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Abstract

Much of the relevant knowledge gained from the enormous amount of research car-
ried out in fish population dynamics remains unused in stock assessments and predictions.
A main challenge is to utilize more effectively the increasing scientific knowledge of fac-
tors and relations influencing fish stock development, including effects of a varying physi-
cal environment and multispecies interactions. Present stock assessments are often char-
acterized by a lack of search for causal relations and explanations, concentrating the ef-
fort on the technical/mathematical aspects of the predictions. Recent stock assessment
reports are certainly more advanced from a statistical and analytical/mathematical point
of view than older reports, but they often contain less natural science. In particular, "VPA-
tuning" procedures underestimate the value of critical discussion of basic biological as-
sumptions and use of independent knowledge of fishing fleets and surveys.

Predictions should not be limited to the usual option tables, giving catches next year
and stock size for the following year for a range of fishing mortalities. More research
effort should be directed towards the problem of predicting long-term effects of various
exploitation strategies and study effects of exploitation on not only stock size, but also on
stock structure and resulting effects on stock dynamics and the stock’s adaptation to a
fluctuating environment.
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Introduction

Substantial research has in recent years been devoted to the question of how to handle the uncertain-
ties in fish stock assessments and management. This is crucial for a precautionary approach to fisheries
management. Less attention has been given to the question of how to reduce the uncertainties and thereby
improve our ability to predict short and long-term consequences of different exploitation strategies. This
is crucial for a better understanding of what constitutes sustainable fisheries and for harvesting the fish
resources at a near-optimum level. There exist a lot of oceanographic and biological knowledge which is
not effectively utilized in present stock assessments and predictions, and more research effort should be
directed towards the question of how such knowledge may be better utilized for reducing the uncertainties
and improving the scientific basis for fisheries management.

The aim of this paper is to lead the attention to some basic weaknesses in present fish stock assess-
ments with respect to how scientific knowledge is utilized, and suggest some changes in contemporary
trends for improving stock predictions. It will not in any sense be a complete review of the theme. The
examples will be from the Northeast Atlantic, and especially from assessments of the Northeast Arctic cod
stock, but it is suspected that the problems are of basically the same character in the NAFO area.

Explanations and predictions in fisheries science

In Ulltang (1998) the predictions in fisheries science and the explanations offered in relation to the
state of biotic and abiotic factors were reviewed in a historical and epistemological perspective. It is
noted that in a fishery management context, the emphasis is on predictions, while the kinds of possible
predictions and their properties will be determined by the nature of our explanations of events in our
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environment. For example, if recruitment fluctuations can be explained by a spawning stock-recruitment
relationship and sea temperature, this can be used for predicting recruitment; assuming that spawning
biomass and temperature are known or can be predicted.

The kind of explanations that can be offered for events in nature reflects the state of scientific knowl-
edge. Hierarchical levels of explanations can be considered, or there can be no explanation, which is not
in need of a further explanation. If for example fish stock variability is explained by recruitment fluctua-
tions, the next (higher) level is to ask for an explanation of these fluctuations. Moving to a higher level
can increase, sometimes drastically, the predictive power of the theories. Studies for further explaining
the recruitment fluctuations, studies of the effects of a fluctuating physical environment on fish popula-
tion parameters and studies of multispecies interactions are examples of research areas where recent de-
velopments may give, and to some extent already have given, a new level of explanation which can be
used in fish stock predictions. However, fish stock assessments are still mainly based on a lower level of
explanations, not explaining the recruitment variations or the observed variations in parameters such as
fish growth and age-at-maturity. Much of the relevant knowledge from the enormous amount of research
which has been carried out in fish population dynamics remains unused in stock assessments and predic-
tions.

Unused knowledge in stock assessments

Most fish stock assessments carried out by the International Council for the Exploitation of the Sea
(ICES) are based on a so-called "dynamic pool model", where stock and catches are broken down by age
groups. Stock history is traced by using Virtual Population Analysis (VPA) or analogous techniques (Pope,
1972; Ulltang, 1977; Pope and Shepherd, 1982; Deriso et al., 1985; Schnute, 1994) using estimated catches-
by-age as input data. The mortality from other causes than fishing  (natural mortality M) is usually as-
sumed constant in these calculations, and this constant value is seldom based on a precise estimate. For
calculating total stock and spawning stock biomasses, observed mean weights-at-age and maturity ogives
are used, but often these are given as mean values over long periods. The VPA is calibrated to survey
observations, tagging experiments and/or commercial catch per unit of effort (CPUE) data by what are
called "VPA-tuning" programs (which will be commented upon in a section below). Stock predictions are
carried out by taking the VPA estimated stock size for the last year as a starting point. Estimates of target
and limit reference points are calculated using average levels of the estimated vital parameters. The whole
process is often referred to as analytical stock assessment.

The quality of stock predictions depends both on the VPA estimated stock size for the last year and the
possibilities for predicting recruitment and year to year changes in growth and natural mortality. Unused
knowledge in VPA tuning procedures and stock predictions can be listed as:

• Information on varying distribution of the stock between years induced by, for example, varying
oceanographic conditions (which could influence the various abundance indices to a variable ex-
tent),

• Information on varying levels of predator stocks or alternative prey stocks (which could render
the assumption of constant natural mortality in VPA tuning and predictions invalid), and knowl-
edge about relationships which can be used for estimating the resulting predation (including can-
nibalism) mortality (Bogstad et al., 1994; Nilssen et al., 1994; Barros, 1995; Ulltang, 1996),

• Knowledge about food consumption as a function of temperature (Bogstad and Gjøsæter, 1994),

• Knowledge about environmental effects on survival (Shepherd et al., 1984; Sætersdal and Loeng,
1987; Ellertsen et al., 1989; Dickson et al., 1994; Ottersen et al., 1994; Ottersen and Sundby,
1995),

• Knowledge about relationships determining population fecundity (total egg production, which
may not be proportional to biomass of the spawning stock (Kjesbu et al., 1996)) and maternal
effects on egg-, larval- and young fish survival (Chambers and Legget, 1996; Kjesbu et al., 1996),
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• Observations on varying growth and/or maturity ogives between year-classes (which could influ-
ence discarding rates in the commercial fishery, and a particular year-class' availability to a spe-
cific survey or fishery used for estimating abundance indices, and could also vary the level of
fishing mortality associated with limit and target reference points), and knowledge about rela-
tionships determining growth and maturation (Nakken and Raknes, 1987; Campana and Hurley,
1989; Mehl and Sunnanå, 1991; Parrish and Mallicoate, 1995),

• Long time series of other data types such as CPUE or survey results (which may give a historic
perspective to recruitment).

Information and knowledge as listed above, have to some extent been utilized in recent stock predic-
tions (see e.g. Anon., MS 1997), but in general it remains to a large extent unused. Thus, the relation
between fisheries science and fish stock assessments is not as simple as one might think. A main challenge
is to utilize more effectively the increasing scientific knowledge of factors and relations influencing fish
stock development in assessments and predictions. This will require a better communication/co-operation
between fish stock assessment experts and experts working in the various fields of marine sciences.

Predictive power and testability

The problem of testability has generally not got the attention it deserves in fisheries science. The fish
stock assessment tradition is characterized by abundance of quantitative short- and medium-term predic-
tions of stock development but there is a lack of discussion of basic hypotheses underlying the predictions
and their testability. The predictions often fail, and sometimes seriously, but this is usually not regarded
as a problem rooted in the basic theory, but as a problem of imprecise, or lack of, key "input data".

With respect to testability, the following may be noted (a more detailed discussion is given in Ulltang
(1998):

• There is a close relationship between predictive power and testability. It is always possible to
construct a theory (model) which fits a certain set of observations. However, the predictive power
of the theory will be small if it does not have testable consequences (there must be events which
one agrees would falsify the theory), or if single ad hoc adjustments which can cause very differ-
ent outcomes are allowed, thereby easily explaining very different and mutually exclusive events.

• The credibility of a complex system of theories depends on to what extent the various basic single
assumptions can be tested (for example the commonly made constant suitability assumption in
multispecies models). Although any attribution of falsity to any particular statement within such
a system is always highly uncertain, one may sometimes be highly successful in attributing to a
single hypothesis the responsibility for the falsification, and many aspects of actual methodologi-
cal procedures are understandable as due to the efforts to make such attributions more successful
(Popper, 1983).

• The potential of using long time series of biological and physical data in testing basic hypotheses
in population dynamics has not been fully utilized.

• The extent to which events breaking a "normal" pattern can be predicted depends on to what
extent the theories make testable assertions about structural and relational properties which are
deeper and of a higher universality than the observed pattern of events ("appearances").

Giedymin (1960), in a paper discussing generalizations of the refutability postulate, leads the atten-
tion to what he calls a "dictatorial strategy". A dictatorial strategy is a methodological procedure where no
event will be accepted as a refutation of the theory. Whatever the state of nature, the hypothesis is main-
tained. In addition to the trivial case where the hypothesis is an analytical statement with no observable
consequences (empirical content), he lists some other situations leading to a dictatorial strategy of which
the following two are of special interest in the context of fisheries science:
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1. The empirical content of the hypothesis is changed from case to case so as to make refutation
impossible, for example adjust the criteria of rejection of the hypothesis to the observations.

2. The criteria of refutation of the hypothesis are to be "facts highly improbable on the hypothesis",
while no definition or rule is agreed upon to make "highly improbable" an operational term, and
therefore there is no determined region of rejection or the region of rejection is vague.

Spawning stock biomass-recruitment theories are examples of theories in fisheries science where dic-
tatorial strategies have been applied to a large extent. Since the existence of a relationship between parent
stock and recruitment is so critical to population stability (Rothschild, 1986), the large scatter of points
around a stock-recruitment curve has in general not been taken as a refutation of the theory (situation 2.
above), and several explanations have been put forward to account for the scatter. These explanations may
be true, but the dictatorial strategy may be partly responsible for the fact that little attention has been paid
to the basic specification of the relationship. For example, the majority of spawner-recruit relationships
have used spawning biomass as the independent variable, assuming proportionality between biomass and
egg production. Despite its importance this assumption is largely untested. Further, little attention has
been paid to links between maternal characteristics and egg quality despite increasing knowledge of such
links.

The Delusion of Instrumentalism and "VPA-tuning"

Instrumentalists interpret a scientific theory as an instrument, and nothing but an instrument, for pre-
diction of future events. According to them, a theory should not be interpreted as a genuine conjecture
about the structure of the world. The doctrine implies that scientific theories can be more or less useful
(or efficient), but they can not be true or false. In contrast, realism as a philosophy assumes that we live in
a real world exhibiting some kind of structural order governed by the existence of true natural laws. It is
not known whether such laws can be discovered, and if discovered, their truth will not be known for
certain. Although one within methodology does not have to presuppose realism, the search for causal
relationships or explanations can hardly be understood without being realists (for a further discussion of
instrumentalism versus realism, see Popper (1983)).

For the fish stock prediction problem, an instrumentalistic approach would be acceptable if it gener-
ally gave predictions of a sufficient reliability which could not be substantially improved by an alterna-
tive approach. However, too many predictions have in retrospect been seen to be in large error, and an
instrumentalistic philosophy may partly be responsible for this. The lack of search for causal relations
and explanations, concentrating the effort on the technical/mathematical aspects of the predictions, makes
it too easy to accept results which, when studied in more detail, are in need for explanations.

"VPA-tuning" is a common name of methods for calibrating a traditional VPA to independent indices
of stock abundance, usually catch per unit of effort data from surveys or the fishery. Various computerized
procedures have been used, the most commonly used at present, at least in ICES is the XSA (Extended
Survivors Analysis). There is a general lack of published literature describing the methods, but a technical
description of methods as implemented in ICES is found in Darby and Flatman (1994).

The output tables giving tuning diagnostics from an XSA may be delusive in giving the impression
that a comprehensive statistical analysis has been performed. However, procedures as XSA are in prin-
ciple computing algorithms and not statistical models. No statistical measure of uncertainties in final
results can be given. In this computing algorithm, some basic scientific assumptions are made. One such
assumption is that the catchability coefficient q for a given fleet/survey and age group is constant from
year to year but with options as for example an allowance for making q dependent on year-class strength.
There is a large literature base discussing problems connected to the constant catchability assumption, but
typically such problems are not discussed when applying XSA. The computing algorithm itself gives weight
to the various indices according to their consistency with the VPA as calculated in each iteration. How-
ever, this may not necessarily reflect their consistency with true population numbers. That serious prob-
lems exist is illustrated by the fact that the estimated stock sizes for the same year often changes much
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from one assessment year to the next. Some problems can be illustrated by taking the ICES assessments of
Northeast Arctic cod as an example. There are two reasons for selecting the cod assessments. Firstly, it is
a stock of very high importance. Secondly, the technical analysis carried out by the ICES Arctic Fisheries
Working Group is probably of high standard as compared to other applications of the method. For criticiz-
ing a method, one should not select an example where the technical standard is low. That would make the
critique of the method weak.

XSA has been applied by the ICES Arctic Fisheries Working Group since 1993 in its assessments of
the Northeast Arctic cod stock. In the 1996 assessment (Anon., MS 1997), abundance indices from 8 "fleets"
(6 surveys and two commercial fleets) were used in tuning. The short text in the Working Group report
explaining the assessment is symptomatic to the applications in general and may reflect an insufficient
critical attitude to the method and the results. There are no serious attempts to discuss the validity of the
basic assumptions or even explain why they were made. For example, in a short section describing meth-
ods for VPA and tuning, it is said that catchability was set to be stock size dependent for ages younger
than 4 without any further explanation (Why not stock size dependent for older ages? What functional
form for stock size dependence is assumed, and why?). In a short section describing fishing mortalities
resulting from the assessment, there are two important statements. Firstly, it is said that fishing mortali-
ties in 1991–95 was higher than calculated in last year's assessment. Secondly, it is said that the fishing
mortality for 1996 is lower than estimated last year, and that the reason for this is that the 1990 and 1991
year-classes are much stronger than estimated in last year's assessment. These statements are not dis-
cussed any further.

According to what could be denoted as old stock assessment standards, the above statements would
have been in need of further explanations and discussions. However, it is symptomatic of the approach
that when the various outputs from one analysis are seemingly not inconsistent, further questions are not
asked although basic properties of the estimation procedure are unknown and differences from earlier
analyses are large. The importance of asking further questions is in this case illustrated by the following
facts:

• There are now signs that the stock size was heavily overestimated by the Working Group in 1996.

• The overestimation was partly due to the catchability assumptions.

• When comparing the latest VPAs with assessments carried out during the years 1983–94, it seems
that the Working Group has consistently underestimated last year’s fishing mortality (Nakken,
1998).

At its meeting in August 1997 (Anon., MS 1998), the Working Group concluded that the likely stock
size was much lower than estimated in 1996. From Anon (MS 1998), which became available to the author
in the final stage of preparation of this paper, it is also clear that the Working Group realizes that there are
severe problems with the method, and the uncertainties in the assessment and the predictions due to the
problems with the assessment methodology have been more explicitly addressed in Anon (MS 1998) than
in Anon (MS 1997).

It seems to be a part of the basic philosophy underlying the tuning procedures, that the more data
sources one adds the more reliable will the assessment be (although a survey giving too bad tuning diag-
nostics may be decided to be rejected). But is that true? If for example abundance indices from two fleets
are available, one giving unbiased estimates of relative abundance and the other giving biased estimates
due to increase in q the recent years, all would agree that including data from the second fleet would bias
the stock estimates, and an assessment only using data from the first fleet might give a more reliable
assessment. It may be objected that one can not see from the analysis that an abundance index is biased
for the recent years, so there is no good reason to exclude it. That is exactly the point. The XSA does not
show that an abundance index is biased. One needs some independent analysis and judgement of the basic
data from scientists knowing fish behaviour and distribution, survey design or geographical/seasonal distri-
bution of the fishery, recent developments in fishing gear or tactics, etc. Before computer programs for



138 J. Northw. Atl. Fish. Sci., Vol. 23, 1998

VPA tuning became available, scientists used more time to evaluate the different surveys and fleets from
knowledge as exemplified above. The VPA was perhaps finally "manually" tuned to only one or a few
series of abundance indices, following discussions of their appropriateness. Important critical discussions
may have got lost when going from old "tuning" procedures to procedures such as XSA. Applying XSA
does not of course preclude such discussion, it has only made it so simple to lump everything into the
analysis. If such critical discussions in fact are taking place, they should be reflected in the reports. For
example, going back to the report from the 1996 meeting of the Arctic Fisheries Working Group (Anon.,
MS 1997), there should be a discussion of why these 8 "fleets" have been included. Could for example an
analysis limited to only the Norwegian Barents Sea trawl survey for certain age groups give more reliable
estimates? The scientists participating in the Working Group probably possess a lot of biological knowl-
edge and knowledge of the different fleets and surveys relevant to such a discussion. The fact that, at least
to the author's knowledge, no thorough investigations of effects of erroneous indices on the whole itera-
tion procedure have been conducted, make critical discussions of the various abundance indices particu-
larly important.

Survey data may contain information relevant to stock assessments which is not utilized in present
procedures. For example, annually repeated surveys may give estimates of total mortality coefficients
which, in contrast to VPA-procedures, are independent of assumptions of natural mortality and catch sta-
tistics. These estimates can in turn be regressed against other fishery-independent information, as for
example survey estimates of predator stocks or physical environmental parameters. In fact, survey based
procedures may give the basis for a completely independent short-term prediction. In cases were catch
statistics is dubious and/or little is known about natural mortality, these can be a useful corrective to the
traditional assessment. However, usually such checks on the assessment are not carried out. Survey re-
sults are only interpreted within the narrow, and often misleading, framework of VPA tuning.

What is said above does of course not mean that we do not need population models and VPAs. These
are essential tools for studying the population dynamics, stock history and long term effects of various
exploitation strategies.

The instrumentalistic approach implies a degradation of discussion of  biological mechanisms of rel-
evance to stock assessments. Search for causal relationships or explanations has no significant role. In
Ulltang (1996), it is argued that the overoptimistic predictions given by ICES in 1986 for the Northeast
Arctic cod stock could have been avoided if species interactions and cannibalism had been taking into
account, implying the unlikelihood of recruitment to the fishery of four successive strong year-classes, as
the predictions assumed. It was also proposed a simple relationship, which suggestions for further devel-
opment and testing, for prediction of survival from 0-group to recruitment to the fishery, taking into
account the strength of preceding year-classes. In recent years, the Working Group has included cannibal-
ism in its VPA (see Anon., MS 1997). However, the final assessment results have not been critically dis-
cussed on the background of expected effects of cannibalism. For example, the assessment given in 1996
gave a series of 7 strong or moderate year-classes at age 3 produced over the period 1989–95 (Anon., MS
1997), without discussing whether this was likely in the presence of cannibalism.

What is Important to Predict, and What Knowledge is Required?

To provide managers with the usual option tables, giving catches next year and stock size for the
following year for a range of fishing mortalities is not very helpful without giving long-term consequences
of the different strategies. Although short-term predictions of stock size and catches corresponding to
general biological reference points as Fmax, F0.1 

and Fmed may be useful, one should go a step further and
for each stock try to predict long-term effects of various exploitation strategies taking into account fac-
tors such as:

• effects of exploitation on stock structure and consequences for its population dynamics

• effects of exploitation on the stock's adaptation to a fluctuating physical environment

• multispecies effects
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For example, fishing will not only reduce the size of the spawning stock, but also its composition.
This may have consequences for its reproductive potential. Recent work on Northeast Arctic cod has
shown that spawning biomass is not a sensitive measure of reproductive potential. Relationships between
fish length, condition and fecundity results in a ratio of egg production to spawning biomass which varies
both with the size composition of the spawning stock and fish condition (Marshall et al., 1997; Marshall
et al., Institute of Marine Research, Norway, unpubl. MS). Condition will depend on available food re-
sources (multispecies effects). Further, maternal effects on egg quality influencing egg- and larval-sur-
vival (Chambers  and Leggett,1996; Kjesbu et al., 1996) may affect year-class strength. For Northeast
Arctic cod, Marshall et al. (1997) showed that year-class strength increased with increased percentage
contribution to the egg production from repeat spawners.

Also possible effects of exploitation on a stock’s adaptation to a fluctuating physical environment can
be illustrated by taking the Northeast Arctic cod as an example. There is a large literature base discussing
periodicities in the climatic variability in the Barents Sea (see Loeng et al., 1992). There is substantial
supporting evidence for the hypothesis that the different temperature regimes, characterized by cold, me-
dium and warm climatic periods have an effect on recruitment  of cod (Sætersdal and Loeng, 1987; Ellertsen
et al., 1989; Nilssen et al. 1994; Ottersen et al., 1994; Ottersen and Sundby, 1995). Sætersdal and Loeng
(1987) presented a hypothesis that through evolutionary processes, the reproduction is adjusted to the
variations in the feeding area caused by climatic fluctuations. They note that in periods of cold climate,
the feeding areas of the cod are restricted to more western and southern areas of the Barents Sea. Recruit-
ment of rich year-classes in such periods would be a waste. After a shift from a cold to a warm period,
conditions will be favourable for production of cod in a greatly expanded area of the eastern and central
Barents Sea. In order to utilize this potential, there is need for high recruitment to reach these areas during
the first few years of a new warm period. If the reproductive strategy of the stock is linked to periodicities
in fluctuations in the physical environment through evolutionary processes as suggested by Sætersdal and
Loeng (1987), effects of exploitation as for example decrease in age at maturity and decreased abundance
of repeat spawners could have drastic consequences. These consequences should be predicted through
simulation studies, linking hypotheses on adult mortality, growth, maturation, fecundity, maternal effects
on egg- and larval survival, temperature effects on larval and young fish survival, cannibalism and
periodicities in the fluctuations of the physical environment. Such simulation studies will, with the present
knowledge, at least explore the room of possibilities and inherent dangers even if no firm estimates of
effects can be given.

For predicting long-term effects of mechanisms as suggested above, more emphasis should be on
formulating and testing basis hypothesis in population dynamics in contrast to massive data collection
and following descriptive statistical analyses without any clearly defined problems and objectives. The
potential of using long time series of biological and physical data in testing basic hypothesis in popula-
tion dynamics has not been fully utilized. Although such series often do not contain direct observations of
the parameter we are primarily interested in, more recent investigations may be used to establish relation-
ships for estimating this parameter from the long-time observations. For example, for Northeast Arctic
cod there is a long Russian time series of a liver index (liver weight divided by total weight). Recent work
has established relationships between liver index, condition and fecundity (Marshall et al., Institute of
Marine Research, Norway, unpubl. MS). This should make it possible to assess the long-time variations in
fecundity, which in turn is essential for evaluating stock-recruitment relationships.

It has been asked whether it will be possible to process the mass of data future technology will enable
scientist to collect. The question reflects an interesting and real problem, but one should for a start not
assume that one has to, or should, process all those data. For improving fish stock predictions, one should
go through the following steps:

i) Define the prediction problem (i.e. what are we trying to predict?)

ii) Identify crucial hypotheses on main factors determining numerical abundance and biomass of the
stock in question, (i.e. hypotheses crucial for the prediction problem)
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iii) Identify the initial conditions which need to be known for carrying out the prediction (e.g. present
stock size and incoming recruitment)

iv) Device methods and observations required for testing the hypotheses and estimating the initial
conditions.

At stage (iv), the available observational technology and methods of processing the data needed have
to be considered. New observational techniques may make it possible to test hypotheses which earlier
were difficult to test, or were untestable. For example, as discussed in Ulltang (1998), techniques for
studying the micro-structure of the otoliths from fish and fish larvae give quite new possibilities for test-
ing larval and young fish survival theories by breaking a year-class into different groups of larvae which
have been spawned at slightly different times and locations and follow these during the early life stages.
It adds a new dimension to earlier attempts of looking at mechanisms operating on the year-class as a
whole at different life stages for getting insight into recruitment functions (see for example Paulik, 1973;
Rothschild, 1986; Beverton and Iles, 1992). New methods for directly observing fish behaviour during
scientific surveys and catch operations (Godø, 1998) make it possible to study in more detail factors
influencing fish catchability and availability to survey observations. Similarly, the development of high-
resolution sonars combined with new echo-sounder systems for avoiding saturation at high densities gives
new possibilities for measuring the abundance of schooling fish (Misund et al., 1995). Progress in science
depends on to what extent we are able to apply the various new techniques for solving basic problems in
fish population dynamics and monitoring of fish abundance.

Conclusion

For improving fish stock assessments, there should be a return to fish population dynamics as an
empirical science and not be limited to only an analytical system. Recent stock assessment reports are
certainly more advanced from a statistical and analytical/mathematical point of view than older reports,
but they often contain less natural science. An analytical/mathematical system in itself tells us nothing
new about the external world, but it is an important tool for predicting consequences of the various hy-
potheses and for parameter estimation. The challenge is to combine this tool with new observational tech-
niques and population dynamics thinking for testing basic hypotheses and for improving predictions of
long-term effects by, for example simulation studies utilizing all available knowledge.
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