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Executive summary

XSA shrinkage

Shrinkage (either by year or by age) is a relatively ad hoc device that was imple-
mented in the XSA model to try to reduce unwanted assessment fluctuations driven
by noise rather than signal. We summarize the history of shrinkage in XSA and con-
sider how shrinkage is being used in current ICES assessment working groups. We
conclude that a) shrinkage should where possible be “light”, and b) what “light”
means needs to be determined by reference to estimation weights (rather than poten-
tially dubious metrics such as retrospective bias). More generally, we should turn to
models that use data (rather than ad hoc assumptions) to generate inferences.

XSA iteration convergence

XSA does not include a statistical estimation process in the usual sense, but rather
uses an iterative estimation procedure that can be stopped before full convergence.
The approach taken by ICES assessment working groups to the question of whether
or not to converge varies widely. We show that the point at which the iteration is
stopped can have a very significant affect on abundance estimates for a number of
important ICES stocks. A comparison between an XSA run and an alternative ex-
ploratory state-space model for North Sea haddock shows that increased iterations
also increases the discrepancy between the model estimates. We show further through
simulation that there is a tendency for further iterations to move the assessment away
from the underlying true population state. There are also indications that both the g-
plateau age and the plus-group age appear to affect convergence, although this list of
causal effects is by no means exhaustive. We conclude that a) it is essential to deter-
mine the convergence characteristics of any XSA assessments, and b) alternative
methods need to be explored in cases where convergence is slow and leads to large
changes in perceived stock dynamics.

State-space assessment models

Although there is (as yet) relatively limited experience and acceptance of state-space
models in most ICES assessment working groups, they provide advantages over
more traditional methods in a number of respects: a) they provide uncertainty esti-
mates for stock metrics, b) they can accommodate observation error in catches, and c)
they remove the need for ad hoc assumptions. They should be considered as valid
alternatives in cases where these issues arise.

Survey-based assessment methods

We present work on two developments in the SURBA model. SURBA+ is an AD-
ModelBuilder implementation that addresses several shortcomings in the original
SURBA model: a) it models fishing mortality rather than total mortality, which is
more useful for fishery managers but assumes a knowledge of natural mortality; b) it
uses random effects approaches to smooth variations in mortality components, rather
than ad hoc smoothing; c) it allows the age-effect in mortality to vary through the
time-series, rather than being fixed as before; and d) it incorporates a recruitment
model. We show the improvement in inference and management advice that these
modifications can make for a sample case stock (3Ps cod). We also discuss briefly a
parallel development in the original SURBA code, which is an implementation in the
R package (SURBA-R). This may smooth the transition between the outdated current
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SURBA code and the new SURBA+ code, and it is hoped that a single joint implemen-
tation can be developed in time.

Length-based assessment methods

We review recent work in length-based assessment methods, and collate conclusions
on the utility of different approaches. This is a potentially valuable but also very dif-
ficult field that does not appear to have a natural home at the moment in ICES. We
consider further an analysis of the sensitivity of a spurdog assessment to assumptions
about early fishery selectivity for which there is few data, and find that the assess-
ment is relatively robust to these assumptions.

Uncertainty in age-length keys (ALKs)

Through a simulation study, we demonstrate the effect of uncertainty in age-length
keys on the assessment of roundnose grenadier in several Atlantic areas. We con-
clude that age-based assessments are unreliable for this stock because of ALK uncer-
tainty, and suggest development of life-stage-structured approaches.

Future directions for WGMG

We suggest that the most useful way forward for WGMG in the short term could be a
series of themed workshops for which WGMG would act as a steering group. The
first of these could be a collation and comparison of assessment models from around
the world, including many which are not currently used in ICES but which might
bring benefits.
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1.1

1.2

Introduction

Terms of Reference (ToRs)

The Working Group on Methods of Fish Stock Assessments [WGMG] (Chair: Coby L.
Needle, UK) met in Nantes, France, from 20-29 October 2009 to:

a) Work according to specific ToRs developed intersessionally by the end of
June 2009 in consultation with ACOM, relevant benchmark and assess-
ment WG chairs, and relevant stock assessors. These ToRs are to be con-
sidered and finalized by SCICOM at the ASC meeting in September 2009.

b) Review the major problems and possible solutions to fish stocks assess-
ments. The review should include an analysis of strengths and weak-
nesses, conditions for applicability of alternative solutions and process
issues such as quality assurance protocols, sequential peer reviews and
benchmarking.

¢) Prioritize (in combination with ACOM) common methodological problems
identified in benchmark reviews and recommendations by external re-
viewers.

The ToRs developed during summer of 2009, and subsequently agreed by SCICOM

in September 2009, were as follows:

BENCHMARK
NUMBER PERSON GRrouP SPECIES REQUEST
1 Carmen WGHMM  Hake Development/application of assessment
Fernandez methodologies not reliant on age-length keys
(Multifan-CL, Stock Synthesis, Gadget, global
production models...)
2 Carmen WGHMM  Hake Accounting for revisions in growth parame-
Fernandez ters in assessments when there is no alterna-
tive way of ageing fish.
3 Carmen WGHMM  Hake Methods for reconstructing historical series of
Fernandez discards or alternative ways of coherently
accounting for discards in assessments when
there are many gaps in the series of estimates.
4 Mike ACOM General Advice on appropriate shrinkage factors to be
Sissenwine used for different stock situations, along with
a review of shrinkage in other advisory areas
(ICCAT, NAFO, IACCT, etc).
5 Coby WGNSSK General Simulation study of the relationship between
Needle convergence and population estimates for
XSA (and other methods).
6 Harald WKSHORT  General Discussion of case studies in which environ-
Gjoseeter mental information has been used in fishery
assessment and management.
7 Lionel WKDEEP Roundnose Evaluate the influence on stock assessment of
Pawlowski grenadier uncertainty in age-length keys.

Report structure

Six Working Papers (WPs) were presented during the first two days of the meeting,
and these are summarized in Section 2 with an abstract and discussion summary for
each. Section 3 is in two parts: the first reviews developments in length-based as-
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sessment methods (ToR al) to date, while the second reports the results of analyses of
the sensitivity of a length-age spurdog assessment to assumptions about pre-1980
catch-at-age structure. XSA shrinkage (ToR a4) is discussed in Section 4, which covers
the historical context of shrinkage and provides recommendations on how it should
be used. XSA convergence (ToR a5) is approached in a similar fashion in Section 5.
Section 6 contains a review of how environmental information has been used in as-
sessments and advice (ToR a6), while Section 7 reports a sensitivity analysis on the
effect of age-length key uncertainty on assessments for roundnose grenadier (ToR
a7). Work on further testing of the state-space stock assessment model (SAM) is pre-
sented in Section 8. Section 9 then includes updates of developments on two imple-
mentations of survey-based stock assessment methods, while Section 10 gives
conclusions on future directions for WGMG and a proposal for a themed Workshop
next year.

Attendance at WGMG this year was insufficient to allow consideration of ToRs a2, a3,
b and c. This issue is discussed further in Section 10.

Finally, the report provides sections on references, participants and recommenda-
tions, as well as a brief summary of the simulation model used to provide data for the
XSA iteration convergence exercise (Section 5).

2 Working papers
The following table summarizes the working papers and presentations given at
WGMG:
NUMBER NAME TITLE ToR PAPER PRESENTATION
WP1 Benoit Mesnil A history of shrinkage in ICES a4 Yes Yes
WP2 Anders Niel- Status of the state-space assess- a4,a5 No Yes
sen ment model
WP3 José de Exploratory assessment model al Yes Yes
Oliveira for Northeast Atlantic spurdog
WP4 Coby Needle XSA convergence a5 No Yes
WP5 Lionel Paw- Overview of the Roundnose a7 No Yes
lowski Grenadier stock assessment in
ICES Vb, VI, VII and XIIb
WP6 Noel Cadigan Extensions to the SURBA model =~ Extra  No Yes
(i.e. SURBA+)
2.1 WP1 - Benoit Mesnil: A history of shrinkage in ICES

2.1.1 Abstract

Shrinkage is defined here as the use of the mean over a defined period or number of
ages to modify (to a greater or lesser extent) population or fishing mortality esti-
mates. It is generally employed in an attempt to reduce the affect of fluctuations at
the end of a time-series. The WP retraces the views of WGMG on shrinkage, as re-
lated in its report since 1984. Shrinkage was first introduced in the context of predict-
ing recruitment from multiple index series, as a mechanism to improve the precision
of predictions. The justification to use calibration regression and shrinkage was pro-
vided by an important paper by a professor in statistics discussed at the 1984 WGMG
meeting (ICES-WGMG 1985). The topic was again reviewed at the 1987 meeting
(ICES-WGMG 1993a) where a paper by John Shepherd (which became the manual for
RCRTINX) was discussed. However, WGMG disregarded the statistical foundation of
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shrinkage and only drew attention on its practical aspect (“The key question is, in
fact, to know whether or not it is useful to consider the past series, and espe-
cially its average value, as valuable first information.”). WGMG returned on this
in 1993 (ICES-WGMG 1993b) and basically endorsed the finding by Rosenberg et al.
(1992) that calibration with shrinkage was the preferred method among the class of
regression estimators.

In the context of VPA tuning, shrinkage was introduced later and in a more oblique
way. The 1989 WGMG meeting set out to draw conclusions from the methods contest
workshop in Reykjavik in 1988 (ICES-WGMG 1993a). Participants were impressed
that time-series methods, which make use of signal in the recent period, performed
much better than others. Moreover, the Laurec-Shepherd and Hybrid tuning methods
used at the time were highly dependent on the quality of the terminal data points and
often produced extravagant estimates of stock size and F, and thus very erratic TAC
forecasts. Hence, the 1991 WGMG decided that some restraint on the variation of F
estimates, as implemented in TSER, was needed (ICES-WGMG 1991). However,
WGMG was reluctant to jump into the complexity of time-series methods and chose
to use, by analogy, an ad hoc device familiar to most users: the shrinkage to the mean
as in RCT. A more learned exposition of shrinkage is given in the 1993 report (ICES-
WGMG 1993b), as a way to balance variance and bias. Trials indicated that a light
shrinkage was beneficial in some instances, and this was reflected in the Blue Pages
(ICES-ACFM 1995). However, WGMG points out that shrinkage produces systematic
errors in the presence of a real trend in F and thus should be avoided (this was a clear
message in Appendix 10 of Darby and Flatman, 1994). Moreover, WGMG notes that
there is a theoretical explanation for why shrinkage reduces random variation in the
predicted F, but the application of shrinkage to reduce retrospective patterns is still
an ad hoc procedure without a satisfactory statistical basis; shrinkage can make the
situation worse.

Overall, it is apparent that the implementation of shrinkage in VPA tuning is no more
than an ad hoc device, to make the methods “idiot-proof” and reduce extreme varia-
tions in F, stock size and TAC estimates from one assessment to the next. The rec-
ommendations in previous reports were that users should explore the weight given
to the mean, i.e. based on improvement in the retrospective pattern, despite the fact
that no formal link has been established between shrinkage and the retrospective
pattern. It is not judicious to use strong shrinkage as this is like confessing that the
tuning data are merely worthless. In any case, it has always been made clear that
shrinkage is inappropriate in cases where external information indicate that a trend
in F is ongoing.

2.1.2 Summary of discussion

During the discussion following the presentation, it was highlighted that shrinkage in
XSA should never be fully turned off. To produce abundance estimates for ages for
which there are no data other than landings, XSA uses means which are derived
through shrinkage. If shrinkage is simply absent, XSA will fill these ages with a pre-
determined dummy value that bears no relation to the stock in question.

The question of the use of shrinkage in non-European stock assessments was raised.
The ADAPT method, prevalent in North America, does use a form of shrinkage, but
only for estimating F on the oldest ages: which is a different issue from the popula-
tion shrinkage implemented in XSA.
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The meeting commented that we cannot expect F to conform necessarily to any kind
of mean. This implies that the fishing industry would be able to choose deliberately
to fish at a given mortality rate, which WGMG considers to be impossible. Fleets can
remove a number of fish that they think will lead to a particular F, but in-year knowl-
edge of stock abundance is not usually sufficient to allow this to be done with any
accuracy.

The affect of shrinkage is not solely a function of the specified shrinkage SE, but will
depend also on the number of surveys available and their variance. In other words,
XSA shrinkage is not scale invariant, and effect of shrinkage needs to be tested each
time it is used.

WGMG agreed that it would be useful to provide a practical demonstration of the
problems with shrinkage highlighted during the presentation. Further work on
shrinkage is provided in Section 4 below.

WP 2 - Anders Nielsen: Status of the state-space assessment model

2.2.1 Abstract

The state-space fish stock assessment model was summarized to the Group with a
focus on the rationale behind using random effects to describe the underlying ran-
dom variables that are not observed (fishing mortalities and stock sizes). Contrary to
(semi-) deterministic approaches the state-space assessment model allows observa-
tion noise on observed catches, and is able to quantify those. Contrary to fully pa-
rameterized statistical assessment models, the state-space model has fewer model
parameters, and the number of model parameters does not increase with every new
year of data.

In addition the model has a number of appealing properties. It allows selectivity to
gradually evolve during the data period, it allows missing data, and finally it esti-
mates the underlying process noise, which is useful for forward predictions.

Previous implementations of state-space assessment models (Gudmundsson 1987,
1994; Fryer 2002) have been based on the extended Kalman filter, which uses a first-
order Taylor approximation of the non-linear parts of the model. The current imple-
mentation is based on the Laplace approximation which is better suited to handle
non-linearities, and further validated by importance sampling.

The state-space model has previously been validated by comparison to existing as-
sessments and via simulated data. To further validate the model, it was extended to
allow jumps in the underlying process to follow a mixture between a Gaussian and a
fat-tailed Cauchy distribution, as opposed to a purely Gaussian. The model applied
to North Sea Cod estimated the Cauchy fraction to be zero, and even forcing the
Cauchy fraction to be 30% did not make the underlying process take noticeable
sharper jumps.

It was demonstrated how the recent decision to change XSA shrinkage SE from 0.5 to
0.75 for Eastern Baltic Cod radically changed the perception of the stock in the final
year to be more in line with the state space assessment model. The presenter argued
against using ad hoc criteria for setting these shrinkage parameters.

A simple web interface (http://www.stockassessment.org) to the state-space assess-
ment model was presented. Collaboration at assessment working groups is often
reduced to one or two members doing the actual assessment modelling, and remain-
ing working group members reviewing and commentating on the results only. Part
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2.3

of the reason most working group members don't even try to reproduce the assess-
ment is that it takes a lot of work to get everything set up correctly. Typically several
programs (specific versions) need to interact and the data need to be on a specific
format. The web interface presented reduces this obstacle. Once the stock coordinator
has set up an assessment all members can reproduce the assessment and all the re-
sulting graphs and tables simply by logging in and pressing “run”. The working
group members can also experiment with the model configuration and input data
and easily compare the results. It would clearly be beneficial to have more hands and
eyes on the details of each assessment.

2.2.2 Summary of discussion

The web interface is currently set up for a number of specific cod stocks. It takes the
presenter around 30 minutes to set up the process for a new stock — as yet there is no
facility for stock assessors to do this themselves, although existing runs can be modi-
fied as required. The Group decided that it would be instructive to apply the method
to data for North Sea haddock, to inform analyses on XSA convergence and shrink-
age.

The Group commented that it is desirable to expand the number and range of output
plots from the system, because the amount of time needed to do this in assessment
Working Groups is substantial and detracts from other important work. Also, better
diagnostic graphics help people better to understand what the model is doing.

Some Group members expressed concern over possible confounding between process
and measurement error. Last year’s simulation study was intended to address this,
but the discussion indicated that a further demonstration would be beneficial.

The approach to shrinkage taken by the Baltic WG for the Eastern Baltic cod assess-
ment was discussed. It is clear why they decided to use a shrinkage SE of 0.75 instead
of 0.5, for that gave a stock estimate closer to that produced by the state-space model,
but it was not clear why they decided to move from 0.5 in the first place. More gener-
ally, the approach taken to model settings and verification is not consistent across
assessment WGs, and this needs to be addressed.

WP 3 - José de Oliveira: Exploratory assessment model for Northeast
Atlantic spurdog

2.3.1 Abstract

An exploratory assessment model for Northeast Atlantic spurdog, developed for
ICES-WGEF (2006), is presented. The model is based on an approach developed by
Punt and Walker (1998) for school shark (Galeorhinus galeus) off southern Australia. It
is essentially age- and sex-structured, but is based on processes that are length-based,
such as maturity, pup-production, growth (in terms of weight) and gear selectivity,
with a length-age relationship to define the conversion from length to age. Pup-
production (recruitment) is closely linked to the numbers of mature females, but the
model allows deviations from this relationship to be estimated (subject to a constraint
on the amount of deviation). The model fits to a combined Scottish groundfish survey
index of abundance, and to proportion-by-category data from both the survey and
commercial catches (aggregated across gears). Four categories were considered for
the survey proportion-by-category data, namely length-groups 16-31 cm (pups); 32—
54 cm (juveniles); 55-69 cm (subadults); and 70+ cm (maturing and mature fish). The
first two categories were combined for the commercial catch data to avoid zero val-
ues. The only estimable parameters considered are total virgin biomass (Bo), Scottish
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survey selectivity-by-category (3 parameters), commercial selectivity-by-category for
the two fleets (4 parameters two reflecting Scottish selectivity, and two England and
Wales selectivity), and constrained recruitment deviations (1905-2005). The model
assumes that there exist two commercial catch exploitation patterns that have re-
mained constant since 1905, which is an oversimplification given the number of gears
taking spurdog, and the change in the relative contribution of these gears in directed
and mixed fisheries over time. This simplifying assumption allows stock dynamics to
be taken back to near-virgin levels. The model estimates current depletion levels of
around 5% relative to 1905, and 7% relative to 1955.

2.3.2 Summary of discussion

WGMG queried how the model could interpret a low catch in the 1920s as resulting
from a high biomass and low F. This is largely based on an extrapolated selectivity
pattern, which seems unfortunate as much of the current stock-state perception is
driven by the estimates of high historical abundance. Such “heroic” assumptions are
not unusual in studies that seek to reconstruct historical populations, but they do
need to be justified. WGMG decided that an analysis of the sensitivity of the assess-
ment to historical selectivity assumptions would be beneficial, and this is presented
in Section 3 below.

WP 4 — Coby Needle: XSA convergence

2.4.1 Abstract

Before 2007, the assessment of haddock in the North Sea and Skagerrak was con-
ducted by WGNSSK using the DOS version of XSA (Darby and Flatman 1994; ICES-
WGNSSK 2006) in which the number of model iterations was truncated to 30. This
was done for two reasons. Firstly, there was a perception that continuing to iterate
XSA much beyond 30 would result (in certain situations) in a positive bias in stock
abundance estimates; in other words, one possible response of XSA to noisy
catchability residuals was to estimate a larger population, and this bias may increase
with increasing iterations. Secondly, 30 iterations is the first point at which the user of
the original DOS implementation was asked whether more iterations were required.

At the 2007 and subsequent WGNSSK meetings (ICES-WGNSSK 2007, 2008, 2009),
the FLR version of XSA (FLXSA) was used the assess haddock. The default setting of
this implementation is to iterate to convergence, and this is the approach now taken
in all update assessments of that stock. The presentation given at WGMG demon-
strated that repeating the 2007 assessment but with iterations truncated to 30 resulted
in an estimate of SSB in 2006 that was around 60000 tonnes lower than the estimate
from a fully converged assessment. Similar conclusions were reached for the corre-
sponding North Sea whiting assessment, but not for North Sea cod. Simulation stud-
ies were rather inconclusive. Given that the difference in SSB estimates is roughly
equivalent to the entire North Sea haddock quota for that period, understanding of
the reasons for these results is important.

For a statistical catch-at-age assessment model, full convergence would be the only
logical choice. However, XSA is an iterative procedure with unclear convergence
properties, and it is not at all obvious that iterating to convergence results in an as-
sessment that is closer to reality. The concern persists that further iterations may be
inflating abundance estimates, as has been seen in the past.
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2.5

2.4.2 Summary of discussion

WGMG expressed concern over this issue, and agreed that it was necessary to pre-
sent the problem clearly. It was less clear what should be done about it. One sugges-
tion was to run the state-space model on the stock, to determine what population
dynamics would be estimated by a fully statistical catch-at-age model (both with and
without variation in catches). Another suggestion was to try to develop two stock
simulations, one with similar convergence properties to haddock, the other with no
convergence, and try to determine what leads to the lack of convergence in XSA. The
work carried out on this issue during this meeting of WGMG is detailed in Section 5
below.

WP 5 — Lionel Pawlowski: Overview of the Roundnose Grenadier stock
assessment in ICES Vb, VI, VIl and Xllb

2.5.1 Abstract

A review of the issues with the assessment of roundnose grenadier in ICES Subareas
VI and VII, and Divisions Vb and XIIb was presented. Within ICES, the scientific
basis for this stock identification is considered uncertain. This stock is generally con-
sidered to be in a data-poor situation. Therefore, only biennial advice is given with
the recommendation that catches be constrained to 50% of the level of the beginning
of the fishery (1990-1996), assuming no expansion of the fleets. Due to many sources
of uncertainties, assessments using SVPA have been exploratory each year. This stock
is scheduled for the benchmark process in 2010 and is also considered by the EU
Deepfishman project which aims to review all available information on deep-water
stocks.

Assessment methodology suffers from several problems. A frequent source of criti-
cism is the use of SVPA considering only 19 years of data are available for a species
with maturity at 8-14 years and a lifespan beyond 50 years.

Some uncertainties with landings statistics in XIIb exist which have led in recent
years to the exclusion of landings from XIIb from the assessment. Discard data have
been scarce and integrating the few data available requires making risky assumptions
for the assessment. Age reading is known to require specific training. Few data are
available which has constrained the use of an aggregating age-length key in the as-
sessment despite substantial changes in the length distribution of the landings. Un-
certainties in the ALK for this stock have been explored this year (ToR a7) by WGMG
(see Section 7). There has also been an ICES workshop on age-reading (ICES-
WKARRG 2007).

The biology and population structure of roundnose grenadier is also a challenge for
the assessment as this fish occupies different depths according to its size, the larger
individuals being in the shallower depths (500-750m), juveniles around 1000m, and
intermediate sizes deeper (up to 1800m). Fishing effort at depth has changed through
time, therefore the size structure of the landings reflects both the evolution of the
fishery and the differences in length distribution at the various depth harvested by
the fishing vessels.

Efforts on improving the assessment have been made during the recent ICES
WGDEEP deep-water species working groups to quantify the effects of discards on
the assessment, especially in the early days. Discards data are rather scarce and at-
tempts have been made to extrapolate the few available datasets in order to rebuild
catch for the 19 years of the whole time-series. Another approach combining fishing
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efforts at depth and the little information from scientific surveys on the vertical struc-
ture of the stock has been made to rebuild catch. All assessments suggest that the
stock has strongly declined, and show consistent similar SSBs levels and fishing mor-
talities in recent years, the major differences between assessments being the estimates
of biomass at the beginning of the 1990s. Results suggest however that integrating
discards in recent years does not substantially change the results of the assessment
(Pawlowski and Lorance 2009)

2.5.2 Summary of discussion

Much of the discussion was concerned with further information on the distribution,
biological characteristics and fisheries of roundnose grenadier, so as to be better able
to consider the best way forward for WGMG with regards to this stock. It is clear that
data availability is poor, and this has implications for attempts to shoe-horn the few
available data into a standard VPA-type assessment approach. As a first step, it was
suggested that it would be helpful to run sensitivity analyses of the effects of ALK
uncertainty on subsequent assessments. Results of these analyses are given in Section
7 below.

WP 6 — Noel Cadigan: Updates on Noel’s version of SURBA

2.6.1 Abstract

We derive some basic statistics that describe the variability of a survey index derived
from stratified random sampling for several Northwest Atlantic fish stocks. We also
show how the survey variance component can be incorporated into stock assessment
models like SURBA or ADAPT. In addition, we show how additional “non-survey”
variability related to interannual changes in catchability can be incorporated into
stock assessment models. Quasi-likelihood methods based on the means and vari-
ances of survey indices, relative to the stock as a whole, are used to develop an esti-
mation procedure that incorporates survey sample sizes and estimates of within-
survey variability. This may lead to improved estimation of stock size, in terms of
more precise parameter estimates that are less sensitive to poorly sampled ages.

2.6.2 Summary of discussion

The presenter confirmed that the method described can only be used to estimate sur-
vey variance from a randomly stratified sampling design. There followed discussion
on where this might be relevant in Europe, where most surveys are conducted using
fixed stations. The Scottish monkfish survey was suggested as a potentially tractable
example. Some of the discussion focused on details of the plots given in the presenta-
tion. There was also a comment that versions of kriging might achieve the same result
in a more efficient way — the presenter replied that his approach was quite parameter-
heavy, but also appeared relatively robust.

The presentation showed a method by which the age-pattern in survey catchability
can be estimated along with stock abundance, even without commercial catch data.
Survey catchability is usually fixed in survey-only models such as SURBA. This has
clear implications for ongoing work with survey-based assessments and several fur-
ther modifications were suggested — these are explored in Section 9.1 below.
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3.1

Length-based assessment methods (ToR al)

Developments on length-based assessment methods (ToR al)

Within ICES, the Study Group on Age-Length Structured Assessment Models
(SGASAM) aimed to address the issues concerned with the use of length structure
into stock assessments methods. As other groups with the relevant expertise exist
within ICES, the members of WGMG consider this ToR requires a dedicated work-
shop to review the current developments on length-based methods. The following
section is however a short overview of the subject from last SGASAM report (ICES-
SGASAM 2006) and a PhD. manuscript on the length structured modelling of the
northern stock of European hake (Drouineau, 2008).

Overview

There are many stocks within the ICES area for which it is acknowledged that age-
based assessments are inappropriate and where the use of length-based methods
should be considered. Such situations occur when:

¢ length based models are considered to give a better representation of bio-
logical and fishery processes;

e age-based data are unreliable or unavailable compared with length-based
data;

e ageis not considered to be a good proxy for length.

Length-structured models have the advantage of allowing a good description of biol-
ogy (such as predation or maturity) or harvesting (such as selectivity) without having
to convert the length information into age (or vice versa). Using length information
also implicitly takes account of interannual or interindividual variation. The interest
in the length-structured approach has been growing in recent years with various
levels of complexity and objectives. Length-structured models are commonly used to
perform stock assessments, to estimate unknown parameters of the population dy-
namics, and to evaluate management plans or ecosystem models (Drouineau, 2008).

For stock assessment, the underlying population dynamics model generally only
includes recruitment, growth and natural mortality. Additional processes may in-
clude migration and cannibalism. The fishery modules range from simple separable
models (Kristensen et al., 2006) to the representation of multiple fleets (Froysa et al.,
2002).

Main models reviewed by SGASAM in 2006

e Stock Synthesis 2 (“SS27) is an assessment model
(http://nft.nefsc.noaa.gov/test/SS2.html) which includes age and size-based
population dynamics and observational phenomena such as ageing impre-
cision and is coded in ADMB (Dave Fournier, Otter Research Ltd.). Data
include catch by fleet in weight or numbers, fishery and survey age and
length composition, mean length-at-age, age composition conditional on
length/gender, survey abundance, fishery cpue, mean body weight, and
percentage discard by weight. The time-step is typically annual, but multi-
ple seasons of varied duration can be defined. The population of each gen-
der can be divided into a set of phenotypic morphs, each with unique
growth and natural mortality parameters. Numbers-at-age for each morph
are tracked independently, so that size-specific fishing mortality will have
a differential effect on the survivorship of each morph. Expected values for
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data from each morph are accumulated within each gender to match the
level at which observed data are collected. Growth parameters can be es-
timated internally to evaluate the effects of size-selectivity and ageing im-
precision on observed length-at-age. Fishery age and length data can be
specific to discard or retained samples, so provide necessary information
to allow the model to estimate retention functions. Model parameters can
be a function of environmental data or vary randomly or in time blocks.
552 includes routines to estimate MSY and levels of exploitation that corre-
spond to various standard fishery management targets. A user-selected
harvest policy is used to conduct a forecast as part of the final phase in
running the model. Parameter estimation occurs in a Bayesian context and
the Monte Carlo Markov Chain algorithm is used to provide non-
parametric confidence regions on parameters and derived quantities. In
addition, SS2 is designed to produce a set of parametric bootstrap datasets.
Comparable confidence regions on model parameters and derived quanti-
ties have been observed using the inverse Hessian, parameter profiles,
MCMC, and re-running the model on the bootstrap data. In 2005, SS2 was
used to assess the status of about 20 groundfish stocks off the west coast of
the US

e LCS (WP1, ICES-SGASAM 2006) is currently under development at IMR,
Norway and uses an approach similar to that used by Stock Synthesis 2 for
incorporating growth. The method uses a Lagrangian approach where the
population consists of a group of “super-individuals” each with its own
growth characteristics and abundance which are projected forwards in
time. The method has been applied to the Northern hake stock and also
North Sea sprat.

e Multifan-CL (Fournier et al., 1998), Fleksibest (Froysa et al., 2002) and A-
scala (Maunder and Watters, 2003) can be used for stock assessment but
also to estimate unknown parameters of the population dynamics such as
growth and to some extent migrations. Multifan-CL can be spatialized.

e GADGET (Globally applicable Area Disaggregated General Ecosystem
Toolbox) is a software tool (www.hafro.is/gadget) that can run complicated
statistical ecosystem models, which take many features of the ecosystem
into account. Gadget works by running an internal model based on many
parameters, then comparing the data from the output of this model to
"real" data to get a goodness-of-fit likelihood score. These parameters can
then be adjusted, and the model re-run, until an optimum is found, which
corresponds to the model with the lowest likelihood score. Gadget allows

the inclusion of one or more species, each of which may be split into mul-
tiple stocks; multiple areas with migration between areas; predation be-
tween and within species; maturation; reproduction and recruitment;
multiple commercial and survey fleets taking catches from the popula-
tions.

Modelling of the population structure

In length-based models, maturity and fecundity can be modelled through a maturity
ogive depending on length (rather than age) or through a stochastic process where
each length class has its own probability of maturity. The stock is generally divided
between mature and immature individuals. GADGET allows making maturity de-
pendant on a condition factor (Begley and Howell 2004)
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Natural mortality is generally supposed to be known and constant in stock assess-
ment models. For modelling efforts where trophic interactions are important or if
cannibalism is strong (Freysa et al., 2002), natural mortality has to be described differ-
ently. Cannibalism may be described as a function of the size of the prey and preda-
tor abundance. GADGET integrates a preference function depending on the
respective sizes of predators and prey (Begley and Howell, 2004).

Growth is a key process for any length-structured model. In an ideal world, the
model must be able to describe the average growth but also its interindividual varia-
tions (Chen et al., 2003). Several approaches exist to describe this process:

e It can be assumed that individual length within an age group follows a dis-
tribution around an average defined by a growth curve (Fournier et al.,
1998, Maunder and Watters 2003). This requires some a priori knowledge of
growth or at least some age-structured data. This approach does not allow
the identification of the effect on fishing over the individual sizes of the
stock.

e Another approach uses growth increments. This is probably the most used
approach in length-structured models. Growth over a time-step follows a
stochastic distribution from a growth curve to estimate the probability of
moving to the next size class. This approach relies on a transition matrix
(Sullivan et al., 1990, De Leo and Gatto 1995, Cruywagen 1997). This type
of model however does not allow us to take account of genetic differences
between individuals.

e A third method incorporates interindividual variation of growth through
the assumption that parameters from a growth curve follow a particular
statistical distribution (Sainsbury 1980, Smith ef al., 1998, Smith and Bots-
ford, 1998, Pilling et al., 2002). This idea is more adapted for Individual
Based modelling and often used to estimate growth in tagging-catch and
release programs (Laslett et al., 2002, Eveson et al., 2004). It can be very
computationally intensive.

Data type used in length-based models

Catch data are often used for length-structured model calibration. This includes using
length data (in weight and numbers) disaggregated or not by time and fleet and
length class (Sullivan et al., 1990, Froysa et al., 2002). Some assumption can be made
that catch is a random variable where the average is predicted by a model. This is the
case for Fleksibest. In other cases, total catch in weight and numbers are used sepa-
rately from landings data collected at the fishmarket.

Fishing effort (when available) can be used as an abundance index and in that case is
treated like if arising from scientific surveys (Froysa et al., 2002, Breen et al., 2003,
Punt 2003).

Abundance indices from surveys can be considered as following statistical distribu-
tions predicted by a model (Freysa et al., 2002, Breen et al., 2003) or can be decom-
posed into a global abundance index with a probabilistic distribution of the
composition of the indices per length-class (Fu and T J Quin II 2000, DeLong et al.,
2001).

Tagging catch and release data are used to estimate growth parameters but some-
times also in length-structured models (Breen et al., 2003, Punt 2003).

| 13
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Age-length structured models for the assessment of stocks

The last SGASAM report (ICES-SGASAM 2006) reviewed the use of these types of
models when age data are sparse or unreliable. The stocks included were Nephrops,
Northeast Atlantic spurdog, Northern hake and sprat, and Bay of Biscay hake. Details
of the models used are available in the SGASAM reports (e.g. ICES-SGASAM 2006).

In Drouineau (2008), a length-structured and spatialized model of the Northern hake
stock is detailed and fitted against datasets from the fishery. This model aims to esti-
mate unknown parameters of the population dynamics and perform diagnostics of
the stock. Growth and migration parameters are easy to set up but adjustment to
observations is difficult probably because of the complexity of the model and the low
quality of the available data. The mean growth-rate of the population for this stock
has been estimated t00.124 y! which is lower than those estimated from scientific
survey through tagging programs. Migrations appear to be well simulated and bio-
mass estimates are close to those from XSA, although recruitment estimates are dif-
ferent. This model has not been evaluated by an ICES working group in the context of
an assessment.

Sensitivity of spurdog assumptions about pre-1980 catch-at-age structure

WP3 describes the exploratory length-age model applied to the Northeast Atlantic
spurdog stock, presented to ICES working group WGEF in 2006 (ICES-WGEF 2006),
together with an addendum correcting some of the equations and suggesting exten-
sions that are currently being pursued. When the working paper was presented to
WGMG, concern was expressed about the projection of the model back to 1905, cov-
ering a large period for which only total landings data (expressed as tons landed) was
available (more detailed data were only available from the early 1980s onwards). This
backwards projection required assumptions to be made about how the fishery was
split into different fleet components, and what the selectivity-at-age was for each of
these components. The base run presented in WP3 (and shown here) assumed two
fisheries, one with a Scottish selectivity (reflecting mostly a mixed demersal fishery)
and one with England and Wales selectivity (reflecting mostly a longline and gillnet
fishery), with the split in catches between the two being based on the average for the
period 1980-1984. The work here therefore looks at sensitivity of model estimates to
these assumptions.

Three alternative selectivity-at-age scenarios were considered and compared to the
base run. The base run selectivity-at-age curves are shown in Figure 3.2.1(a) and two
of the three alternative runs in Figure 3.2.1(b). The two alternative runs reflect a selec-
tion favouring older fish (Oldsel), and one favouring younger fish (Youngsel). These
selectivity-at-age curves for the pre-1980 period (1905-1979) were derived by multi-
plying the estimated selectivity-at-age curves for the post-1980 period by the multi-
pliers shown in Figure 3.2.2(a). The third alternative run (not shown in Figure 3.2.1)
reflects full selectivity (Fullsel), with a selection of 0 for age 0 and 1 for all other ages
for both fleets and sexes. Additional runs were also considered, assuming all pre-1980
selectivity reflected either post-1980 Scottish selectivity or post-1980 England and
Wales selectivity, but these results yielded very little difference compared to the base
run, so are not shown. Selection is actually length-based, so Figure 3.2.2(b) is given to
show the conversion from length to age.

Results of the sensitivity analysis are shown in Figure 3.2.3. These appear to be rela-
tively insensitive to the selectivity-at-age assumptions for the pre-1980 period. Table
3.2.1 also indicates that estimates of current depletion levels are also relatively insen-
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sitive to these assumptions, and range from 4.3 to 5.8 relative to 1905, and from 5.8 to

7.8 relative to 1955.

Table 3.2.1. Model estimates of current depletions levels (in terms of total biomass) relative to

| 15

1905 and 1955 (Buepios and Buepiss respectively). CVs are shown in smaller font in square parenthe-

ses.

BDEPLOS BDEPL55
Base run 5.1 [29%] 6.9 [28%]
Fullsel 4.9 [30%] 6.6 [29%]
Oldsel 5.8 [30%] 7.8 [29%]
Youngsel 4.3 [28%] 5.8 [27%]

In conclusion: although the extension of the model back to 1905 relies on strong (and
hard to justify) assumptions about selectivity in years for which there are no data, a
sensitivity analysis has demonstrated that model fits and conclusions are not sensi-
tive to these assumptions. Therefore, the presence of such assumptions does not ap-

pear to invalidate the model.
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1.2
(a) Base-run selectivity at age
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Figure 3.2.1. Selectivity-at-age curves for Northeast Atlantic spurdog, for two fleets (Scottish: Sco
and England and Wales: EandW) and for both sexes (males: m, and females: ), with (a) reflecting
the base-run as shown in WP3, and (b) reflecting two alternative runs where selectivity prior to
1980 favours young fish (Youngsel), and where it favours older fish (Oldsel). The alternative
selectivity-at-age curves shown in (b) were derived by applying the multipliers given in Fig-
ure 3.2.2(a) to the selectivity-at-age curve for the post 1980 period in each case. [Note, the curves
for both fleets and sexes fall on top of each other as demonstrated in the case of Oldsel in (b).]
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(a) Multipliers on Selectivity-at-age
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Figure 3.2.2. Additional information to help interpret results. (a) describes the multipliers that are
applied to the post-1980 selectivity-at-age curves to derive the selectivity-at-age prior to 1980 for
both fleets and sexes in the case of the two alternative runs reflecting selection favouring older
fish (Oldsel) and that favouring younger fish (Youngsel). (b) shows the length-at-age curves,
which is derived from growth curves based on length for each sex (see WP3).
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Figure 3.2.3. Sensitivity of estimated population trajectories (total biomass, recruitment and mean
fishing proportion for ages 5 to 30) for alternative assumptions of selectivity-at-age shown in
Figure 1 (Base, Oldsel, Youngsel). The full selectivity-at-age option (Fullsel, reflecting a selection
of 0 at age 0 and 1 for all other ages) is not shown in Figure 3.2.1.
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4.1

XSA shrinkage (ToR a4)

In the standard implementation of the VPA suite, three forms of shrinkage are avail-
able: i) shrinkage to the population mean, only applying to the so-called ages “treated
as recruits’ where a non-linear relationship between index and population size is
allowed; ii) shrinkage to population numbers-at-age, derived from an average F in
recent years and catches in the final year, in the estimation of survivors at age in the
final year (‘year-shrinkage’); iii) shrinkage to mean F over some earlier ages used to
estimate starting numbers at the oldest true age in each year (‘age-shrinkage’). Item i)
is not considered further here. Although ii) and iii) cannot be disconnected in the
current ICES suite, they have different implications and will be dealt with separately.

Year-shrinkage

Year-shrinkage has an affect on estimates of stock size in the final year and hence on
the TAC advice. Concerns with misuse of this option have often been voiced in ICES,
and may be a reason why this term of reference is again addressed to WGMG (as in
1993).

In essence, the idea is (was) that if one intends to predict the current F (say) and if no
major changes in effort, capacity etc. are known to have taken place recently (an as-
sumption of no trend), then the mean of recent estimates of F is a sensible starting
value, potentially associated with low variance. That is, when tuning involves rela-
tively noisy survey or cpue indices, it may be of interest, in order to reduce the mean
squared error of the predicted F, to combine the high variance estimates based on
indices with the low variance estimate based on the mean, despite the bias carried by
the latter ICES-WGMG 1993b). To allow the weight given to shrinkage to vary de-
pending on the quality of information, a weighted average procedure is used in
which the weights are the inverse of the variance of each estimate. For the shrinkage
mean, the user specifies a CV which is functionally equivalent to the SE of the esti-
mated log-q’s (Darby and Flatman 1994). The a priori shrinkage weight is then 1/CV?;
hence a high CV implies a weak shrinkage (and vice versa).

As recalled by WP1 (Section 2.1), shrinkage in VPA tuning was introduced around
1991 to reduce the wide fluctuations in assessments and advice produced by the
methods of the time (Laurec-Shepherd and Hybrid). These computed a catchability
for each fleet then inferred the population size or F in the terminal year based on the
cpue or survey index available for that final year only. Noise in that single data point
was carried straight into the stock estimates causing embarrassing revisions of as-
sessments and advice from year to year. A device was needed to restrain such fluc-
tuations but proper approaches based on time-series methodology were deemed too
complex for lay users. Hence, ICES resorted to shrinkage, a device already imple-
mented in the recruitment prediction routine making it familiar to most people.

The recommendation in the Blue Pages (ICES-ACFM 1995) was: “A low level of shrink-
age (S.E. = 0.5) is suggested as a starting point in the VPA tuning. This level of shrinkage has
been found beneficial in most cases. It is advisable, however, to explore other S.E. values using
retrospective analysis. The number of years used in the shrinkage is normally five. If there are
clear indications of a change in F within the last 5 years use fewer years.”

Digging through the WGMG reports since the early 1990s, it is quite clear that shrink-
age was viewed, even by its proponents, as no more than an ad hoc device with fragile
theoretical bases. The experience is that it has often improved the stability of results
from one assessment to the other, but the reduction in variance is by no means guaran-
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teed (ICES-WGMG 1993b, p.12). WGMG also cautioned that the formal mechanism
whereby shrinkage might improve retrospective patterns remains elusive; the 1993
meeting even warned that shrinkage could make things worse, notably when bias oc-
curs in the converged part of VPA. In this respect, the recommendation to use retro-
spective analyses to adjust the shrinkage CV is odd.

WGMG has also made the message clear that shrinkage is inappropriate in cases
where there is a trend (up or down) in effort as, for obvious reasons, it delays the
ability of the assessment to detect or track the change in F. It is also inappropriate to
recruitment fisheries, where large interannual variations in F may occur if manage-
ment does not adjust appropriately to TAC advice, or if the size of recruiting year-
classes are uncertain. However, it can be sensible to consider some shrinkage when
one suspects a recent index has problems (i.e. acute year effects or negative Z’s).

Another difficulty identified by the current meeting of WGMG is that, for a given CV,
the actual weight given to the shrinkage estimate is context-dependent; it can vary
with the number of index series, their relative precision, and it changes with the age
considered. Only a close examination of the XSA diagnostics for each age/year-class,
in the column named ‘Scaled Weights’, can allow one to realize what the exact affect
of shrinkage is for that age. The default value of 0.5 in the software can mean a light
shrinkage (as suggested by the Blue Pages) in some cases, but a strong one in others
(e.g. when the signal from the tuning indices is weak).

The question then remains about whether shrinkage should be used at all, given its ad
hoc nature. A number of sound approaches exist to fulfil its initial intention that is to
allow for drifts in F over time while preventing sudden jumps just caused by noise in
the data. For example, the state space approach (SAM) discussed in Section 8 pre-
cisely does this, in a respectable manner. Software packages to compute integrals of
high dimensional likelihood functions are now easily available, and the past reserva-
tions against time-series or state space model formulations have no reason to persist.
If an XSA run is still needed, diagnostics from runs with such methods should indi-
cate whether a light or medium shrinkage is appropriate.

In any case, it is not judicious to accept the idea that a strong shrinkage is required.
Reviewers will immediately interpret this to mean that the tuning data (and perhaps
other inputs) are worthless.

Year-shrinkage is optional in ICA (Patterson and Melvin 1996); if switched on, the
results of the shrunk and ‘normal’ run are kept in distinct files for inspection. To the
group’s knowledge no other assessment package outside ICES implements an
equivalent apparatus to year-shrinkage.

Age-shrinkage

In this case, the procedure is to combine index based estimates of F for the older true
age with an average F for a range of younger ages. In effect, this forces the exploita-
tion pattern to be relatively flat at older ages (or at least avoids unrealistic sharp
bends). The purpose here is equivalent to the specification of a terminal selection
(relative to 1 at the reference age) in separable models, or to setting the terminal F to
be some fraction of F at some younger age as in some implementation of ADAPT; in
that sense, these other models also implement a form of shrinkage.

Although the effect of age-shrinkage on terminal population estimates, and hence on
advice, is less spectacular than that of year-shrinkage, it is far from neutral especially
for stocks where fishing mortality is low and thus VPA convergence is slow. In a
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different context, tests on simulated data have shown that misspecification of the
exploitation pattern could lead to significant errors, notably for separable models
(NRC 1998).

Whenever catch data exist for years prior to the first year with tuning data, a minimal
degree of age-shrinkage must be used in the current version of XSA to initiate the
VPA at the older age using an average of earlier ages’ F (otherwise, all past cohorts
start from an arbitrary F of 0.65, strangely enough). If only this effect is desired, one
may enter a very high CV (e.g. > 2) to inhibit any other effect of shrinkage for the
recent period.

4.3 Recommendations

Alternative modelling approaches are now available to serve the same purpose as
shrinkage, but with sounder foundation than the ad hoc device implemented in XSA.

If the concern is with time-series property of the data, then benchmark groups should
consider a proper time-series methodology to adjust or estimate the weight given to
shrinkage. However, even with such methods, one should check that the parameters
are well estimated. In some situations, time-series models and estimation procedures
have been shown to produce seriously biased parameters estimates (e.g. de Valpine
and Hilborn, 2005). Clearly, the present procedures of ad hoc choices for the amount
of shrinkage in ICES groups are ineffective to set the shrinkage weights because they
are entirely context dependent (Figure 4.3.1).
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Figure 4.3.1. Spawning stock biomass and average fishing mortality for the Eastern Baltic cod
stock in 2008 with two different shrinkage settings and with a state-space assessment model.

Determining the amount of shrinkage by minimizing retrospective patterns is not
recommended because it could lead to seriously biased estimates of stock size or their
trends.

Generally, only light shrinkage should be used to avoid introducing bias (consistent
with WGMG recommendations since 1991). ‘Light’ should be measured by the actual
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scaled weights tabulated in the XSA diagnostics. If shrinkage has a large effect on
assessment results, this is indicative that the wrong model is being considered.

Although they serve a different purpose, year- and age-shrinkage are switched on in
the same menu in XSA and a single CV is applied in the standard VPA suite. A ver-
sion where the two are disconnected is available (C. Darby, CEFAS) and should if
possible be implemented in ICES.

XSA iteration convergence (ToR a5)

Introducion

This Section addresses ToR a5, which was proposed by Coby Needle (Scotland) and
arose from concerns expressed by ICES-WGNSSK (2009):

Simulation study of the relationship between convergence and population estimates
for XSA (and other methods).

The background to this request is the recent history of the assessment for North Sea
haddock carried out by WGNSSK, as summarized in Section 2.4 above. The analyses
described below continue the work presented by Needle (WP5), and attempt to ad-
dress the following questions in a generic sense:

1) Should XSA runs be iterated to numerical convergence in all cases?
2) Are assessment Working Groups applying consistent convergence criteria?

3) What XSA run settings are likely to affect convergence?

Previous advice on XSA convergence

The ICES Blue Pages, written in 1995 as a user manual for ICES stock assessment
working groups, contain very little about the issue of convergence, and merely note
(in a section on examples of XSA diagnostics) that:

“The tuning has not converged after 40 iterations. In this case the user has
chosen to stop the XSA. The user might have continued with further itera-
tions in steps of 10 iterations at a time. The differences between F in the last
and the second last iterations are given for the last year.” (ICES-ACFM 1995)

This cursory note says nothing about whether the user should have stopped the XSA.
The Lowestoft VPA manual (Darby and Flatman 1994) is rather more informative.
From pp. 30-31:

“With some datasets the program may not reach a converged solution before
generating extremely low (zero) values of F. This usually requires a large
number of iterations (> 30). If this occurs the program may fail when calculat-
ing subsequent outputs. It is recommended that when using ad hoc tuning,
the user monitors the residuals displayed after each set of iterations and does
not progress beyond 30 iterations before stopping the tuning run and exam-
ining the diagnostics file. If convergence has not occurred, the F-at-age values
for the final year, calculated during the final two iterations, are recorded and
can be compared. They can be used to identify the ages which are not con-
verging.” (Darby and Flatman 1994)

Note that this text is in the section on ad hoc tuning, but it is to this text that the reader
is referred when looking for details on XSA iteration convergence so the convergence
procedure is likely to be the same.
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It is clear from Darby and Flatman (1994) that the advice was to stop the iterations
after 30 steps then check convergence criteria from the diagnostics file. There was no
general recommendation to stop the process altogether after 30 iterations: rather, the
user was to take advantage of the break provided to ensure that the algorithm was
not spuriously generating extremely low values of F, as was thought to be occasion-
ally possible.

During a series of ICES Workshop Courses on Stock Assessment, Chris Darby offered
the following advice on XSA iterations and convergence (ICES-WKCFAT 2002):

e “During trial runs, it is best to stop at 30 iterations to examine ages that
may be causing problems.

e Raising the age at which catchability is held constant introduces more pa-
rameters to the model and may increase number of iterations required for
convergence.

e Too many iterations can be caused by errors in parameter selections.
e Large numbers of iterations can mean no solution to assessment.

o Check for F values decreasing with iteration count, may be heading for
zero F.”

Again, the advice to stop at 30 iterations is only intended as an exploratory step, to
ensure that XSA is converging correctly.

Finally, in his paper on the XSA model, Shepherd (1999) offered the following:

“The iteration is repeated until the maximum change of any estimated fishing
mortality is less than some small value (typically 0.0001) which generally re-
quires fewer than 100 iterations. Because the computation is very quick, no
attempt has been made to accelerate convergence. It is in principle possible
for a two-phase iterative process such as this to ““hunt”, alternating between
high and low estimates, or even diverge, but no such behaviour has been ob-
served when using the algorithm described here, based on the logarithms of
survivors as the working variables, despite extensive use in both simulation
tests and practical applications.” (Shepherd 1999)

In other words, at the time of writing, non-convergence in XSA was not thought to be
a problem. Furthermore, Shepherd did not mention the possibility of spurious gen-
eration of low F at high iterations.

It is interesting how earlier advice on the desirability of stopping XSA after 30 itera-
tions in order to check for convergence evolved over time within some Working
Groups into a general perception that XSA runs should not be continued at all be-
yond 30 iterations. This is clearly not what was intended by the original advice, but
certainly became the de facto approach for a number of Working Groups using the
Lowestoft VPA suite to run XSA. The increased use of FLXSA (FLR Team 2005) has
reversed this trend, with relevant Working Groups now generally iterating XSA to
convergence no matter how many iterations that takes.

5.3 ICES Working Group approaches to XSA convergence

WGMG decided that it would be instructive to conduct a straw poll of ICES stock
assessments carried out so far in 2009, to determine a) which assessment methods
were being used, and b) if XSA or FLXSA (the FLR implementation; FLR Team 2005)
was used, whether the algorithm was continued to convergence and how many itera-
tions said convergence required. Reports were covered from the 2009 meetings of
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AFWG, NWWG, WGBFAS, WGCSE, WGDEEP, WGHMM, WGNSSK, and WGWIDE.
The models used to provide final assessments in these reports are summarized in
Table 5.3.1.

Table 5.3.1. Final assessment methods used for stocks considered in 2009 by AFWG, NWWG,
WGBFAS, WGCSE, WGDEEP, WGHMM, WGNSSK, and WGWIDE.

Final assessment method Total
No assessment 48
XSA 26
TV survey

FLXSA

Commercial data trends
Survey and landings trends
Gadget

Survey trends
Yield-pre-recruit

ASPIC

SAM

ADCAM

TSA

FLICA

SXSA

B-ADAPT

SURBA 2.1

Absolute abundance from surveys
ADAPT-type

NFT-ADAPT

Bespoke catch-survey model
Bayesian production model
SURBA 3.0

Separable VPA

SAD

ASAP

TASACS VPA

SMS

Bayesian catch-at-age model
Grand Total 137

PP RPPRPRPRPEPRPEPERPEPEPENNMNMNNDMDNDMNDNNOOWWOOONO

Of 137 stocks, assessments (whether analytical or trend-based) were provided for 89.
Of these, 33 (37%) were assessed using XSA or FLXSA. Table 5.3.2 shows how these
different assessments approached the question of XSA convergence.
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5.4

Table 5.3.2. XSA iterations for the 33 XSA and FLXSA assessments carried out by ICES assessment
Working Groups during 2009. FLXSA output diagnostics do not indicate how many iterations
were required for convergence (the iterations for North Sea haddock are given here because the
code for that assessment was available to WGMG).

Working Group  Year Species Unit XSA or FLXSA  Iterations to convergence
WGNSSK 2009 Plaice Vild FLXSA Not specified
WGNSSK 2009 Plaice v FLXSA Not specified
WGNSSK 2009 Sole Vild XSA 72

WGNSSK 2009 Sole v FLXSA Not specified
WGNSSK 2009 Saithe IV VI llla FLXSA Not specified
WGNSSK 2009 Whiting IV Vild FLXSA Not specified
WGNSSK 2009 Haddock (AATIE FLXSA 122

WGCSE 2009 Haddock Vib XSA 27

WGCSE 2009 Sole Vila XSA Not converged after 30
WGCSE 2009 Haddock Vlilb-k XSA 27

WGCSE 2009 Plaice VIIf,g XSA Not converged after 30
WGCSE 2009 Sole Viif,g XSA 47

WGCSE 2009 Whiting Vlile-k XSA 25

WGCSE 2009 Plaice Vlle XSA Not converged after 30
AFWG 2009 Cod I I (NE Arctic) XSA Not converged after 30
AFWG 2009 Haddock I (NE Arctic) FLXSA Not specified

AFWG 2009 Saithe I Il (NE Arctic) XSA 88

AFWG 2009 Greenland halib I Il (NE Arctic) XSA 50

NWW G 2009 Cod Faroe Plateau XSA 34

NWW G 2009 Haddock Faroe XSA 42

NWW G 2009 Saithe Faroe XSA 26

WGBFAS 2009 Cod Baltic 25-32 XSA 39

WGBFAS 2009 Sole Illa XSA 71

WGBFAS 2009 Herring Baltic 25-27, 28. XSA Not converged after 50
WGBFAS 2009 Herring Gulf of Riga XSA 35

WGBFAS 2009 Herring Baltic 30 XSA Not converged after 30
WGBFAS 2009 Herring Baltic 31 XSA No information
WGBFAS 2009 Sprat Baltic 22-32 XSA Not converged after 30
WGDEEP 2009 Greater silver srl, 11, llla, 1V, Vb, XSA Not converged after 50
WGHMM 2009 Hake Northern XSA 58

WGHMM 2009 Sole Bay of Biscay XSA Not converged after 30
WGHMM 2009 Megrim (L. whiff Vllic and IXa ~ XSA Not converged after 200
WGHMM 2009 Megrim (L. bosc Vllic and IXa ~ XSA Not converged after 40

The way in which XSA convergence is treated differs widely between assessments. 26
of the 33 assessments provided information on convergence: those which didn’t were
mostly FLXSA runs, for which convergence statistics are not provided in the standard
output. Of these 26 assessments, 11 were based on an XSA that had not converged:
seven were stopped at 30 iterations, one at 40, two at 50, and one at 200.

Convergence tests with ICES Working Group data

Tests of XSA convergence were carried out during the current WGMG meeting for six
real datasets: North Sea cod, plaice and whiting, and plaice in Division Illa, from the
2006 WGNSSK meeting; North Sea whiting from the 2008 WGNSSK meeting; and
North Sea haddock from the 2009 WGNSSK meeting. Ten runs were produced for
each stock: the full time-series run, plus nine retrospective runs. Analyses were also
carried out of the sensitivity of the runs to changes in the user-defined XSA g-plateau.
Finally, single-fleet runs for each of the datasets were conducted, but these did not
lead to detectable differences from full-fleet runs and are not covered further here.

As an example, Figure 5.4.1 gives the full time-series run for North Sea haddock from
the 2009 WGNSSK meeting, which is the case which motivated this study in the first
place. The top-right plot shows that the SSB estimate for 2008 increases from just un-
der 180 kt at 30 iterations to just under 220 kt at convergence (122 iterations, which
indicates very slow convergence). Mean F has a corresponding decline with increas-
ing iterations. The top-middle and top-right plots demonstrate that the variation in
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SSB is restricted to the last few years of the time-series. This plot cannot show, of
course, whether iterating XSA to convergence improves the assessment or not.
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Figure 5.4.1. XSA convergence tests for North Sea haddock from the WGNSSK 2009 assessment.
Top row: SSB. Middle row: mean F(2-4). Bottom row: recruitment-at-age 0. Left column: relation-
ship between the estimate for 2008 and the number of iterations run (red lines indicate 30 itera-
tions; blue lines indicate iterations required for convergence). Middle column: contour plot of
difference between estimates over the whole time-series between one iteration and the next.
Right plot: estimated time-series from all iterations (grey lines), with 30 iterations (red line) and
converged iterations (blue line) highlighted.

Another example is given in Figure 5.4.2, for North Sea whiting from the 2006
WGNSSK meeting. This plot uses the same XSA settings as were used in the
WGNSSK meeting, and shows fairly rapid convergence (although with a strange
point of inflexion in the convergence curve). This compares well with Figure 5.4.3,
however, which is for the same stock with the g-plateau age increased from 5 to 7,
with the result that the XSA no longer converges at all. This example supports the
advice given by Chris Darby in 2002 (see Section 5.2), namely: “Raising the age at
which catchability is held constant introduces more parameters to the model and
may increase number of iterations required for convergence.” It shows how easy it
can be to generate an XSA assessment that does not converge, and how important it
is for the convergence properties of these assessments to be checked as a matter of
routine.
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Figure 5.4.2. XSA convergence tests for North Sea whiting from the WGNSSK 2006 assessment.
Top row: SSB. Middle row: mean F(2-5). Bottom row: recruitment-at-age 1. Left column: relation-
ship between the estimate for 2005 and the number of iterations run (red lines indicate 30 itera-
tions; blue lines indicate iterations required for convergence). Middle column: contour plot of
difference between estimates over the whole time-series between one iteration and the next.
Right plot: estimated time-series from all iterations (grey lines), with 30 iterations (red line) and
converged iterations (blue line) highlighted.
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Figure 5.4.3. XSA convergence tests for North Sea whiting from the WGNSSK 2006 assessment,
with the g-plateau age increased from 5 to 7. Top row: SSB. Middle row: mean F(2-5). Bottom
row: recruitment-at-age 1. Left column: relationship between the estimate for 2005 and the num-
ber of iterations run (red lines indicate 30 iterations; blue lines indicate iterations required for
convergence). Middle column: contour plot of difference between estimates over the whole time-
series between one iteration and the next. Right plot: estimated time-series from all iterations
(grey lines), with 30 iterations (red line) and converged iterations (blue line) highlighted.

Many assessment scientists will recall experiences of XSA runs that did not converge.
For example, the following note is taken from the report of the WGWIDE meeting in
2008, regarding southern horse mackerel: “The AMCI approach required strong con-
ditioning and gave unrealistic results. XSA was used in 2006 and did not converge”
[emphasis added]. An unconverged XSA run indicates that something is wrong: ei-
ther the model is being used incorrectly, or the model is not appropriate to character-
izing the available data. However, as we have seen from Table 5.3.2, there are many
instances in current Working Groups of non-converged XSA runs being accepted as
the basis for advice. The question of whether convergence actually leads to a better
estimate is considered in the next Section.
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5.5 XSA convergence for North Sea haddock: comparing XSA and SAM runs

5.5.1 Introduction

The motivating example for the ToR addressed in Section 5 is North Sea haddock. We
have seen that the XSA assessment of this stock requires a large number of iterations
to converge, and that the iteration process changes the final estimates of SSB and
mean F considerably. WGMG decided to use the state-space assessment model
(SAM) to generate an exploratory alternative assessment of the stock. The state-space
assessment model is a statistical model and the estimates are based on maximum
likelihood estimation, which has a very different way of diagnosing convergence. The
state-space model is briefly described in Section 8 of this report. The XSA runs used
for this comparative analysis are the same as those summarized in Figure 5.4.1.

5.5.2 Results

All runs of XSA and SAM showed the same overall trends in stock sizes and fishing
mortalities (Figures 5.5.1 and 5.5.2).

1000 — ---- 10 iterations
-------- 30 iterations
----- - B0 iterations
100 iterations
O | 150 iterations
200 iterations

600

FY

o

o
|

SSB (tounsand tonnes)

200 —

1970 1980 1990 2000
Year
Figure 5.5.1. Spawning stock biomass estimated via the standard state-space model (thick black

line) and corresponding 95% confidence interval (shaded areas), and by XSA with different num-
bers of iterations (dashed lines).
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Figure 5.5.2. Average fishing mortality estimated via the standard state-space model (thick black
line) and corresponding 95% confidence interval (shaded areas), and by XSA with different num-
bers of iterations (dashed lines).

The different number of iterations in the XSA assessment results in different stock
sizes and fishing mortalities, primarily for the last 10-15 years. The final year esti-
mates of spawning-stock biomass and average fishing mortality are especially impor-
tant to future predictions, and hence for management decisions.

The state-space assessment model does not iterate backwards from initially guessed
survivors, so the backwards-in-time convergence is not an issue for that model. The
convergence of the state-space model is a standard gradient criteria used in maxi-
mum likelihood estimation. The convergence in the final year is no different from the
convergence in the first year.

Figure 5.5.1 shows that the unconverged XSA run with 10 iterations is the most simi-
lar to the SAM estimates for SSB. That is, if the SAM run is the truth, then continuing
the XSA run to convergence is pushing the XSA estimates away from the truth. How-
ever, for North Sea haddock we cannot know what the truth is, so firm conclusions
about the XSA runs are hard to reach from this evidence. This problem is addressed
further in Section 5.6.
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5.6

Convergence tests with simulated data

Method

The approach used with real data in Section 5.4 was extended to consider simulated

| 31

data. Ten datasets were used, the details of which are summarized in Annex 4. For
each of the datasets, all combinations of the following test cases were included:

d) Plus-groups in the range 7 — 10 (4 cases).

e)
f)

This produced in all 10 x 4 x 2 x 10 = 800 runs. Each run was summarized by two

g-plateaux at ages 3 and 6 (2 cases).

10 retrospective runs (10 cases).

metrics:

4)

5)

Results

The number of iterations Ni required for convergence. Time restrictions
meant that the maximum number of iterations considered in the runs was
150, so in those cases for which Ni =150, the value of Ni: must be viewed as
a lower bound on the true number of iterations required for convergence.

A categorical variable Di describing whether the iteration process moved
the final-year SSB estimate towards (D: = 0.0) or away from (D: = 1.0) the
true value, which is known as these are simulated datasets. In cases where
the convergence curve for SSB is very flat, or where it crosses the true
value, Di was set to 0.5.

Figures 5.6.1 to 5.6.3 illustrate examples of each of the possibilities for the conver-
gence criterion Di. Over all 800 runs, the average number of iterations was

N, =101.2, while the average convergence direction was D =0.67. In other

words, XSA took a relatively large number of iterations to converge with these
simulated datasets, and convergence had a tendency to push the final-year SSB
estimate away from the true value.

Figures 5.6.4 and 5.6.5 illustrate the dependence of Ni and D: on the plus-group
and g-plateau settings. A low plus-group age (7 or 8) when combined with a high

g-plateau age (6) results in poor XSA convergence, with N. >150 in many cases.

The g-plateau age has less effect on Ni when a higher plus-group age is used.



ICES WGMG REPORT 2009

SSB dB
g
i o
g © i
g &) |
L " m o
£ g - 8 27
a B 8
w ¥ } -
g "y ) =
=] o g -
g ¥ :
1 ] T T I ] L] ] 1 T 1 I 1 T 1 ’I I T
20 40 60 B0 100 140 20 40 60 80 100 120 140 2005 2010 205 2020
Mean F dF
o p r
S 3 = .
i=] o A |
o4 D' - \ !
o™ o uw
8 s 5 =
5 . g
w
c ; =1 o~ o - ; -
n o4 -
[ ) (=1
o 2
- 87> o
S et
1 ] T 1 1 T L] ] 1 ] 1 1 1 L] 1 1 1 T
20 40 B0 B0 100 140 20 40 60 80 100 120 140 2005 2010 2015 2020
Recruitment dR
§ [ T e e 1 8 =
-4 | g 7 i
o - I g
& 3 ! £ 4 w B ]
4 1 2 g
f 8 1 -3 5
[~ @ L
o - 1 o S -
E I ] I > 54 S i
-4 o @
2 g4 i I o E o |le }§
E’ o I 1 0 § - § .
4 @ ' g - 2 i
[} [} . =
8 : i g | \J s &
L % 3 L & 3 T = T T T T
20 40 60 B0 100 140 20 40 60 80 100 120 140 2005 2010 205 2020

Figure 5.6.1. XSA convergence tests for simulated dataset 006 (9" retro), with plus-group at age 9
and g-plateau at age 3. For this run D;i = 1.0. Top row: SSB. Middle row: mean F(2-5). Bottom row:
recruitment-at-age 1. Left column: relationship between the estimate for 2022 and the number of
iterations run (red lines indicate 30 iterations, blue lines indicate iterations required for conver-
gence, green line indicates the true value). The key gives the number of iterations to convergence,
or 150 if convergence does not occur. Middle column: contour plot of difference between esti-
mates over the whole time-series between one iteration and the next. Right plot: estimated time-
series from all iterations (grey lines), with 30 iterations (red line), converged iterations (blue line)
and the true values (green lines).
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Figure 5.6.2. XSA convergence tests for simulated dataset 007 (4" retro), with plus-group at age 7
and g-plateau at age 3. For this run D; = 0.0. Top row: SSB. Middle row: mean F(2-5). Bottom row:
recruitment-at-age 1. Left column: relationship between the estimate for 2027 and the number of
iterations run (red lines indicate 30 iterations, blue lines indicate iterations required for conver-
gence, green line indicates the true value). The key gives the number of iterations to convergence,
or 150 if convergence does not occur. Middle column: contour plot of difference between esti-
mates over the whole time-series between one iteration and the next. Right plot: estimated time-
series from all iterations (grey lines), with 30 iterations (red line), converged iterations (blue line)
and the true values (green lines).
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Figure 5.6.3. XSA convergence tests for simulated dataset 009 (9" retro), with plus-group at age 8
and g-plateau at age 3. For this run D: = 0.5. Top row: SSB. Middle row: mean F(2-5). Bottom row:
recruitment-at-age 1. Left column: relationship between the estimate for 2022 and the number of
iterations run (red lines indicate 30 iterations, blue lines indicate iterations required for conver-
gence, green line indicates the true value). The key gives the number of iterations to convergence,
or 150 if convergence does not occur. Middle column: contour plot of difference between esti-
mates over the whole time-series between one iteration and the next. Right plot: estimated time-
series from all iterations (grey lines), with 30 iterations (red line), converged iterations (blue line)
and the true values (green lines).
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Figure 5.6.4. Box-and-whisker summaries of the number of XSA iterations required for conver-
gence across 10 simulated datasets, each with 10 retrospective runs. The y-axis gives the g-plateau
age, while the strip header for each subplot gives the plus-group age.
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Figure 5.6.4. Box-and-whisker summaries of the convergence direction (0.0 = towards the true
value, 0.5 = crossing the true value or flat, 1.0 = away from the true value) across 10 simulated
datasets, each with 10 retrospective runs. The y-axis gives the g-plateau age, while the strip
header for each subplot gives the plus-group age.

For these simulated datasets, a g-plateau age of 3 leads to a strong tendency for con-
vergence to move away from the true value for plus-group ages 7 to 9: this effect is
not seen for plus-group age 10.

A low g-plateau age means that the number of parameters that XSA needs to estimate
is reduced, as one g estimate is then used for a number of older ages. The effect of this
reduction with these datasets is dependent to a degree on the plus-group age chosen,
but the overall tendency is for parameter reduction via a low g-plateau age to a) re-
duce the number of iterations required for convergence, and b) cause that conver-
gence to push SSB estimates further away from the true value.

Conclusions

The convergence properties of XSA are difficult to determine. It is generally true with
model fitting that there is a trade-off between the number of parameters and the effi-
ciency of the model fit. This appears to be the case for XSA when applied to some
simulated datasets: reducing the number of catchability parameters to be estimated
also reduces the number of iterations to convergence, but at the cost (in general) of
poorer estimates. The increase in the number of iterations certainly occurred when
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the number of parameters to be estimated was increased for North Sea whiting (see
Section 5.4). On the other hand, the comparison of XSA and SAM assessments for
North Sea haddock could indicate that the XSA assessment for that stock has both
slow convergence and poorer estimates as more iterations are run — which is not a
trade-off at all. This perception does depend, however, on treating the SAM assess-
ment as the truth, which cannot really be justified.

Firm conclusions on these issues are difficult. This chapter has at least shown that
assessments and subsequent advice can be very sensitive to essentially ad hoc choices
about iterations (much as Section 4 demonstrated the importance of ad hoc choices
about shrinkage). In theory any model should be run until it has converged, but the
simulation analyses suggest that (in many cases) this convergence may indeed pro-
duce assessments that are further from the truth. Whether this happens or not de-
pends on a number of data and modelling issues, and in reality we cannot test for this
effect as we don’t know what the truth is.

We conclude by returning to the questions posed at the start of this section:

1) Should XSA runs be iterated to numerical convergence in all cases?

e No. We have demonstrated that XSA convergence may push assess-
ments further from the truth. However, we cannot suggest suitable it-
eration cut-off points either, because of the possibility that
convergence is improving estimates (as it does for around 33% of
simulated cases). It is impossible to tell which of these possibilities is
occurring for any given XSA assessment without knowing the true
population structure.

2) Are assessment Working Groups applying consistent convergence criteria?

¢ No. Convergence criteria appear to have evolved over time in different
ways for different Working Groups, and there is no consistency. Point
1 above suggests that consistency is not possible in any case.

3) What XSA run settings are likely to affect convergence?

e We have considered g-plateau age and plus group age, and both of
these appear to affect convergence in both real and simulated datasets.
This should not be considered an exhaustive list, however.

WGMBG considers that it is essential to determine the convergence characteristics of
any assessment. WGMG finds further that, in cases where the convergence of the
method used is considered problematic, it is useful to explore alternative methods. In
particular, if the XSA model has very slow convergence properties and convergence
leads to very different stock perceptions, then serious consideration needs to be given
to the possibility that the XSA model may not be suitable for that stock. The state-
space assessment model is a valid alternative based on a simple maximum likelihood
approach, but other potentially equally valid models exist.

Recommendations:

1) FLXSA output should include the number of iterations taken to reach the
solution.

2) Convergence behaviour of XSA (and indeed all models) should always be
checked.

3) Slow convergence and/or high sensitivity to the number of iterations could
indicate that XSA is not suitable for the stock concerned. Alternative mod-
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els that do not rely on ad hoc assumptions and algorithms should be ex-
plored for these cases.

Review of environmental information in assessments and advice (ToR
ab)

Several authors have explored the potential benefits and pitfalls of incorporating
environmental information to improve fisheries management. For example, Cochrane
and Starfield (1992) found that there was the potential for increasing average catches
of the highly productive South African anchovy stock by up to 48% if very precise
short-term predictors of recruitment could be found. This is because substantial fish-
ing on incoming recruits (age 0) can occur before the results from the first acoustic
survey on these fish becomes available, so that in the absence of additional informa-
tion prior to the survey, TACs are necessarily more conservative to account for the
possibility of poor recruitment. De Oliveira and Butterworth (2005) conducted a
simulation study on the same stock using Management Strategy Evaluation (MSE;
e.g. Kell et al., 2007, ICES-SGMAS 2008) to investigate how potential benefits are re-
lated to the proportion of variation in recruitment explained by the environmental
index. They also investigated the extent to which these benefits are compromised by
uncertainties related to the degrees of freedom effect (over-fitting data), the selection
of explanatory variables (danger of spurious correlations) and errors in the values of
explanatory variables (including measurement error). They used the environmental
indices as recruitment predictors that adjusted the TAC depending on whether these
indices indicated recruitment to be in the top or bottom third of the distribution of
possible recruitment values. They found that environmental indices need to explain
at least 50% of the total variation in recruitment (coefficient of determination, r2>0.5)
before management strategies showed any benefits in terms of risk and average
catch. For lower r?, performance was worse in terms of average catch when incorpo-
rating the environmental index than when ignoring it.

Basson (1999) used a Monte Carlo simulation approach to investigate whether there
were likely to be any gains from incorporating an environmental factor into man-
agement. She found that uncertainty could only be reduced if the environmental fac-
tor could be well predicted, and if the interaction between the environmental factor
and recruitment was strong. Furthermore, the magnitude of any gains depended on
the life history and fishery parameters associated with the stock: for low productivity
resources (e.g. gadoid-like species), there were no gains (in terms of either average
yield or conservation) when the environmental index was incorporated in the short-
term prediction of recruitment, but gains were possible due to changes in fishing
mortality reference points when the environmental index could be well predicted.
However, there were situations where one could do worse by explicitly incorporating
the environmental factor because of poor prediction capabilities, such as, for exam-
ple, when predictions based on temperature are out of phase with the actual recruit-
ment series.

Walters (1989) used stochastic dynamic programming to investigate expected im-
provements in management performance resulting from the use of recruitment fore-
casts, and found that improvements depended strongly on the average productivity
of the stock concerned, and the flexibility of the in-season regulatory system used to
manage that stock. For example, productive stocks managed with inflexible annual
quotas showed large improvements (30-50%) in average yield if perfect preseason
forecasting was practical, but unproductive stocks showed only modest improve-
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ments regardless of the in-season regulatory system used. Walters’ findings are con-
sistent with those mentioned above.

There are relatively few examples worldwide of environmental indices actually being
used to manage fish stocks (Barange 2001, 2003; Barange et al., 2009). The classic ex-
ample is that of California sardine (Deriso et al., 1996, PEFMC 1998), where the HCR
used for management includes a target level of fishing mortality that is a function of
an environmental variable (the average sea surface temperature (SST) at Scripps Peer,
La Jolla, for the three seasons preceding the year for which the catch limit is needed).
The justification for the use of the environmental variable is that MSY and Bwsy de-
pend on habitat area, and therefore monitoring habitat area through an appropriate
proxy (i.e. sea surface temperature (SST), which has been correlated with sardine
productivity, Jacobson and MacCall, 1995) helps anticipate periods of high and low
productivity, so that management can be adjusted appropriately (Jacobson et al.,
2005). The environment-recruit relationship for California sardine, based on sea sur-
face temperature (SST), was one of the few such relationships that Myers (1998) noted
was confirmed when new data became available.

A contrasting example where an environmental index was not used successfully in
fisheries management is provided by Bay of Biscay anchovy. Borja et al. (1998) found
that an upwelling index was significantly correlated with annual recruitment of Bay
of Biscay anchovy for the period 1967-1996, explaining some 59% of the variability of
recruitment. The corresponding relationship was subsequently used as a basis for
predicting recruitment of age 1 fish in 2000, which led to the SSB estimate based on
this prediction falling below the precautionary SSB level, and the TAC for 2000 being
halved as a result (ICES 2000, 2001). However, subsequent information indicated that
recruitment had been substantially underestimated, leading ICES to conclude that the
upwelling index had only limited use as a predictor of absolute recruitment (ICES-
WGHMSA 2001, 2002). The practice of using the upwelling index to modify TAC
levels for Bay of Biscay anchovy was subsequently abandoned.

Factors that may have contributed to the successful use of an environment-recruit
relationship in fishery management for the California sardine, and the failure of that
for Bay of Biscay anchovy include the following:

a) The environment-recruit relationship for California sardine was verified
when new data became available (Myers 1998), whereas for Bay of Biscay
anchovy, environment-recruit relationships that were initially thought to
be strong (r? around 70%, Allain et al., 2001) were later shown to break
down (r2 around 30%, Uriarte ef al., 2002, De Oliveira et al., 2005). The
problem here is one of the appropriate selections of explanatory variables,
the danger being that if datasets have few large and small observations (i.e.
few data contrast), then it is likely that there will be an environmental in-
dex that correlates with the data (Hilborn and Walters, 1992). In this con-
text, Myers (1998) found that the proportion of published environment-
recruit correlations that were verified when tested with new data were
low. A thorough selection of explanatory variables requires information
independent of that used to develop the regression, or alternatively a
cross-validation approach such as splitting the data in half, selecting vari-
ables on the basis of the first half, and providing the predictive relation-
ship (if still justified by the restricted data) by regression fits to data in the
second half (De Oliveira and Butterworth, 2005).
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b) The HCR for California sardine that incorporated an environmental vari-
able was selected from among several HCRs after simulation testing along
the lines of Management Strategy Evaluation (Kell et al., 2007, ICES-
SGMAS 2008), a process that the TAC-setting procedure for Bay of Biscay
anchovy did not undergo at the time (although subsequent simulation test-
ing has been undertaken, De Oliveira et al., 2005). In this context Basson
(1999) notes: “Simulation studies are cheap. In the context of fisheries
management as opposed to pure scientific research, it is therefore crucial
that advocates of the incorporation of environmental factors into fishery
management and prediction procedures check whether any gains are
likely to be made from expending vast amounts of long-term effort (and
funds) to gain the kind of understanding required for their proper incor-
poration.” Testing the utility of indicators in management simulations, in-
cluding the development of implementation frameworks that are
informative and robust to errors, is considered an important requirement
prior to the formal application of such indicators (ICES-WKEFA 2007).

Concern over the best way to use environmental indicators and drivers in the provi-
sion of fisheries management is by no means new. SGGROMAT was convened for
two meetings (ICES-SGGROMAT 2002, 2004) to address this very question. It was an
unusual group for the time, in that it was attended by both stock assessment scien-
tists and ecosystem process modellers, and it led to much fruitful discussion.

A workshop on the integration of environmental information into fisheries manage-
ment strategies and advice (WKEFA) was held in 2007 (ICES 2007). The workshop
considered a number of case studies (some of which have already been mentioned
above) involving a wide range of demersal and pelagic stocks, as well as some ge-
neric stock simulations. The case studies were used to discuss and formulate generic
concepts to improve fisheries management strategies and advice. The workshop con-
sidered that incorporating observed short-term changes (e.g. growth, maturation) can
improve management, but only if error in the information is included in an appropri-
ate manner. The discovery and subsequent breakdown of environment-recruit rela-
tionships highlights the need to test the utility of such relationships, as discussed
earlier. Incorporating medium-term changes requires a different approach. Where
explicit relationships exist, the mean of stochastic projections can be modified appro-
priately, but where they do not appear to exist or there is no basis for predicting envi-
ronmental drivers into the future, advice should be based on scenario testing along
the lines of Management Strategy Evaluation (ICES 2007, 2008).

A general recommendation of WKEFA (ICES 2007) was that, in the light of climate
change, rather than assuming that a mean derived from the recent past best repre-
sents future values for any given parameter, trends should be considered and at-
tempts made to estimate these. This calls for the development of tools that evaluate
the estimates of current values and trends in the presence of both measurement and
process error. A number of specific recommendations were also derived (ICES 2007),
relating to robustness to regime shifts, the influence of changes in habitat on meas-
urements and carrying capacity, the influence of changes in growth, maturation and
recruitment (due to the environment) on short- and medium-term advice, and the use
of multispecies models primarily for simulation testing.

There are many examples of analyses that attempt to identify environment-recruit
relationships (e.g. Mackenzie and Koster, 2004, Megrey et al., 2005), but these studies
have tended to consider such relationships outside the stock assessment model (i.e.
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the stock assessment model provides estimates of recruitment, which are then used in
a separate modelling exercise to identify environment-recruit relationships). Maun-
der and Watters (2003) found that an integrated approach, whereby the environ-
mental variable is directly incorporated into the stock assessment model by assuming
recruitment is proportional to the environmental variable and allowing for additional
temporal variation, led to superior model performance compared to correlating
model estimates with the environmental variable outside the estimation procedure.

Cases where environmental variables are directly incorporated into stock assessment
remain few, but are increasing (Punt, 2008). Examples are given by Maunder and
Watters (2003) for the snapper stock in Hauraki Gulf-Bay of Plenty, New Zealand,
and by Schirripa (2007) for the assessment of the sablefish resource off the continental
US Pacific coast. Mackenzie et al. (2008) provide an example for Baltic Sea sprat
whereby the environmental variable (North Atlantic Oscillation), although not di-
rectly incorporated into the stock assessment itself, is used in the short-term forecast
to predict key advisory-related variables such as SSB and landings. This is because
the environmental variable allows a prediction of recruitment to be made earlier than
the annual assessment meetings, and can be used to replace the usual short-term
forecast assumption of geometric-mean recruitment.

Influence of uncertainty in age-length keys (ToR a7)
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7.1

Origin and issues with age data

The conversion of length distributions into age compositions is known to be an issue
for the stock assessment of roundnose grenadier because of 1) the lack of sampling,
and 2) the difficulty of reading otoliths for this fish. The current age-length key
(ALK) is the result of 2713 readings of otoliths over the periods 1996-1997 and 2002—
2004. In France, samples were taken from commercial landings according to the EU
Data Collection Regulation. All data comes from ICES Divisions Vb, VI and VIIL.
Spain also collects the same information but only in Hatton Bank (Subarea XII and
Division VIb). Faroese Islands and Scotland do not have any age data for this stock.

An ICES workshop (WKARRG) was convened in 2007 with age readers from differ-
ent countries and with different levels of experience in age reading (ICES-WKARRG
2007). This workshop aimed to review the age reading techniques, to agree age de-
termination criteria, and to evaluate precision in age reading through comparisons of
results of age reading from the same set of otoliths.

Roundnose grenadier is aged by counting the rings in otoliths and scales. Age estima-
tion with scales is higher for younger fish but much lower than with otoliths for older
fish. Whole otoliths can be read only for very small individuals. Some marginal in-
crement analyses have also been done and have suggested the rings in the otoliths are
formed annually. Another approach may come in future from otolith weights which
are highly correlated to age. Weight seems to be a good predictor of age but has not
been used in assessment so far. Otolith surface may also be another good predictor. A
list of relevant papers on this topic is available in the WKARRG report (ICES-
WKARRG 2007).

Currently, no direct validation of the age estimation has been done. This process is
used to estimate the accuracy of an age estimation method in order to demonstrate
the age reading is sound and based on fact (Panfili et al., 2002). This means the ageing
of this species from visual counting of rings may add some bias if for example, some
rings would be systematically unseen and remaining unaccounted.
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During WKARRG, it was shown that the agreement between readers for the same set
of otoliths was low which suggested age readers may require specific training to re-
duce the risks of errors on age estimation. Proposals were made to establish the basis
of a manual for age reading of roundnose grenadier. It also appeared that similar
work should be done regarding potential bias when measuring preanal fin length.
The tail of this fish is very fragile: therefore pre-anal fin length is measured instead of
total fish length.

The WKARRG workshop did not explored the implication for assessment of the low
agreement on age reading but mentioned that “considering roundnose grenadier can live
up to 70 years, the precision and the bias of age estimates should be evaluated according to the
needs for the assessment.”

The ALK used at the ICES Working Group on the Biology and Assessment of Deep-
Sea Fisheries Resources (WGDEEP) is aggregated and applied to each year of the
time-series (1990-2008) used for the assessment of this stock (Table 7.1.1). This ap-
proach has been taken mainly because of the lack of otolith readings despite the fact
that a substantial decrease (5.5 cm) of the average size of individuals has occurred
during that period. The average weight was around 2030g in 1990 and was around
850g in 2008 (Pawlowski and Lorance, 2009). This may be an effect of the harvesting
of this stock but may also be the result of the combination of the evolution of fishing
depths since the beginning of the fishery (because the depth distribution of these fish
are related to their age.)

Table 7.1.1. Age length key used for the Roundnose Grenadier assessment in Vb, VI, VIIL.

Age
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27

Quantification of uncertainties in the assessment

A bootstrap analysis has been carried out to integrate the uncertainties from the age
length key into the assessment. Roundnose grenadier stock assessment is generally
done using SVPA within ICES, using the Lowestoft VPA95 suite under MS-DOS. This
suite does not allow scripting therefore for this exercise; the separable VPA was per-
formed with the sepVPA routine from the FLR package (FLAssess version 1.99-6)
under R 2.7.2.

While the results from sepVPA were close to those obtained from the VPA95 suite,
they were different especially for mortality-at-age. It has been impossible to find a
way to replicate the same results. The documentation of FLAssess, the R library con-
taining the sepVPA routine, does not contain many details on how sepVPA works or
about the inputs and outputs of this routine. Residuals from the assessment were also
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not available. However, there no solid reasons to believe this may have changed the
results and conclusions from this analysis.

An initial set of 2000 bootstrap replicates was made by resampling with replacement
the ALK. The exploration of replicates showed standard deviations and means for
stock biomass, numbers and fishing mortalities become stable after 500 hundred rep-
licates. Subsequent runs used 800 replicates to reduce processing time. Each boot-
strap replicate has been used to convert length distributions in age distributions and
to get catch- and weight-at-age matrices and an assessment was performed for each
replicate.

All assessments were carried out using landings and length distributions for division
Vb and subareas VI, VII for the full period 1990-2008. All assessments used the fol-
lowing parameters:

e Model was run on age-groups 16 to 40, the 40 y.o. group being a plus group.
e The reference age-group was 25 y.o.

e Terminal fishing mortality F was set to 0.1.

e Selectivity factor S was set to 0.8.

The resulting catch-at-age matrix (Figure 7.2.1) shows some strong differences of
average CV according to age. The lowest errors are observed for the 16-37 y.o. classes
(around 12%) while the highest values are observed for the youngest and oldest ages.
This is related to the lack of samples available for those classes. The CVs decrease
from classes 10 to 24 (respectively 99% to 8%), are then more or less stable at 12% up
to 32 y.o. then start to increase at a faster pace up to 104%. With the assessment based
on the 16-40 y.o. classes, this results suggest the uncertainties generated by a small
number and samples are kept minimal.
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Figure 7.2.1. Average CV on catch-at-age (%) per age group.
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Both biomass and numbers of individuals (Figures 7.2.2 and 7.2.3) have decreased
since the early days of the fishery. In recent years, numbers and biomass seem to
increase slowly. The CVs associated with both model outputs are high at 31% with
however, no substantial change between years.
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Figure 7.2.2. Evolution of biomass. Dotted lines are mean biomass +/- standard deviation.
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Figure 7.2.3. Evolution of number of individuals. Dotted lines are mean biomass +/- standard

deviation.

Fishing mortality (Figure 7.2.4) for this stock increases from 1990 to a peak in 2001
which corresponds to the peak of landings for this fishery. F then converges towards
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7.3

terminal F. The CV (Figure 7.2.5) is maximal at 41% in 1991 then gradually decreases
towards 0% in 2008 as this methods sets force the assessment to reach a set terminal F
in the final year.

Fishing mortality F

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008

Figure 7.2.4. Evolution of fishing mortality. Dotted lines are mean biomass +/- standard deviation.
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Figure  7.25. Compared evolution of CV  of biomass, numbers and
fishing mortalities from year to year.

In conclusion, the uncertainties from the ALK have an influence on the uncertainty
estimates for the stock assessment, but not perhaps on the resulting management
advice. The level of error is high for biomass but does not alter the general idea of a
strong depletion of the stock and does not affect trends.

The level of uncertainties would pose some problems if the management of the fish-
ery was relying on absolute numbers for example to define a TAC or a management
strategy. From the analysis of the catch-at-age matrix, the assessment would probably
benefit from having an ALK with higher samples for younger and older individuals.
The assessment is however based on the age groups having the most samples: there-
fore uncertainties are kept relatively minimal.

Effects of the size of the ALK on the assessment

The current ALK was made from samplings over a couple of short periods of the
exploitation of this stock despite evidence of strong changes in the length distribution

| 45
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over time. This raises the question of whether the noise generated by using disaggre-
gated ALK (a separate ALK year by year) with fewer samples that would maybe re-
flect more those changes over time than a full aggregated ALK applied blindly to a
long time-series.

But fewer samples will also induce more uncertainties. Therefore, the choice of using
aggregated age data should probably be influenced by setting a balance between the
level of uncertainty associated with the small number of samples and how annual
ALKSs may reflect the change in age/length structure in the population.

Due to time constraints, it was not possible to test the effects of a disaggregated ALK
but the effect of the number of samples in the ALK over the assessment was evalu-
ated.

With the same parameters as in the previous section, a second series of runs was
made by subsampling the ALK and making smaller bootstrap replicates with 2713
(actual number of samples), 2000, 1500, 1000, 500 and 100 samples. As before, 800
replicates were done for each set of subsamples. Again, those replicates were used to
convert length distributions in age distributions and to get catch- and weight-at-age
matrices and an assessment was performed for each replicate.

Having smaller ALKs does not change the general shape of the outputs from the as-
sessments in terms of mean biomass, numbers and fishing mortalities. It however
affects the respective CVs. The evolution of CVs through years is not different than
for the case of the use of a full ALK but the amplitude of errors naturally increases
the smaller the ALK is (Figures 7.3.1 to 7.3.3).
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Figure 7.3.1. Evolution of CV for biomass per year and per number of samples of the ALKs.
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Figure 7.3.3. Evolution of CV for biomass per year and per number of samples of the ALKSs.

From 2001 to 2006, according to the WKARRG report, the number of aged grenadiers
per year at the IFREMER laboratory was between 480 and 1000. From the results of
the current analysis, the maximum CV using yearly ALKs would be between 44 and
59% for biomass (against 32% with a full ALK) and 48 and 65% for fishing mortalities
(against 41% for the full dataset) which is substantially higher in all cases.

7.4 Recommendations

e Using smaller annual ALKSs for the Roundnose grenadier assessment, con-
sidering the level of annual sampling, may add more uncertainties than
benefits. Therefore the assessment should probably use the entire ALK
rather than disaggregating the ALK into separate subsets year by year.

o However, the effects of using annual ALK should be studied and particu-
larly, whether using annual ALK from one year to another would reflect in
some way the observed changes in the population structure since the be-
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ginning of the fishery. Direct age reading could limit uncertainties but
does not appear to be easily achievable considering the difficulties of age
reading for this species

e With an ALK with 1500 or more samples, outputs start to have some simi-
lar levels of uncertainties than those observed for the full ALK. This value
might be seen as a compromise between uncertainties and using smaller
annual ALKs. For less than 1500 samples, the uncertainties generated be-
come very high.

e The current ALK lacks individuals less than 10 and over 37 years old. Con-
solidating the ALK with those age classes may reduce uncertainties and
would allow the use of other groups for the assessment than the current
1640+ age groups.

¢ The potential biasing effect of measuring pre-anal fins should be evaluated
as recommended by WKARRG.

¢  WGMBG considers that age-based assessments are unreliable for this stock
and suggests development on life-stage structured approaches. However,
length-based approaches may be limited for this stock due to the lack of
data on growth and uncertainties on age reading.

State-space assessment models

8.1

Setting zero variances in a state-space stock assessment model

Motivation

To illustrate the workings of the state-space assessment model, WGMG decided to
investigate the effects of fixing certain variance parameters. The idea was to replicate
the questionable assumption from the deterministic approaches that catches are
known without any observation noise in the state-space framework and study the
effects.

Summary of the state-space model

The state-space assessment model contains two parts. A process of underlying unob-
served states «, here the log-transformed stock sizes logN,,...,logN, and fishing

mortalities log Fil,...,log F, . The second part of the state-space assessment model

describes the distribution of the observations x given the underlying states « . Here
x consist of the log-transformed catches and survey indices.

The transition equation describes the distribution of the next year’s state from a given
state in the current year. The following is assumed:

a, =T(a,,)+n,
nis process error which is described in more detail below.

The transition function T is where the stock equation and assumptions about stock--
recruitment enters the model. The equations are:

logN, , = log(R(SSB, ,))

log N,, = log Negys—Foaya—M,,, 2<a<A
log N,y = log Nosyr1—Fany =M+ log Noya—F,.—M,, a=A
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logF,, =logF, 1<a<A

L

Here M, is the age specific natural mortality parameter, which is most often as-
sumed known from outside sources. F, is the fishing mortality. The function R
describes the relationship between spawning-stock biomass

SSB, =w,, , Py, Ny g+ W, PayyNa, s (here w are weights, p maturities) and

recruitment. The parameters of the chosen stock—recruitment function are estimated
within the model. Often it is assumed that certain F, parameters are identical (e.g.

FA—l = I:A )
The prediction noise 7 is assumed to be uncorrelated Gaussian with zero mean, and
three separate variance parameters: one for recruitment o2, one for survival oZ, and

one for the yearly development in fishing mortality o7 .
The combined observation equation is:
X, =0(a,) +¢,

The observation function O consists of the familiar catch equations for fleets and sur-
veys, and ¢, of independent measurement noise with separate variance parameters

for certain age groups, catches, and survey indices. An expanded view of the obser-
vation equation becomes:

logC. . = log| 2 (1-e )N __ [+&9
g a,y g Z ay ay
ay
D(S)

-z, =
() = (8)p "2y (s)
log 1., =log| Q,"e N,y [+éay

Here Z is the total mortality rate Z, =M, +F D® is the number of days into the

ay’

year where the survey s is conducted, and Q¥ are model parameters describing

(s)

& ~N(0,07,) are all assumed independ-

catchabilities. Finally &) ~N(0,67,) and ¢

ent and Gaussian.

The experiment
To mimic the strong assumptions behind the (semi-) deterministic approaches the
variance parameters describing the catch observation noise ¢, and the process vari-

ance describing the survival noise o were fixed. Ideally these variances should have

been fixed at zero, but the estimation algorithm for the state-space model could not
allow that in its current form, so instead they were fixed to e® ~0.00034.

This study was carried out using North Sea cod as the example, as a well tested im-
plementation of the state-space model exists for this stock.

Results

The results outline the difference between a normal run of the state-space model
where all model parameters are estimated and the run where the variance parameters
were fixed.

The negative log likelihood for the model changed from 143.1 to 314.5 as a result of
restricting the four model parameters (the three variance parameters describing the



50 |

ICES WGMG REPORT 2009

. . 2 .
catch observation noise for the age groups (Goya)a_123+ , and the variance parameter
describing the survival variance o7 ).

Fixing the catch observation noise to zero resulted in the state-space fitting the re-
ported catches very accurately. The biggest differences were seen at the youngest age
class where the catch observations were considered most uncertain prior to eliminat-
ing the observation noise.
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Figure 8.1.1. Spawning stock biomass estimated via the standard state-space model (thick black
line) and corresponding 95% confidence interval (shaded areas), and via the variance restricted
version of the state-space model (thin red line) and corresponding confidence interval (dashed
thin red lines).

The time-series of the spawning-stock biomass changed only slightly (Figure 8.1.1),
but the confidence intervals became unrealistically narrow (coefficients of variation
less than 1%), which is an obvious consequence of pretending to have observations
without noise, and consistent with the backwards convergence of the (semi-) deter-
ministic approaches. Somewhat surprisingly there was no substantial difference in
how well the survey indices were predicted. Because the age specific catchabilities
QY are constant in the entire data period this indicates that the relative N, time-

series are similar with and without fixing the variances.
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Figure 8.1.2. Average fishing mortality estimated via the standard state-space model (thick black
line) and corresponding 95% confidence interval (shaded areas), and via the variance restricted
version of the state-space model (thin red line) and corresponding confidence interval (dashed
thin red lines).

The biggest difference was found in the estimated fishing mortalities (Figure 8.1.2).
The time-series became highly variable to match exactly the assumed known catches.
Furthermore, the fishing mortalities themselves became extremely well determined
(coefficients of variation as low as 1% for F,_, ).

One exception to the extremely narrow confidence intervals produced by assuming
perfect catch information is the estimates in the last few assessment years. The uncer-
tainty (standard deviation) of the last year estimates of F, , and spawning-stock

biomass is almost doubled when fixing the variances compared to when estimating
the variances. The state-space framework is designed to make any given year’s esti-
mate an optimal weighted average of the information from the current year, and the
information from surrounding years. The assumption of noise-free catch information
propagates into increased variability of the underlying process (here fishing mortal-
ity), which then makes the last years estimates more uncertain, as they almost only
use information from the last year.
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Conclusions

WGMG finds that the state-space assessment model is a valid alternative to (semi-)
deterministic approaches. It can include observation noise in the catches and its
equivalent to “year-shrinkage” is objectively estimated within the model.

If the true catch observations contain measurement noise, then the model with the
same variance restrictions as the (semi-) deterministic approaches leads to fishing
mortality estimates that may be too irregular, as the measurement noise is propa-
gated here. The irregular fishing mortality estimates are consistent with the estimates
seen from the (semi-) deterministic approaches.

Furthermore, assuming zero catch variance when it is not valid, causes too narrow
historical confidence intervals, but a loss of precision in the final year.

Incorporation of survey variance in assessments

Further Extensions to the SURBA model (SURBA+)

SURBA (Needle 2008) is an age-based assessment model that can be used to estimate
total mortality rates (Z’s) and relative population size based only on age-based sur-
vey indices (I, a=1,...,A, y=1,...Y). The basis of SURBA is a simple separable model of

total mortality: Z, =s; f;, where s, is the year-invariant age effect for Z and fy* is the

year effect. Population size is modelled using the standard cohort model,

Naay = Nay €XP(-Z,)  Parameters are estimated using survey indices that are assumed

to be related to population size via the observation equation

a+ly+1

Iay = qa Nay eXp(— pyzay + an),

where pyZ.y is the fraction of total mortality that occurs before the survey takes place,
q’s are parameters for the survey catchability, and ¢’s are observation error terms.
Note that beginning of year population size, Nay, is projected forward to the time of
the survey by applying the fraction of total mortality.

There is confounding between g’s and Z’s in a SURBA model (e.g. Section 4.1.2.2 in
ICES-WGMG 2008). To remove this confounding, values for g’s are usually supplied
by the user (i.e. assumed or derived from external sources). Hence, SURBA provides
population size estimates that are relative to the assumed scale of the survey g’s.
SURBA is a highly parameterized model, even when g values are fixed, and it is use-
ful to control the variation in some parameter values. Shrinkage penalties have been
used to reduce the between year variation in f,'s and between age variation in s. ’s.
The amount of shrinkage is usually based on subjective judgment.

The above formulation of SURBA is useful for producing basic information on stock
trends and total mortality rates, but it is not directly useful for evaluating manage-
ment options for fisheries in the traditional sense; although it is currently used to
provide trend-based management indications for North Sea whiting (ICES-WGNSSK
2009) and 3Ps cod (DFO 2009; see below) . In this Section some results are presented
from preliminary investigations of extensions to SURBA that are more useful for
management purposes. These involve:

1) Z model: Zsy = Muy + Fay, where natural mortality (May) is user-supplied
and fishing mortality is modelled as a separable function, Fsy = s«fy, where
s« is the fishery selectivity for different ages, which is assumed to be year-
invariant. Modelling Z in terms of F and M is required to provide F-



ICES WGMG REPORT 2009 | 53

multiplier stock projections for management advice, but does assume
knowledge of natural mortality rates.

2) Control variation in f; ‘s and s. ‘s and reduce the number of parameters us-
ing random effects modelling approaches rather than subjective shrinkage.
This provides more objective management advice.

3) Relax the separability assumption so that Fsy = sayfy and sy varies smoothly
as a function of year (y). This is a more realistic assumption which may
lead to more accurate management advice.

4) Use random effect approaches to model recruitment and reduce the num-
ber of parameters. This may lead to more precise management advice.

Extensions were developed for a specific stock, namely Atlantic cod (Gadus morhua)
in NAFO Subdivision 3Ps, located off the south coast of the island of Newfoundland,
Canada. SURBA has been used recently in assessments of this stock (e.g. DFO 2009).

9.1.1 SURBA+ software

A version of SURBA was described in ICES-WGMG (2008; Section 4.1.1.1) that was
implemented in SAS using PROC NLMIXED. It proved to be very difficult (and per-
haps impossible) to modify this code to incorporate more flexible time-varying mod-
els for selectivity (i.e. say), in conjunction with a random effects model for the F year
effects (i.e. fy ‘s). This software approach was abandoned in favour of an approach
based on AD Model Builder (ADMB) software.

9.1.2 3Ps cod example - the survey data

The model was applied to the expanded Campelen index (including ‘new’ inshore
strata) for 3Ps cod, for the years 1983-2009 and ages 1-12. Hence, the model provides
estimates of mortality rates and trends in the size of the stock component in the sur-
vey area and at the time of the survey. This is thought to represent a large part of the
3Ps stock in total. This Campelen index is based on a stratified random bottom-trawl
survey design which was expanded to include inshore strata that have been consis-
tently sampled since 1997 (Figure 9.1.1). The expansion involved a 12% increase in
the area surveyed. The survey index prior to 1997, which was based only on offshore
strata, was adjusted to account for the new inshore strata. These details are described
in as yet unpublished supporting DFO documents for the 2009 assessment.



54 |

ICES WGMG REPORT 2009

Stratum boundaries Div. 3P.
779 - 783 added in 1994
293 - 300 added in 1997

Figure 9.1.1. Survey stratification scheme in NAFO Subdivision 3Ps. “New” inshore strata are
shaded.

The survey time-series of mean number per tow are illustrated in Figure 9.1.2. There
is considerable interannual variability of survey catches for cod - much of which is
not related to changes in cod abundance. We refer to such stock-independent varia-
tions as year effects. However, since the addition of the inshore strata in 1997, the
interannual variability of survey indices have been much lower.
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Figure 9.1.2. Strata-area weighted average mean number per tow for cod in NAFO Subdivision
3Ps.

Recent survey age compositions are shown in Figure 9.1.3. Survey catches tend to be
highest at age 3, and generally decline for older ages. Note that survey catches in 2009
for many cohorts were greater than the values in 2008. This suggests that either the
2008 index was a “low” year effect; the 2009 index was a “high” year effect, or some
combination of the two.
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Figure 9.1.3. Survey mean number per tow (MNPT) at age for cod in NAFO Subdivision 3Ps.

Changes in the survey age composition over time are illustrated in Figure 9.1.4, using
a “SPAY” plot.
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Figure 9.1.4. Standardized proportion at age per year plots (“spay”; FLEDA library within FLR) based
on mean number per tow for cod in NAFO Subdivision 3Ps.

Clearly the DFO 3Ps survey data have historically been quite noisy and it is a chal-
lenge to infer trends in stock from these data. There are several possible explanations
for the high variability which are available in the DFO research reports for this stock,
and are not repeated here.

Cod in 3Ps have long been recognized as consisting of a complex of migratory sub-
stocks that are not all equally exploited by fisheries. It is thought that the majority of
the stock is in the DFO survey area at the time of the survey (Winter-Spring); how-
ever, it is known that some stock components are not “available” to the survey, and
the relative size of these components has likely varied over time. These inshore com-
ponents could be heavily exploited and yet not surveyed by the DFO survey. There
are additional fixed gear surveys in the inshore but it has been difficult to combine
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these sources of information into a single model for the stock as a whole. Commercial
catches for the larger offshore component are uncertain because much of the catch
occurs in the inshore in summer when that component is possibly mixed with inshore
components.

For these reasons, and others, an assessment model for the entire 3Ps stock has not
been accepted (or even proposed) for the last few years. In recent assessments total
mortality rates and trends in offshore stock size have been inferred from survey re-
sults. The SURBA model has been used to help filter out the year-effects noise in the
3Ps index from the stock signal.

9.1.3 Model 1: Random walk for fully recruited fishing mortality

The fishing quotas for 3Ps cod have not varied much from year to year, except for
1994-1996 when there was a moratorium of commercial fishing. In addition, rela-
tively few cod less than age 4 are landed in 3Ps fisheries; that is, they are not recruit-
ment fisheries. This suggests that we should expect fairly smooth temporal variations
in fishing mortality rates. The SURBA model used in the last two 3Ps cod stock as-
sessment included a user supplied penalty function to control between year varia-
tions in f;’s. The penalty weight was subjectively chosen, and two options were
explored that produced low and high smoothing.

An alternative approach is to treat the f;’s as a simple random walk,
log(f,) =log(f, ,)+0,,

where & are independentn(o,5?) random error terms. The variance o; could be user
specified but a more objective modelling approach is to estimate o and let the data
decide how much smoothing is appropriate. This is easy to do using the ADMB ran-
dom effects module (ADMB-RE), which uses the marginal likelihood, in which the &
random effects are numerically “integrated out”, for inference about fixed effect pa-
rameters like o; . Typically a fixed-effect (i.e. not random) mean parameter is speci-
fied to start the random walk. For 3Ps cod the random walk starts in 1983, and we re-
start it in both 1994 and 1997 to account for the fishing moratorium. Hence, the ran-
dom walk model is

4, y =1983, 1994, 1997,
9.3.1

log(f,) = {Iog( f,)+0,, otherwise.

In the first analyses of this model the estimate of 0'§ was very high and the empirical

Bayes predictions of the f,’s were highly variable from year to year. The problem was
that the model estimation tried to account for the year effect variability of the survey
indices as variability in the f,’s. As a solution we decided to model the year effect
variability separately. This involved extending the observation equation,

Iay = Qay Nay eXp(— pzay + gay)i 9.3.2

where log(Qay) = log(qs) + 7y and 7y are independent N(0,62) random year effects.

The other model component to specify is the selectivity, s.. To ensure f; and s. effects
are identified we set sa = 1, as is done in SURBA 3.0 (Needle, 2008). We expect that s.
varies smoothly as a function of age. A variety of parametric models have been used
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for this purpose; however, sensitivity to parametric assumptions is always a concern.
We decided to also use a random effects approach to produce smooth nonparametric
estimates of s.. At younger ages we expect log(s.) to increase roughly linearly with
age, but at older ages we expect much less change in s.’s. To accommodate this type
of variation we used the following random effects model:

9.3.3

log(s,) = {0.5[|0g(sa+1) + |09(Sa,1)] +&,, a<7, }

log(s, ;) +<,. otherwise,

where & is a normal distribution error term. This model penalizes against first-order
differences at older ages, {log(ss+1) - log(ss)}2, and will favour constant selectivity unless
there is “strong” evidence in the data for a trend. The strength of the evidence is de-
termined via the improvement in fit to the data vs. the cost of having Vvar(¢£,) = ¢? > 0in
the likelihood. At younger ages the penalty is {log(ss+1) + log(se1) - 2 l0g(sa) }* which
favours log-linear selectivities; that is, the penalty is zero when s. is log-linear in a. If
log-selectivities follow a simple random walk then Vvar(£,_,) = 2var(&,.,), and we used

the relationship to account for the extra terms in the linear penalty.

We assumed g. = 0.1, 0.3, 0.5, and 0.8 for a = 1,...,4 and q. = 1 for a > 4. Estimates of
population size are relative to these assumptions about survey catchability.

Estimates of population size (Figure 9.1.5) suggest that total biomass in the survey
area increased during 1997-2001, decreased steadily during 2005-2007, but increased
from 2008 to 2009. Estimates of spawning-stock biomass (SSB) increased until 2003—
04, decreased steadily to 2008, and changed little in 2009.
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Figure 9.1.5. Estimates of recruitment (top left panel) and biomass (bottom left panel). The red
line indicates the time-series mean. Estimates of SSB (top right panel) and biomass (bottom right
panel) relative to 1994 values, which for SSB is the limit reference point for this stock. Vertical
lines indicate 95% confidence intervals. Dashed references lines at one are shown.

The limit reference point for 3Ps cod is Brecovery which has been identified as stock size
in 1994. Estimates and confidence intervals for stock size relative to Brecovery have been
reported in recent assessments for this stock. The results (Figure 9.1.5) suggest that
SSB in 2009 was slightly below Brecovery. SURBA models used in the last assessment of
this stock, based on different values for g.’s, suggested that SSB in 2009 was slightly
above Brecovery.
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Fishing mortality rates (averaged for ages 2—4; Figure 9.1.6) increased steadily from
about 0.11 to 0.43 during 1997-2007 and have declined slightly since then. Selectivity
is estimated to increase log-linearly with length to a maximum of one at age eight,
and is flat thereafter.

The survey catchability model (Q) includes effects to account for the inclusion of in-
shore strata in the 3Ps index starting in 1997 (see Section 9.1.2), and also year effects
(e.g. Equation 9.3.2). The age-effects for 19972009 are user-supplied (see above) and
the age-effects for 1983-1996 were adjusted from the 1997-2009 age effects. The ad-
justment factor was derived externally to the model and was based on a comparison
of survey catch rates during 1997-2009 in offshore strata only compared to catch rates
from offshore plus inshore strata. The year effects are predicted from the model fit-
ting. The age effects in Q shown in Figure 9.1.7. We assumed the log year effects were
iid Normal random deviates but the exponentiated predictions do not seem random.
The mean and median of the year effects prior to 1994 are 1.11 and 1.12, respectively.
The geometric mean prior to 1994 is 1.00. This may affect estimated trends in stock
size, and this requires further investigation.
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Figure 9.1.6. Left panel: Average fishing mortality for ages 4-12 (solid line) and 1-3 (dashed line).
Vertical lines indicate 95% confidence intervals. Right panel: Predicted fishery selectivity. The
vertical line indicates the first age that selectivity is one.
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Figure 9.1.7. Age effects in survey catchability (Q, top panel) and year effects (bottom panel).

Observed and predicted age-aggregated survey indices and various plots of age dis-
aggregated survey residuals are shown in Figure 9.1.8. There are no residuals for
2006 because the survey was not completed that year, and the index is missing. There
are no residuals at ages 1 and 2 prior to 1995 because a different trawl gear was used
during 1983-1995 which did not efficiently catch small cod. Data for ages 3-12 were
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converted based on comparative fishing studies to correspond to the current Campe-
len gear. There is still evidence of agexyear residual patterns although these results
are much improved compared to the SURBA model last used in the stock assessment
for 3Ps cod. There is a slight trend in residuals at ages 1-3 which may reflect prob-
lems in the choice for survey g’s for these ages.

9.1.4 Model 2: Trend in Selectivity

The separable model for fishing mortality may not be appropriate to 3Ps cod, espe-
cially before and after the fishing moratorium in 1994-1996. There were substantial
changes in gear types in these two periods, with a greater fraction of landings taken
with otter trawl and traps before the moratorium. Afterwards, a larger fraction of the
catch was taken with gillnets which are known to have a “domed” selection pattern
for cod in 3Ps.

We explored a simple mixture model in which selectivity was a weighted average of
two “base” selection functions, and the weights could change from year to year. The
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Figure 9.1.8. Top left panel: Sum of observed (points) and predicted (lines) survey indices each
year. Predicted indices have been corrected for the log transformation bias. Bottom left panel:
Matrix plot of residuals. Red +'s are positive and black x’s are negative. The sizes of plotting
symbols are proportional to the absolute value of the residuals. Cohorts are listed in small font
along some margins. Right panels: Standard residuals vs. year, age, cohort, and predicted value.
The dashed line in the top right panel indicates the average residual each year.

idea is that fishery selectivity is a combination of “domed” vs. “flat-topped” selection
patterns, and the contribution of each base function changes from year to year. The
selectivity model is

Iog(sya) = py Iog(sla) + (1_ py) Iog(SZa)Y 934:
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where s1: and sz are the two base selection functions. The py weights were a paramet-
ric function of year; we assumed a logistic function,

exp{f(y—-1994)/Y}
1+exp{O(y -1994)/Y}’

p, = p(y) = Y = No. years. 935

One selection function was modelled the same as in Model 1. The second function
was modelled so that the log difference between it and the first function was a simple
random walk, with variance equal to the sum of the variances for each selection func-
tion. The rationale for this somewhat unorthodox approach was to remove the inde-
terminancy in si and sz in equation 9.3.4. Similar values for sy. could be obtained
with very different values for sw and s2.. Our solution to this problem was to specify
that llog(si/ sz)| should be not be too large, which we achieved by assuming X. =
log(sid/ s2) followed a simple random walk, X, =X, ,+5, where & are independent

N(0,Varf{log(sia)} + log(s2,)}) deviates.

Annual empirical Bayes predictions of fishery selectivity (Figure 9.1.9) suggest a
switch to a more domed pattern in which ages 4 to 8 are more selected by the fishery
since the moratorium in 1994-1996. This is consistent with our understanding of the
selectivity of the gillnet fishery in this region.
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Figure 9.1.9. Left panel: Three dimensional graph of fishery selectivity, scaled to a maximum of
one each year. Top right panel: Average selectivity at age over all years. Bottom right panel: Selec-
tivity deviations from the average. Black indicates negative (i.e. less than average) and grey indi-
cates positive.

The time-varying selectivity model did not result in substantially difference estimates
of stock size or fishing mortality rates (Figure 9.1.10), but did tend to result in wider
confidences for biomass and SSB except during 1983-1987. Confidence intervals for
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Figure 9.1.10. Left panels: Comparisons of SSB (top) and biomass (bottom) from the time-varying
selectivity model (model 2; black lines) and model 1 (grey lines) in which selectivity was constant
over time. Right panels: Comparisons of recruitment and average fishing mortality-at-ages 4-12.
Vertical lines indicate 95% confidence intervals.

recruitment were usually similar for the two models, but confidence intervals for
average fishing mortality were almost always wider for model 2. Stock size relative to
1994 levels, the limit reference point for 3Ps cod, were more uncertain especially for
SSB. The additional flexibility in selectivity creates additional uncertainty about re-
cent SSB. Increasing the amount of “dome” in the last few years can result in much
higher SSB’s with little change in fit to the data which is why the upper confidence
interval endpoint is much higher for model 2 compared to model 1.
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Figure 9.1.11. Comparisons of SSB (top right) and biomass (bottom panel) relative to 1994 values,
which for SSB is the limit reference point for this stock. Black lines indicate results from the
time-varying selectivity model (model 2) and grey lines are for model 1 in which selectivity was
constant over time. Vertical lines indicate 95% confidence intervals. Dashed references lines at
one are shown.
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Model 2 did not fit the data much better. The improvement in fit (2xlog-likelihood)
was very small (0.23) which suggests that the estimated change in selectivity, al-
though realistic in appearance, is not significant. Residuals were very similar for
these two models.

9.1.5 Model 3: Random Recruitment

It is common to use random effect approaches to model recruitment and reduce the
number of parameters. Often this is done using a stock recruitment model. However,
there has been little evidence of a stock—recruit relationship for 3Ps cod. We decided
to model log-recruitment as a normal random variable with a constant mean. Esti-
mates of the size of recent cohorts are usually more uncertain in cohort models, and
the random-effects approach we use will have the effect of “shrinking” estimates of
recent recruitment to the time-series average unless the indices for recent recruitment
strongly indicate otherwise. As usual, the strength of the evidence is determined via
the improvement in fit to the data vs. the cost of having Var(recruitment) = ¢? > 0 in the

likelihood. Otherwise Model 3 is identical with Model 2.

Some shrinkage in recruitment predictions occurred, particularly for the 2006 year-
class (Figure 9.1.12). Confidence intervals for biomass and SSB were substantially
narrower in some years (e.g. 1979-1985) and never much larger. Confidence intervals
for average F were very similar for the two models.
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Figure 9.1.12. Left panels: Comparisons of SSB (top) and biomass (bottom) from the time-varying
selectivity model (model 2; grey lines) and the random recruitment (model 3; black lines). Right
panels: Comparisons of recruitment and average fishing mortality-at-ages 4-12. Vertical lines
indicate 95% confidence intervals.

However, treating recruitment as a random effect resulted in wider confidence inter-
vals in stock size relative to 1994 levels, especially during 1997-2005 (Figure 9.1.13).
The biomass confidence intervals prior to 1993 were shorter for the random recruit-
ment model. It is not obvious why these changes occur.
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Figure 9.1.13. Comparisons of SSB (top right) and biomass (bottom panel) relative to 1994 values,
which for SSB is the limit reference point for this stock. from Black lines indicate results from the
random recruitment model 3 and grey lines are for time-varying selectivity model 2 in which
annual recruitment was estimated as fixed parameters. Vertical lines indicate 95% confidence
intervals. Dashed references lines at one are shown.

9.1.6 Recommendations

e Simulation test methods.

¢ Investigate if the year effects in log survey catchability can cause bias in es-
timated trends in stock size.

e Investigate better approaches to estimate time-varying selectivity. The pro-
cedure used here is ad hoc. We found that estimates and confidence inter-
vals for trends in SSB were fairly sensitive to how the time-varying
selectivity model was implemented.

e DProvide stochastic stock projections. Add process error in the Z model.
This is important for stochastic projections.

e Specifically for 3Ps cod, explore better ways to model fishing mortality
during the short fishing moratorium in 1994-1996. It seems difficult to un-
tangle year effects from reductions in fishing mortality that must have oc-
curred.

9.2 Developments in SURBA-R

In addition to the developments described in Section 9.1 above, there is a requirement
to develop a new implementation of the existing and widely used SURBA 3.0 code
(Needle 2008, Mesnil 2009). This code was written in Fortran-90 and uses NAG li-
brary minimization routines to fit parameters. Unfortunately NAG do not permit free
distribution of code which includes their routines, and so (in theory) only those with
NAG libraries installed on their computers are allowed to run programs such as
SURBA 3.0. While this restriction has seldom been enforced, it remains as a legal im-
pediment which ICES should not ignore. There is thus a strong driver to redevelop
SURBA for a different platform which is not subject to usage restrictions.

During the WGMG meeting, work began on a new version (SURBA-R) which is being
written using the statistical package R (R Development Core Team 2005). This has
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several advantages: R is freely available, it avoids NAG library limitations, and the
resulting function library will be useable but also modifiable. It is also much easier to
generate uncertainty estimates through the R code than it was using the Fortran code.
The main disadvantage of R code is that it can (in general) be quite slow to run.

Code development is as yet at an early stage, but good progress has been made. Pa-
rameter fitting is achieved using the nls. Im function from the minpack. Im library.
This has proven to be faster than the optim function that is bundled with the R dis-
tribution. Further time savings were achieved by full vectorisation of the minimiza-
tion function, as well as the reworking of all data frames as matrices, and a single
case-study run now takes around 8 seconds (which compares very well with around
5 seconds for SURBA 3.0). Further work for this implementation will focus in the first
instance on full replication of the SURBA 3.0 options and outputs. It is hoped that
developments in SURBA-R and SURBA+ will prove to be complementary, and that a
single implementation will emerge in the fullness of time.

SURBA 2.1

During the comparisons of WG assessment model use carried out for Section 5.3, we
noticed that SURBA 2.1 was still being used by AFWG as the main assessment model
for Norwegian coastal cod. WGMG points out that this was a trial version of SURBA
which was not very well tested, and which contains unjustifiable features such as
allowing catchabilities to be freely estimable parameters (which they should not be in
this implementation). Use of this code as the basis for management advice is not ad-
visable.

Recommendation: AFWG should not use SURBA 2.1 as the assessment model for
Norwegian coastal cod.

Conclusions

10.1

10.2

New chair proposal

WGMG proposes that José De Oliveira (England) take over as the new Chair from
2010 onwards.

Future directions for WGMG
Existing approach

The approach taken for the 2009 WGMG meeting was different from previous years.
Following a suggestion from Mike Sissenwine (ACOM Chair), ToRs were developed
intersessionally by the WGMG Chair in consultation with benchmark and assessment
Working Group chairs. The intention behind this was to ensure the relevance of
WGMG output to the direct requirements of forthcoming benchmark and assessment
meetings.

However, WGMG concludes that this approach has not been successful. There was
considerably less buy-in to the process from benchmark and assessment Chairs than
had been anticipated, with requests submitted by only five individuals — three of
whom are WGMG members. The idea of finalizing the ToRs during summer has also
been counter-productive. Many institutes plan their travel budget at the start of the
year, and it is clear (from the low participation in this year’s meeting) that a WGMG
with no defined ToRs was a low priority for many who may otherwise have at-
tended.
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During this year's WGMG meeting a request was received from the ICES Secretariat
to continue the current practice, and indeed to extend it so that WGMG becomes even
more entwined with the benchmark process. WGMG does not agree that this is a
useful way forward, for the reasons given above — it is also likely that many WGMG
members will attend the 2010 benchmark meetings in other capacities in any case. We
suggest a Workshop for 2010 instead: some ideas for this are outlined below.

In the longer term, it is the view of WGMG members that the group should function
in an ongoing research capacity with longer term goals than trying to find quick fixes
to today’s assessment problems (the benchmark meetings are the place to do that, if
needed). An example from the last two meetings has been developments in the
SURBA survey-based assessment method: these developments have not yet reached
the stage where they can be applied in assessment Working Groups, but there has
been measurable and valuable progress within WGMG. There is no other forum in
ICES that permits this longer term view and it would be unfortunate if it were lost.

Workshop proposal

ToRs b) and c) could not be addressed during the 2009 meeting of WGMG. Much
broader participation would be required to address these ToRs. WGMG proposes
that a Workshop be held in 2010 to specifically address these ToRs. The title of the
workshop could be “Recent advances in stock assessment models worldwide”. There
has been considerable correspondence between ICES scientists on the need for such a
workshop, and WGMG would seem to be the natural group to steer and convene it.

A basic task of the workshop would be to provide a reasonably comprehensive over-
view of “state-of-the-art” stock assessment models, both from ICES areas and else-
where. This would include a rigorous and consistent description of the assumptions,
data requirements, and estimation procedures for each method. Another task of the
workshop would be to summarize the advantages and disadvantages of the various
methods, and the types of stocks the methods are better suited for. This will be a dif-
ficult task that should be assisted by asking the model experts to demonstrate the
improvements their models can give. That is, what problems have they fixed?
WGMG suggests that model experts present case studies at the workshop that illus-
trate improvements, and also some simulations results that demonstrate their models
provide reasonably reliable estimates and measures of uncertainty (e.g. confidence
intervals) for the situations that the models were developed for. This is a first step in
demonstrating the reliability of a stock assessment model. The second, and more
difficult, step is to demonstrate that the model is reliable for reasonable violations of
the model assumptions (i.e. is the model sufficiently robust for use by others?). This
could be achieved through sensitivity analyses conducted at the workshop.

To keep the Workshop tractable, WGMG suggests that the scope of models covered
be limited to single-species, age-based (or length-age-based) assessment models.

Proposed ToRs for the Workshop, and by extension, for WGMG in 2010, are given in
Annex 2. A Chair for the Workshop would need to be identified.
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An interim list of potential models and contact people is given below. This has a
number of blank spaces, and would need revised should the proposed Workshop go

ahead.
MODEL POTENTIAL CONTACT PERSON
ADAPT Stratis Gavaris
ADCAM [Iceland]
A-SCALA Mark Maunder (IATTC, La Jolla)
ASPIC Michael Prager (Southeast Fisheries Science Center, NMFS)
B-ADAPT Chris Darby (CEFAS, Lowestoft)
Bayesian catch-at-age model Carmen Fernandez (IEO, Vigo)
CASAL Alastair Dunn (NIWA, New Zealand)
CLS
Coleraine Ray Hilborn
CSA Benoit Mesnil (IFREMER, Nantes)
Gadget Daniel Howell (IMR, Bergen)
ICA Ken Patterson (EC, Brussels)
Multifan-CL David Fournier (Otter Research)
SAD José de Oliveira (CEFAS, Lowestoft)
SAM Anders Nielsen (DTU-Aqua, Copenhagen)
SCCA
SMS Morten Vinther (DTU-Aqua, Copenhagen)
SS 11T Rick Methot
SURBA Coby Needle (MSS, Aberdeen) / Noel Cadigan (DFO, St John’s)
SXSA Dankert Skagen (IMR, Bergen)
TISVPA Vasilyev (Murmansk)
TSA Rob Fryer (MSS, Aberdeen)
XSA Chris Darby (CEFAS, Lowestoft)
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Annex 2: WGMG Terms of Reference for the next meeting

The ICES Workshop on Reviews of Recent Advances in Stock Assessment Models
Worldwide “Around The World In AD Models” (WKADSAM) co-chaired by Coby
Needle, UK*, and Chris Legault*, USA) will meet in Nantes, France, for 5 days in
September 2010 to collate, review and comment on stock assessment methods cur-
rently in use around the world.

This will be part of the ICES initiative on stock assessments methods.

The workshop will:

a) Determine the key techniques and approaches used to assess fish stocks

b) Consider inter alia utility, ease of use, estimation procedures, robustness,
suitability to different data richness, applicability to data poor situations, and
relevance of assumptions in the models

¢) Summarize the advantages and disadvantages of the various methods, and

describe the appropriate use.

d) Comment on demonstrations by model developers of the utility of methods
with case studies and simulated data sets, focussing on the question: What
problem has the method fixed?

e) Prepare the groundwork for a following workshop in 2011 or 2012 (see ini-
tiative plan below)

Supporting Information

Priority

The work of this group is essential to ICES to progress in the development
of methods for fish stock assessment and advice.

Scientific justification

This workshop forms the essential first part of a proposed ICES
initiative to carry out a review of the assessment methods
currently in use worldwide. Knowledge gained at the
workshop will be used to inform plans for the second and third
phases, respectively a major international conference on stock
assessment methods (in the second year) and a published
review (in the third year). The purpose of the initiative is
develop, improve and otherwise modernise the stock
assessment methods used by ICES assessment working groups,
and thereby improve the provision of scientific fisheries
management advice in years to come.

Resource requirements

None.

Participants

ICES does not intend to carry out this review in isolation. It has
already approached and received support from FAO and is
about to approach ICCAT, IATTC, CCSBT, NAFO and IPHC. It
is also proposed to approach the network of Regional Fisheries
Organizations Secretariats hosted by FAO. In addition
individual institutes/countries will be approached: in Australia;
New Zealand; Japan; South Africa plus non- ICES scientists in
Russia, USA and Canada.

Secretariat facilities

None required in 2010
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Financial This is part of the initiative on stock assessment methods.

Linkages to advisory  The initiative will be jointly managed by ICES ACOM and

committees SCICOM with input from the ICES Working Group on
Methods of Fish Stock Assessments.

Linkages to other WKADSAM will report to WGMG and the SCICOM by Dec

committees or groups 2010.

Linkages to other Linkages to other organizations: see above.

organizations

Draft plan for ICES initiative

ICES initiative: Review of stock assessment methods
used around the world

ICES, along with other partner fisheries organizations, plans to carry out a joint re-
view of stock assessment methods over the next two to three years.

Justification

There have been many recent advances in fish stock assessment methods and tech-
niques. Many of these advances are conceptual and others are technological. ICES has
been slow to incorporate many of these developments into its advisory system. ICES
used to be a world leader in the development of stock assessment methods and in
some areas still is, but the majority of the ICES stock assessments now use methods
that can be considered out-dated, compared to some of those used outside ICES.
Most of the current methods fail to fully utilize the available data resources. In other
cases, the lack of standard catch-at-age and classic fisheries independent time-series
often results in no assessment being made, whilst useful information for these “data
poor” stocks does exist. As the client organizations of ICES require a broader portfo-
lio of fisheries advice, as well as integrated regional advice, ICES is finding that some
of the stock assessment methods it uses are failing to provide the necessary basis for
such advice.

ICES needs an approach by which it can re-invigorate the stock assessment methods
it uses, and stimulate the development of new techniques and concepts. As this must
be done without re-inventing the wheel, ICES requires a review of methods used
around the world for fish stock assessment. It is hoped that this review will advance
not just ICES knowledge but also the operation of its stock assessment experts and
the advisory system as a whole.

Obijective

To carry out a review of state-of-the-art stock assessment methods used around the
world. The review will result in a major publication of the findings and a repository
of online, free, robust and tested stock assessment methods.

Partners

ICES does not intend to carry out this review in isolation. It has already approached
and received support from FAO and is about to approach ICCAT, IATTC, CCSBT,
NAFO and IPHC. It is also proposed to approach the network of Regional Fisheries
Organizations Secretariats hosted by FAO. In addition individual institutes/countries
will be approached: in Australia; New Zealand; Japan; South Africa plus non- ICES
scientists in Russia, USA and Canada.
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The initiative will be jointly managed by ICES ACOM and SCICOM with input from
the ICES Working Group on Methods of Fish Stock Assessments. The first workshop
will be chaired by Coby Needle (UK) and Chris Legault (USA). The larger workshop
will be convened by (to be determined). The final review will be edited by Dickey-
Collas, Needle, and ...??2??.

Approach

The review will take the form of two workshops leading to a publication of the re-
view of state-of-the-art methods and an online repository of codes, manuals and
working data sets.

The format and style of the publication will be determined at the first workshop. At
this first workshop the key techniques and approaches will be identified and the sec-
tions of the review will be allocated to contributors (as work packages). Importantly
the review will not just list the stock assessment methods, but will focus and com-
ment on them too. The criteria for such comments will probably include utility, ease
of use, estimation procedures, robustness, suitability to different data richness, appli-
cability to data poor situations, relevance of assumptions etc. Another task of the
workshop would be to summarize the advantages and disadvantages of the various
methods, and describe the appropriate use. This challenging task will be assisted by
asking the experts to demonstrate the utility of methods with case studies and simu-
lated data sets. The methods will also be challenged with data sets that violate their
model assumptions.

The second workshop is planned to be a major world conference on stock assessment
methods with invited and contributing scientists. The objective of the conference
would be to determine the state-of-the-art for stock assessment methods around the
world. It is likely that each session will be method based (targeting a work package),
but importantly the session will combine presentations with active workshops to
determine the approaches for major chapters in the final publication.

The review will be published either as an FAO or ICES publication. It is important to
aim high with regards to the quality of the contributions, the potential readership and
its readability. The target group for the review will be scientists that use stock as-
sessments. This means that the authors of the review (probably stock assessment
methods developers) write in a manner that will be appropriate for the users of their
products. In addition to the published review, an online repository of current tech-
niques and methods will be set up. This will be held by ICES and those methods de-
posited will be as freely available possible to all. Worked examples, with appropriate
data sets, will also be made available.

The publication and depository will become obsolete over time but it is hoped that
the review will stimulate scientists within ICES to think beyond their current ap-
proaches and also facilitate a sharing of stock assessment methods and approaches
across the world. It will place ICES back at the centre of stock assessment method
development.

Products

The final product will be an FAO or ICES published review of state-of-the-art stock
assessment methods and an ICES-held repository of stock assessment methods. This
will be delivered in 2013.

A bi-product will be the re-ignition of the development and sharing of stock assess-
ment methods in the ICES community and beyond. In addition, the initiative will
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place ICES back at the centre of stock assessment technical and conceptual develop-
ment.

Resources

ICES data centre (web support for initiative and repository) — 200 hours secre-
tariat time

Support for large conference (including travel for invited speakers) — €30 000
Large conference administration — 200 hours secretariat time

Support for publication — €10 000

Support for marketing and awareness building — 50 hours secretariat time

Time line

The review will take place over 24 or 36 months.

Starting with the first workshop in September 2010

The second workshop (the world conference) will take place autumn 2011 or spring
2012.

The review and repository will be completed by end 2012/start 2013.

The review will be published 6 months after submission (in 2013).
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The ICES Working Group on Methods of Fish Stock Assessment (WGMG) chaired
by José de Oliveira*, UK will work by correspondence during 2010 to:

a) work with SCICOM and ACOM to build the ICES Initiative on Stock As-

sessment Methods;

b) prepare by correspondence for the forthcoming Workshop on Reviews of
Recent Advances in Stock Assessment Models Worldwide in September

2010;

c) consider the structure and function of a science group on stock assessment
methods within ICES.

WGMG will report by 1 December 2010 (via SSGSUE) for the attention of SCICOM

and ACOM.

Supporting Information

Priority:

The work of this group is essential to ICES to progress in the
development of methods for fish stock assessment and advice.

Scientific justification

The approach taken for the 2009 WGMG meeting was different from
previous years. ToRs were developed intersessionally by the WGMG
Chair in consultation with benchmark and assessment Working Group
chairs. The intention behind this was to ensure the relevance of WGMG
output to the direct requirements of forthcoming benchmark and
assessment meetings.

However, WGMG concluded in 2009 that this approach had not been
successful. There was considerably less buy-in to the process from
benchmark and assessment Chairs than had been anticipated, with
requests submitted by only five individuals — three of whom are WGMG
members. The idea of finalizing the ToRs during summer has also been
counter-productive. Many institutes plan their travel budget at the start
of the year, and it is clear (from the low participation in this year’s
meeting) that a WGMG with no defined ToRs was a low priority for
many who may otherwise have attended.

During this year's WGMG meeting a request was received from the ICES
Secretariat to continue the current practice, and indeed to extend it so
that WGMG becomes even more entwined with the benchmark process.
WGMBG does not agree that this is a useful way forward, for the reasons
given above — it is also likely that many WGMG members will attend the
2010 benchmark meetings in other capacities in any case. We suggest a
Workshop for 2010 instead and further involvement in development of
the ICES Initiative on Stock Assessment Methods.

In the longer term, it is the view of WGMG members that the group
should function in an ongoing research capacity with longer term goals
than trying to find quick fixes to today’s assessment problems (the
benchmark meetings are the place to do that, if needed). An example
from the last two meetings has been developments in the SURBA
survey-based assessment method: these developments have not yet
reached the stage where they can be applied in assessment Working
Groups, but there has been measurable and valuable progress within
WGMG. There is no other forum in ICES that permits this longer-term
view and it would be unfortunate if it were lost.

Resource requirements

None

Participants

Research scientists involved in stock assessment methods from the ICES
area and invited scientists from outside the ICES area.
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Secretariat facilities

None, other than formatting and publishing of the final report.

Financial: No financial implications
Linkages tTo Advisory ACOM has strongly supported the work of this group and has worked
Committees actively in formulating the ToRs for recent meetings. WGMG will also

report to ACOM in 2010.

Linkages to other
Committees or Groups

WGMG will report to the SCICOM by December 2010.

Linkages to other
Organisations

There is similar work going on within ICCAT and NAFO. Coordination
should be assured.
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RECOMMENDATION

FOR FOLLOW UP BY:

XSA year shrinkage: Benchmark groups should consider a
proper time-series methodology to adjust or estimate the weight
given to shrinkage.

Benchmark WGs.

XSA year shrinkage: Determining the amount of shrinkage by
minimizing retrospective patterns is not recommended because it
could lead to seriously biased estimates of stock size or their
trends.

Benchmark WGs.

XSA year shrinkage: Whether shrinkage is “light” or “heavy”
should be determined with reference to the actual scaled weights
in the XSA diagnostics, not just the shrinkage SE.

Benchmark WGs.

XSA shrinkage: Although they serve a different purpose, year-
and age-shrinkage are switched on in the same menu and a sin-
gle CV is applied in the standard VPA suite. A version where the
two are disconnected is available (C. Darby, CEFAS) and should
be implemented in ICES.

ICES Secretariat.

XSA iterations: FLXSA output should include the number of
iterations taken to reach the solution.

ICES Secretariat.

XSA iterations: Convergence behaviour of XSA (and indeed all
models) should always be checked.

Benchmark and assessment
WGs.

XSA iterations: Slow convergence and/or high sensitivity to the
number of iterations could indicate that XSA is not suitable for
the stock concerned. Alternative models that do not rely on ad hoc
assumptions and algorithms should be explored for these cases.

Benchmark WGs.

ALK Uncertainty: WGMG considers age-based assessments
unreliable methods for roundnose grenadier and suggests devel-
opment on life-stage-structured and/or production approaches.
Length-based approaches may be limited for this stock due to the
lack of data on growth and uncertainties on age reading.

WGDEEP and relevant bench-
mark WGs.

State-space assessment model (SAM): This is a rigorously con-
structed model which should be considered as a valid alternative
to existing methods, since it is able to quantify estimation uncer-
tainty.

Benchmark WGs.

Survey-based assessment methods: SURBA 2.1 should not be
used for the assessment of Norwegian coastal cod, as it is not
well-tested or reliable.

AFWG and relevant benchmark
WGs.
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Annex 4: Stock simulation for testing XSA iteration convergence

The simulation used in Section 5 to test XSA iteration convergence properties is based
on that developed by NRC (1998). The implementation described here is coded in
Fortran-90, but versions in R and Excel are also available (Needle, pers. comm). The
key points are:

Ages: 1 to 10+. Years: 2001 to 2030.

Natural mortality M, is based on the values used in past meetings of

ay
WGNSSK for North Sea cod, from which M = (0.8,0.35,0.25,0.2,0.2,...) .
For each year of the simulation, these values are randomly modified using
a year-specific multiplier M, , = MM, with M| ~U (1-M ... 1+ M. ).

In the simulation used in Section 5, M .. =0.1.
Mean stock weights-at-age (also used for catch weights-at-age) W, , for

age a and year y are derived from a cohort-based von Bertalanffy model:
Ay
W,, =W, [1— exp (—ax) )J .

3.0+«x

y

By ~U(3.0= Brage:3.0+ Brange ) Kiange =0.15 and S, =1.0.

In these simulations, W, =5.0, ™ ~U (3.0 -K

range ? range ) ’

The proportions mature at age Mat, , are similarly given by a cohort-based

y
logistic model:

1
Y1 exp[—ﬂyMat (a— a,"™ )] '

Mat,

HeI‘e O,/)’/\/Iat - U (S'O_aMat 5.0+0!Mat ) and ﬂ;/\/lal - U (1.65_ﬂMal 1'65+ﬂMat ).

range ! range range ? range

. . Mat _ pMat _
In these simulations, ., = Brange = 0.5.

Fishing mortality F,, is modelled as a function of selectivity s

a,y a,y’

catchability g, and effort E , so that F,, =s, g E, . Inturn, these variables
are generated using:
1
Say =
1+exp[ -4, (a-a,,

)] exp[asgyvs —%af]

where

4.0, Yy <Y,
%y 1404 2.0[1.0-exp(-0.45(y-y,))], y=y,

and

0.6, y<y,
Pey :{08
g} yzys

Variance parameter o, is set to 0.1, and the switch year y, is randomly cho-
sen between 2026 and 2030 (here we are modelling a change in selectivity to-
wards the end of the time-series). In addition, uniform random noise
(maximum 0.1) is applied to « . Catchability is determined via
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g, =GB exp["q (y-2001)+0,¢,, —%65],

where
g, = 0.08,
g, = 0.40,
B, =12000,
and o, =02, r,=0.02 The random element ¢, ~ N (0,1). Finally effort is
given by
E, =EEv
where
E, = 4000,
0'81 y < ys,E
12,y
Ve = U (l_vrange,E '1+Vrange,E )

Here the switch year Yy, is actually set to 2030 (so there is no predetermined

increase in effort), and v =0.25.

range,E

e Recruitment for each year is generated as a log residual to one of seven
(randomly selected) underlying models (Ricker, Beverton-Holt, power,
Shepherd, Saila-Lorda, changepoint and mixed; Needle 2002) from which
the recruiting abundance-at-age 1 is derived. The time-series of log residu-
als is further constrained by a weak autoregressive assumption, and ran-
dom noise is applied to provide realistic levels of variability.

¢ Finally, abundance and catch are produced using the standard exponential
decay and Baranov equations respectively.
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