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DRAFT MEMORANDUM 

 
DATE:  March 16, 2021 

TO:  Scientific and Statistical Committee (SSC) 
FROM: Herring Plan Development Team (PDT) 

SUBJECT: Initial analyses for an Atlantic Herring Rebuilding Plan 
 
The Council is developing a rebuilding plan for Atlantic herring that was declared overfished in 
October 2020. The Herring PDT and Committee have had several meetings to discuss possible 
rebuilding strategies and review initial fishery projections, and this memo summarizes the work 
completed to date. The SSC is being asked to provide input on these initial analyses with specific 
technical questions included in the last section of this memo (Section 5.0).   
 

1.0   Background on rebuilding plan requirements and status of Atlantic herring 
2.0   Amendment 8 Acceptable Biological Catch (ABC) control rule 
3.0   Initial Herring Committee input on rebuilding strategies 
4.0   Initial PDT analyses of rebuilding strategies 
5.0   Terms of Reference for this SSC meeting 

Attachment 1 – Detailed rebuilding plan projection results 
Attachment 2 – Methods used for calculation of generation time 
Attachment 3 – Methods used for autocorrelated recruitment 
 
 

1.0 Background on rebuilding plan requirements and status of Atlantic herring  

If NOAA Fisheries determines that a stock is overfished, a Council must develop a plan to 
rebuild it to the level that can support maximum sustainable yield (MSY). A rebuilding plan 
usually allows fishing to continue, but typically at a reduced level so the stock will increase to a 
target level to support MSY.  

The Council was informed on October 13, 2020 that Atlantic herring was declared overfished; 
NOAA’s Assistant Administrator for Fisheries formally determined on October 2, 2020 that the 
Atlantic herring stock is overfished based on the best scientific information available. NOAA 
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Fisheries recommends that the Council submit a rebuilding plan within 15 months to ensure 
sufficient time to implement the appropriate regulations within two years of the notification 
letter.  In this case, fifteen months from October 13, 2020 is January 13, 2022.   

The correspondence from NOAA Fisheries explains that the Northeast Fisheries Science Center 
completed the most recent assessment of the Atlantic herring stock in June 2020 using data 
through 2019.  The assessment supports a determination that the stock is not subject to 
overfishing, because the 2019 fishing mortality rate (F = 0.25) is less than the maximum fishing 
mortality threshold (F = 0.54), but is now overfished because spawning stock biomass in 2019 
(77,883 mt) is less than minimum stock size threshold (134,500 mt; NEFSC, (2020)).  This is a 
change from the previous assessment in 2018 that the stock was approaching an overfished 
condition but also concluded that overfishing was not occurring.    

Figure 1. Atlantic herring stock status based on the ASAP model. 

 
Source: NEFSC (2020). 
Note: Error bars represent the 80% probability intervals. The triangle represents the model result if an 
adjustment were to be made for the retrospective pattern. 
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The development of rebuilding plans is guided by ⸹304(c) of the Magnuson-Stevens Fishery 
Conservation and Management Act (MSA), NMFS guidance on MSA implementation 
(specifically National Standard 1 Guidelines, and judicial review from relevant court cases). 
There are several key terms and definitions specific to rebuilding plans that the Council will need 
to specify in this rebuilding plan. The Herring PDT has drafted herring specific definitions for 
these required terms, See Table 2.  The National Standard 1 Guidelines include more details 
about how Councils should develop plans to comply with these requirements 
(https://www.federalregister.gov/documents/2016/10/18/2016-24500/magnuson-stevens-act-
provisions-national-standard-guidelines , also included as Document #5 for this meeting).  

The Magnuson Act states that the rebuilding time should be as short as possible and “shall not 
exceed ten years, except in cases where the biology of the stock” or some other considerations 
“dictate otherwise.” The Secretary is required to review rebuilding plans at routine intervals that 
may not exceed two years to determine whether the plan is making adequate progress toward 
ending overfishing. If a stock has not rebuilt by Tmax, then the fishing mortality rate should be 
maintained at its current Frebuild or 75% of the MFMT (minimum fishing mortality threshold), 
whichever is less (see Table 2 for definitions for these terms). While a plan is being developed or 
revised, a Council can request NOAA Fisheries implement interim measures to reduce 
overfishing if certain criteria are met.  

 

2.0 Amendment 8 Atlantic Herring Acceptable Biological Catch (ABC) control rule 

The Council approved an ABC control rule in Amendment 8 in December 2018, and the final 
rule implementing that action became fully effective in February 2021. The Council has 
recommended using this control rule on a short-term basis to set specifications in the herring 
fishery in 2019 to present while NMFS reviewed Amendment 8.  The details of the rule are 
below and described in Figure 2.  

Amendment 8 ABC control rule: The control rule is biomass-based, when biomass is greater than 
0.5 for the ratio of SSB/SSBMSY, the maximum fishing mortality allowed is 80% of FMSY, so 20% of 
FMSY is left for herring predators. Under this policy as biomass declines, fishing mortality declines 
linearly, and if biomass falls below 0.1 for the ratio of SSB/SSBMSY, then ABC is set to zero, no 
fishery allocation (Figure 2). 

Amendment 8 also implemented that ABC should be set for three years but with annual 
application of the control rule. This allows ABC to vary between years within a three-year period, 
the ABC may not be constant if biomass is projected to change during a specification timeframe.  

https://www.federalregister.gov/documents/2016/10/18/2016-24500/magnuson-stevens-act-provisions-national-standard-guidelines
https://www.federalregister.gov/documents/2016/10/18/2016-24500/magnuson-stevens-act-provisions-national-standard-guidelines
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Figure 2. ABC control rule implemented by Amendment 8. 

 

 

The Council selected this control rule in Amendment 8 because it met specific criteria identified 
by the Council including low variability in yield, low probability of overfished, low probability 
of closing the herring fishery, and catch at relatively high proportion of MSY.  In summary, the 
control rule was selected because it explicitly accounts for the role of herring as forage in the 
ecosystem by limiting fishing mortality at 80% of FMSY and accounts for uncertainty by limiting 
the maximum allowable fishing mortality rate at 80%. This is expected to help stabilize the 
fishery in the long term.  Overall, the selected control rule balances the goals and objectives of 
the Atlantic Herring FMP and Amendment 8 and is considered a good compromise; it recognizes 
the important role of herring in the ecosystem, as forage for predators, as well as an important 
source of revenue for fishing communities in the Northeast including the directed herring fishery, 
the lobster fishery that uses herring as bait, as well as many other commercial and recreational 
businesses that focus on predators of herring.  
 
When the Council considered implementing an ABC control rule through Amendment 8, it was 
discussed what should happen in terms of applying the ABC control rule if the fishery is declared 
overfished. Language was included in Amendment 8 as guidance if a rebuilding plan became 
required.  Section 2.1.3 of Amendment 8 explains that when a fishery is declared overfished the 
Council must develop a rebuilding plan and, “specify a time period for rebuilding...that shall be 
as short as possible…and not exceed ten years.”  Amendment 8 states that if the fishery enters a 
rebuilding plan, the linear decline in F between the upper and lower biomass parameters of the 
ABC control rule may be insufficient to meet rebuilding requirements. In such cases, deviations 
from the linear decline in F will be required, and projections will have to be completed to 
determine the ABC that will achieve rebuilding (equivalent to what is now done to specify ABC 
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in rebuilding plans). The Amendment went on further to state that if the linear decline in F 
between the upper and lower biomass parameters is enough to meet rebuilding requirements, 
then the control rule should be adhered to and the F produced by the linear decline should be 
used to specify ABC.  

Framework 8 to the Atlantic Herring FMP most recently set fishery specifications for 2021-2023 
using the ABC control rule approved in Amendment 8 (Table 1). Final action on Framework 8 
was in September 2020, and NOAA Fisheries is currently reviewing that action with expected 
implementation in early 2021. It should be noted that the ABC for 2023 was reduced further than 
the control rule and held at the 2022 level based on a recommendation by the SSC due to 
concerns about the assumptions regarding future recruitment. The specifications for 2023 are 
expected to be replaced through a future action following another management track update 
scheduled for 2022. 

Table 1. Preferred alternatives (mt) for 2021-2023 Atlantic herring fishery specifications (Note: set-asides 
have not been removed from this table yet) 

Specification 2021 2022 2023 

Overfishing Limit (OFL) 23,423 26,292 44,600 

Acceptable Biological Catch (ABC) 9,483 8,767 8,767 

Management Uncertainty 4,669 4,669 4,669 

Optimum Yield / Annual Catch Limit (ACL) 4,814* 4,098* 4,098* 

Area 1A sub-ACL (28.9%) 1,391 1,184 1,184 

Area 1B sub-ACL (4.3%) 207 176 176 

Area 2 sub-ACL (27.8%) 1,338 1,139 1,139 

Area 3 sub-ACL (39%) 1,877 1,598 1,598 

* If the New Brunswick weir fishery catch through Oct. 1 is less than the associated “trigger,” (in this case 
3,012 mt) then 1,000 mt of the management uncertainty buffer will be added to the Area 1A sub-ACL. 

 

3.0 Initial Herring Committee input on rebuilding strategies 

The Herring Committee has met twice to discuss initial rebuilding strategies, in December 2020 
and February 2021. At the first meeting the Committee requested the PDT evaluate a handful of 
different strategies that were later reduced to two alternatives: 1) the Amendment 8 ABC control 
rule (ABC CR); and 2) a constant F strategy that would rebuild herring in seven years (Fconstant 
7years). As required by the National Standard 1 (NS1) Guidelines, the PDT also evaluated a 
strategy that would set fishing mortality equal to zero to identify Tmin, the minimum number of 
years herring is estimated to rebuild (F=0). This strategy has not been recommended by the 
Committee as an alternative in the rebuilding plan, but it will be evaluated. The Herring 
Committee also requested the PDT explore the effects of using lower recruitment estimates (than 
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used in the 2018 benchmark and 2020 management track assessments) in the fishery projections 
for all alternatives. Those analyses are presented in detail in the next section (Section 4.0).   

 

4.0 Initial Herring PDT analyses of rebuilding strategies  

This section is organized into three parts:  

1) PDT input on the definition of each term required by NS1 guidelines to be specified in 
a rebuilding plan;  
2) Summary of initial PDT analyses of rebuilding strategies and projection assumptions; 
and  
3) General PDT findings.  

 

More detailed analyses are included in Attachments 1, 2 and 3 to this memo. 

 

1) PDT input on required rebuilding plan definitions 

Table 2 summarizes the required rebuilding plan definitions, as well as initial input for the 
Atlantic herring rebuilding plan in the right hand column.   
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Table 2 – Draft definitions for an Atlantic herring rebuilding plan (not final) 

Term Rebuilding Plan Definitions Draft Atlantic herring 
rebuilding plan definitions 

MSY The largest long-term average catch or yield that can be taken 
from a stock under prevailing ecological, environmental 
conditions and fishery technological characteristics, and the 
distribution of catch among fleets. 

MSYproxy = 99,400 mt 

Bmsy The long-term average size of the stock measured in terms of 
spawning biomass or other appropriate measures of the stock’s 
reproductive potential that would be achieved by fishing at Fmsy. 

SSBmsy proxy = 269,000 mt 

Fmsy The fishing mortality rate that, if applied over the long term, would 
result in MSY. 

Fmsy proxy = 0.54 

Overfished  A stock or stock complex is overfished when its biomass has 
declined below MSST.  

In 2019, SSB estimated at 
77,883 mt, < MSST; 
therefore, the stock is 
overfished. 

MSST 
 

Minimum stock size threshold – level of biomass which the 
capacity of the stock to produce MSY on a continuing basis has 
been jeopardized. This level is not precisely specified in the 
regulations or guidelines, but in practice, generally set at ½ Bmsy. 

½ SSBmsy proxy =134,500 mt 

Overfishing Occurs whenever a stock is subjected to a level of fishing 
mortality or total catch that jeopardizes the capacity of a stock to 
produce MSY on a continuing basis.  

In 2019, F estimated at 0.25, 
< MFMT; therefore, 
overfishing is not occurring 

MFMT 
 

Minimum fishing mortality threshold - level of fishing mortality on 
an annual basis, above which overfishing is occurring.  

F=0.54 

Tmin The amount of time the stock or stock complex is expected to 
take to rebuild to its MSY biomass level in the absence of any 
fishing mortality. The term “expected” means to have at least a 
50% probability of attaining Bmsy.  
 

Using F=0, Prebuild reaches 
over 50% in 4 years 
assuming “AVG” recruitment 
and 5 years assuming “AR”. 

Tmax The maximum time for rebuilding a stock or stock complex to its 
Bmsy.  
If Tmin for the stock is 10 years or less, then Tmax is 10 years.  
If Tmin for the stock exceeds 10 years, then several other 
methods can be used to determine Tmax. 

For Atlantic herring Tmax is 
10 years since Tmin is 10 
years or less. 

Ttarget The target time for rebuilding shall be as short as possible, taking 
into account: the status and biology of any overfished stock, the 
needs of fishing communities, recommendations by international 
organizations in which the U.S. participated, and interactions of 
the stock within the marine ecosystem. The time period shall not 
exceed 10 years, except where biology of the stock, other 
environmental conditions, or management measures under an 
international agreement to which the U.S. participates, dictate 
otherwise. 

The Committee is supportive 
of considering two 
alternatives for Ttarget: 
Alt. 1 uses the ABC CR and 
Alt. 2 applies a constant F 
based on rebuilding in 7 
years.  

G Generation time is the average length of time between when an 
individual is born and the birth of its offspring.  
 

Age when herring 
successfully spawn based on 
Restrepo et al, 1998. 
Therefore, G = 6 years       
(See Attachment 2). 

Frebuild 
 

Fishing mortality associated with achieving Ttarget. 
 

Filled in after preferred 
alternative for Ttarget 
selected. 
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2) Summary of PDT analyses of rebuilding strategies and projection assumptions 
The Herring Committee expressed concern that the projections of spawning stock biomass using 
the assumption that recruitment is “average” (as used in the 2018 benchmark and 2020 
management track assessments1) may be overly optimistic in the near-term because average 
recruitment seems unlikely given recent estimated that are well below average (Figure 3). The 
Committee requested the PDT take this into account somehow and evaluate what would happen 
if recruitment did not return to average levels and remained low for the near term. The 
Committee specifically requested if the PDT could explore empirical dynamic modeling (EDM) 
if time permitted.  
For this tasking item, the PDT reviewed Munch et al. 2018 and concluded that it would not be 
feasible or appropriate for the PDT to incorporate EDM in this rebuilding plan. The goal of EDM 
is to improve forecasting of future biomass by leveraging patterns in the data. In the case of 
herring, using EDM would try to improve the prediction of recruitment, possibly by 
incorporating additional variables such as temperature and water quality. EDM appears to be a 
promising method, but its application to fisheries is new and therefore requires additional time to 
conduct thorough analyses and review. 
The PDT notes the Council got correspondence from NEFSC on December 14, 2020 about 
collaborative work that will begin in 2021 focused on various aspects of the herring assessment 
(included as Document #3 for this meeting). It may be possible to forward some of these ideas to 
that group for additional review as part of the next management track assessment in 2022.  The 
PDT felt that approach would likely provide more time, resources, and ability for review 
compared to trying to incorporate new approaches for estimating recruitment in this rebuilding 
plan.    

 
1 The 2020 management track assessment calculated recruitment the same way it was handled in projections 
prepared in the 2018 benchmark assessment. Recruitment in each year of the projections was drawn from the 
empirical cumulative distribution of the estimated recruitments from 1965-2017. The estimates of recruitment 
from 2018-2019 were excluded because they were imprecisely estimated with CVs equal to 58% and 210%, 
respectively. In drawing recruitments from the empirical distribution, a uniform random value is drawn between 0-
1 each year, and the recruitment associated with that probability from the cumulative distribution is applied. Thus, 
any recruitment between the minimum and maximum in the estimated time series has an equal probability of 
selection each year. 
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Figure 3. Atlantic herring annual recruit (000s) time series, 1965-2019. 

 

Source: NEFSC (2020a).          Note: The horizontal line is the average recruitment estimated by the ASAP 
model over the time series, the annual recruitment values are estimated as deviations +/- from the 
underlying average.  
 
Therefore, instead of creating an empirical dynamic model at this time, the PDT developed 
additional projections assuming recruitment is “autocorrelated”. When using autoregressive (AR; 
or autocorrelated) recruitment, annual recruitment values depend on recruitment from the 
previous year and some random noise.  The PDT prepared these additional projections to 
demonstrate the potential impacts of a slower return to near average recruitment levels. The 
degree of autocorrelation was estimated via linear regression between sequential recruitments, 
and the regression was found to be significant. The detailed methods and formulas used for these 
AR projections are included in Attachment 3.  
The short-term consequence is that the projected recruitments in the near term will be more like 
the current state.  For example, recruitment is currently low and so the projected recruitments 
will remain relatively low until the random noise aspect of the process produces improved 
recruitment.  In the long-term, the AR process still reverts to a similar average level of 
recruitment as the "average recruitment" assumption, but it does so more slowly (Figure 4).  In 
this case, the AR recruitment levels are lower than the average recruitment series because the AR 
process produces higher highs and lower lows; therefore, the average will be different than just 
random recruitments (Table 3).  An AR process will not always have a lower average than the 
random, “average” approach, it just happens to in this case. Furthermore, the AR process is 
modeled on the log scale and so backtransforming the actual recruitments produces a distribution 
that is non-normal and skewed, which causes differences between the AR and “average” 
approach (recruitments under the “average” approach would be normally distributed). The main 
difference between these assumptions is in the first few years, as illustrated in Figure 4.  
The 5% and 95% confidence intervals for median recruitment estimated are presented in Table 3. 
Projection results for recruitment are reported as medians, not averages. Note the confidence 
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intervals around the median for the AR projections are wider than the average recruitment 
projections because the AR process allows for greater variability than average recruitment. The 
degree of correlation in the AR process and the amount of random noise were defined using the 
full time series of estimated herring recruitments. The PDT discussed that this approach is likely 
superior to defining an ad-hoc “below average” recruitment series, or truncated number of years 
to define recruitment (i.e. most recent 5 or 10 years).   

With the exception of recruitment, all projections utilize the same ASAP model configuration 
used in the 2018 benchmark and 2020 management track assessments. Assuming autocorrelation 
is one method to approximate continued lower recruitment as a short-term property of the stock, 
but the long-term properties of the stock are assumed to remain “average” in terms of 
recruitment. When the Atlantic herring management track assessment is updated in 2022 it is 
feasible that the long-term properties of the stock (i.e. recruitment assumptions) could be re-
evaluated, potentially adjusting biological reference points. But for this rebuilding plan the 
current reference points will be used, as updated in the 2020 management track assessment.  

 

Figure 4 - Median recruitment values for the "average" (in bold) versus autocorrelated (AR) recruitment (dashed line) used in 
projections (2020-2032). 

 
 

 

 

 

 

 

 

 

 

 

Table 3 – Confidence intervals for the “average” and “autoregressive” recruitment estimates. 

  "Average" Autoregressive 
  5% CI Median 95% CI 5% CI Median 95% CI 
2020 913,731 3,426,684 10,155,950 409,357 1,525,166 5,706,166 
2021 922,668 3,420,659 10,085,660 525,945 2,221,235 9,467,169 
2022 924,183 3,430,797 10,144,480 610,415 2,636,857 11,630,340 
2023 909,784 3,429,611 10,121,820 647,364 2,871,534 12,642,840 
2024 920,629 3,426,485 10,131,220 675,641 2,978,760 13,140,140 
2025 911,010 3,432,964 10,129,350 684,505 3,024,599 13,370,900 
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2026 912,660 3,423,533 10,132,990 687,635 3,039,450 13,476,070 
2027 919,130 3,420,290 10,136,130 691,318 3,066,175 13,480,390 
2028 915,434 3,432,648 10,134,300 691,176 3,082,158 13,615,480 
2029 914,410 3,432,566 10,126,580 696,582 3,074,937 13,566,900 
2030 917,414 3,432,263 10,115,880 699,493 3,059,563 13,632,900 
2031 909,597 3,425,736 10,131,430 694,163 3,069,602 13,498,890 
2032 928,317 3,432,679 10,131,170 688,754 3,070,659 13,567,230 

 

At the February 2021 Herring Committee meeting the group also discussed what the projections 
should assume after the stock is estimated to rebuild. To help evaluate these longer-term 
potential impacts the PDT developed projections that keep the same rule for the entire time 
series, compared to another set of projections that apply the approved ABC CR approved in 
Amendment 8 the year after the stock is estimated to rebuild. These runs are titled, “same” if the 
same rule is applied throughout, or “change” if the control rule changes after the stock is 
projected to rebuild.  In total, the PDT has prepared ten separate projection runs in response to 
Committee tasking to date, see Table 4 for a description of the individual runs. Keep in mind 
there are only two alternatives in the rebuilding plan, the remaining runs were developed to help 
evaluate the potential impacts and better characterize uncertainty. 
For all projections fishing years 2020 and 2021 are “bridge years”. The model takes the best 
estimate of biomass from the last assessment through 2019, and assumes the ABCs allocated to 
the fishery in 2020 and 2021 will be fully harvested. Therefore, Year 1 for this rebuilding plan is 
assumed to be 2022. If the Council takes final action on this rebuilding plan in September 2021 
as scheduled, the rebuilding plan could be implemented in the first quarter of 2022.  

 
Table 4 – Summary of initial projections for Atlantic herring rebuilding plan 

Run Alternative Name Description 

1 ABC_CR_AVG_SAME Amendment 8 ABC CR - average recruitment - same rule throughout 

2 ABC_CR_AR_SAME Amendment 8 ABC CR - autocorrelated recruitment - same rule throughout 

3 7Constant_AVG_SAME Constant F based on 7 year rebuild - average recruitment - same rule throughout 

4 7Constant_AR_SAME Constant F based on 7 year rebuild - autocorrelated recruitment - same rule 
throughout 

5 7Constant_AVG_CHANGE Constant F based on 7 year rebuild - average recruitment - A8 CR after rebuilt 

6 7Constant_AR_CHANGE Constant F based on 7 year rebuild - autocorrelated recruitment - A8 CR after 
rebuilt 

7 FZERO_AVG_SAME F=0 - average recruitment - same rule throughout 

8 FZERO_AR_SAME F=0 - autocorrelated recruitment - same rule throughout 

9 FZERO_AVG_CHANGE F=0 - average recruitment - A8 CR after rebuilt 

10 FZERO_AR_CHANGE F=0 - autocorrelated recruitment - A8 CR after rebuilt 

 



12 
 
 

• Initial projection results 
The following tables and figures summarize the results for a handful of the projections only. 
More detailed results are available for all ten projections in Attachment 1. Table 5 summarizes 
the short term (2022) and mid-term (2025) projections for several key metrics such as fishing 
mortality, Poverfished, ABC, Prebuilt etc.  Figure 5 through Figure 12 show the projection 
results for the ABC CR, 7 constant, and F=0 for both average and AR recruitment. After the 
stock is projected to be rebuilt, the Amendment 8 ABC CR has been applied for the remaining 
years.  

 
Table 5 – Summary of short term (2022) and mid-term (2026) projections for several key rebuilding program metrics 

Projection ABC_CR_ 
AVG_ 
SAME 

ABC_CR_      
AR_ 
SAME 

7Constant_ 
AVG_ 
CHANGE 

7Constant_ 
AR_ 
CHANGE 

FZERO_ 
AVG_ 
CHANGE 

FZERO_ 
AR_ 
CHANGE 

F 2022 0.09 0.09 0.48 0.36 0.00 0.00 

F 2026 0.43 0.43 0.48 0.36 0.43 0.00 

P(overfishing) 
2022 

0.00 0.00 0.39 0.18 0.00 0.00 

P(overfishing) 
2026 

0.32 0.38 0.39 0.30 0.28 0.00 

P(overfished) 
2022 

0.89 0.89 0.92 0.91 0.88 0.88 

P(overfished) 
2026 

0.02 0.24 0.05 0.25 0.01 0.08 

ABC 2022 8,722 8,199 24,035 17,771 4,778 4,778 

ABC 2026 80,407 62,439 79,978 50,644 106,378 4,778 

SSB/SSBmsy 
2022 

0.17 0.17 0.14 0.14 0.18 0.18 

SSB/SSBmsy 
2026 

1.02 0.77 0.93 0.77 1.32 1.15 

P(rebuild) 2022 0.03 0.03 0.02 0.02 0.03 0.03 

P(rebuild) 2026 0.53 0.34 0.42 0.34 0.79 0.59 

Year rebuilt 2026 2030 2028 2028 2025 2026 

# years 5 9 7 7 4 5 
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Figure 5 – Probability of overfished for ABC CR, Fconstant 7year, and F=0 under different recruitment assumptions (AVG and 
AR) for the “CHANGE” runs, the Amendment8 ABC CR is applied after stock is estimated to be rebuilt 
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Figure 6 – Projected ABCs for ABC CR, Fconstant 7year, and F=0 under different recruitment assumptions (AVG and AR) for the 
“CHANGE” runs, the Amendment8 ABC CR is applied after stock is estimated to be rebuilt 
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Table 6 – Projected annual ABCs for several projections (the year the stock is estimated to rebuild under each projection has 
been shaded) 

 
ABC_CR_ 
AVG_ 
SAME 

ABC_CR_      
AR_ 
SAME 

7Constant_ 
AVG_ 
CHANGE 

7Constant_ 
AR_ 
CHANGE 

FZERO_ 
AVG_ 
CHANGE 

FZERO_ 
AR_ 
CHANGE 

2020 - - - - - - 
2021 9,483 9,483 9,483 9,483 9,483 9,483 
2022 8,722 8,199 24,035 17,771 4,778 4,778 
2023 11,036 8,951 36,672 21,711 4,778 4,778 
2024 56,070 22,615 53,361 29,864 4,778 4,778 
2025 70,950 52,273 68,565 40,162 4,778 4,778 
2026 80,407 62,439 79,978 50,644 106,378 4,778 
2027 87,217 71,192 88,112 60,663 106,405 98,747 
2028 90,302 77,954 92,327 68,717 102,795 97,318 
2029 91,422 82,587 89,146 90,927 98,500 95,089 
2030 91,942 85,683 90,593 92,111 95,536 93,072 
2031 92,089 87,707 91,292 92,120 93,769 91,738 
2032 92,298 88,862 91,721 91,597 93,065 90,845  

    
 

 
Grand 
Total 

781,938 657,945 815,285 665,770 725,043 600,182 

Note: ABC does not equal 0 in the FZERO projections in 2022-2026 because those projections include an 
assumption of mortality from fixed gear (weir catch from US and Canada). Fishing mortality for the US 
mobile fleet is zero for these projections but includes an estimate of mortality from fixed gear of 4,778 
mt, an average catch from the last ten years. 
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Figure 7 – Projections of fishing mortality for US mobile fleet for ABC CR, Fconstant 7year, and F=0 under different recruitment 
assumptions (AVG and AR) for the “CHANGE” runs, the Amendment8 ABC CR is applied after stock is estimated to be rebuilt. 
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Figure 8 – Projections of SSB for ABC CR, Fconstant 7year, and F=0 under different recruitment assumptions (AVG and AR) for 
the “CHANGE” runs, the Amendment8 ABC CR is applied after stock is estimated to be rebuilt. SSBmsy proxy is the dashed 
horizontal line.  
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Figure 9 – Probability of overfishing for ABC CR, Fconstant 7year, and F=0 under different recruitment assumptions (AVG and 
AR) for the “CHANGE” runs, the Amendment8 ABC CR is applied after stock is estimated to be rebuilt 
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Figure 10 – Projected OFLs for ABC CR, Fconstant 7year, and F=0 under different recruitment assumptions (AVG and AR) for the 
“CHANGE” runs, the Amendment8 ABC CR is applied after stock is estimated to be rebuilt 
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Figure 11 – Estimated SSB/SSBmsy for ABC CR, Fconstant 7year, and F=0 under different recruitment assumptions (AVG and AR) 
for the “CHANGE” runs, the Amendment8 ABC CR is applied after stock is estimated to be rebuilt 
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Figure 12 – Probability of rebuilt resource for ABC CR, Fconstant 7year, and F=0 under different recruitment assumptions (AVG 
and AR) for the “CHANGE” runs, the Amendment8 ABC CR is applied after stock is estimated to be rebuilt 
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Table 7 – Projected annual SSB for several projections (the year the stock is projected to be rebuilt 
(>50% Prebuild) for each projection is shaded).  
 

ABC_CR_ 
AVG_ 
SAME 

ABC_CR_ 
AR_ 
SAME 

7Constant_ 
AVG_ 
CHANGE 

7Constant_ 
AR_ 
CHANGE 

FZERO_ 
AVG_ 
CHANGE 

FZERO_ 
AR_ 
CHANGE 

2020 56,375 56,376 56,375 56,376 56,375 56,376 
2021 48,760 48,572 48,760 48,572 48,760 48,572 
2022 45,876 45,252 36,837 38,735 48,247 47,585 
2023 130,736 79,371 102,719 63,696 137,888 84,786 
2024 206,057 132,737 172,560 109,404 250,974 151,068 
2025 250,790 173,793 222,353 159,163 352,053 228,957 
2026 274,581 207,676 251,118 206,061 356,277 308,918 
2027 284,774 233,610 265,059 243,174 334,718 312,693 
2028 289,764 251,379 271,805 268,946 317,441 300,284 
2029 291,899 262,998 285,944 286,141 305,922 291,209 
2030 293,070 270,117 289,945 286,406 299,736 285,168 
2031 293,119 275,484 291,291 285,638 296,290 283,315 
2032 293,798 278,532 292,646 283,876 295,293 282,067  

 
 

  
 

 
Grand 
Total 

2,759,599 2,315,897 2,587,412 2,336,188 3,099,974 2,680,998 
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3) General PDT Findings 
 

1. There is a statistically significant level of autocorrelation in the time series of estimated 
recruitment, and the PDT has more confidence in the AR projections than the AVG 
projections given recent trends of below average recruitment. The PDT discussed other 
possible approaches for alternative recruitment streams, e.g. using the last five or ten 
years of recruitment only; however, the PDT believes the AR approach is less arbitrary 
and more justified in this case. Therefore, the PDT supports including AR projections in 
this rebuilding action to help evaluate the potential impacts of different alternatives 
under a lower biomass scenario. The PDT also supports investigation of different 
recruitment assumptions in the next herring assessment (2022).  

2. The PDT recommends that the harvest control rule adopted under Amendment 8, Option 
1 – ABC CR, should be the default position for this rebuilding plan. Based on the results 
of Option 1 and AR recruitment, fishing is constrained more in the short term (2021-
2024), but ABC increases higher than other options in the mid-term (2025-2027). This 
option is estimated to rebuild the resource in five years (assuming “average” 
recruitment) to nine years (assuming AR recruitment), before Tmax of ten years for 
Atlantic herring.  

3. By design, the Amendment 8 biomass-based control rule uses a relatively risk-averse 
fishing mortality rate when stock size is low and increases fishing mortality up to 80% of 
Fmsy when biomass is relatively high (>50% SSBmsy proxy). A biomass-based control 
rule is intended to be robust to all resource conditions (high or low recruitment). 
Therefore, even if herring recruitment does not return to levels used in the projections, if 
biomass remains low in future years, the fishing mortality levels allowed under the 
Amendment 8 biomass-based control rule would also remain low until biomass increases. 

4. Amendment 8 considered the tradeoffs of various control rules using a detailed 
Management Strategy Evaluation process. The control rule was ultimately selected to 
meet specified objectives; therefore, if the Committee decides to recommend using a 
different control rule for this rebuilding plan very, strong rationale should be provided. 

5. The PDT has less confidence in the long-term projections; therefore, more attention 
should be given to the short and mid-term results.  
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5.0 Terms of Reference for this SSC meeting 

Review preliminary work by the Herring Plan Development Team (PDT) and comment on the 
initial projections developed by the PDT to evaluate the rebuilding plan alternatives.  

Specifically, the PDT has developed projections using two different assumptions about 
recruitment, “average” and “autocorrelated” recruitment. Are these projections technically sound 
and appropriate ways to evaluate the potential impacts of the rebuilding plan? Does the suite of 
the projections capture the potential states of nature appropriately?  

Second, the PDT has prepared an additional set of projections to help evaluate the longer-term 
impacts of the rebuilding plan. These projections either maintain the same control rule for the 
entire time series or apply a default control rule, in this case the control rule approved in 
Amendment 8, after the stock is estimated to be rebuilt. Are the projections technically sound 
based on the scenarios used?   
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Attachment 1 – Detailed rebuilding plan projection results 
 
 
Table 8 – Projection results for ABC CR. TOP: Assuming average recruitment; BOTTOM: Assuming AR recruitment (the year with 
shading indicates the year the stock is projected to rebuild) 

Year Mobile 
Fleet F 

SSB P 
(overfishing) 

P 
(overfished) 

OFL ABC SSB/ 
SSBmsy 

P(rebuild) 

2020 0.243 56375 0.002 0.999 – – 0.21 0 
2021 0.119 48760 0 0.918 23424 9483 0.181 0.017 
2022 0.088 45876 0 0.893 26283 8722 0.171 0.031 
2023 0.077 130736 0 0.521 44660 11036 0.486 0.097 
2024 0.419 206057 0.29 0.174 69575 56070 0.766 0.274 
2025 0.434 250790 0.323 0.06 85649 70950 0.932 0.428 
2026 0.434 274581 0.321 0.024 97048 80407 1.021 0.525 
2027 0.434 284774 0.321 0.014 105158 87217 1.059 0.569 
2028 0.434 289764 0.322 0.01 108837 90302 1.077 0.594 
2029 0.434 291899 0.321 0.009 110165 91422 1.085 0.603 
2030 0.434 293070 0.321 0.008 110776 91942 1.089 0.605 
2031 0.434 293119 0.321 0.008 110964 92089 1.09 0.609 
2032 0.434 293798 0.322 0.008 111186 92298 1.092 0.61 

 

Year Mobile 
Fleet F 

SSB P 
(overfishing) 

P 
(overfished) 

OFL ABC SSB/ 
SSBmsy 

P(rebuild) 

2020 0.243 56376 0.002 0.999 – – 0.21 0 
2021 0.119 48572 0 0.918 23348 9483 0.181 0.017 
2022 0.087 45252 0 0.893 23339 8199 0.168 0.03 
2023 0.074 79371 0 0.792 31968 8951 0.295 0.04 
2024 0.212 132737 0.069 0.509 47185 22615 0.493 0.129 
2025 0.427 173793 0.363 0.337 63615 52273 0.646 0.244 
2026 0.434 207676 0.378 0.241 75170 62439 0.772 0.341 
2027 0.434 233610 0.386 0.186 85729 71192 0.868 0.411 
2028 0.434 251379 0.389 0.151 93883 77954 0.934 0.456 
2029 0.434 262998 0.39 0.132 99498 82587 0.978 0.486 
2030 0.434 270117 0.389 0.121 103185 85683 1.004 0.503 
2031 0.434 275484 0.388 0.114 105624 87707 1.024 0.516 
2032 0.434 278532 0.387 0.11 107027 88862 1.035 0.522 
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Table 9 – Projection results for 7constant same rule throughout. TOP: Assuming average recruitment; BOTTOM: Assuming AR 
recruitment (the year with shading indicates the year the stock is projected to rebuild) 

Year Mobile 
Fleet F 

SSB P 
(overfishing) 

P 
(overfished) 

OFL ABC SSB/ 
SSBmsy 

P(rebuild) 

2020 0.243 56375 0.002 0.999 – – 0.21 0 
2021 0.119 48760 0 0.918 23424 9483 0.181 0.017 
2022 0.478 36837 0.389 0.918 26283 24035 0.137 0.017 
2023 0.478 102719 0.407 0.698 40546 36672 0.382 0.033 
2024 0.478 172560 0.402 0.287 59278 53361 0.641 0.157 
2025 0.478 222353 0.395 0.105 76272 68565 0.827 0.311 
2026 0.478 251118 0.389 0.045 88984 79978 0.934 0.42 
2027 0.478 265059 0.386 0.025 97967 88112 0.985 0.482 
2028 0.478 271805 0.387 0.018 102626 92327 1.01 0.513 
2029 0.478 274762 0.386 0.016 104587 94104 1.021 0.526 
2030 0.478 276441 0.388 0.015 105495 94932 1.028 0.533 
2031 0.478 276772 0.386 0.014 105807 95203 1.029 0.535 
2032 0.478 277428 0.388 0.014 106098 95453 1.031 0.538 

 

Year Mobile 
Fleet F 

SSB P 
(overfishing) 

P 
(overfished) 

OFL ABC SSB/ 
SSBmsy 

P(rebuild) 

2020 0.243 56376 0.002 0.999 – – 0.21 0 
2021 0.119 48572 0 0.918 23348 9483 0.181 0.017 
2022 0.36 38735 0.181 0.913 23339 17771 0.144 0.024 
2023 0.36 63696 0.258 0.866 29252 21711 0.237 0.018 
2024 0.36 109404 0.288 0.628 41208 29864 0.407 0.081 
2025 0.36 159163 0.295 0.395 56112 40162 0.592 0.21 
2026 0.36 206061 0.3 0.25 71247 50644 0.766 0.34 
2027 0.36 243174 0.308 0.171 85550 60663 0.904 0.437 
2028 0.36 268946 0.314 0.127 96933 68717 1 0.5 
2029 0.36 286322 0.317 0.103 105064 74476 1.064 0.54 
2030 0.36 297100 0.32 0.089 110667 78502 1.104 0.565 
2031 0.36 304849 0.322 0.081 114244 81027 1.133 0.582 
2032 0.36 308766 0.322 0.076 116417 82531 1.148 0.592 
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Table 10 – Projection results for 7constant with A8 CR after stock rebuilt. TOP: Assuming average recruitment; BOTTOM: 
Assuming AR recruitment (the year with shading indicates the year the stock is projected to rebuild) 

Year Mobile 
Fleet F 

SSB P 
(overfishing) 

P 
(overfished) 

OFL ABC SSB/ 
SSBmsy 

P(rebuild) 

2020 0.243 56375 0.002 0.999 – – 0.21 0 
2021 0.119 48760 0 0.918 23424 9483 0.181 0.017 
2022 0.478 36837 0.389 0.918 26283 24035 0.137 0.017 
2023 0.478 102719 0.407 0.698 40546 36672 0.382 0.033 
2024 0.478 172560 0.402 0.287 59278 53361 0.641 0.157 
2025 0.478 222353 0.395 0.105 76272 68565 0.827 0.311 
2026 0.478 251118 0.389 0.045 88984 79978 0.934 0.42 
2027 0.478 265059 0.386 0.025 97967 88112 0.985 0.482 
2028 0.478 271805 0.387 0.018 102626 92327 1.01 0.513 
2029 0.434 285944 0.345 0.087 107421 89146 1.063 0.554 
2030 0.434 289945 0.341 0.04 109158 90593 1.078 0.577 
2031 0.434 291291 0.336 0.018 110010 91292 1.083 0.596 
2032 0.434 292646 0.333 0.01 110508 91721 1.088 0.604 

 

Year Mobile 
Fleet F 

SSB P 
(overfishing) 

P 
(overfished) 

OFL ABC SSB/ 
SSBmsy 

P(rebuild) 

2020 0.243 56376 0.002 0.999 – – 0.21 0 
2021 0.119 48572 0 0.918 23348 9483 0.181 0.017 
2022 0.36 38735 0.181 0.913 23339 17771 0.144 0.024 
2023 0.36 63696 0.258 0.866 29252 21711 0.237 0.018 
2024 0.36 109404 0.288 0.628 41208 29864 0.407 0.081 
2025 0.36 159163 0.295 0.395 56112 40162 0.592 0.21 
2026 0.36 206061 0.3 0.25 71247 50644 0.766 0.34 
2027 0.36 243174 0.308 0.171 85550 60663 0.904 0.437 
2028 0.36 268946 0.314 0.127 96933 68717 1 0.5 
2029 0.434 286141 0.403 0.204 109558 90927 1.064 0.531 
2030 0.434 286406 0.405 0.158 110976 92111 1.065 0.536 
2031 0.434 285638 0.405 0.126 110948 92120 1.062 0.538 
2032 0.434 283876 0.401 0.111 110323 91597 1.055 0.536 
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Table 11 – Projection results for F=0 throughout. TOP: Assuming average recruitment; BOTTOM: Assuming AR recruitment (the 
year with shading indicates the year the stock is projected to rebuild) 

Year Mobile 
Fleet F 

SSB P 
(overfishing) 

P 
(overfished) 

OFL ABC SSB/ 
SSBmsy 

P(rebuild) 

2020 0.243 56375 0.002 0.999 – – 0.21 0 
2021 0.119 48760 0 0.918 23424 9483 0.181 0.017 
2022 0 48247 0 0.884 26283 4778 0.179 0.032 
2023 0 137888 0 0.482 45738 4778 0.513 0.116 
2024 0 250974 0 0.084 72208 4778 0.933 0.438 
2025 0 352053 0 0.007 100692 4778 1.309 0.761 
2026 0 432588 0 0 128340 4778 1.608 0.916 
2027 0 493525 0 0 154803 4778 1.835 0.972 
2028 0 541138 0 0 176137 4778 2.012 0.991 
2029 0 575188 0 0 191247 4778 2.138 0.997 
2030 0 599609 0 0 201894 4778 2.229 0.998 
2031 0 616291 0 0 209542 4778 2.291 0.999 
2032 0 628267 0 0 214852 4778 2.336 0.999 

 

Year Mobile 
Fleet F 

SSB P 
(overfishing) 

P 
(overfished) 

OFL ABC SSB/ 
SSBmsy 

P(rebuild) 

2020 0.243 56376 0.002 0.999 – – 0.21 0 
2021 0.119 48572 0 0.918 23348 9483 0.181 0.017 
2022 0 47585 0 0.884 23339 4778 0.177 0.031 
2023 0 84786 0 0.766 32942 4778 0.315 0.048 
2024 0 151068 0 0.422 49191 4778 0.562 0.175 
2025 0 228957 0 0.182 70184 4778 0.851 0.395 
2026 0 308918 0 0.076 93629 4778 1.148 0.593 
2027 0 381374 0 0.032 118406 4778 1.418 0.727 
2028 0 444649 0 0.014 142029 4778 1.653 0.815 
2029 0 496386 0 0.007 162364 4778 1.845 0.87 
2030 0 539168 0 0.004 179341 4778 2.004 0.905 
2031 0 570997 0 0.002 192971 4778 2.123 0.927 
2032 0 595347 0 0.001 202850 4778 2.213 0.942 
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Table 12 – Projection results for F=0 with A8 CR after stock rebuilt. TOP: Assuming average recruitment; BOTTOM: Assuming AR 
recruitment (the year with shading indicates the year the stock is projected to rebuild) 

Year Mobile 
Fleet F 

SSB P 
(overfishing) 

P 
(overfished) 

OFL ABC SSB/ 
SSBmsy 

P(rebuild) 

2020 0.243 56375 0.002 0.999 – – 0.21 0 
2021 0.119 48760 0 0.918 23424 9483 0.181 0.017 
2022 0 48247 0 0.884 26283 4778 0.179 0.032 
2023 0 137888 0 0.482 45738 4778 0.513 0.116 
2024 0 250974 0 0.084 72208 4778 0.933 0.438 
2025 0 352053 0 0.007 100692 4778 1.309 0.761 
2026 0.434 356277 0.28 0.005 128543 106378 1.324 0.785 
2027 0.434 334718 0.301 0.004 128305 106405 1.244 0.749 
2028 0.434 317441 0.314 0.004 123814 102795 1.18 0.704 
2029 0.434 305922 0.32 0.005 118636 98500 1.137 0.662 
2030 0.434 299736 0.322 0.006 115097 95536 1.114 0.635 
2031 0.434 296290 0.322 0.007 112963 93769 1.101 0.623 
2032 0.434 295293 0.323 0.007 112127 93065 1.098 0.616 

 

Year Mobile 
Fleet F 

SSB P 
(overfishing) 

P 
(overfished) 

OFL ABC SSB/ 
SSBmsy 

P(rebuild) 

2020 0.243 56376 0.002 0.999 – – 0.21 0 
2021 0.119 48572 0 0.918 23348 9483 0.181 0.017 
2022 0 47585 0 0.884 23339 4778 0.177 0.031 
2023 0 84786 0 0.766 32942 4778 0.315 0.048 
2024 0 151068 0 0.422 49191 4778 0.562 0.175 
2025 0 228957 0 0.182 70184 4778 0.851 0.395 
2026 0 308918 0 0.076 93629 4778 1.148 0.593 
2027 0.434 312693 0.366 0.088 119056 98747 1.162 0.594 
2028 0.434 300284 0.385 0.092 117211 97318 1.116 0.572 
2029 0.434 291209 0.393 0.095 114514 95089 1.083 0.552 
2030 0.434 285168 0.395 0.099 112055 93072 1.06 0.539 
2031 0.434 283315 0.394 0.101 110404 91738 1.053 0.534 
2032 0.434 282067 0.393 0.103 109405 90845 1.049 0.531 
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Attachment 2 – Methods for calculation of Atlantic herring generation time 
 
Various definitions exist for determining generation time; for rebuilding time horizons NMFS 
guidance recommends defining generation time using an unfished state (Thompson et al, 1998). 
The default generation time included in NMFS guidance is based on Goodyear 1995 defined 
below.  In the Atlantic herring assessment, the proportion of mature fish is calculated using 
samples from quarter three of each year (July-September), just prior to spawning.  In recent 
years, age-2 are almost never mature, while age-3 fish are always >50% mature (NEFSC, 2018).   

The PDT discussed that while fish may be in spawning condition in year 3-4 they may not 
successfully spawn until later. Therefore, the PDT calculated generation time using the formula 
below, consistent with NMFS guidance.  

 

 

 

A reasonable approximation for generation time when M is between 0.1 and 2 is 1/M + Am50.  
Therefore, the PDT recommends that generation time for Atlantic herring is equivalent to six 
years, about two years longer than the age when 50% of fish are mature (3-4 years).  Natural 
mortality (M) for Atlantic herring is assumed to be 0.35, Am50 is 3 years based on the assessment, 
so GT = (1/(0.35)) + 3 = 5.85, or six years.  
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Attachment 3 – Methods for autocorrelated recruitment assumption 
 
The PDT developed a second set of projections assuming recruitment followed an autoregressive 
(AR; or autocorrelated) process. The Committee requested the PDT explore an EDM like 
approach, and this was deemed the best solution for the time and resources available. Using 
autocorrelated recruitment was done to maintain short-term low recruitment regardless of stock 
size. The AR projections do not only assume low recruitment when SSB is low, that would imply 
a stock recruit relationship. Instead, autocorrelation assumes annual recruitment values depend 
on recruitment from the previous year and some random noise.   

𝑅𝑅𝑡𝑡 = 𝑒𝑒𝜇𝜇log (𝑅𝑅�)+𝜖𝜖𝑡𝑡  ; 

𝜖𝜖𝑡𝑡 = 𝜌𝜌𝜖𝜖𝑡𝑡−1 + 𝜔𝜔𝑡𝑡;  

𝜔𝜔𝑡𝑡~𝑁𝑁(0,𝜎𝜎𝜔𝜔2); 

𝜎𝜎𝜔𝜔2 = (1− 𝜌𝜌2)𝜎𝜎log (𝑅𝑅�)
2 ; 

where 𝑅𝑅𝑡𝑡 is recruitment in year t, 𝜇𝜇log (𝑅𝑅�) is the mean of the log-scale recruitments estimated by 
the stock assessment, the “hat” symbol denotes a recruitment estimated by the stock assessment 
(or value dependent on those estimates) and absence of a “hat” indicates a recruitment projected 
into the future, 𝜌𝜌 is the degree of autocorrelation between log-scale annual recruitment 
deviations (see below), and 𝜎𝜎log (𝑅𝑅�)

2  is the variance of the log-scale recruitments estimated by the 
stock assessment.  These parameters were defined using the full time series of estimated herring 
recruitments from the 2020 stock assessment, and: 

𝜖𝜖�̂�𝑡 = log�𝑅𝑅�𝑡𝑡� − 𝜇𝜇log (𝑅𝑅�); 

where 𝑅𝑅�𝑡𝑡 were the estimated recruitments from the stock assessment. The degree of 
autocorrelation, 𝜌𝜌, was estimated using linear regression, as: 

𝜖𝜖�̂�𝑡 = 𝜌𝜌𝜖𝜖�̂�𝑡−1. 

The intercept of this regression was assumed equal to zero, and the relationship was highly 
significant (p-value = 0.00067; Figure 1).  The estimated values for the parameters defining the 
AR process were: 

𝜇𝜇log(𝑅𝑅�) = 14.937 

𝜎𝜎log (𝑅𝑅�)
2 = 0.663 

𝜌𝜌 = 0.458 

and the initial deviation one year prior to the start of the projection period was 

𝜖𝜖�̂�𝑡=2019 = −1.528 = log�𝑅𝑅�𝑡𝑡=2019�. 
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The 𝜇𝜇log(𝑅𝑅�) parameter defines the scale of the AR recruitment process (e.g., this value would be 
smaller if this were a cod stock).  The 𝜎𝜎log (𝑅𝑅�)

2  and 𝜌𝜌 parameters interact to define how similar 
sequential recruitments will be.  For example, a high 𝜌𝜌 value (e.g., near 1.0) and low 𝜎𝜎log (𝑅𝑅�)

2  
would create sequential recruitments that are very similar with systematic trends among years.  
Conversely, a low 𝜌𝜌 value (e.g., near 0) and high 𝜎𝜎log (𝑅𝑅�)

2  would look more like random noise 
around an average level of recruitment because the random noise swamps the degree of 
correlation.  The herring parameters are moderate between these extremes (Figures 2-4). 

 

Figure 1.  Relationship between log-scale sequential recruitments (points) and the estimated 
regression line that determines the degree of autocorrelation (𝜌𝜌) in the AR relationship (line). 
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Figure 2. Ten example projected recruitment time series using the herring parameters: 𝜇𝜇log(𝑅𝑅�) =
14.937, 𝜎𝜎log (𝑅𝑅�)

2 = 0.663,𝜌𝜌 = 0.458, and 𝜖𝜖�̂�𝑡=2019 = −1.528. 

 

Figure 3.  Ten example projected recruitment time series using parameters to create relatively 
low correlation: 𝜇𝜇log(𝑅𝑅�) = 14.937, 𝜎𝜎log (𝑅𝑅�)

2 = 1.0, 𝜌𝜌 = 0.1, and 𝜖𝜖�̂�𝑡=2019 = −1.528. 
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Figure 4.  Ten example projected recruitment time series using parameters to create relatively 
high correlation: 𝜇𝜇log(𝑅𝑅�) = 14.937, 𝜎𝜎log (𝑅𝑅�)

2 = 0.6, 𝜌𝜌 = 0.7, and 𝜖𝜖�̂�𝑡=2019 = −1.528. 
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