
Essential Features 
of the Next-Gen 
Integrated 
Assessment
A N D R É  E .  P U N T

U N I V E RS I T Y  O F  WA S H I N G TO N

2  N OV E M B E R  2 0 1 7

1



2

Homo cpuiens Homo pepsiens

Homo VPA

Homo 
Multispecies

Homo Integrated
analysis

Homo size-
structured



3

FORTRAN 77

1977 was a good year
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For me, this was the most significant 
paper I read as a graduate student. 
It introduced me to the next 30-odd 
years of my life:
• Methods that use multiple data 

types
• Introduction of “state space” 

formulations for models in 
fisheries.
• Separation and modelling of 

both process and 
observation error.

Today, most general approaches to 
stock assessment are state-space 
formulations (or approximations 
thereof).
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What is “state-of-the-art” assessment (today)

Structure
• Single species and stock.
• Age- or size-structured.
• Multiple fisheries or surveys (modelled as areas-as-fleets).
• Fitted to multiple data sources (usually index, length-/age-

composition, growth data, discard).

Technical stuff
• “Random effects” treated as “penalized parameters”.
• Coded in ADMB (or similar).
• Some measure of uncertainty (usually asymptotic methods).
• Data weights “tuned” using ad hoc-ish methods.
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Reminder areas-as-fleets:

,

s

y aNWe model            and assume that difference spatially in age- / size-structure is due to 
selectivity, but fundamentally the population is fully mixed.

A full spatial model will consider            and assume that difference spatially in age- / 
size-structure is due to population structure and selectivity. The population is still 
fully-mixed but locally.

,

s

y aN

The N-marix
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Important caveats

Most assessments don’t require a lot of features
• High feature assessments are those with complex data 

sets. 
• The complexity of an assessment often relates to the 

data available rather than the biology (don’t make an 
assessment more complex than it needs to be).

• There is a trade off between bias and variance but also 
be realism and specification error.

Some features pertain to how assessments will be used
• Case-specific control rules can add substantially 

specification complexity (e.g. the SS forecast file) but 
may be essential (why does the US want OFL, ABC and 
ACL, but it does..) 

The originator of 14th century 
AICc



8

Pinterest.com

• Each assessment will have a 
different “sweet spot” that 
minimizes total error.

• We need:
• Modelling frameworks that allow 

us to create models given data 
for a particular case.

• Methods to work out where the 
“sweet spot” is.

www.snoek.ddns.net
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Healthmetrics.com.au

6 challenges on 16 slides
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The six challenges for features
• Multiple “stocks” and species in one assessment.
• Spanning the range from data-rich to data poor 

situations.
• Age-length models
• Mark (Maunder)-recapture data 
• Dealing with random effects and data weighting 

“correctly”
• Simulation and Management Strategy Evaluation



11

Most assessment packages (including SS) assume 
that there is a single stock (i.e. density-dependence 
depends on a single spawning biomass) [SS allows 
for “growth patterns” (which can be area-assigned)]. 

CASAL allows for multiple populations, with some 
parameters shared among modelled stocks.

When there are multiple stocks, it is desirable for 
data-rich stocks to inform data-poor stocks:
• parameters should be “shared” / “mirrored” 

among stocks; and
• values for parameters should be allowed to be 

subject to a common prior among stocks.
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Desired stock/species structure features 
• Multiple “stocks” and species.
• Area- or stock-specific density-dependence.
• Data may relate to multiple stocks.
• Parameters can be mirrored between stocks 

and fleets.
• Density-dependence in distribution and 

movement.
• Sex-specific distribution of recruits.
• Ability to place a penalty / priors on trends in F 

among stocks and species.
• Ability to add data on stock mixing.
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Challenges for spatial structure
• Multiple populations that mix (and between which there is dispersal).
• Spatial (rather than population-level) density-dependence.
• Clines in density / biological parameters across what constitutes one “biological” 

population (a current major challenge).
• Calculation of reference points (e.g. FMSY) in presence of multiple stocks that mix 

and when biological parameters vary spatially. 
• Modelling of movement is still limited in most packages

(including those that allow for spatial structure).
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Scaling from data-rich to data-poor
• Data-rich assessment methods:

• Multiple data types and many parameters and processes
• Fitted: maximum likelihood and Bayesian approaches

• Data-poor assessment methods:
• Production models, catch-only methods
• Catch-curve analysis
• Fitted: Bayesian approaches; ad hoc fitting

• Data-free assessment methods:
• Catch-only methods
• Yield-per-recruit and spawning biomass-per-recruit

I am focusing here on methods for estimating F 
and B (in absolute terms and relative to 
reference points); control rules are a different 
story.
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Desirable features
• Data-rich -> data-poor in the same framework

• For example, Stock Synthesis, -> XSSS -> SSS
• Most likely Bayesian to allow propagation of uncertainty 

(avoid fixing too many parameters; data poor methods 
should have higher estimates measures of uncertainty)

• More use of (data-based informative) priors on key 
parameters (we talk but seldom act)

• Input files should “scale” with the complexity of the 
model.

• Able to inform data-poor assessments from data-rich 
assessments (aka the Robin Hood approach).

Wattpad

Data
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Age-length models
• Most stock assessment models are either age-based on size-structured. However:

• Size-structured models cannot fit to age-composition data
• Age-structured models can fit approximately to size-composition data (e.g. using 

morphs / growth patterns in SS)
• Age-length models do exist

• They address age- and length-selectivity more accurately
• Inclusion of tagging data in an age-length model would be more natural given most tagged fish are 

sized but not aged
• But they can be quite slow

• Are simpler approaches may be 
adequate:
• Platoons
• Age-slice methods.
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Three “deadly sins” of stock-
assessment
• Tuning of R

• Tuning of data weighting
• Failure to include random 

effects where they are 
needed.

Stock assessment methods based on TMB or Bayesian methods are not subject 
to these concerns to quite the same extent as our current penalized likelihood 
methods. Lets fix this now.
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Close-kin mark-recapture
• In principle close-kin genetic methods could provide estimates of time-series of 

(absolute) abundance but there is so much more:
• estimates of natural mortality; and
• estimates of fecundity.

• But:
• The estimates of abundance are not independent (as is always the case for 

tagging data)
• Ideally the data themselves should be included in the likelihood function 

(and not summary statistics) [Mark Bravington says “this does involve much 
more than some algebra and a few loops”***]

*** But wasn’t that what Fermat said about his “last theorem”?
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Mark-recapture generally
• Mark (or tag) recapture data provide information on:

• growth rates;
• Fecundity-at-age;
• fishing (and natural) mortality; and
• movement rates.

• There is a need to unify the various approaches taken to include tagging 
(MULTIFAN seems the most general at present).

Commons.Wikimedia.com
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Simulation testing and MSE
• Simulation testing is essential to any 

new package and has led to an increased 
understanding of the performance of 
assessment methods.

• MSE  is considered state-of the art for 
evaluating management strategies.

• But how much should a new package 
include generation of pseudo data sets 
and closed loop simulations.

New packages should include generation of data sets and the capability for closed loop 
simulations but these should be insufficient for a full evaluation.
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Simulation testing and MSE
• Simulation testing should based on data sets generated using 

the assessment package (“bootstrap feature”) which makes 
testing “easy” but can discourage evaluation of model mis-
specification.

• Ideally, the ability call “child processes” from within the 
package will allow analysts to based their simulation 
analyses / MSEs on approaches (estimation methods and 
management strategies) coded in languages other than that 
on which the package is based. Doug Butterworth and his 
group have done something like this (and it is a core part of 
Atlantis).

• Development of a common format for simulated data 
(among packages) sets should facilitate testing of 
approaches when the operating models are based on 
different packages.
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Minimum standards for MSE
• The uncertainties typically 

included in an MSE:
• Process error
• Observation error
• Model error
• Errors when conducting 

assessments
• Implementation error

• Avoid
• MSE-lite (adding error to the 

true operating quantities, 
even is correlated) Punt et al. (2016)



25

Most assessment models are 
written in ADMB. This is well-
developed and understood 
technology. However, there are 
some major limitations:
• Dealing with random effects is 

still a “research topic”
• Effective sampling from a 

Bayesian posterior is impossible 
for many models.

The next-gen model should be coded 
in a language such as TMB and be fully 
open source.

Lets get technical?

Stock Synthesis
Version 1.0
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The core question for the Next-Gen model: dealing with N
• We want multiple dimensions (partitions) but only the ones we 

will use: 
• North Pacific crab where females molt annually and males less 

frequently and we model old and new shell crab leading to an empty 
partition (old shell females).

• Extending a model to include a new type of partition (i.e. 
N[y,s,a] >- N[y,s,a,b,q]) is the most painful change to any 
package because N “links” all model components.

Another key decision: should these chaps change 
with time (hint: they did; who are they now).
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Even more issues
• Harvest control rules that can be specified generically and are fully integrated 

into the assessment package. The reference point / forecast components of 
most assessment packages are very case- (location) specific. This has led to (for 
example) to the need to develop standalone projection components (such as the 
“West coast rebuilder” for SS – but that has not kept up with SS development or 
has it?). Ultimately, multi-species, multi-stock models can allow for control rules 
to evaluate multispecies MSY (or pretty good yield).

• More general (e.g. temporally-correlated) likelihood functions such as a 
multivariate normal for compositional data and likelihood for correlated indices 
[e.g. from close-kin MR] (also an easy way to add more likelihood functions, cf. 
CASAL/CASAL2)

• Ability to parameterize the model using leading parameters (MSY, BMSY/K, etc.)
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Even more issues (Continued)
• Making variance estimation using MCMC (much) faster (ADMB vs CASAL?) Right now it 

is almost impossible to develop a Bayesian posterior within an assessment review 
meeting. 

Slideshare.net

• When to dispense with areas-as-fleets as the 
recommended default? We know that areas-as-fleets 
leads to biased results but the alternative is spatial 
structured models and they require a lot of data (and are 
complicated)

• Making use of random effects on selectivity easier to 
use. At present the “VPA approach” to selectivity is 
much less used than is probably appropriate (but what 
to do in data poor cases).
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Even more issues (Continued)
• Dynamic reference points Most of packages do not model time-varying parameters, 

particularly in the projection phase. However, the need for “current” reference points 
continues to increase.

• Research on parameterizing stock assessment models
(e.g. facilitate model convergence in maximum likelihood 
and Bayesian contexts).

• Continued “co-evolution” on diagnostic statistics and 
development of “best practices” (or at least “common 
things to think about”).

• Stock-recruitment relationships. Where are we with 
non-parametric approaches in integrated assessments.

• Partitions. How many partitions and can the number of 
partitions be changed without recoding?

MRAG
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Yet more issues (Continued)
• What about size-structured models-I: Most “packages” for size-structured models are 

for “data poor” cases (e.g. LIME), with “integrated” size-structured models mainly 
bespoke models (with the exception of CASAL/CASAL2). Is this because size-structured 
problems are unique (or just the assessment scientists concerned eclectic)?

• What about size-structured 
models-II: Size-structured models 
are applied to “hard-to-age” 
animals such as prawns, and rock 
lobsters. Some of these species (e.g. 
abalone) are characterized by 
extreme variation in biological 
parameters spatially. Do we know 
what to do in these cases?



31

Is this the model you want?

Because you may end 
up with this
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Which packages make the final and who 
are the winners?

Stock structure: GADGET, Poseidon, CASAL

Tagging data: SS (sorta), GADGET, MULTIFAN, GMACS, CASAL

• Multiple “stocks” and species in one assessment.
• Spatial structure
• Age-length models
• Tagging data 

Spatial structure: GADGET, Poseidon, MULTIFAN, CASAL

True length dynamics: SS (Sorta), GADGET, GMACS, CASAL
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Which packages make the final and who 
are the winners?

Random effects (or Bayesian): SS, ASAP, WHAM (RE), Coleriane, GMACS, SAIGE, JABBA, a4a, 
CASAL, SAM (RE)

• Dealing with random effects and data weighting 
“correctly”

• Biological interactions
• Simulation and Management Strategy Evaluation

Simulation: SS, ASAP, BAM, GADGET, Poseidon, WHAM, MULTIFAN, a4a, CASAL

Biological interactions: GADGET, CEATTLE 

Close kin general: TBA

MSE: SS (really?), BAM, GADGET, MULTIFAN, a4a
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The Big Five 
• Stock Synthesis

• Many options but access to code is restricted; 
random effects only as Bayesian; source code..

• GADGET
• Many options; limited user data (at present); 

slooow

• CASAL
• Many options (incl. stock structure); efficient 

code structure ; use of MDL; random effects 
only as Bayesian; is it developed?

• MULTIFAN
• Strong spatial structure options; quite slow; 

source code?

four

Which model is which animals
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Final thoughts-I
• How to ensure any packages are:

• well maintained and documented (with 
test data sets);

• efficient (in the sense of not being 
unduly complicated by having to 
provide specifications for features that 
don’t matter or no-one uses); 

• who controls the features (and are the 
gatekeepers of development); and

• what about automatic template for 
“standard assessments”.

Clipartpanda.com
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Final thoughts-II
• What about multi-species considerations

• GADGET allows for both technical and 
biological interactions (but does not fit 
to diet data); what about methods 
such as CEATTLE?

• Several MICE models have been 
developed but they are case-specific by 
design. Perhaps this is an insolvable 
problem?

• How many stocks do we have sufficient 
data to apply models with dynamic 
predation and competition? 

Outline of CEATTLE
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Often it is not the lack of 
features that is the 
problem but rather a lack 
of training. Enter CAPAM
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Identify a giant and what they are known 
for (not Rick, Ray, Mark or Kelli et al) and 
you can ask a question!


