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The workshop was heid in accordance with C.Res. 1997/ 2:10: The ICES/GLOBE v'voncsnop ‘on App‘lication of
T IT 11 1 A AT 1 . SR
1

Environmentai Data in Siock Assessment (WKEDSA) will be heid under ihe c"aimnans ip of Mr O. Nakken (Norway)
in Bergen, Norway from 23-25 March:1998 with the Terms of Reference as set out in C.Res. 1996/2: 11. WKEDSA
will report to the QCC at the 1998 Annual Science Conference. :
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aj nxplore gI'UW[n IIlUl‘LdllLy and disiribuiion of _]uv‘ }6 and adult fish in relation to feeding conditions and the
physical environment, particularly in relation to the influence of temperature and food abundance on such stock
assessment parameters as

»
LN

b) - evaluate the sensitivity of stock assessment models to environmental data
¢) consider the role of statistical techniques including exploring autocorrelations,

The Working Group on Comprehensive Fishery Evaluation, The Multispecies Assessment Working Group and the
Zooplankton Ecology Group were invited to co-spensor the workshop.

2 PARTICIPANTS
M. Castonguay and D. P. Swain (Canada), J. M. Cabanas (Spain), C. Fox (United Kingdom), K. Brander (ICES), @.

Ulltang, G. Blom, S. Skreslet; G. Ottersen, B, Bogstad, J. Chr. Holst, P. Fossum, K. Michalsen, H. Loeng, 3. Sundby, B
Stensholt and O. Nakken (Norway).

Full names and addresses are given in appendix I,

3 WORKING PROCEDURE AND WORKING DOCUMENTS
Prior to the meeting K. Brander circulated material related to the question:
— How can we improve the application of environmental data to stock assessment?

The mrr‘ulatf-rl material { Appenrhx D algo 1,,@! ided data on several cod stocks (which can be obtained on request from

11 1 1
Dr Brander - keith@ices.dk) and the executive summary of a recent NOAA workshop (Convenors: George Boehlert and
Fim Schumacher).

The time table for the meeting is given in Appendix HI. Thirteen working documents were presented and are attached to
this report. In order to facilitate discussions three working groups were established, one for each term of reference, and
given tasks related to the questions above as follows:

s WG Providing appropriate data sets -and developing «environmehtal indices» (temperature, wind,
zooplankton, ete,) and showing how these can be applied. :

s WG2:  Evaluating the sens1t1v1ty of stock assessment to environmental data and identifying promising examples
for further-study. - :

»  WG3: Commenting on statistical techniques including auto correlation and prediction of environmental
variables. ‘ : ‘

' _Rep_orts from the workihg groups are included in sectton 5.

4 ENVIRONMENTAL DATA AND STOCK ASSESSMENT

A brief description of stock assessment methodology and how environmental conditions may influence input data and
parameters is given below together with some results from the working documents.



4.1 Stock assessment and inpui data

In most stock: assessments estimates of stock numbers, N, and fishing mortalities at age, F, are obtained using cohort
analysis (VPA-techniques). For the starting year of the analysis, usually the most recent year for which catch data are
available, one has to assume or cstimatc a value for N or F, the so-called "terminal F-assumption”. Often terminal F or N
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valucs are estimated using abundance indices at age, from surveys or commercial CPUE in relationships like
ar - .

I=q Nori=x.N
where g, x and 3 are age specific "constants”. q is often termed the catchability coefficient.

Input data to the VPA are catch number at age C, natural mortality rate at age, M, and ahundance indices at age I By
iterations the VPA-technigue generates for each cohort (year-class) the set of values of N and F which "best fit" the
input data. The procedure produce estimates of N and F backwards in time for the period catches and natural mortality
values are available. Prediction of stock numbers are obtained by taking the current stock number as the starting point
and run the VPA forward in time. Estimaies of the number of recruits are usually generated from relationships like (1)

using the abundance indices of prerecruits as input.

Spawning stock numbers at age are found by applying the appropriate values of the fraction mature at ﬁgei m, to the
estimated stock numbers, and biomass by multiplying the estimated numbers by the appropriate mean weights, w.

The dependency of the estimates of N and F in the various input data might be categorised as follows: |
® ' Historic values'of F and N, the converged part of the VPA, depend exclusively on catch data and natural mortality. -

* Current and recent years estimates depend also on the survey indices, I, as well as the relationship used between
these indices and stock numbers, N. : : '

¢ Predicied vaiues {or siock numbers depend on currenit stock nuimbers and on nuinber of recruits usually estisated
from relationships of the type:

Neecruis = K Iprerecruils

where L. are survey indices and k is established by a regression procedure. For long term predictions of recruitment a
Epnwn:nu etocle rpr‘nntmenf rPlnnnnthn is often used. £
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5t. Lawrence. Survey catch rates in that area are correlatcd with indices of cod dlstrlbunon and environmental
conditions. This could reflect an effect on catchability. 'The -information-on distribution - and environment was
incorporated using VPA calibration tests as well as residuals from multiplicative analyses of survey catch rates. Neither
of the two approaches provided support for an effect of cod temperature or depth distribution on catchability. It was
therefore concluded that the correlations between survey catch rates and indices of cod distribution or environmental
conditions did not reflect effects on catchability and that survey indices should not be adjusted based on these
relationships. On the other hand Michalsen (working paper) indicated that the time series of Norwegian bottom trawl
indices for northeast arctic cod was influenced by environment related changes in fish distribution and that adjustment of
the survey indices should be considered. Smith and Page (1996) suggested that survey indices of cod in the eastern
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should be adjusted because of changes in survey availability due to fluctuations in the extent Cf the cold
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Recently Thorarinsson and Johannesson (1997} developed a framework for correcting for variations in catchability and
applied the method for fluctuations in‘maturation of Icelandic cod. Similar methods: could be. developed to correct for
environmentally induced catchability variations. : :

4.3 Natural Mot'taﬁty'rate

In recent years estimates of the natural mortality rate have been based on prey-predator considerations and estimates of
consumption for a number of stocks. The consumption is, among other things, dependent on the ambient temperature of
the predator and consumption increases with increasing temperature. It is thus essential that the correct ambiént
'temp'eratufe is used when calculating consumption. For north-east Arctic cod Michalsen (working paper) and Michalsen
have shown that t.he temperatures uscd in consumptmn calculatlons are 1-3°C higher than the ambient
i

size groups Hence in single. stock assessments b th the rtal:t}r rate
prerecruit surveys might be influenced.

4.4 Growth

The effect of temnerature on fich crrnwﬂ\ is substantial ag demonstrated-in feeding ex Pl‘l ents {(Jobling, 1994 and 1995)
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and indicated by studies of field data for cod (see Brander 1995, Michalsen et ¢! 1-998, Castonguay et.al. and Dutil et.al
‘1998 (working papers) for references). For example, 1°C increase in temperature during the feeding séason will result in
a weight gain of 10 percent for age 3—4 years old northeast Arctic cod (see later). Since interannual variations in ambient
temperature might be as great as 4°C for 3 year olds decreasing to 2°C for older ages in this stock, this might have
substantial effects upon stock biomass. This underlines the need for réliable ambient temperature values and predictions
of such values for use in models predicting growth. : : S

Most cod stocks in the Northwest Atlantic have experienced a decline in growth during the past 10-15 years and
possible causes, including reduced sea temperatures, have been discussed. by many authors (see references in working
paper: by Dutil er.al). Swain et. al (working paper) tésted the effects of :abundance and temperature on growth of cod in
the southern guif of St. Lawrence, but aithough there was evidence for efiects of both temperature and abundance,
growth models that incorporated these effects failed to predict the siow growth observed in recent years. (Castonguay
ei.al and Duiil ei.al \'ivonuug papers) suggesied ihat reduced duration of the feeding pt;nuu due i0 colder waiers was
jpartly or largely responsible for the growth declme of cod in the northern Gulf of St Lawrence in the late 198('s early
1990's.

T Moramoion gnring cnawning harrions tha sanditian fantan hoao o fhinh smalakn tn anan; alineakas (TTAlos
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working paper). A declme in 1997 summer growth resulting in low weight at age in winter 1998 might be caused by
reduced .zooplankton amounts (production) during springfsummer. 1887 ac compared with previous years (Fossum,

Dalpadado and Melle, workmg paper). It was thought that. the. mmng f the spring bloom, which to a large extent
determines the onset of the production period, and the duration of the feeding period for herring was important in this
context.

4.5 Recruitment

.There.is a vast amount of literature on recruitment mechanisms in fish stocks including environmental effects,
-particularly temperature. For regular use in stock assessments such relationships must be quantified and have predictive
power (Bogstad, working paper). Ir stock assessments predictions of recruitment as a rule are based on prerecruit survey
indices (short and medium term predictions) and spawning stock-recruitment relationships (long-term predictions). For
northeast Arctic cod Ulltang (1996 and working paper) suggested a methodology in which temperature and predation
were incorporated in recruitment predictions; the number of O-group mainly being dependent on spawning stock
:blomass (egg production, see later) and temperature, while predation, including cannibalism, determines the survival
from 0-group to age 3 (recruits to fishery). In recent years the Arctic Fisheries Working Group has included cannibalism
.in the assessments and this has improved the fit between survey indices and VPA estimates.

Ottersen (working paper) showed that the. iengths of U-group cod, haddock and herring in the Barents Sea showed the

i 3aIme. Llu&tud.l.lul'.l pd.l.ll:l'l'lb dl'.l.(l. wCrIe prlllVEly correiaied Wl[ﬂ ocean temperamre New resuiis aiso show tnat CO(l lengm
and abundance at the 0-group stage are.positively correlated, More interesting for assessments is the finding that O-group
length and abundance at age 3 shows a linear relationship for all three species; correlations being 0.6 for cod and
haddock and 0.7 for herring.

Ly



For Insh Sea cod, which is at the warm limit of the range, Planque and Fox (working paper) found a negative
reiationship .between cod recruitment and water temperature, and suggesied that this shouid be taken into account in
future predictions of cod recruitment.

Cabanas and Porteiro (working paper) demonstrated how year—class strength of Iberian sardine ffected by varying

e is
climatic conditions characierised by various indices (NAOQ, SOI, GULF, TEMA and SST). Of these the NAO index has
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The -substantial knowledge which exists on environmental impacts on recraitment in northeast Arctic cod and other
stocks (see Outersen 1996 and Skreslet (working paper) .for references) is, however, difficult to wtilise - fully. in
assessments unless the key environmental variables can be predicted.

Such relationships are used t6 estimate long: term recruitment as well as biological reference points and safe biologicat
limits (minimum biologically accepted level of spawning stock, MBAL). Usually these relationships are established
from values of spawning stock biomass and numbers of recruits to the fisheries as generated by the VPA under the
assumption that spawning stock biomass is approximately proportional to egg production. Investigations in recent: years
on nnrtheast Arctxc cod show large deviations from proportionality { Marshall et al. in press) because of variations in
fecundity and maturation. Ulltang (working paper) therefore proposed to replace spawning stock. biomass by egg
production in spawning stock recruitment. relationships, as also discussed by .the AFWG (ICES, 1998). For use in
regular stock assessment this would imply that a general re]anonshlp between egg production and routinely observed

biological variables is quantified.

In accordance-with suggestion_s in.ICES Cooperative Research Report No. 185, (Figure 2.1.2) environmentalieffects are
in recent years incorporated in spawning stock-recruitment relationships for some stocks, for example Baltic cod and
Icelandic summer spawning herring and used in the assessments (Bogstad (workmg paper) and Jakobsson and
Gunnarsson (in- press))

5 HOW TO IMPROVE THE APPLICATION OF ENVIRONMENTAL DATA TO STOCK ASSESSMENT?
5.1 Appropriate sets of ehvironmenta_l indices

In a'stock assessment context appropriaté environmental indices means indices which can be used to explain and'[_'ir.e'dict
variations in the input data series and parameters. A complicating factor is that the same environmental parameter may

influence different stocks in different fashions either directly through physical forcing or indirectly through the
ecosystem l:',nwronmental influences ‘might be divided -into orgamsmlc populauon and ecosystem  influences.

Approprlareness uepenﬂs on ihe siock under’ sruuy and what aspecrs of the stoik are being siudied. An' eiivironmenital
index series that'is quite powerful in explaining recruitmeiit or larval growth and/or survival, might be inadequate for
use in growth and mortality (consumption) estimation at later stages. ' ' '
Temperatare

Ii is commonly agreed ihai the Kola iemperature index is very useful in describing the fluctuations in the heat content of
the nlﬂuw tc the eastern pa.n. of the Barcents Sca and Pwirive comrelations are established between that index and

abundance and growth of 0- -group fish, ‘However, Ottersen et.al, {1988) have shown that there are large dlscrepanr:lcs
between the year to vear variations in Kola temperature and the corresponding variations in the ambient temperature of
cod. Hence; the Kola index series should ot be used directly in bioenergetic models for the estimation of consumption
and growth For such purposes the snahal dlstnbutlon (and mrzrauon) of the specles stocks and age groups must be
consrdered ' -

The main temperature indices available in Eastern Canada are the Gqu of St. Lawrence cold intermediate layer (CIL)
temperature index and the Station 21 temperaturc indices of St. John’s, Newfoundland. The former has been ‘positively
correlated with cod growth although it appears that the relationship is indirect, through distribution changes of cod. An
index of flow from the St. Lawrence river has also been previously correlated with lobster catches and cod and mackerel
recruitment but these correlations typically work for a time period and ‘then break down and the mechanistic basis of
these relationships remains unknown. In Eastern Canada there is only one case where information from environmental
indices has been used in stock assessment and then indirectly: In 1998 it was decided to change the annual instantancous



mortality rate in-cohort analysis of cod-stocks from 0.2 to 0.4 starting in 1986. The year 1986 was chosen in part on the
basns of mlormatlon trom the CIL temperature index in the Guif of bt Lawrence

Zooplankton

Ini a stock assessment context zooplankton is important as food for the various stages (larvae, juveniles and adults) of the
stocks which are bemg assessed. These stages usually have dlrterent food preterences (species and size groups) but they
also often have quite different spatial distribution {migration, behaviour} patterns wiich have to be considered when
«food indices» are to be established. Time series of standing stock of zooplankton are widely used as fish (and larvae)
food _ind'icéé.' However, ‘generally what is most needed are indices of zooplankton production. In the Gulf of St.
Lawience observed female zooplankton abundance provides a proxy for production of food for fish larvae.
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seasonality aspect, would incrcasc our ability to analyse, explain and predict fish growth and mortality, particularly for

plankton feeders {capelin, herring). In these stocks it is to be expected that food shortage leading to reduced growth also
indirectly will result in increased natural mortality at given levels of predator stocks. The recent decline in summer
growth of Norwegian spring spawning herring offers a possibility for investigating to- what extent zooplankion
production indices are useful for predicting herring growth provided-that such indices are established for the area.

An important product of stock assessments is the life  history tables for the stock. Both input and output data series are
‘given as matrixes with the dimensions age and time usually with one year as unit on both axis. Numbers (catch and
indices of abundance) riean length and weight, mortahty rates ‘and maturation) are all given because they are required
for cohort analysis. This makes it fairly easy to compare time seties of the varidbles and/or paraineters: Similar matrixes
of relevant environmental indices (temperatire, salinity, food availability, 'etc.)should be produced to -facilitate the
comparison of environmental indices and stock variables. The methodology needed for producing environmental indices
in such a scheme on a routine basis must be developed in close cooperation between scientists from. the various
disciplines and fields of science with in depth knowledge of the particular stock(s) and its (their) environment.

5._2 The sensitivity of stock assessment to environmental data

In this context, stock assessment is taken to mean both estlmates of current stock size and predlctlons of how the stock
will develop given various expl(ntatlon rates.

The examples which are given here, explore the sensitivity of stocks to environmental factors, and in some cases go on
to develop tools for taking account of the environmental factors in'stock assessment. ‘As stocks are reduced dug to
fishing, they will become less resilient to environmentat fluctuations. - S

When d‘etermining the current stock size, temperarure is used when models inciuding predation are used (thie stomach
BVHCLI.EI[IOI] raie lS [cmpcrd[urc uepcnucm), and meﬂl’dlul'ﬁ and 0[.[161' ULEﬂIIUgfdelL Ga[a may a.lSO De USGG o aCI_}US[
abundance indices for incomplete spanal coverage {horizontal and:vertical). :

Workmg groups now usually give short/medium-term prognosis as well as investigating ‘harvest control rules by
nnnnnnnnn Tam g barms aimarilotioes ahidiae Dol analyone arn apmaad ot sman;ing that tha ranactatedsr anonainkad wiel
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predictiens of e.gl, énvironmental variables can be included in the predictions )

The effects of the environment on a stock assessment should be included when they affect the outcome (e.g., estimated
"TAC or-critical’ level of fishing mortality) in a practical way. Practical -significance is not the same as statistical
significance. A 50 % confidence limit (i.e., balance of probability in favour} should be enough to warrant in¢luding an
effect, but the weight given to it when evaluating risks and uncertainties will depend on the level of confidence.

North-east Arctic cod

This stock has been extensively studied over the last decades. Recruitment to this stock has been shown to be affected by
temperature as well as wind conditions. Growth rates of juveniles are affected by water temperature which may in turn
affect survival up to 3 years old. Growth rates and food consumption rates of older cod are affected by water
temperatures. A comprehensive overview of this is given by Ottersen (1996).

The consumption of various prey species by cod is calculated annually by the AFWG (ICES, 1998), and the method is
described by Bogstad and Mehi (1997). The consumption estimates are taken into account in the assessments of cod and



haddocic (ICES, 1998) and capeiin (Tjeimeiand, 1997) in the Barents Sea. The consumpuon is aepenucm among pther

things on the lemperature; a i uegree increase in temperaiure - lvads 10 an 14 % increase.in Lurlhmupuuu Thus,, -1_; is
essential that the correct ambient temperature is used. Michalsen ef al. (1998) have shown that the temperatures that

have been used in consumption calculations are 1-3 degrees higher than the ambient temperature in some years.
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Models which include the effect of cnvironmental variables on growth, recruitmont and maturation of cod are being
A 1 A A 1 £ ¢ i 1
developed. As an example of the scale of effect which can be expected we have roughly calculated baged upon data in
Michalsen ef al. (1998) that a degree increase in ambient water temperature during the feeding season for cod will result

in an increase weight gain of about 10.% (for age 34 years old fish). Since inter-annual variation in ambient
temperature in this region may be as high as 4 degrees for 3 year-old fish decreasing to 2 degrees for older ﬂsh this will
have a significant effect upon total stock biomass. The estimated effect on the biomass of age groups 3-5 using the stock
composition from 1996 is an increase in biomass from 600 to 656 thousand tonnes with a I degree increase in
temperature.

Baltic.cod reoruitment

The cod recruitment prediction model of Sparholt (1996), uses:codrspawning stock biomass, sprat biomass (as predator
on cod eggs), and reproduction volume as inputs. This model is now used in the medium-term predictions for Baltic cod
made by the Baltic Fisheries Assessment Working Group {(WGBFAS) (ICES 1997). These simulations were made using
a mean sprat spawning biomass of 1.5 million tonnes and a mean reproductive volume of 107 km’ This gave a mean
catch of 100-120 thousand tonnes and a spawning biomass. of about 250,000 tonnes. A mean spawning vo]ume of 50
km3 will result in a substamlal decrease of medium-term catch and spawning biomass levels at starus quo F. An
approximate doublmg of catch and spawner biomass could be expected if there was a reproductive volume of 150 Icm3
The observed range of reproductwe volume between 1966 and 1992 was from 45 - 605 km*

Greenland cod recruitment

The existence of this stock probably depends to a considerable extent on transport of pelagic stages of Icelandic cod
across the Denmark Strait and also on sufficiently high water temperatures to allow successful spawning and survival.
These physical variables in turn maybe related to changes in wind fields between years (Buch ez al. 1994). The strong
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dependence of this siock and fishery on environmental conditions has been recognised for a long time {(see e.g., Jensen,
100N nmd ohie ~ taole ; i i m : m 134]

1232} and should be taken into aceount in strategic planning of the development and management of the fisherv and any

Since very large numbers of Icelandlc spawned cod also migrate back to Iceland from Greenland when they ; mature the
consequences for the Icelandic fishery also need to be considered (Schopka 1994).

Examples where environmental variables are used in. assessmeht.of stocks in waters outside ICES ar:eas',= are: 'Néw
Zealand snapper (Francis et al. 1997); prawns in the Gulf of Carpentaria, Western Australian rock lobster, south eastern
Australian gemfish (Thresher, 1994)

Within ICES areas many assessments could probably he improved by including environmental . variables. Some
T

Norweglan Sprmg—spawmng herring relauonshlp with tempcrature and plankton production (workmg documents to this
meeting, Holst-and Fossum et.al.}

rature (working document to this meeting, Planque and Fox)

a cod recruitment and tempe

North Sea sole distribution and mortality and winter temperature (van Beek, working document to the Workmg Group
on Demersal Stocks in the North Sea and’ Skagerrak 1997) S



5.3 Statistical techmques mcludmg exploring autocorrelatmn ana prediction of ocean: temperature
5.3.1 Statistical approach

Statistical methods such as t and f-tests, correlation analysis linear regression, ANOVA and many non-parametric tests
all put assumptlons ‘on the data. These presumptions are’ only seldom met by Dlologlcal time series. Autocorreiation,
nan-stationarity and non-normiaiity may effect the analySIS in sucit a way ihat ihe irve level of Slgm[lcance UBVld.EUb from
ihe iniended nominai levei. Thompson and Page (198%) divide ihe appropiiaie ways to proceed inio iwo groups. The
first approach is to transform the data to meet the assumptions of traditional methods; the second to apply specialised

methods allowing- for nme series properties when assessing statistical significance. -

To transform data to (neary nofmality there arc in some cases theoretica
teanafrrmvatinne nea Faned ke a divact analucie nf - tha Aata cat 1in anac
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much used. Box and Cox (1964) present a way of selecting the optir

Hennemuth. ef.a! (1980} Thompson and Page (1989) argued for logtr
séries by pointing to frequency. distributions of such series being approximately lognormal. Logarithmic transformation
was also used in'some of the analyses presented by G: Ottersen at the Workshop (from Ottersen et al., 1994),

A time series may exhibit one or several forms of non-stationarity: i) trend, ii) systematic change in variance or iii)
pertodic fluctuations, e.g., seasonal. Differencing a series may remove trend or periodic variation, while a logarithmic
transformation in some cases can reduce the effect of trend and make the variance constant. Cohen et al. (1986), looking
into possible coherence in cod and haddock recruitment in the Northwest Atlantic, used first order differences of natural
logtransformed data

Stock | AUTOCORRELATION | Age
ARCTO-NORWEGIAN +0.48 ' 3
BALTIC +0.58 1
FAROE +0.35 2
. ICELAND : +008 RE
IRISH SEA e o
NORTH SEA 009 ' B
W. GREENLAND +0.52 3
W. SCOTLAND e 1

Table 1l Autocorrelation, lag 1, in some North Atlantlc cod recruitment time series (data from ICES 1997 stock
summaries).

Several of the cod recrnitment time series are (_'Ie,a_rlv autocorrelated . at im:r 1 (Table 1). However, the main nmnt of
interest when-determining if traditional multiple: linear {ordinary- least squares, OLS) regression is appropriate -is if the
residuals of the models (error terms) are uncorrelated. To determine if models fulfil this requirement the estimated
autocorrelation function can be studied and (for lag 1 autocorrelation) a test on the Durbin-Watson statistic (SAS, 1992)

applied. If the error terms can not be assurned to be white noise, several alternative approaches are possible.

In his presentation, dealing with the influence of environment on the growth and condition of cod in the Gulf of St.
Lawrence, M. Castonguay used the «effective n» approach (Bayley and Hammersley, 1946) which takes actocorrelation
into account by reducing the degrees of freedom:and thus increasing the critical values. D. Swain looked into the effect
of environmental changes. on distribution of southern Gulf of St. Lawrence cod. He demonstrated how test results which
.seemed significant .when derived without taking autocorrelation in the distribution into account, were nonsignificant
when adjusted for autocorrelation., :

Box and Jenkins (1970) describe the ARIMA class of models, dealing with autoregressive (AR) and moving average
_(MA) terms. This approach is widely applied in.time series modeiling and can be regarded as. the time series aiternative
to OLS regression. G. Ottersen showed an autoregressive model relating variability in year.class strength of Arcto-
Norwegian cod at age 3 to SSB and ocean temperaturé, To apply ARIMA modelling you should have at least. 20-40



Further methods were demonstrated. at the ICES/GLOBEC cod and climate database workshop (ICES 1996): State
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relation h1ps:

A number of interesting relations have been found that hold: for.a certain time span and then break down. This is
certainly the case for many recruitment relations. One reason is that many of nature’s processes develop dynamically
with time. An example is the NAQ-which seems to have had a pronounced impact on many biotic and abiotic processes
in the North Atlantic region for the last 30 years or so. If the time series are expanded back in time nearly all of these
connections are blurred or disappear altogether.

A second reason for relations breaking-down is that models often are derived to explain as much as possible of the
variability for a specific data set. Models which explain a lot of the variability for the period for which- they have been
developed, but which don't cope with other periods have more likely than not been overfitted. To avoid this a
recommended way to proceed would be to develop the statistical model on part of the available data set and use the rest
of the data for evaluation. : '

5.3.2 :P.rediction-

The forecasting ability of dynamic ocean models is limited. The main reason is the restricted predictability in the
atmospheric models providing forecasts_ for the driving forces such as wind stress and heat.exchange. Ultimately the
reason is that the coupled atmosphere-ocean system is a chaotic dynamical system. Due to high heat capacity, presence
of land boundaries etc., the forecast horizon in the ocean may be larger than in the atmosphere.

Ancther use of ocean models is to produce new time series by hindcast runs. This can provide environmental time series
that are difficult to measure, such as e.g., flux of water and heat into an area or total primary production. The qua]ity of
these time series is often uncertain, uniess extensive modei vaiidation has been carried out. nxamples of such use. is the

Lok T ] o
conneciion beiween the modelled inflow to the Barenis Sea (Adiandsvik and Loeng, 1991) and cod recruitment, or ihe
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et. al., 1997).

Statistical models like ARIMA models might pr0v1cle n alternative to dynamic ocean models for forecasting. These
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because of lagged relationships. This approach could be tested -on- long time series by using the ﬁrst part of the time
series to identify the model and the second part to test forecasts.

Reliable systems for forecasting ocean climate a year or more ahead do not.seem to be. feasible at present.. However,
mediom range predictions, as the six month Barents Sea temperature forecast demonstrated by B. Adlandswk working
aper are more prormsmg

6 CONCLUSIONS AND RECOMMENDATIONS

s - We¢ believe that there are now several examples where - there is sufficient understanding of the effects of
environment upon fish stocks for these: relationships’ to be incorporated into assessments. In some cases this process
‘has already begun. This has been described above. Where this has been achieved, it is based upon a good
understanding of the ecology of the system allowing some understanding of the mechanisms undérlying statistical
~correlations. This is clearly a long-term and expensive process but it is a necessary prerequisite to' incorporating
environmental data into assessments. However, statistical correlations in their own right may be useful in producing
qualitative forecasts.

e In order'to facilitate the use of environmental data in stock dssessment, environmental life histcry indices,
* preferrably for'each age ($tage) and year, should be éstablished for'each particular stock according to: the scheme
used for stock -variables (parameters). The available time series of environmental indices togethér with the
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substantial amount of information on spatial distributions gained from surveys in recent decades could be utilized
for the purpose. The work necessitates close cooperation between experts in various fields of marine science with

- in depth knowledge of the ecclogy (the fish and.its environment).efthe area, and should -be conducted as an integral
. ;part of the preparatery work for each assessment working group meeting,

The present limited ability to-predict changes in ocean climate may. seem discouraging. However, for a number of
stocks, predictions of for instance temperature and food. avaiiabiiity naif a year ahead may resuli. in substaniial
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one ycar ahead,.

It is recommended that time series of zooplankton production estimates to be used as indices of available food for

Norwegian spring spawning heiring are developed for the Norwegian Sea.

It is recommended that existing zooplankton time series are maintained. These series provide information on food
availability for various life stages in fish and are prerequisites for gaining knowledge that may improve stock
assessments. '

ISSUES RAISED BY THE WORKING GROUP ON COMPREHENSIVE FISHERIES EVALUATION
ARIT: TUTTR UZADIZTANS SATATTT AR ZONDT A RIS TOR DA ne
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COMFIE considered it nseful for GLOBEC to:

Find numerical relationships between temperature and growth/recruitment, including the error structure, for. as many
stocks as possible and in particular those which are included in COMFIE'’s terms of reference.

Ensure that all potentially useful time series of temperature are readily available, also for scientists working with
stock assessment models.

Improve the precision of predictions of environmental parameters.
Develop models for long-term variations in environmental parameters in relevant areas.

Investigate if the current programmes for collecting enwronmental data are optmlal for evaluating cnwronmental
effects on fish stocks. ;

As indicated abovc these tasks should be carried out by groups of. scientists having substantial experience with the
stock(s) and ecosystem in question; each group given terms of reterence which limit the work to stocks within one
ecosysiem, '

Working Group on Zooplankion Ecology recommended that:

The Workshop on Application of Environmental Data to Stock Assessment should recogmse the 1mportance of
supporting and exploiting ongoing zooplankton monitoring activities.

The Workshop should also be aware of the summary of monitoring activities prepared by the WGZE and be invited
to pose specific questions based on these data sources.

In ‘addition the WGZE recommends that the Workshop should take note of discussions held at prcvmus the

plcvmua IOC meeiing. -

activities is not being used to-it’s full

WEKEDSA supports the ongoing zooplankton monitoring activities (see recommendations). Utilization of these data
series in a stock assessment context should be undcrtaken by gmups as mentmned in the response to COMF[E above

angd egrlierin thic rnpnﬂ'
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