total natural 

mortality applied in the assessment is a rescaling of the M from SMS; such 

rescaling is obtained by profiling the stock assessment model to estimate a scalar 

additive to M . This assessment model profiling method was benchmarked in 

2021 at IBPNSHerring  2021 (ICES (2021)). The method was last applied at the 

2024 HAWG  meeting (ICES (2024a)) where a new vector of natural mortality was 

made available. The profiling is shown in Figure 3.10 and resulted in an additive 

rescaling of addM=0.02. The reference points for the stock were also updated 

using the EqSim package (ICES (2024c)) (Table 3.1). 

In the absence of an agreed management plan, the management advice is based 

on the ICES MSY approach advice rule, which is a biomass/fishing pressure 

hockey-stick rule based on the reference points shown in Table 3.1. This Harvest 

Control Rule (HCR) is shown in Figure 3.11. More specifically, the advice process 

is as follows (Figure 3.12): 

1. The assessment is conducted in the intermediate year, with input data 

up to the data year. 

2. The stock is projected in the intermediate year using the already-known 

TAC for th at year. 
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3. The stock is projected in the forecast year with a fishing pressure 

constraint. This target fishing pressure is calculated from SSB at 

spawning time (in autumn) in the forecast year using the hockey-stick 

HCR shown in Figure 3.11. 

4. TAC is derived from catches corresponding to fishing pressure in the 

forecast year. 

 

 

Figure 3.8: Assessment trajectory (SSB, Fbar (ages 2-6) and recruitment). 
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Figure 3.9: Observation variance per data source as estimated by the assessment model. 

 

 

Figure 3.10: Profiling of the stock assessment model over a range of additive rescaling (addM) of natural 
mortality M. 

 

Table 3.1: NSAS herring reference points (HAWG 2024; ICES (2024a)). Biomass reference points in tonnes. 

Framework Ref.point Value 

MSY approach MSY Btrigger 1 130 747 

MSY approach FMSY 0.32 

PA Blim 828 874 

PA Bpa 1 049 521 

PA Flim 0.39 

PA Fpa 0.33 
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Figure 3.11: The current basis for advice for the NSAS stock is the MSY advice rule, as of HAWG 2024 (ICES (2024a)). 
The blue vertical line is MSY Btrigger, defining the breakpoint of the hockey-stick, with the plateau corresponding 
to Fmsy. The yellow vertical line is Bpa. The red vertical line is Blim. Data points show the realised F in the years 
2021 ς 2023. The fishing pressure in 2024 is calculated in the intermediate year whilst the 2025 fishing pressure is 
based on forecasting and applying the hockey-stick rule.  

 

 

Figure 3.12: Schematic of the TAC decision process. 
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3.4 Assessment model for the MSE 

For the Management Strategy Evaluation (MSE) conducted here, the assessment 

model configuration of the latest assessment group is used (ICES (2024a)). The 

M additive scaling value is also taken from HAWG  2024 (ICES (2024a)) as 

addM=0.02. 

The assessment model used for the MSE is fitted without the early larvae index 

(LAI). This is because the LAI is an index which undergoes specific model fitting 

and in turn complicates the MSE model implementation. In addition, the LAI 

only has a marginal impact on the model fit (Figure 3.13), despite being 

important in the context of the yearly assessment for NSAS, as this index tracks 

the dynamics of the different stock components. However, in the context of th is 

MSE where model fit is central  throughout extensive iterations, the inclusion of 

the LAI in the assessment model was not deemed a valuable addition. This 

assessment without the LAI was then used to condition the  operating models 

(OMs) and as a stock assessment model in the management procedure (MP). 

The assessment model used to condition the OMs includes the IBTS0 (age 0) and 

IBTS-Q1 (age 1) indices up to 2024 (corresponding to the intermediate year at 

HAWG  2024) whilst all other data sources are up to 2023 (corresponding to the 

data year at HAWG  2024). The inclusion of the IBTS0 and IBTS-Q1 data points 

for the intermediate year  allow s the stock assessment model to estimate 

recruitment in the intermediate year. In the base assessment, as used during the 

yearly HAWG working grou p, this estimate of recruitment is further used in the 

forecast alongside stock estimation in the forecast year using specific 

assumptions (ICES (2024a)). 

The conditioning of OMs is based on the use of all data available. However, for 

the application of the management procedure in the stock projections, no data 

for the IBTS0 and IBTS-Q1 indices are used in the intermediate year, which is a 

deviation from the model currently used during the yearly HAWG working 

group . More specifically , in the MSE projections, the IBTS-Q1 and IBTS0 indices 

are not generated in the intermediate year, but kept up to the data year to avoid 

complexity in the MSE model. Instead of using recruitment estimated by the 

assessment model in the intermediate year, recruitment is taken as a 10-year 

average weighted by assessment uncertainty in recruitment, which is the same 

as the assumption in the forecast and continuation year. Similar to  removing the  

LAI index, the impact of removing intermediate -year data for IBTS-Q1 and 

IBTS0 has negligible  impact on the estimation of SSB (Figure 3.14). 

The SAM single fleet model configuration is given in Annex 5. Diagnostics of the 

single fleet stock assessment model are further shown in Annex 6. 
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Figure 3.13: Comparison of SSB from the stock assessment models configured for HAWG and WKMSEherring. The 
difference between the two assessment models is the non-inclusion of the data from the LAI survey (early larvae 

survey). 

 

 

Figure 3.14: Comparison of SSB from the stock assessment models as configured for WKMSEherring 
with and without data in the intermediate year (ImY). The data in the intermediate year are the IBTS-

Q1 and IBTS0 indices. 

 

3.5 MSE request and framework 

The MSE follows the framework from WKNSMSE (ICES (2019)) with two main 

blocks (Figure 3.15): the operating model (OM) and the management procedure 

(MP). Following the joint request (Annex 1), the management procedure (MP) is 

for the single fleet, i.e. aggregating catches across fleets harvesting the NSAS 

stock. In contrast, the operating model is multi -fleet, modelling the dynamic of 

each fleet separately. 
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The MSE is broken down into different components (Figure 3.15): 

1. The Operating Model (OM) which simulate s biology and the fishery 

system with 4 different fleets A -D 

2. The Management Procedure (MP) that uses a set of observations to 

determine a single catch advice. 

3. Within the MP, the estimation method estimates the state of the stock each 

year. Here, the SAM stock assessment configured as of HAWG 2024 (ICES 

(2024a)) with the changes described in Section 3.4, is used as the estimator. 

4. Within the MP, the decision process follows the procedure described in 

Section 3.3. The results from the estimator are projected in the forecast 

year and a Harvest Control Rule (HCR) is applied. Here, the main HCR 

considered is a hockey-stick (F2-6 vs SSB) with Btrigger and Ftarget as 

control points (Figure 3.16) that require tuning. For a given year, the HCR 

provides a target F that is translated into catch (i.e. TAC). 

5. In the implementation system, the catch advice is split into the A -D fleets 

in the OM.  

6. The evaluation of the management strategies is done through 

performance metrics: average SSB, average catch, Inter-Annual Variation 

(IAV) in SSB and catch, fishing pressure on adults (over ages 2-6), fishing 

pressure on juveniles (over ages 0-1) and risk of falling below Blim 

(biological reference point). More specifically, the latter is taken as the 

maximum probability that SSB is below Blim, which corresponds to ICES 

Risk3 (ICES (2019)). Performance metrics are evaluated in the short (5 

years, 2024-2028), medium (5 years, 2029-2033) and long term (15 years, 

2034-2048). 

In order to encapsulate a range of uncertainty in the MSE, seven different OMs 

are considered (Table 3.2). These OMs are broken down into three categories: 

1. base category, containing a single OM using rationales relating to 

previous ICES working group s on NSAS herring. 

2. stock recruitment category, containing 3 OMs encompassing a range of 

uncertainties around stock recruitment.  

3. natural mortality category, containing 3 OMs encompassing a range of 

uncertainties around natural mortality.  

This set of seven OMs is the reference set of the MSE, capturing a range of 

plausible uncertainties about the stock biology. This follows best practice when 

conducting MSEs, i.e. to consider more than a single OM (Punt et al. (2016)). 

Results for the MSE are integrated over all seven OMs in the reference set, but 

performance of management strategies under individual OMs is also reported.  
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Additional robustness and sensi ti vity tests are conducted. The runs for the 

sensitivity tests are limited to the cell  in a grid of Ftarget -Btrigger combinations 

(with the range s specified in the joint request) that maximi ses catch with an ICES 

risk Ȁ 5% for the reference set. This was done for practical reasons and should 

not be considered a recommendation for selecting that cell. These sensitivity 

tests consider changes in exploitation patterns, juvenile fishing mortality, age 

shift in selection patterns for the directed fishery , omitting TAC constraints , and 

implementation of banking and borrowing (scheme 1 as described in WKNSMSE 

(ICES (2019))). All OMs are projected 25 years (to 2048) into the future with 1000 

replicates. A summary of these OMs is given in Table 3.2. The specificities for 

the stock recruitment OMs are further expanded in Table 3.3. 

The seven OMs from the reference set are used for tuning the control points of 

the HCR (Btrigger/Ftarget). To that aim, they are combined so there is equal 

weight between the three categories. In practice, the base OM is replicated three 

times (i.e., 1000 x 3) to achieve a comparable weight to the other two  OMs 

categories (i.e., three OMs for stock recruitment and three OMs for natural 

mortality ). Through combining, a final combined OM of 9000 replicates is 

constructed. Performance metrics are computed on that basis. 

The MSE is conducted using the FLR framework, more specifically the mse 

package thereof2. 

 

 

2 https://github.com/flr/mse 
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Figure 3.15: Diagram of the MSE framework. The different numbers correspond to the different 
components of the model, as described in detail in the text. 1: the Operating Model. 2: the 
Management Procedure. 3: estimation method. 4: decision process. 5: implementation system. 6: 
evaluation of the management strategies. Adapted from Punt et al. (2016). 

 

 

Figure 3.16: Requested Harvest Control Rule (HCR) for North Sea autumn spawning herring. The 
Ftarget and Btrigger are the control points. 

 



ICES |  WKMSEHERRING   2025 |  23 
 

 

Table 3.2: Summary of considered OMs, either as a reference set (ref), as a sensitivity test (sens) or as a robustness test (rob). Whilst reference sets are used for tuning 
(Btrigger/Ftarget), the runs for the sensitivity tests are limited to the cell corresponding to maximizing catch with an ICES risk < 5% for the reference set. Short time 
series refers to the period 2002-2024, while long time series refers to the period 1947-1978, 1991-2024 (i.e. full time series but excluding the recovery period of the 
stock after its collapse). 

Name Biological 
variables 

Fishing selectivity Fleet_behavior Specificities Type Group 

Base 10 years Random walk using 
last 10 years 

2022-2023 
effort 

SR fitted to short time series with steepness based on full 
time series without recovery period 

ref Base 

SR1 10 years Random walk using 
last 10 years 

2022-2023 
effort 

SR fitted to short time series ref SR 

SR2 10 years Random walk using 
last 10 years 

2022-2023 
effort 

SR fitted to full time series without recovery period ref SR 

SR3 10 years Random walk using 
last 10 years 

2022-2023 
effort 

SR fitted to full time series without recovery period with 
depensation. This only concerns Berverton-Holt (BH) 

rob - 

SR4 10 years Random walk using 
last 10 years 

2022-2023 
effort 

SR fitted to full time series without recovery period with 
autocorrelation 

ref SR 

M1 10 years Random walk using 
last 10 years 

2022-2023 
effort 

M replicates using multi-species covariance matrix ref M 

M2 10 years Random walk using 
last 10 years 

2022-2023 
effort 

Upward absolute scaling of M (addM = 0.07) ref M 

M3 10 years Random walk using 
last 10 years 

2022-2023 
effort 

Downward absolute scaling of M (addM = -0.03) ref M 

SEN1 10 years resampling 2013-
2021 

2013-2021 
effort 

Fishing exploitation resampled from the 2013-2021 time 
period 

sens - 
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Name Biological 
variables 

Fishing selectivity Fleet_behavior Specificities Type Group 

SEN2 10 years resampling 1998-
2003 

1998-2003 
effort 

Fishing exploitation resampled from the 1998-2003 time 
period 

sens - 

SEN3 10 years resampling 2013-
2021 

2013-2021 
effort 

F01 varied over 0-0.1 in steps of 0.025 sens - 

SEN4 10 years resampling 2013-
2021 

2013-2021 
effort 

Shifting selectivity of the A fleet. No fishing from fleets B-D. sens - 

SEN5 10 years Random walk using 
last 10 years 

2022-2023 
effort 

TAC constraints off sens - 

SEN6 10 years Random walk using 
last 10 years 

2022-2023 
effort 

Banking and borrowing with TAC constraints on sens - 

M4 10 years Random walk using 
last 10 years 

2022-2023 
effort 

Downward absolute scaling of M (addM = -0.05) rob - 

M5 10 years Random walk using 
last 10 years 

2022-2023 
effort 

Upward absolute scaling of M (addM = 0.1) rob - 
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Table 3.3: Summary of the conditioning of stock recruitment for the different OMs. The aspects that are changed across OMs are: the type of stock recruitment models, 
the time period considered, the inclusion of autocorrelation (AR1 process), the inclusion of depensation, any fixing of steepness and the modelling used for the 
deviance in recruitment. Two periods are considered for the fitting of the stock recruitment. The short time period is 2002-2024, corresponding to the recent 
recruitment regime for NSAS. The long time period is 1947-1978, 1991-2024, corresponding to the entire time series but excluding the period over which the NSAS stock 
was recovering from collapse. Recruitment deviance was modelled with either a multivariate lognormal distribution (rlnorm) or a multivariate lognormal distribution 
with an AR1 autocorrelation process (rlnormar1). 

OM Stock recruitment Model Time period AR1 process depensation Steepness assumption deviance 

Base Beverton-Holt short no no fix S rlnorm 

Base Segmented Regression short no no fix a rlnorm 

SR1 Beverton-Holt short no no  rlnorm 

SR1 Segmented Regression short no no  rlnorm 

SR2 Beverton-Holt long no no  rlnorm 

SR2 Segmented Regression long no no  rlnorm 

SR3 Beverton-Holt long no yes  rlnorm 

SR4 Beverton-Holt long yes no  rlnormar1 

SR4 Segmented Regression long yes no  rlnormar1 
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4 OM construction 

The construction  of the OMs draws from what was developed during previous 

NSAS MSE workshops (ICES (2019)). 

4.1 Stock replicates 

A key part of the MSE is the inclusion of uncertainty in stock numbers and 

fishing pressure (or fishing mortality) estimates. Here, these uncertainties are 

introduced in the OM by including parameter estimation error using the 

variance-covariance matrix derived from the SAM model fit. From the fits of 

the stock assessment model, 1000 replicates of model parameters are generated, 

providing 1000 stock replicates. Further details can be found in Fisher (2024) 

and the WKNSMSE report (ICES (2019)). 

Whilst stock numbers and fishing pressure at age is replicate-specific in the 

historical period, all observations are kept the same. The impact of the number 

of replicates on the calculation of ICES risk 3 is shown in Figure 4.1. Figure 4.2 

shows the uncertainty bandwidth from the stock replicates, together with 

examples of individual stock replicates.  

 

 

Figure 4.1. Impact of the number of replicates on ICES risk 3, using the base OM. The y-axis gives the distribution 

of 50 calculations of Risk3, where each calculation uses the number of replicates shown on the x-axis that were 

re-sampled with replacement from the original 1000 replicates. 
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Figure 4.2. Uncertainty bound from stock replicates and examples of individual stock replicates for fishing 
pressure on juveniles (F01), fishing pressure on adults (F26), recruitment and SSB. Medians are shown by black 
lines, ribbons are the 95%/5% quantiles ŀƴŘ ǘƘŜ ŎƻƭƻǳǊŜŘ ƭƛƴŜǎ όΨǿƻǊƳ ǇƭƻǘǎΩύ ǎƘƻǿ ŦƻǳǊ ǊŀƴŘƻƳƭȅ ǎŜƭŜŎǘŜŘ 
individual replicate-specific trajectories. The base OM is used. 
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4.2 Resampling of biological parameters 

In the future projections, stock weights, maturity level and natural mortality 

are resampled together from the last 10 years (i.e. 2014:2023), i.e. in the low 

productivity phase for the stock that is estimated to have started around 2002. 

The resampling is done in blocks of years to maintain a certain level of 

autocorrelation. This resampling process is performed by: 

1. Randomizing a starting year in 2014:2023 

2. Randomizing the number of years in a block, with a  maximum 10 (in the 

case 2014 is drawn as the first year with a block of 10 years). 

The process results in a series of blocks spanning the projection period (2024-

2048). This sampling scheme results in an uneven sampling of individual year 

(2014-2023), as shown in Figure 4.3. The corresponding maturity level, stock 

weights and natural mortality are further shown in Figure s 4.4-6. 

 

 

Figure 4.3: Distribution of years for the resampling of biological parameters. 
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Figure 4.4: Future maturity. The black line is observed maturity for historical years and the median across 
replicates for the projection period. Ribbons are the 95%/5% quantiles in the projection period. Individually 
coloured lines are drawn from individual OM replicates. 

 

 

Figure 4.5: Future stock weights. The black line is observed stock weight for historical years and the median 
across replicates for the projection period. Ribbons are the 95%/5% quantiles in the projection period. 
Individually coloured lines are drawn from individual OM replicates. 
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Figure 4.6: Future natural mortality. The black line is natural mortality from the SMS multi-species model for 
historical years and the median across replicates for the projection period. Ribbons are the 95%/5% quantiles. 
Individually coloured lines are drawn from individual OM replicates. 

 

4.3 Fleet effort 

The implementation system, as depicted in Figure 3.15, distributes the single 

catch for the forecast year derived from the HCR among the different fleets (A -

D). Such a split is based on the yearly fleet fishing effort , which is defined as 

apical (or maximum) fishing pressure over all ages, i.e.: 

Ὁ ώ ÔÈßὊὥ πȡψȟώ  

with Ὁ ώ is the fishing effort of fleet Ὥ in year ώ. The quantity Ὂὥȟώ is the 

fishing pressure at age in year ώ. The fishing effort by fleet is shown in Figure 

4.7. Because fishing effort relates to fishing pressure, it allows one to control the 

dynamic of fishing fleets whilst retaining the selectivity of a given fleet. In 

practice, the quantities that will be used in the implementation system are the 

effort s of fleet B, C and D relative to fleet A. These are calculated as: 

ὶȾ ώ Ὁ ώȾὉ ώ 

ὶȾ ώ Ὁ ώȾὉ ώ 

ὶȾ ώ Ὁ ώȾὉ ώ 

These quantities are specific to each replicate. These are plotted across 1000 

replicates in the historical period in Figure 4.8. For example, the fishing effort of 

fleet B in 2022-2023 is about 19% of the fishing effort of fleet A whilst the fishing 
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effort of fleets C and D are marginal in that time period. For the different OMs, 

the relative fishing effort is resampled from different time periods:  

Ɉ base and other OMs in the reference set: relative fishing effort taken as 

the average over 2022-2023 

Ɉ SEN1: relative fishing effort resampled in a block of years (similar 

process as described in Section 4.2, but different blocks to those used for 

biological variables) over the period 2013-2021 

Ɉ SEN2: relative fishing effort resampled in a block of years (similar 

process as described in Section 4.2, but different blocks to those used for 

biological variables) over the period 1998-2003 

The differences between these periods for the fishing effort relative to fleet A 

are exemplified in Figure 4.9 (fleets B, C and D). 

 

 

Figure 4.7: Time series of effort over the period 1998-2023 for fleets A-D. The shared areas corresponds to the 
periods over which the effort for fleets B-D relative to the effort of fleet A is resampled, namely 2022-2023 
(blue), 2013-2021 (green) and 1998-2003 (red). Ribbons are the 95th/5th quantiles. 
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Figure 4.8: Time series of ratios of efforts of fleets B-D relative to fleet A over the period 1998-2023. The shared 
areas corresponds to the periods over which the effort for fleets B-D relative to the effort of fleet A is resampled, 
namely 2022-2023 (blue), 2013-2021 (green) and 1998-2003 (red). Ribbons are the 95%/ 5% quantiles. 

 

 

Figure 4.9: Statistics of relative fleet effort across replicates for the time periods over which it is resampled: base 
and other OMs in the reference set (2022-2023), SEN1 (2013-2021) and SEN2 (1998-2003). 
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4.4 Fishing selectivity 

The future selection patterns are assumed to follow an age-correlated random 

walk (similar to the design in the SAM assessment). Starting from the 2023 

estimated selection pattern, each of the ÍÖÓÓÖÞÐÕÎɯàÌÈÙÚɀɯÚÌÓÌÊÛÐÖÕɯÐÚɯÖÉÛÈÐÕÌËɯÉàɯ

modelling a change in selection-at-age to the next year as differences in log -

transformed F-at-age (log-differences). All log-differences from one year to the 

next for the projected time-series follow a normal distribution with zero mean 

and a variance-covariance matrix of log-differences over the years 2014ɬ2023 

(from year y to year y+1 within each age). To prevent extreme F-at-age changes, 

each generated log-difference was checked; a log-difference was kept if it  

resulted in log-transformed  F-at-age within  ± 1.96 times the age-specific SD (i.e. 

95% CI) of the original 2014-2023 values, and re-generated if not. 

The fishing selectivities across base and other OMs in the reference set (Ref), 

2013-2021 (SEN1 OM) and 1998-2003 (SEN2 OM) are shown in Figure 4.10. For 

the A-fleet which is dominating the fishery, it can be observed that the selectivity 

at age is increasing with age in recent years whilst more dome shaped over the 

period 1998-2003. The resampling in the different periods translates into 

different fishing selectivity patterns as shown in Figures 4.11-13. 

 

 

Figure 4.10: Fleet selectivity at age over which the process generating future selectivity is resampled: base and 
other OMs in the reference set, Ref (random walk using the last 10 years), SEN1 (2013-2021) and SEN2 (1998-

2003). Ribbons are the 95th/5th quantiles. 
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Figure 4.11: Base and other OMs in the reference set, Ref (random walk using the last 10 years). Example of fleet 
selectivity development in projections for four different replicates. 
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Figure 4.12: SEN1 sensitivity test (exploitation resampled over 2013-2021). Example of fleet selectivity 
development in projections for four different replicates. 

 

 

Figure 4.13: SEN2 sensitivity test (exploitation resampled over 1998-2003). Example of fleet selectivity 
development in projections for four different replicates. 
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4.5 Natural mortality 

The natural mortality is based on the output of the SMS multi -species model 

from WGSAM (ICES (2024b)) which spans the period 1974-2022. The raw 

values are first smoothed using a loess smoothing (span of 0.5). For years prior 

to 1974 and after 2022, a rolling average over the 5 most recent years is used. 

The resulting natural mortality times series at age are then scaled by profiling 

the assessment model over a range of additive scaling (Figure 3.10). As of 

HAWG  2024, the additive scaling is addM = 0.02, a value that is used in all 

OMs except those considering deviations in natural mortality (Table 3.2, 

namely M2, M3, M4 and M5). The OMs considering uncertainties in natural 

mortality deviate in different ways to the procedure above and will be 

described separately in the following sections. 

One specificity of the natural mortality scenarios (M1 -5) is that whilst each 

replicate is conditioned on different natural mortality vectors, the natural 

mortality taken as observations (i.e. used for fitting the estimator in the 

management plan) is the one from HAWG. This mimics a model 

misspecification, simulating the case of having an underlying natural mortality 

that differs from  the one applied in the yearly assessment model used to derive 

catch advice. 

The comparison between the different natural mortalities at age is shown in 

Figure 4.14. 
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Figure 4.14: Time series of natural mortality at age for the different OMs considered. Ribbons are the 95th/5th 
quantiles. The black vertical line is the year at which projections are starting. 

 

4.5.1 M1: replicates in predation mortality 

OM M1 considers replication in the predation mortality using the variance -

covariance matrix from the 2023 SMS multi-species model (ICES (2024b)). A set 

of 1000 replicates of natural mortality at age are first generated (Figure 4.15). 

For each replicate, the SAM stock assessment model is profiled over additive M 

scaling (as shown in Figure 3.10). This profiling procedure results in an addM 

between 0.01 and 0.03 (Figure 4.16) which is a very narrow range of values over 

the value of the base assessment model (0.02). Using the optimal additive M 

scaling for each replicate, the stock assessment is then fitted. Therefore, each 

replicate benefits from an assessment fit that is used to draw further 

uncertainty from the variance -covariance matrix derived from the SAM  model 

fit, as described in Section 3.3 and 3.4. The resulting uncertainty over 1000 

replicates is like  the base OM as shown in Figure 4.17. 

 



38 |  ICES SCIENTIFIC REPORTS 7:53 |  ICES 
 

 

 

Figure 4.15: Replicates in natural mortality. The graph shows individual replicates together with the 
95%/5% quantiles as grey shaded areas. 

 

 

Figure 4.16: Additive M resulting from the profiling of individual assessment models imputed with 1000 
replicates of natural mortality. 

 



ICES |  WKMSEHERRING   2025 |  39 
 

 

 

Figure 4.17: Stock trajectories (F01, F26, rec and SSB) over the historical period for the base and M1 OMs. 
Ribbons are the 95th/5th quantiles. 

 

4.5.2 M2, M3, M4 and M5: scaling of natural mortality 

Natural mortality for the NSAS herring assessment is derived from the SMS 

multi -species model (ICES (2024b)) as described above. These values are 

updated triennially  by the ICES working group on Multi -Species Assessment 

Methods (ICES (2024b)). Given this 3-year cycle, it is not uncommon that 

mortality rates shift between update s of SMS assessments. Taking these new 

values directly as input may cause considerable shifts in the perception of the 

NSAS herring stock. To alleviate this issue, the profiling method described 

previous ly  was developed at the 2018 benchmark (ICES (2018)) and 2021 inter-

benchmark (ICES (2021)) to smooth the transition between these cycles. This 

process is, however , based on a statistical fit of the stock assessment model 

which do es not alleviate potential uncertainties in the absolute level of natural 
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mortality. In that context, the M2  and M3 OMs aim at encapsulating this 

uncertainty in the OM reference set (i.e. cases considered in the tuning of the 

HCR). More specifically, the M2 OM considers higher natural mortality levels 

whilst the M3 OM considers lower natural mortality levels. OMs M4 and  M5 

consider further extremes in the bandwidth of absolute level of natural 

mortality but only as robustness tests. Here, the methods employed to derive 

the M2, M3, M4 and M5 OMs are explained. 

For M2 and M3, the profiling of the base assessment over stock replicates is 

employed. This is in line with the estimation uncertainty of all other parameters 

to generate OMs. Using the variance-covariance matrix derived from the SAM 

model fit, 1000 stock replicates and associated new sets of observations were 

generated. The SAM stock model was then fitted to each individual set of 

observations and the profiling method from the 2021 inter -benchmark (ICES 

(2021)) was applied, spanning additive scaling in natural mortality from -0.1 to 

+0.1 in steps of 0.01. This procedure yielded additive scaling in natural mortality 

for each replicate, in turn providing the distribution of additive scaling across 

the 1000 replicates. This distribution is shown in Figure 4.18. It can be observed 

that the additive scaling that is cumulative to the 0.02 from the base assessment 

is between -0.08 and +0.08 with mean of 0, and the 95% quantile range is 0.05 to 

0.05. Using these results, the M2 and M3 OMs are constructed with: 

Ɉ M2: adding 0.05 to the HAWG  2024 natural mortality vector, leading to 

a total additive scaling of 0.07. 

Ɉ M3: subtracting  0.05 to the HAWG2 024 natural mortality vector, 

leading to a total additive scaling of -0.03. 

Drawing uncertainty in additive scaling from assessment stock replicates was 

deemed more consistent with the OM conditioning for this MSE exercise. For 

this reason, M2 and M3 OMs were included in the reference sets. However, an 

alternative way to draw unce rtainty in additive scaling is to use the profiling of 

the base assessment. From this profile, a 95% confidence interval can be drawn 

for the range of parameters for which the log -likelihood lies within 1.92 of the 

maximum log -likelihood value. This is exemplified in Figure 4.19 (black 

horizontal line as the 1.92 level offset). The corresponding natural mortality 

time series are used for the M4 and M5 OMs that are only considered as 

robustness tests. More specifically: 

Ɉ M4: total additive scaling of -0.05 

Ɉ M5: total additive scaling of 0.1 
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Figure 4.18: Estimated additional background mortality for 1000 replicates by scanning over additive M within 
each replicate. 

 

 

Figure 4.19: Stock assessment model profiling over different level of additive M scaling and 
corresponding natural mortality OMs. The OMs from the reference set are M2 (red vertical line, 
addM = 0.07) and M3 (blue vertical line, addM = -0.03) that have their additive rescaling derived from 
the distribution of assessment profiling over 1000 stock replicates (Figure 4.1). The OMs M4 and M5 
are part of the robustness test and are derived as an offset of 1.92 points in log likelihood from the 
optimum (red point). 

 



42 |  ICES SCIENTIFIC REPORTS 7:53 |  ICES 
 

 

4.6 Recruitment, SR function and deviances 

Simulating recruitment into the future is a key aspect of the MSE exercise. 

Assumptions about recruitment often drive the trajectory of the stock and , in 

turn , the ability to harvest it at higher or lower fishing mortalities. For this 

MSE, stock recruitment relationships are derived for each replicate, after these 

are drawn from the stock assessment model variance covariance matrix 

(Section 4.1). Here, five different bases of stock recruitment underpin the 

different OMs (Table 3.3). More specifically: 

1. Base: rationale relating to previous ICES working group on NSAS 

herring, i.e. recovery dynamics from the full period and productivity 

from recent period.  

¶ Fit using a cropped time series (2002-2024), fixing steepness based on 

the full  time series (1947-2024 excluding 1979-1990). 

¶ No depensation parameter 

2. SR1: what if recovery dynamics is also inferred from the recent time 

period? 

¶ Fit using a cropped time series (2002-2024) 

¶ No depensation parameter 

3. SR2: what if productivity is inferred from the full period?  

¶ Fit using the full time series (1947-2024 excluding 1979-1990) 

¶ No depensation parameter 

4. SR3: what if depensation is taking place? 

¶ Fit using the full time series (1947-2024 excluding 1979-1990) 

¶ Inclusion of depensation parameter 

5. SR4: what if autocorrelation is playing an important  role? 

¶ Fit using the full time series (1947-2024 excluding 1979-1990), using 

autocorrelation as a parameter 

¶ No depensation parameter 

For all OMs except SR3, a 50%/50% mix of stock recruitment functions between 

segmented regression (Segreg) and Beverton and Holt (BH) is used. For SR3, 

because of the poor statistical fit for the segmented regression function 

including depensation, only the BH function is considered (i.e.  500 replicates). 

The fits between the different recruitment functions ar e shown in Figure 4.20. 

Expectedly, the fit s over the long time series lead to higher productivity and 

steepness. 

The recruitment functions are used to generate recruitment in projection years. 

On top of these, deviances are applied as an additional multiplier. These 

deviances are predefined for each replicate. These are generated using a log 
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normal distribution with sd estimated ad hoc from the fit of the recruitment 

function for each replicate. The deviances for the different OMs are shown in 

Figure 4.21. 

For SR4, however, these deviances are correlated in time. For the BH SR 

relationship, autocorrelation is estimated directly when fitting the SR model to 

the stock-recruit pairs  (and therefore affecting the fit of the relationship as well) . 

For the Segreg SR relationship, autocorrelation is calculated from the residuals 

of the model fit. For both models, auto-correlated deviances are generated from 

an auto-correlated log-normal distribution  with a mean of zero and sd as 

estimated from the residuals. 

 

 

Figure 4.20: Stock recruitment functions for the different OMs considered. All OMs except SR3 is a 50% mix of 
Segmented Regression (segReg facet) and Beverton-Holt (BH facet). Ribbons are the 95th/5th quantiles over 500 
replicates. 
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Figure 4.21: Recruitment deviance for the different OMs considered. All OMs except SR3 is a 50% mix of 
Segmented Regression (segReg facet) and Beverton-Holt (BH facet). Ribbons are the 95th/5th quantiles. 

 

4.7 Process error 

The SAM model estimates process error on the log-transformed numbers-at-age. 

Process error can be interpreted as departures not explained by fishing or the 

assumed natural mortality at each age (e.g. migration). New process errors must 

be generated in OM projections, because other OM values estimated by or 

derived from SAM are conditioned on the process error estimates. Practically 

speaking, OM projections without process error will result in new numbers -at-

age that are higher and lower than they should be. Process errors are assumed 

to follow a normal distribution with zero mean and age -specific standard 

deviations output by SAM. These standard deviations are used with a truncated 

normal distribution (with truncation at ± 3 sd) to generate new process errors for 

OM projections. The equation for incorporating these process errors is shown in 

Section 4.8.4. The level of process error for the different ages is presented in 

Figure 4.22. 
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Figure 4.22. Process error deviance applied to stock numbers at age in the projection period. 

 

4.8 OM Projection 

The OM projections are done using the FLasher package (Scott and Mosqueira 

(2023a,b)) from the FLR framework (Kell et al. (2007)). In order to describe the 

process underlying the projection, the documentation from the FLasher 

package will be used, more specifically the FLasher_reference vignette (Scott 

and Mosqueira (2023a)). 

 

4.8.1 Calculating the fishing mortality 

Fishing effort and fishing selectivity (defining the exploitation pattern)  drives 

the catches and biological stock abundance through fishing mortality. As such, 

it is a key metric of the model, as explained in Section 4.3. Fishing mortality (F) 

is an age-structured metric that represents the impact of fishing on the stock. 

The fishing mortality imposed on the fish stock from a catch amount is known 

as the partial fishing mortality. This is because in FLasher, fishing morta lity can 

be split across ages into different stocks and different fleets. For NSAS herring , 

the fish stock is fished by multiple fleets (A -D). The partial fishing mortality is 

calculated as: 

ὴὊȟ ὛὩὰȟὉ 

where ὥ is age, and ὧ the index relating to the fleet realising the catches. The 

quantity ὴὊ is the partial fishing mortality, ὛὩὰ is the fleet selectivity and Ὁ is 

the fishing effort. The effort Ὁ is defined as presented in Section 4.3 (maximum 

fishing pressure over all ages, or apical F). The total fishing mortality imposed 

on a stock from all the fisheries is the sum of the partial fishing mortalities:  
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Ὂ ὴὊȟ ὴὊȟ ὴὊȟ ὴὊȟ  

4.8.2 Projecting the fisheries 

In each time step of the projection, the landings and discards numbers are 

updated. In the case of NSAS herring , discard is set to 0 as bycatch in fisheries 

other than fleet B and D is considered to be negligible. Catch numbers at age in 

each time step are calculated using the Baranov equation. For NSAS herring , the 

stock is fished by fleets A-D. The catch of each fleet is the partial catch. The total 

catch equals the sum of the partial catches from that stock: 

ὅ ὴὅȟ ὴὅȟ ὴὅȟ ὴὅȟ  

The partial catch is given as: 

ὴὅȟ ὴὊȟȾὤ ρ Ὡ ὔ  

with ὤ the total mortality of the stock and ὔ the abundance at age. The total 

mortality is given as:  

ὤ Ὂ ὓ  

with ὓ the natural mortality at age.  

 

4.8.3 Projecting the stock 

The biological stock is projected one timestep at a time by the FLasher package. 

The method calculates the survivors from the previous timestep and places 

them in the current timestep. Recruitment in the current timestep is calculated 

using the stock recruitment function. More sp ecifically, the projection sequence 

is as: 

1. Calculate total mortality ( ὤ) on the stock in the previous timestep (see 

above). 

2. Calculate survivors (Ὓ) from the previous timestep.  

3. Calculate recruitment for the current timestep.  

4. Place survivors and recruitment in the appropriate age classes in the 

current timestep. 

 

4.8.4 Calculating survivors 

Abundance at age in a given time step is at the start of a timestep, i.e. before 

any fishing or natural mortality occurs. The survivors Ὓ are the abundances at 

age at the end of a timestep in a given year ώ, calculated as: 
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Ὓȟ ὔȟϽὩ ȟϽὩ ȟ 

where ὔȟ is the population abundance at the start of the timestep and ‐ȟ is 

the age- and year-specific process error on survival (Section 4.7). The survivors 

are put into the abundances in the next timestep. The age group that survivors 

are placed in depends on the timestep and the timing of recruitment. For the 

MSE, the recruitment is taken at age 0 and timesteps are of 1 year. The plus 

group i s age 8. As the projection progresses by 1 year, the survivors are placed 

in the next age group. 

 

4.8.5 Recruitment 

Recruitment is one of the most important biological processes as it drives the 

dynamics and productivity of the stock. It is also a source of great uncertainty 

and can be strongly affected by external drivers such as environmental 

conditions. In Flasher, calculating recruitment has two main stages:  

Ɉ Calculating the spawning stock biomass (ὛὛὄ) 

Ɉ Calculating the recruitment from the SSB: Ὑ Ὢ22! 

ὛὛὄ in year ώ is calculated as: 

ὛὛὄ ὔȟ ,ÈÛȟ ὡὸȟ Ὡὼὴὤ×ÙÌÚ×ÞÕ
ȟ

 

Where ὃ is the plusgroup  in the stock, ὓὥὸ is the proportion mature, ὡὸ is the 

mean weights at age and ὤ×ÙÌÚÞÕ is the amount of mortality (fishing and 

natural) experienced by the stock before spawning occurs in the current 

timestep. The timing of spawning for NSAS herring is 0.67 (1st September). 

In the MSE, recruitment is modelled  as a single unit, meaning a single 

recruitment event takes place. It is considered appropriate for the MSE 

modelling purpose though in practice NSAS herring has four different spawning 

components with spawning timings in both autumn and winter. The recruitment 

functions considered here are described in Section 4.6. The calculated 

recruitment is inserted into the abundance in the same timestep meaning that 

recruitment is calculated at the start of the timestep. 

The final step in calculating recruitment is the application of deviances. This is 

an additional multiplier applied to the calculated recruitment. The deviances are 

used to introduce further variability  in recruitment.  
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4.8.6 Projection targets 

Generally, projections are controlled by targets using FLasher (Scott et al. 

(2023a,b)). Targets cannot be specified by age and are aggregated over all ages. 

However, the targets are specific to each stock replicate. Targets can be set to 

different components of the model, e.g. the entire stock itself, or a specific 

fishery. The catch and fishery targets are specific to each fleet. Furthermore, F 

targets also require the age range over which to calculate it. These targets can 

be defined as relative to another fleet (e.g. effort of B-fleet relative to fleet A).  

See next section for specifics to the NSAS herring MSE. 

 

4.8.7 Evaluation of targets 

To solve the projection, the FLasher package attempts to find the fishing effort 

values in the appropriate timestep to hit the desired target:  

Ὡ ὸ ὸǶ 

Where ὸ is the target defined, ὸǶ is the state of the operating model at a given 

level of fishing effort (where we are) and the error Ὡ is the difference between 

the two. FLasher attempts to find the fishing efforts so that ὸǶ minimizes Ὡ. The 

projection targets for this MSE are described in Section 4.9, and ensure that the 

single TAC from the MP is conv erted into fleet -based catches in the OM, 

respecting the relevant fleet effort and fishing selectivity  scenarios (Sections 4.3 

and 4.4 respectively). 

 

4.9 Implementation system 

To implement the single TAC into four different fleets, the implementation 

system is undergoing an optimization process based on different targets. This 

is done to constrain fluctuations in behaviour  of the four fleets. This process is 

undertaken using the Flasher package from the FLR framework, as described 

in the sections above. 

Important to the projections are the following:  

Ɉ Catch quota is what is implemented by managers in practice. Therefore, 

the catch should correspond to the catch quota from the management 

strategy. 

Ɉ The distribution of the catch quota in term of fishing pressure between 

the different fleets should mimic selected past periods (reference set as 

2022-2023, SEN1 as 2013-2021, SEN2 as 1998-2003). The period over 
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which fleet behaviour  is resampled defines selectivity at age and fishing 

effort  (Sections 4.3 and 4.4). 

Under these two principles, projections are made using the following four 

projection targets: 

1. ὅ.,ώ 3 "ώ 

2. Ὁ ώ ὶȾ Ὁ ώ 

3. Ὁ ώ ὶȾ Ὁ ώ 

4. Ὁ ώ ὶȾ Ὁ ώ 

with Ὁ the effort of fleet Ὥ as defined in Sections 4.3 and 4.8.1. The quantity ὶȾ  

is the ratio of effort Ὥ relative to fleet A (see Figure 4.7 and 4.8). These are 

sampled over selected periods (Table 3.2). The projection based on fishing 

effort relative to fleet A links fishing pressure on juveniles to fishing pressure 

on adults (Figure 4.23). This is because a decrease or increase of fishing 

pressure is implemented in fleet A (targeting adults) and the relative decrease 

or increase in effort of this fleet is followed by other fleets (e.g. fleet B and D 

with a bycatch of juveniles).  

 

 

Figure 4.23: Yearly ratio of F0-1 to F2-6 for projections under F=0.2 constraint. This quantity remains 
independent from the choice of fishing pressure on adults. Ribbons are the 95th/5th quantiles. 

 

4.10 Observation Error Model (OEM) 

In each projection timestep, catch and survey data are generated. The catch at 

age is generated directly from the OM by applying the deviances to each catch 

at age: 

ὅÖÉÚὥȟώ ὅ.,ὥȟώ ËÌÝὥȟώ 
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with ËÌÝ being catch at age deviance. 

The survey indices are generated as: 

Ὅȟȟ ήȟ ὔȟ Ὡ ȟ ËÌÝὥȟώ 

with Ὅȟȟ and ήȟ the survey index numbers of survey Ὥ at age ὥ in year ώ and 

catchability of survey Ὥ at age ὥ, respectively. The quantity ὸ is the timing of 

the survey and ËÌÝ is the index at age deviance. 

The residuals for catch at age and survey at age are drawn from a log normal 

distribution, using standard deviations estimated by the SAM assessment 

model. This is specific to each data source, each OM and each stock replicate. 

The resulting residuals on catch at age are shown in Figure 4.24. The resulting 

index at age residuals are shown in Figure 4.25. 

 

 

Figure 4.24: Distribution of deviances in catch at age for the projected years. 
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Figure 4.25: Distribution of deviances in index at age for the projected years. 

 

4.11 Biological reference point 

The biological reference point Blim is of importance for the MSE because the 

risk performance metrics are calculated as the probability of being below Blim.  

The derivation of Blim is done similarly to previous derivation during ICES 

workshops and working groups on NSAS, i.e.  WKPELA (ICES (2018)), 

IBPNSHerring  2021 (ICES (2021)), HAWG 2024 (ICES (2024a)). More 

specifically, a segmented regression stock recruitment function is first fitted. 

Then, Blim is taken as the breakpoint of this fit, i.e. the ὦ parameter. For NSAS, 

the time series used to fit the recruitment function spans 1947-2024 excluding  

years over which stock recovery is taking place (1979-1990). In the MSE, the 

Blim values are specific to each replicate as each replicate exemplifies a unique 

set of stock recruitment pairs. The distribution of Blim values is shown in  

Figure 4.26 for the different OMs. As anticipated , the distribution of Blim  

values is the same for the base, SR1, SR2, SR3 and SR4 OMs, because the 

conditioning of the replicates is the same. However, changes in Blim are 

induced when altering natural mortality, i.e.  for M1, M2, M3, M4 and M5. In 

Figure 4.26, one can observe a shift of the breakpoint to either side of the base 

OM scenario when natural mortality is scaled up (M2 and M5) or scaled down 
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(M3 and M4). This aspect is exemplified  in Figure 4.27 by comparing the Blim 

segmented regression fitting for the base, M2 and M3 OMs. 

 

 

Figure 4.26: Distribution of the biological reference point Blim across replicates for all OMs considered. 

 

 

Figure 4.27: Contrast in the derivation of the Blim biological reference point for the base, M2 and M3 OMs. Using 
a segmented regression fit, Blim is taken as the breakpoint. 
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5 Management Procedure (MP) and tuning 

The management procedure is model-based and uses the stock assessment 

model described in Section 3.4 as the Estimation model (Figure 3.15). It should 

be noted that even though the models that are used to construct the OMs are 

similar in structure to the stock assessment model used as the Estimation 

model, they are independent of one another in the MSE and do not necessarily 

share the same assumptions (e.g. biological parameters, recruitment models, 

etc.), and only the monitoring data from the OM is passed onto the Estimation 

model (Figure 3.15). In the management procedure, stock status (more 

specifically SSB), is estimated using this Estimation model. From this stock 

status, the management procedure consists of the following rules:  

1. A Harvest Control Rule (HCR) with a fishing mortality equal to the 

target F when SSB is at or above Btrigger. In the case that the SSB is 

forecasted to be less than Btrigger at spawning time in the year for 

which the TAC is to be set, the TAC shall be fixed consistently with a 

fishing mortality that is given by: F=Ftarget×SSB/Btrigger. This HCR is 

shown in Figure 3.16. 

2. A constraint on the inter -annual variation of TAC is applied when the 

HCR would lead to a TAC that deviates by more than 20% below or 25% 

above the TAC of the preceding year. In such a case, the TAC is 

respectively set as 20% below or 25% above the TAC of the preceding 

year. The TAC constraint only applies if the SSB at spawning time in the 

year for which the TAC is to be set is higher  or equal to Btrigger.  

3. A 10% banking and borrowing mechanism is allowed. Banking and 

borrowing should be suspended when SSB is below Btrigger. The 

impact of this is only tested under one scenario in SEN6. 

The combination of Ftarget and Btrigger defines the HCR. It is important to 

note that Ftarget and Btrigger are control points for the HCR, based on 

management objectives and decisions, and should not be confused with 

reference points for the stock (e.g. Fmsy and MSYBtrigger or Bpa when 

MSYBtrigger is not estimated). The process of evaluating the different 

combinations of Ftarget-Btrigger is the tuning. This evaluation is done against 

performance metrics defined in a given time horizon.  

 

5.1 Performance metrics 

For this MSE, performance metrics are computed yearly or over specific time 

horizons. More specifically:  
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Ɉ Yearly stats (acronyms encountered in the different figures in 

parentheses): 

ɬ CV of catch per year (cvC) [Note this is an annual CV rather than 

interannual variability  given for IAV below]  

ɬ Mean catch per year (Cy) 

ɬ Probability that spawner biomass is below Blim  (PBlim) 

ɬ CV of SSB per year (cvSB) 

ɬ Mean SSB per year (SBy) 

ɬ Mean of fishing pressure on juveniles (age 0-1) per year (Fjuv.y) 

ɬ Mean of fishing pressure on adults (age 2-6) per year (Fadult.y)  

Ɉ Metrics over the entire period (2024-2048), short (5 years, 2024-2028), 

medium (5 years, 2029-2033) and long term (15 years, 2034-2048): 

ɬ ICES Risk3, max probability that spawner biomass is below Blim  

ɬ Average percentage interannual change (or average interannual 

variability ) in catch (IAV) , calculated as follows: 

( 5ɯǻɯÁÖÅÒÁÇÅ ÏÖÅÒ ÙÅÁÒÓ ώ ÈÕËɯÙÌ×ÓÐÊÈÛÌÚɯὭɯÖÍɯ
ὅ

ὅ
ρ 

ɬ Mean catch over years 

ɬ Average interannual variability in SSB (see above definition for 

IAV  in catch) 

ɬ Mean SSB over years 

ɬ Mean fishing pressure on juveniles (age 0-1) over years 

ɬ Mean fishing pressure on adults (age 2-6) over years 

In relation to the LTMS request, performance criteria in the short, medium and 

long term are: average SSB, average yield, Indicator for year to year variability 

in SSB and yield and risk of SSB falling below Blim. Furthermore, the long-term 

goal requested for the combination of Ftarget-Btrigger control points are: 1) 

maximising yield, 2) minimising the risk of falling below Blim and 3) achiev ing 

stability of catches. 

 

5.2 Fixed F OM projections 

Prior to running the MP, simple projections under constant fishing pressure are 

conducted: 1) F=0 and 2) F=0.2. 

The trajectories for F=0 are shown in Figure 5.1. Expectedly, the OMs that 

generate the highest recruitment due to their stock recruitment relationship are 

SR2 and SR4. This is because these are fitted on the long time series which leads 

to higher productivity overall. The M2 scenario (positive additive scaling in 
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natural mortality) also exemplifies high recruitment. These high recruitment 

scenarios translate in high SSB levels. Important to note is the high degree of 

variability of the SR4 scenario due to the inclusion of autocorrelation in 

recruitment deviances. 

The annual risk under an F=0.2 constraint is shown in Figure 5.2. The 

corresponding yield in different time periods is shown in Figure 5.3. Prior to the 

application of any MP, these projections give first insights into the behaviour  

under  each individual OM. For example, it is clear that the SR4 scenario is prone 

to higher risk because of large extremes induced by its large variability in 

recruitment, especially for the BH stock recruitment function which was 

associated with high autocorrelation. This aspect is exemplified in the stock 

recruitment pairs Figure 5.4 which displays extremes in SSB and recruitment 

levels compared to other scenarios. 

 

 

Figure 5.1: Comparison OMs under no fishing pressure. Ribbons are the 95th/5th quantiles. 
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Figure 5.2: Annual risk under F=0.2 constraint for all OMs. The red horizontal line is the 5% ICES Risk3 threshold. 

 

 

Figure 5.3: Catch at different time horizon under F=0.2 constraint for all OMs. 
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Figure 5.4: Stock recruitment pairs for projections under F=0.2 constraint. Both the historical (black dots) and 
projection period (blue dots) are plotted for the different types of stock recruitment scenarios. Note the 
different scales on the y-axis. 

 

5.3 Description of MP building blocks 

5.3.1 Decision process 

The catch advice for NSAS herring is taking place yearly, with a data lag of 1 

year and a management lag of 1 year. The decision process consists of the 

following steps (Figure 3.12): 

1. The assessment model (i.e. the estimator) is run in the intermediate year, 

with input data up to the data year because of the 1 year data lag. 

2. The stock estimations are projected in the intermediate year with a catch 

constraint using the already known TAC for the intermediate year.  
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3. The stock is projected in the forecast year with a fishing pressure 

constraint. This target fishing pressure is calculated using SSB in the 

forecast year, at spawning time. The HCR determining the fishing 

pressure is a hockey stick type rule with Ftarget and Btrigger as control 

points (see Figure 3.16). It is important to note that taking SSB in the 

forecast year is complicated because fishing pressure in the forecast year 

is derived from the SSB in the forecast year based on the HCR, which 

implies that an optimization process is taking place to find the right 

fishing pressure. 

4. TAC is derived from catches corresponding to fishing pressure in the 

forecast year. 

5. A further TAC constraint is applied. More specifically, if the TAC 

deviates by more than 20% below or 25% above the TAC of the 

preceding year, the TAC is restricted to this respective limit . The TAC 

constraint shall not apply if the SSB at spawning time in the year for 

which the TAC is to be set is less or equal to the Btrigger control point. 

The TAC is the quantity implemented by managers. Here, no implementation 

error is added (i.e. no overshoot). The first year in the projection is conditioned 

on the catches in 2023 and an already known TAC in 2024, determined at 

HAWG  2024 (ICES (2024a)). 

 

5.3.2 Stock estimator 

It is important to recall that in the decision process, the estimator is run with 

data up to the data year and catch quota is determined for the forecast year, 

i.e. 2 years ahead of the data year, as explained in previous sections. Using the 

results from the estimator, two projections of one year are performed prior to 

applying t he HCR shown in Figure 3.16. 

The estimator used here is the SAM stock assessment model, configured at 

HAWG. The convergence of the model is tracked for each iteration and projected 

year. Two types of non-convergence are captured: 

1. Failing in model convergence leading to no model output  

2. Hessian not positive definite, leading to estimates without SD  

When case 1. occurred, the stock replicate was dropped entirely. When case 2. 

was encountered, model estimates were obtained and used. It only prohibited 

the use of the SDs of recruitment estimates which are used for estimating 

recruitment in the forecast as a weighted average over 10 years using 

uncertainty in recruitment as weighting factor. When no uncertainty in 

recruitment was available, an average with equal weighting was applied.  
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In addition to the implementation of the estimator with the SAM model, a 

shortcut was also built. This shortcut replicate s the true population estimate and 

applies a deviance on SSB estimates in the forecast year. This deviance is drawn 

from a log normal distribution using an sdlog. For example, runs with the 

shortcut set with sdlog=0 corresponds to a perfect stock assessment in the data 

year undergoing the same decision process described above. This shortcut was 

used to troubleshoot the R code and run basic tests (e.g. Figure 5.8). All results 

presented further  for the MP include the stock assessment model as the stock 

estimator. 

 

5.4 Estimation model performance and convergence 

Overall, model convergence was not an issue. Across all OMs, no replicate 

exemplified a SAM model run that did not converge (convergence case 1, as 

listed in the previous section, see Figure 5.5 bottom panel). However, for some 

replicates the hessian was not positive definite, which did not allow t he 

deriv ation of model uncertainties. This case happened on single years over a 

marginal amount of replicates ( Figure 5.5 top panel). Moreover, the occurrence 

of this case did not prohibit the computation of subsequent projections.  

Using the NSAS herring  standard stock assessment model as the estimator is 

computationally intensive for the MSE model. However, the inclusion is deemed 

necessary because of the difficulty in characterising the estimation bias of the 

assessment within the management procedure. The discrepancy between the 

ÜÕËÌÙÓàÐÕÎɯ.,ɀÚɯ22!ɯÈÕËɯÛÏÌɯÌÚÛÐÔÈÛÐÖÕɯÍÙÖÔɯÛÏÌɯÌÚÛÐÔÈÛÖÙɯÐÚɯÚÏÖÞÕɯÐÕɯ%ÐÎÜÙÌɯ

5.6(a). When taken across replicates, it is clear that the estimator yields accurate 

estimation of the population . However, there is a contrasting mix of fits across 

stock replicates. This is something to be expected, because the level of estimation 

bias of the stock assessment model in the terminal year is a mix of several factors 

such as the trends in stock trajectory or whether the stock is at low o r high levels. 

This is shown in Figure 5.6(b) for different replicates. In general, the maximum 

assessment bias was in the order of 20% (Figure 5.6(c)). The inclusion of the stock 

assessment model in the management procedure compared with perfect 

knowledge of the stock in the data year generally induces a substantial increase 

of the risk (Figure 5.7). 
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Figure 5.5: Model convergence across OMs and all 41 grid cells covered (see Figure 5.8). The top panel shows the 
% of individual years across all replicates, OM and grid cells where the Hessian was not positive definite, i.e. no 
var-covar matrix. The bottom panel shows the % of replicates where the model did not converge. 
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Figure 5.6: Performance of the SAM stock assessment model in SSB. (a) Comparison of SSB from the OM and as 
estimated by the SAM stock assessment model in projected years. (b) Comparison of SSB from the OM and as 
estimated by the SAM stock assessment model for four randomly drawn replicates. (c) Bias in assessment 
estimation, computed as SSB from the estimated divided by the OM SSB. In all panels, the comparison is made 
for SSB in the terminal year of the projection. The base OM is used for the projections with the following control 
points: Btrigger=1.7e6 and Ftarget=0.34. Ribbons in (a) and (c) are the 95th/5th quantiles. 

 






































































































































































































































