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a) study the decadal-scale ocean cltmateﬂuctuatwns of the North Atlantic, :pafticu:!arly:

i} consider the role of the large-scale pressure anomalies (e. g., the North Atlantic Oscillation),

i!' 2 thar nbhvcinal nranscens

af_l..l GII‘IDI Fll)’dl-‘ful- fll‘ WAL bl
-iif) evaluate.the scienty‘_ie_‘basisfar' long-term (decadal-scalg) ocean climate predictions,

-iv} stucly the hnk.s between decadal—sca!e cltmare Auctuations and grawth and recruztment in cod srocks of the Norrh

‘The decadal-scale climate ﬂuctuatlons of the Morth Atlantic have been shown to‘be correlated with fluctuations on
growth, recriiitment and distribution of some of the North Atlantic cod stocks Efforts are now made on predicting the
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2 __[NTRODUCTION

The workshop was hosted by the ICES Seeretanat and took place at the netghbour iristitution European Envtronmental
A:rpnr-v (EEA) R - 1n Qpntpmhpr IQQ'T 18 ecianticis (Annandix ’n ﬁ'nrn 10 r‘l"\lll’lf‘!‘lPE (anndn Farna Tnl;mr'le ﬂprrrlqny
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:_I-Iookms welcomed the wotkshoe oarttcmants and oomted out that the GLOBEC aC[lVltles were given hmh attentton in
_ICES The ICES!GLOBEC Secretary Keith Brander outhned the status of ICESIGLOBEC Programme, its relatlon
.,GLOBEC Intemauonal ‘and some of the future activities and developments of the programme. The convenor of the
workshop, Sveln Sundby presented the objecnves of the workshop, and pointed out that the outcome of the workshop
. would be an important basis for fitture Cod and Chmate Change work, partlcularly on applying environmental data in
the assessment of recruitment and growth in fish stocks and génerally on the development of marine resources
Ianagement from an ecosystem pomt of view. The Cod and Climate initiative within ICES focused from the start in
1990 on the lmportance of understanding the physical processes causing interannuai fiuctuations in cod’ stocks, and the
effects of basin:scale climate phenomenon’ was broiight into the discussion already at that time, The convenor was glad
“that it had been possnble to gather such an ‘interdisciplinary group ‘of people. Particularly, it was welComed that
atmospherlc chmatologlsts Professor Peter Lamb and Dr Mojib Latif participated. They represented professions, which
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o address properly the problems of how the living resources of
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""Vanablhty and Predtctabthty (CLIVARY is an important initiative, which ICES should make closer connectlons to Co-
" ¢hair of CLIVAR SSG, Dr Allyn C}arke, had planned to participate but was unfortunately not able to come duie to other
" commitrents. However, the CLIVAR Secretariat kindly supphed ‘thie: workshop with the latest Draft Implementatton
'Plan of CLIVAR The workshop was orgamsed in three sessmns (Appendut 1)

" thé pcean res nond to chmate ﬂucmatlons and’ chan’ge.-Presentl the Wnrld ("hmate Research ll‘rm:-rammt= ‘on Climate

' Session 1). Observations of an'd Mechiinisms behind Seasonal to Decadal-scale variations of Ocean clifate.
Session 2). Predictiens onOce_an Climate in the Horth Atlantic.
;-"Sessicn 3) Ecosystem lieslsonses to O_cean Clintate Fluctuations.
: In Session 1) thete were nine- contrihhti_ons.- Stx —of -t_hem (Bill; Turrell; Agusta Flosadottit', Yuri Boc:hkov, :EStfeEin;Age

Malmberg, Bogi Hansen and Johan Blindheim} were focusing on processes in the Nordic Seas, one (Ken Drinkwater)
was addressing processes of the Labrador Sea, and two of the contributions (Peter Lamb and Mojib Latif) were on



basin-scale and global-scale processes. Session 2) had two contributions. The first (Sergei Rodionov) was presenting an
expert system for climate prediction. In the second presentation Geir Ottersen presented experiences with present
methods for ENSO predictions and the relevance it would have to NAQ predictions. In the Session. 3) the six
presentation considered ecosystem responses to the NAO. One of the presentations focused on phytoplankton (Andrea
.Belgrano), one focused on zooplankton (Doug Beare) and four of the presentations were on varlous fish stocks (Jurgen
"Alheit, Ahc:a Lavm Bogi Hansen and Svem Sundby).

3 SUMMARY REPORT OF PRESENTATIONS AND DISCUSSIONS
Basin-scale features of NAO and comparisons with ENSO.

Presentations in the first two sessions gave overviews of the nature of the North Atlantic Oscillation (NAO) and its
seasonal to interannual behaviour. The NAO is the most dominant mode of atmospheric variation in the North Atlantic,
particularly during wintertime. It appears as an alteration in the two large-scale pressure systems of the Icelandic Low
and the Azores High. Presently, the most often used quantification of the NAO is an index defined by Rogers'{1984): the
difference in. the normalised sea level pressure anomaly between Ponta Delgado in the Azores and Akureyri in Iceland
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Professor Peter Lamb gave an overview of the general features and the behaviour of NAQ. The NAQ index is calculated
all through the year with various averaging intarvals, The most often used index in oceanic climate context, howeyer, is

the winter mean from December to March, since the NAQ is strongest during winter. It is very seldom that there is a
positive. anomaly or a negative pressure anomaly at the same time in both the Azores High and in the Jcelandic Low.
One example is in 1963. Then the pressure anomaly in the Azores High was lower than in the Icelandic Low, and this
event resulted in some particular weather pattern. .

The seasonal behaviour of the NAO is very different from the Ei Nifio Southern Oscillation (ENSO). The month-to-
month persistence of the NAO is very low. The autocorrelation from one month to the next is 0.2. For more than 2
months delay there is no correlation at all. Bven from week to week, and at times from day to day, the NAO may show
large variations. In contrast the ENSO shows a high autocorrelation through the season from its appearance in June-July
till it ceases in February—March From month-tc-month the autocorrelatlon is 0.8 and decays to O after 12 months This
persmtence of the El Nifio event is an Aimporiant factor of the statistical predlctlon of the phenomenon. On’ an mterannual
basts nowever there seems to be a basu: dltterent m tne pattern or the NAU an(l S0 indices. 30 15 ll()[ a penomc.
pnenomenon on interannual bass; it comes in bursis, and La Nifid, ihe opposue phase of the Southern Oscillati
‘comes in résponse to the El Nifio the followmg year. The NAO, however, séems to be of a more periodic nature at all
time scales. Among the largest recurrent cifculation rodes worldw1de, the NAO is the only one which is clearly present

in all months of the year. Power spectrum analysis also shows clear perlods of about 2, 8; 24 and about 70 years
o Parhr‘nlnrlv over the 'Iacf 3 rlp.r-ndpe the NAn dmn]n\m gtrong dPPﬂdal-Qf‘H]F nqullﬂflan ‘ o
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Presemly, the mechanisms behind the El Nific phenomencen are p“"f"“ﬂ"“ well undersm.d as it is llnked t slat k_ _mg

in the equatonal trade winds which extends the warm surface water eastwards Ieadmg to warmer than, normal walte_r at
:the American coast.. This heavily reduces -the upwelling, which normally occurs at the coast. The area of main
: atmosphenc convection, which normaily is, located in the western Pacific, moves eastward following, the area of hlgh sea
surface temperature. In turn it leads to h]gher rainfall in the eastern parts and drought in the west. For. the NAOC,
-however, we still do not understand the ‘mechanisms behind it, even though its periodicity. is. well explored. Together

. wnth the. fact that very large resources, both- with respect to field measurements and computation, are used to forecast Et -

Nifio, we have to realise that such kind of prediction of the, NAO hes into future. Several investigators have indicated
that there. are links between. ENSO and NAO, while others have come: to the opposite conclusion. It seems that ENSO
. shows stronger links to other equatonal weather phenomenon than to weather phenomenon at higher latitudes. Here we

nced more anBStlgatl()nS on the generat:lon -and. distribution of storm tracks, how 1nd1v1dual Storms: affect 5 son

Lo oo

pauemb and muwu:uge of ibe Inierannual variability. We should focus on exiréme cpmuuca that migh
into the ulf‘:Cuﬁ.L‘liSIi‘lS FUI. chd.l‘l}uc, u'JT tuc 1uum. GXu TS 'fe"_:‘S of El Niﬁﬁ, the

positive.

The NAO results in a dipole structure in air temperature between the northeast coast of Canada and Northern Europe.
This has been well documented and the earliest observation dates back to 1776 when Hans Egede Saabye pointed out
that the mild winters in Greenland often ocenrred when the winter in Denmark was cold ‘and vice versa, However, ‘also

as a resnlt of the NAO, there is observed a dipole structure between the southeast coast of US and North Africa. The

dipole temperature structure is also clearly present in:the ocean. In the 1960s Russian scientists (Elizarov and Ishevskii)
showed that there was an inverse relationship between the sea temperature in thie Barents Sea and in the Labrador-Sea.
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level pressure. The 3‘5 vear nermd seems. to he related to. varratmm n the thermnhah ne circulation and

the
Dermd seem to be related to variations in the subtrnmcal gyre circulation. The model renroduced well the NAO. The
heat flux across the sea surface acts as a positive feedback. The model alsc. displayed propagation of a temperature
anomaly in the North Atlantic, and showed good inverse relatlcnshlp between the NAO and temperature in the Labrador
Sea. In the madel the decadal—scale fluctuatrons are limited to heat exchange across t.he sea surface, 1t was nut a result of
'flux va.r1at1ons m the ccean currents )

MO_]lb Latrf’s Clrmate GCM show thaE the signal to noise ratlo is. small at the mterface between. the ocean and the
atmosphere and increases both downwards through the ocean and upward through the atmosphere. This has 1mphcat|on
for prediction purposes in that the predictability must be lower at the sea surface. The Climate GCM also indicates that
the ocean climate changes induced by the NAO are mainly a result of the heat exchange through the air-sea interface.
The inﬂuence of variaticn in advection of water masses is smaIl The current rneasurements from' the Ncrdic 'WOCE
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sea intéraction is probably nofe important for the temperature vanatlons On the other hand it is eviderit that both
current meter measurements and shelf sea models for the North Sea and the Barents Sea do mdlcate that volume flux

'varlatlons of Atlantlc water is 1mportant for the fluctuations in the ocean cllmate

:Re_'gianal climate _eﬁects of NAO

Most of the contnbutu:ms on, regtonal ocean chmate effects of the NAO ccnmdered the north—eastern part of the
Subarct1c Gyre of .the North Atlantic, i.e., the Nordic Seas (Bill. Turrell, Agusta Fiosadotttr Yuri Bochkov, B0g1
Hansen, and Johan Blindheim). One contribution (Ken Drinkwater) was on the western part of the Subarctic Gyre iLe.,
the Labrador Sea, and one contribution (Sven-Age Malmberg) consrdered mainly the mlddle regum of the Subarctlc
Gyre 1e ‘the Icelandlc sector. B

For the ocean chmate ef the Nordlc Seas it was pmnted out that there are three branches of mﬂowmg Atlanttc water to
the region. In addition to the branch that has been most investigated, Scottish Atlantic Current flowing in between the
Faroe Island and Shetland, there are.the Faroese Atlantic Current flowing into the Norwegian Sea to the north of the
Faroe Islands and the Icelandlc Atlantlc Current flowing into the Icelandtc Sea around the northern coast of IceIand Itis
: 1mportant to consider these branches separately because they vary on dtrterent time scales, Durmg h1gh NAO there is a
' weal{emng or tne lceiandtc Dranch compared o the Scottish branch. T ne Faroese branch is strtmgest in Summer, . whtle 1t
.‘ 1S consmereu [l'!.a[ [I]G DCO[[ISI[ Drancn is SIIOIIgf.‘.SI in winier. Uﬂ [ﬂﬂ omer [Ial'lﬂ the’ TCCCD[ targe CITOI'[ 01'1 ClllTe-I’lI meter
measurements across the region between Shetland and Faroe [sland can not confirm mterannual or seasonal variations in
the vnlume flux of thts branch. A large proportion of the Atlantic inflow might be driven by convectlonfdeep water

formatlcn probably mcre than 50% Thls is partrcularly valld fcr the Faroese branch and probably not 50 much for the
QCnthsh hranr‘h o

: Over the last 30 years of increasing long-term trend of NAO 1ndex the sallmty in the cenl:ral Norwegtan Sea has steadlly
.decreased Thls seems to be caused by the strengthenmg of the Scottish branch, and. inflow. along the Norweglan shelf

: break. In this way the who]e water system of the Nordic Seas is drsplaced eastwards mcludmg the fresher Arctic water in
the western. parts . of the system. Similarly in the deeper water (1000 - 1500 m) there has been a decrease in sahmt).r from
34.92 in 1960 to 34.90 in 1995. Below these depths, in the Norwegian Sea Deep Water, there is no detectable change of
salinity. The temperature of the Atlantic water in the Norwegian Sea does not correlate with the salinity. For example,
the Great Salinity Anomaly of the 1970s did not have a low temperature,



There is a good correlation between the salinity decline in Shetland-Faroe Channel Deep Water and the: wind stress.: In
the Barents Sea there has been a good correlation between high temperatures and high wind speeds indicating that high
westerly wind results in a wind-driven influx of warm Atlantic water from the Norwegian Sea to the Barents Sea.
However, over the last few years the temperature has decreased but not the wind speed. This might be due to higher
frequencies of polar lows, which are often more abundant in cold years. Similarly, we know from measurements and
model result of the North Sea that the mﬂux of Atlantlc water is very much dependent of wind stress.

In the western part of the Subarctic Gyre the NAO accounts for about 50% of the temperature variance. It was discussed
whether the varying sea temperature in the Labrador Sea is a result of ocean-atmosphere heat exchange or advection. It
was pointed out that the heat exchange across ocean-atmosphere is a very important factor in this region, but it was
beheved that advectron is effectrve as well In the- Newfoundlan Tegion and over the adjacent‘sh‘elf the number of

rana 0 hliale RTASY T YT Auraers iy
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In the middle regton of the Subarctlc Gyre the response to NAO is less clear due to its location between the two
mversely oscillating regtons However, temperature of the Kola section-in the Barents Sea lags ‘the temperature of the
Icelandic water with 2 years. In North Icelandic watefs periods of three different main hydrographtc regimes, ‘have been
defined: Periods of Arlantic conditions are characierised by high temperatores with strenwthen_rno of the stratification.
Perinds of Polar conditions are characterised hy cold and fresh surface water with the low salinity strengthening the
strattﬁcatlon Durrne Arctic condmons the mterrnedtate sahmtv maximum is less nronounced and the strattﬁcatton 1s

poor o _ I _ G RN

Cli}nare predictions fn' theNo_rrﬁ A’t‘la.'_'tu'c

Efforts on develomne predictions of the ocean c11mate of the North Atlantic have been undertaken by Russian sc1enttsts
already from the early 1960s Initially, 1mportant elements in the predrctrons were stattstlcal analysis of climate time
series, with, emphasts on predommant periods of about 2, 7-8, 10-15 and 17-20 years and the dipole structure of the
temperatures between the Barents Sea and the Labrador Sea. Also the 11-year period of solar activity was a factor in the
predictions. It was pointed out ‘that even very rough forecasts for one year in advance with a precision like «warmer- than
normal», «colder than normal» and «around average» should be of importance to fisheries management and stock
assessment for purposes of predicting growth rates in fish stocks. Such rough forecasts on the ocean cllmate, lssued in
The Annual Environmental l{eport of Institute of Marine Research, Bergen, have been tried in the Norweglan nsnery
sector for one year aneaﬂ OVEI' [l'IB IaS[ years, As for ihe Rubbldﬂ GU.UI'Lb ine mam LU[ﬂpOﬂCﬂl of ihe forecasi ].5 hl.d[.lbl.lbd.l
analysis'of time series. It was said that i in the Barents Sea and in Norwegiah coastal waters there is a high autocorrelatlon
in subsurface sea temperatures from March to September, but the autocorrelatlon bréaks down durtng the autumn
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Serger Rodtonov presented a new approach in long- “term ehmate forecastlng with ‘an expert system (Cllmatlc Expert
System, fnr the 'North Atlantrc CESNA) develoned at the Comouter Science Dept. of the Untversmf of Colorado at
Boulder (Rodlonov and Martm 1996) The aDDroach is different from currently existing dvnarmcal and statlsttcal
methods Itis based on concepts and techmques from aruﬁc1ai 1nte111gence and expert systems in general The system is

de51gned to predlct mean seasonal climatic characteristics ‘one to several years in advance. The current vérsion of

CESNA is focused on the winter chmate and forecasts with a lead time of one year. In CESNA, the climaie system is
represented as a set of macrochmattc ob_lects or conceptial features, such as centres of action, upper ridges and troughs,
jet streams, temperature anomalies in "key regions, extension of polar ice cover, precipitation patterns, etc. An evoiutton
of the system is described as a sequence of events that involve large-scale interactions between these macrocltmattc
objects. Whiie mechanisms of these interactions are stiii pooriy understood, they may reveai themseives through
statistical relatlonshtps or empmcal rules-of-thumb Kéy pnncrples in the CESNA forecasts are to utilise the information
in 1) cyeles, 2) 'persistence and 3) time Iags The system can include- qualltatlve as well as quantitative information. An
example of predicting sea temperature in thé’ Birents'Sea based on the Kola section data show that the' CESNA ‘odel

fairly well reproduces the ‘three large decadal-scale temperature waves over the last 30 years ‘The corre]atton between

ﬂ'y- nhqprvpri ‘and the maodallad vahies was n ﬁq
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The presentations on ecological responses to the climate fluctuations ranged from effects on the primary production ‘and
the abundance of copepods to the effects on recruitment and year-class strength of cod, herring, capelin, sardine and
albacore. It appeared that the NAO has a profound influence all through the marine ecosystems of the North Atlantic and
at all trophic levels from primary producers to fish. However, it is remarkable that we have a rather poor knowledge of
the causal mechanisms between the NAO and the variations in-abundance of populations.. There is obviously a strong
link between NAQ and temperature fluctuations, and although a high temperature in itself would increase growth rates in
most boreal populations, the NAO might influence marine populations in.a multitude of physical and biological ways, as
it also influences wind pattern, advection, turbulence, light conditions, sahmty, upwelling, frontal systems and vertical
stratification. In addition, the understandmg of the causal mechanisms to the final output to fish stocks is obscured by
the fact that the various physical’ processes mentioned above partly act curectly ona populatlon and pamy mrougn
trophic relationships. For cxa.mple the presentation of the sprlng pnymplam(mn prouucuon in Guiimar Fjord, Sweden,
was S[['Ol'lgly CU!.Tela[BCl Wlll] a ['llgl'l WlIlLGI' I.CIIlpCI'dLUl't: and a lllgll DU"\U

In the presentations in Session 3) a wide range  of hypotheses was proposed as causal ‘mechanisms. The poor recruitment
of the Faroese cod stocks (the Faroe Bank cod and the Faroe Plateau cod) since the 1980s has been related to the

i maman ot el pomand af amcsih . arracbasleyl diean M :

incréasing wind- speed of south-westerly direction. -One proposed mechanism s that the eggs and larvae-have been
increasingly swept off from its natural habitats and lost for recruitment. Another proposed mechanism is a change in the
general ocean circulation, which might increase larval lggq A third proposed mechanism ic Imlcpd thggl,_gh lower trophic

levels in the way that the proportion of Calanus overwintering in the shelf waters may vary by one order of magnitude.
Th:s in. turn may be able to suppress. and delay the primary production in spring by aduit Calanus grazing resulting in
_ poor cenditions for the new generation of nauplii which constitutes the food for the cod larvae. However, it was
emphasised that there are too many missing links to draw firm conclusions on the cause of the decline of the Faroese cod
stocks.

The Arcto-Norwegian cod shows strong recruitment and growth in periods of warm years, which are associated with
high NAQ indices, particularly over the last three periods of strong decadal-scale oscillations. Here the proposed causal
mechanisms is more directly linked to temperature effects: 1) in warm years increased growth of the gonads will give a
higher egg production frém the spawning stock; 2) in warm years the zooplankton production is higher which will: give
more food for the larvae and juveniies; 3) in warm years there is a better synchrony between the naupiii production and
the ﬁrst-feeding stage of cod larvae; 4) warm years have been observed io give higher growih rates of jarvae and
Juvenues wiich aiso, accorumg io ife «Dlggcr 15 beiier» IlypUillE‘-Slb gwes ulgnéi survival; 5) exireme cold winiers uuuug
1- and 2 group stage in the eastern parts of the Barents Sea result in juvenile mass mortality. Advection has also been
put forward as influencing recruitment in the Arcto-Norwegian cod. - ' o

T thn lunnmdaum A e +h M
10 Ui uictlnaina <o SECHgUCHINg of the
rminger Curren| is also assumed that

stocks at the end of the 19805 is still bemg dlsputed Overﬁshmg h Wever, the dcclmc
did coincide with a period of decreasing sea temperature, and the combined effect of high catch rates and lower growth
due to low temperature might explain ‘the breakdown. But, it should be mentioned’ that also here there might be ‘a
multitude of environmental factor associated with low sea temperature, which might cause poor growth and survival of

cod.

The migration pattern of the herring is considered to ‘be stronigly influenced by environmental factors. Eow primary
production and zooplankton production in North Icelandic waters in the late 1960s was considered to have changed the
migration. pathways of Atlanto-Scandian herring towards-east in the Norwegian Sea. The periods of abundance of
Bahuslin herring all seem to coincide with periods of low frequency of south-westerly winds on a decadal scale. It was
. speculated whether this is linked, to changes in the outfiow of Baitic water, t0 a reduction in. upweumg .along the
Norwegian Skagerrak coast or to iarger scale mechanisms. At the Tberian coast ihe environmenial faciors infiuencing the
fish stocks seems to be more related to processes influencing upwelling and rainfall. Here there is a correlation between
the occurrence of westerly winds and the precipitation. These two factors are in turn inversely correlated with
temperature and latitudinal posmon of the Gulf Stream. There is also an inverse correlation between the NAO and sea
level along the Iberian coast. The recruitment of albacore is inversely correlated with the NAO index.

Tha warkehan dam tratad that th v, Y ni
The workshop demonstrated that there is presently a large amount of material on comelations between the NAQ index,

ocean climate parameters and ccosystem responses. However, to be able to predict effecis of climate variations on
ecosystems, the limiting factor is not only the climate predictions itself, bui the understanding of the causal mechahisms
between the ocean climate parameters and the recruitment and growth of marine organisms.
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APPENDIX 1 —-AGENDA
Introductions
' Weléorﬁei: ‘55;-:éeﬁeral Secre.tary: Chris Hopkins
The ICESIGLOBEC .Pr'(;g;arrnme'by‘ F}LOBE'C Secretary Keith Btander o o o SR . ' £

Intféliu;ﬁtiQn td'the theme of thie workshop by Svein Sundby -

Agusia Flosadottir: Subsurface tempera g a cable route between Ieeland and the Faroe Islands, 190
%7 a4 . i '_._!..___".7__!; S R ST B & Cooal . RPN T REE Y S TRy PO
Yu.A. Bochkov: Appearanct:, possible genesis and the role of NAG in the North Atlantic and the Nordic Seas

:‘Sven-Age Malmherg Dccadal scale cllmate vanatlons in the ice extent and hydrographic parameters m the water
around Iceland '

Kennein Drinkwater: Climaie Variablliiy in the Labrador Sea Region and iis retationship io the NAG.
Bogi Hansen: Flux variations of the Atlantic.inflow to the Nordic Seas

Johan Blindheim: Water mass characteristics in the Norwegian Sea in relation to variations in MSLP, -
Majib Latif: NAO and Global-Scale Variations.

General disciission on Session 1.

Session_ 2. Predictions on Ocean Climate _in the Noi-th Atlantic

,Sergel Rodmnov Climatic expert system for the North Atlanitic (CESNA) learmng to prechct 1nterannual to dccadal
_ chmatlc vanatlons

('}ei'rf'()_t-térsen:_Experié::ﬁccs _with ENSO ﬂ]on_itofing and prcdiétion of _rel'eva_n.ce to prediction in the North .Atla‘nti:c_‘.:. _ -
General discussion Session 2.
;'Sess-ion--3a:Ecosystem.Responsm to O'cean Climate Fluctuations.

‘ Jurgen Alheit and Eberhard Hagen Long—term climate forcmg upon European herrmg and sardme populatlons

‘Andreéd’ Belgrano, B]om A: Malmgren and Odd Lindah: North Atlanue Osc111at10n (NAO) and’ prlmary productlon
“in the Gullmarf]ord Sweden (1985 1996)

]_)_oug Béé;‘é: Interpretafioh of CPR zodﬁlﬁnkﬁon data siéﬁqs_ and fh:e North.Atlantic Os;':_iilaticm_._;

Alicia M. Lavin: Common signals between physical,' atmosph'er-ic'irariables and sardine recruitment at the North Iberian
Coast. '

_Bogi-Hénsen:_. Climét_e influence on thé Faroééé cod stocks.
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Svein Sundby: The North Atlantic Osc 1,
Atlantic.

General discussion on Session3.



SUMMARY OF PRESENTATIONS

VARIABILITY OF NORTH ATLANTIC OSCILLATION
Peter J. Lamb

Cooperative Institute for Mesoscale Meteorological Studies
and School of Meteorclogy

The University of Oklahoma

Norman, Oklahoma
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The time-scales treated will range from the intrassasonal to multidecadal, with some separate analyses being presented
for individual calendar monthe duor ‘ng October-April. Where hgy are informative; comparisons will be made with the-

Southern Oscillation. The treatment of the annual cycle will include the long-term mean, variance, inter-node coherence,
month-to-month persistence, and signal-to-noise ratio for the NAO and its nodes. Pronounced multi-decadal trends will
be identified using an 11-year Lanczos filter. For the intraseasonal and interannual time-scales, emphasis will be placed

on a recently discovered August-November-January oscillation of the NAO. The increased occurrence of this oscillation

since the early 1960s will be suggested (o be responsible for the upward winter NAO trend during that period despite the
extremely weak NAO serial correlation, Finally, the possibility of reconstructing the behaviour of the NAO for the last
1000 years will be discussed. This would exploit recently identified relationships between the NAO, Moroccan
precipitation, and Morocean tree-rings.
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DECADAL CHANGES FROM STANDARD ICES HYDROGRAPHIC SECTIONS

Bill Turrell Marine Laboratory P.O. Box 101 Victoria Road Aberdeen AB9 8DB Scotland

“Tel +44 (0) 1224 876544, Fax +44 (0) 1224 295511. Email: turrellb@marlabacuk ©

‘Two standard sections across the deep  water channel

separating the Faroese Plateau from the Scottish
contitental shelf have been surveyed reguiarly since the
start of the: 20th century (Figure 1), Observations along

these sections have revealed significarit decadal changes -

in the characteristics of surface, intermediate and deep

wxrntoare emogoang o A
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:linked to the NAO S

Changes in the deep waters of the Faroe Shetland
Channel (FSC) will be considered first.

Faroe Shetfand Channel Bottom Water

R

‘Changes.-in- Faroe Shetland -Channel Bottom Water.
(FSCBW) have beet examined: using temperature and

salinity observed on the 800, 1000 and 1100 dbar
pressure levels on the two FSC sections (Turrell e al.,,
in press). The salinity .of FSCBW. has demonstrated a
persistent ‘and linear decline at a rate of O(0.01/decade)
since - 1975 (Flgure 2).

Thc dechne in salmn:yr of: the ‘bottom water has been
*related to the cessation’ of: the production: of deep water
-in the Greeniand Seas, which in turn:appears linked to

the overall atmospheric forcing. Meinke and Rudels

(1993) demonstrated the link between the production of

deep convection and wind stress curl over the Greenland
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water to the surface of the central gyre, Whl[‘h can
modify the density of the winter surface water, and

hence its ability to form deep convective water masses.
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Figure 2 Salinity at 800 dbar in the Farce Shetland

Channel (solid line} compared to wind stress curl
over the Greenland Sea, lagged by 2 years, from

" Meinke and Rudels (1995) (broken line)



The reduction in supply of deep water has-resulted in:the upper level of true NSDW becoming deeper outside the
Channel, in the Norwegian Sea. This has resulted ina change in the composition of FSCBW, from bemg appmxlmately
60% NSDW during the penod 1960-1980, to 40% NSDW since 1990. The associated freshemng of FSCBW has

prcpa*atcd out through the Channel into ithe North nt;aﬁhc and has resulted in fresher and less dense 1561&1‘10 Scotland
arfloss: Watar (TOON :
AAVWELIVYY TV Qlbd LAWY

‘There is a clear correlation hctween wind stress curl over the Greenland Sea.and, changes in sahmty of the FSCBW
'(Flgure 2). The wind stress curl 1tse1f may be related t6 the NAO, and hence the NAO is affectmg deep waler productmn
! and characteristics. : : : :

mnfnotrnl T ink Thara annaare tn h Airart linl hatwaan tha aninlacye A o criefnria wotars 1m thas Aasth Qan jand tha
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decadal change in the bottom waters. Overwintering Calanus' finmarchicus may be advected south through ‘the FSC,
forming a source of plankton which rises and inundates the: North Sea in: spring. This inundation appears to have

‘declined in the last 30 years, according to the CPR record and this reduction may be associated with the reduced
ramount of NSDW in the FSCBW. :

Intermediate Waters

‘While there have certainly been decadal change -in intermediate water masses in the FSC, they are more difficult to
interpret. It is clear that periods of salinity anomaly, such as the Great Salinity Anomaly (GSA} in the late 1970s, affect
both surface and intermediate waters almost simultaneously, implying some other mechanism:may be affecting the.area
rather than just the advection into the Channel of fresher types of surface water, ‘as proposed by: Dickson et: il 1988.
Further work is reqmred before these changes may be understood. :

Surface Waters

Two principal surface waters masses exist in the FSC;
North Atlantic Water (NAW) and Modified North

Atlantic Water (MNAW). NAW lies at the Scottish shelf

edge. It arrives in the area within the Slope Current,

NAW: has ‘been ‘warming since - 1987 :at a-rate ‘of
0(0.5°C/decade). This is -a recent rapid -warming
imposed on a warming trend which commenced in 1966
and has continued at a rate of 0(0.3°C/decade). Salinity
-of NAW has demonstrated great variability sinice the end
wof the low - saumty anomaly: (GSA) years in: the .late

o
s

probably originating in the - Rockall lrough and ?9 Os - (Figuwe - 3), and s
Porcupine Bank areas. MNAW is the more. dominant ! ' P
water mass in the FSC, and ‘arrives in ‘the. area after

circulating antlcyclcmcally around the Faroes_e platean. - : S s T e g
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vanablllty may be ‘more’ cIosely related ‘to the North “There has been-a zeneral cooling of MNAW since 1960

Atlantic ' Oscillation (NAO) index compared ‘to-the - atiratgiof 0(0.3°C/decade). Salinity has:also decreased
period prior to the arrival of the GSA. In addition to the - since 1960 at a'rate of 0(0.02/decade), with a-more
shorter term variability, there has possibly also been a rapid decrease evident since 1991. Salinities are
gradual overall salinity incrédse since the GSA'period - beginning to approach those values observed during the
with ‘salinities now approaching 1960  values. The most - GSA period. “These changes  appear. to be: closely
recent change 'is an ‘increased risé at a raier of correiated with those in-the Norwegian Sea, rather than
u(l') Ef'u'ecaae ) smce 1993 _ . wiiil cnanges in the NAW,

MNAW has’ demonstrated ‘somewhat d1fferent decada]
changes compared to those of NAW.

0087 | [:8
0.07 1 |
0.06 -
0.05
0.04
0.03
0.02
- 0.01

‘000

o

" NAO Winter Index

-0.01 °
«0.02 A _ . : .
.=0.03 o | B | T -B .
19@9 1920 1940 1880 1980 2000
- . Year
. Flgure 4 Salmlty of Atlantlc Water lymg at the
Scottish shelf edge north of Shetland (solid lme)_ :
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filtered usmg a .10 year running inean

The long-term trends in the salinity of NAW' has béen examined by filtering the data with a 10 year running mean
(Figure 4). When this filter is diso applied to the winter NAO index of Hurrell (1995) mere appears to be a correlation,

with the inverse of the l‘JAU muex leaamg ithe SElllﬂlI}’ ‘of NAW Dy 14 years This may ll'l'lplj!r an indirect link between

e L o o . . JETRE—— [P, B .

acuuul.y of suiface waters i the FSC, and the cieation of low bcuuul.y anomalies uy wind I.chu_lg conirciied u:‘( the NAG
in more western parts of the sub-polar gyre which subsequently arrive.in the FSC by advection within the gyre. A strong
NAO results in the export from polar regions of increased amounts of low salmlty water, which enters the gyre to
reappear in the FSC after c1rculatmg within the gyre

North Sea

A vArE W

In the North Sea the salinity variability in the past has been well correlated with that of NAW, with a possible 1 year lag.
However, unlike NAW, the salinity of Fair Isle Current Water (FICW} has more recent}y demonstrated a differing trend,
with FICW salinity decreasing since 1973, while NAW salinity is generally Jincreasing. Also unlike NAW, FICW
demonstrated a cool episode in the mid 1990s which has now ended with a rapid warming, resulting in an increase in
temperature of 1°C since 1994,

The properties of Cooled Atlantic Water (CAWY), which typifies water lying within the central northern North Sea below
the seasonal thermocline, are more closely tied o those of NAW. Hence CAW does demonstrate the gradual warming

[y
[y



seen in NAW since 1970, and .the more recent salinity variability seen in NAW is reflected in that of CAW. One
«lifference noted is that while the salinity of NAW has risen since 1993, CAW salmlty has. declined. This may. 1mply
reduced Uceamc‘mﬂow to the. North Sea durmg the last.3—4 years. ; . . co g

md_'y deuy be due to the Lndl‘lgcb within the. auurce l"‘
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North Sea Cod Recruitment: There appears ihat the fﬁay well be a subsequent correlation between the NAO and cod

recruitment in the North Sea (F1gure 6). The mechanisms behind this correlation are not yet known, but a hnk Wlth

changes in oceanic inflow and the internal North Sea wind-driven circulation must be strong candldates ‘
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Ovcr the_-last few-ycars;evident:e: has:-been:accumulating on the varied and far-reaching climate effects that appear to be
related:to the North Atlantic Oscillation (NAO). Evidence relevant to understanding the ocean's role is largely based on
a handful. of long time series in the . ocean, m combmauon with large-scale analyses of atmospheric and sea surface
ctortad Anly 1n tha mack VWWRIIT nn.--n.r‘ and analucac hacad nn
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ridging the mid-century for reasons that include di
1o ny data analyses and most data-hased maodel runs
confine themselves to the post-war perlod usuaily the 19505 onward. This period does include the NAO low of the
1960s-70s and a subsequent evolution to highs in the 1990s. However, to cover a full cycle from the previous NAO high
we would need to go back to the early decades of the century, a task for which only limited data exist. A possible
contribution is provided by the long-term variations observed in a 1906-1962 time series reflecting a line average of sea
floor temperature along the Iceland-Faeroes Ridge. This 56-year record overlaps with post-war time series started in‘the
1950s by approximately a decade. We consider whether the cable récord may provide an additional fragment of
information on the history of subsurface ocean temperature over the Iceland-Faeroes Ridge durmg the earlier half of the
current NAO cycle. S :

The Iceland-Faroes Ridge is a complex region where water masses of Atlantic, Norwegian Sea and Arctic origin meet.

‘T companson withy the rest of the ‘World Ocean, the, surrounumg reglon possesses:a number. of lOIlg oceanograpmc time

it

series. HOWGVGI', none [of IRCSB CllIBC[ly refieci ihe pUb&lDl}' t,ndngmg conditions over lllU uugc 'l\‘llnt: iliere is a
considerable Uuuy of observaiions data from Tieary amppmg, intﬁmtﬁmuuu of amy observations is qulpu.uaLud oy
questions. of temporal and spatial sampling of the rich spatial and temporal variability in the area, which inciudes
meanders of the Iceland-Faeroes Front and both cyclomc and anticyclonic eddies. A long, well-resolved time series ofa

spatially averaged quantity may present a usefully contrasting sampling strategy.

The Teeland-Farces telegraph cable was operated by the Great Northern Telegraph Company between 1906 and 1962, It
ran from Seydisfjordur, in the east of lceland, to the Faroes Islands, along the Iceland-Faroes Ridge. Regular electrical

tests were carried out as a routme part of submarine telegraph cable operation. One of these was to measure the cable's
resistance in situ by letting the cable serve as one of the resistors in a Wheatstong bridge. Cable resistance was known to
vary with sea temperature, and an effort was made to resolve the seasonal cycle, with cable tests made on the first
‘Sunday of each month from: September 1906 through 1942, and thereafter quarterly on the first Sundays of February,
May, August, and November., Within the range of sea floor temperatures, the resistance of the copper conductor varied
sufficiently linearly with temperature for the cable resistance to interpreted in terms of an average bottom temperature
along the cable path, provided the resistance of the same piece of cable was known at a reference temperature. This
- reference resistance-was determined at the cable factories, and subsequently updated by reports from the cable ships as
sections of cable were replaced during.repairs. The data presented: here were obtained. from the Icelandic “Journal of
Electrical Measurements', supplemented by measurements made at times. of cable repair-and recorded in the “Cable

Hroa Qarvina Tanennl! Tha annuvareian tn tamnaratiira hae hean rnr--:nlnnloh:ﬂ l-v)‘-nr] an farmnlae fram hunr‘ n
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o
fime (F}Shﬂf and Da[b}r 1905 Gulctad and Alhertuc 1915, Meacurements were also made in the Faeroes with the
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Iceland end grounded. These have been discussed by Michelsen (1994) and Hansen et af. {1994),

The “cable temperature’ shows very little noise or variability on month-to-month time scales. It does not appear to be
affected by the fluctuations of the much noisier outdoor air temperatures, or by the occasionally extreme variations in’
the cable house temperature, both of which were recorded in the journals. The mean cable temperature appears to be

consistent with climatological averages over the ridge. There is, furthermore, a very clear annual cycle, which has been

discussed by Michelsen (1994) and Hamnsen et al. (1994). The phase of this cycle indicate that the cable is indeed

reflecting subsurface ocean temperatures, rather than either land or sea surface temperature,



Internal consistency checks we have made include: comparisons of the Wheatstone bridge measurements made; in
Iceland with those made in the Faeroes, and comparisons of the in-situ resistance measurements with-the ship-reported
time history of reference resistance. Apart from some discrepancies due to low measurement resolution in the first few
years, the internal consistency of all three data sets is good, encouraging reasonable confidence in both. the short and
long-term variations seen in the data.

Over the 56 years of the time series, a smoothly varying long-term oscillation is seen. This does not resemble the type
of errors to be expected in case of corrupt reference resistance, which would be associated with cable repairs and should
occur abruptly. Further supporting the interpretation of the long-term variation as a real ocean feature, a:time series
from the (poorly resolved) vicinity of the Iceland-Faeroes Ridge in a numerical simulation driven by :COABDS
(Woodruff ef al, 1987) wind and sea surface temperatare {SST) data (T. Ezer, personal communication), shows.a
qualitatively similar type of temperature variation over the 1950s-1990s, and of similar phase during the period.of
overiap with the cabie data in the 1950s. The cable time series as a whole shows some similarities with the NAQO-related
second EOF of North Atlantic coid-season 55T as constructed by Deser and Blackmon (1993) from COADS sea
-surface temperatures, and there is:a good match between -the' cable temperature and. the “warm' and- “cold' ‘periods
.identified in Kushnir's (1994) analysis of zonally averaged COADS SST. We discuss some possibilities for the: physical
:mechanism of the seasonal and long-term variations seen in the cable data, and their relationship to the NAQ. @ &
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APPEARANCE, POSSIRLE GENESIS
'NORDIC SEAS
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The paper concerns the investigations into regularities of appearance and conjugation of hydrometeorological process large-
scale fluctvations in the North Atlantic and the Nordic Seas, as well as determining the role of North Atlantic Oscillation
(NADO) in the formation of these fluctuations.

Based on the current data (1951-1996) numercus facts of close statistically significant feedback of the main parameters of
climate in the Barents and Labrador Seas have been established. It was noted, that this teleconnection was of synchronous
character. it couldn't be hy accideni. New data, verified, that NAQ is one of the main factors of the formation of fluctuations

in clunatic b}'blﬁlﬂb of ihe Norih Aldaniic and d.u_ld.b(:l'll. seds, ldIgC-hLdlC In ilme and Space, arc preaenu:u

In this connection, the regularities of seasonal and interannual link of atmosphere effect main centres in the Atlantic Ocean
(the Icelandic minimum and the Azores maximum) are analysed in some detail. Peculiarities of the frequency structure of
atmosphere pressure long-term (1951-1996) alterations in the specified centres of the effect of atmosphere and NAQ, as

urnn ag tha main naramatars n"" mnﬂnn .r‘|1rr|g+n in I'l'u:l Nnﬁh Atlanfis and fl-n:- Nanrhr- Saag whinh ara charactericad hu a
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number of dominant r-\mlec 2-3, 5, 7-8 10-15, 1720 vears and trend

{climatic) component, are considered, "Decadal
Vi

cycles” play an important role in the fnnnatmn of long-term changes of hydrometearological processes. The period large-
scale vartes in the range of 7-20 years and they approximate up to 40-50% of 1ong-term changes. Frcquency structure of
perennial changes of the main parameters of marine climate in the North Atlantic and the Nordic Seas, as well as the
structure of NAQO, on the whole, correspond to the present-day scientific concepts concerning the character of long-term

variability of natural processes on the Earth and peneral reasons of their formation.

Obtained spectra of climate parameters in the studied area of the World Ocean indicate the regularities of long-term changes
of climate on the whole for the period considered (1951-1996) (long-term mean model) and are usually used as a basis for a
number of prediction models of natural processes. Nevertheless, the assessment of stability of separate dominant variations
in time using NAQ index and water temperature on the “Kola Meridian" (KM} Section as an example, carried out applying
gliding spectral analysis, shows the instability of these variations appearance within the period considered. For instance,
agamst ihe Dacxgrounu of sysiematic decrease in the infiuence of quam—two-year components of studied climate parameters

from 1951 1o 1996, in 70-80s the impact of "decadal” cycies sharply increases. In nineties fluciuations, close io 7-8 ycdrs
atnetad nlrn tha manok cianifiane;t somfeilostioe ba tha o ¢ ~lin e
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Barents Sea.

The preliminary results indicate enough close time conformity in appearing the variations, close in duration, in the most
informative climate parameter of the North Atlantic - NAQ index, as well az in the most informative heat index of marine
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climate in the Barents Sea - water temperature on the "Kola Meridian" Section. Undoubtedly, found out instability of

different cyclic components and confomuty of their appearance for NAO and KM should be taken into acconnt in future
when developing diagnostic and prediction models of marine climate in investigated areas of the World Ocean.

Along with the instability of the cyclic component appearance in time their spatial heterogeneity has been brought out. In
this paper a distinct geographic localisation of appearance power of prevailing cycles of water surface temperature in the
North Atlantic is presented as an example. So, variations of 7-8 year duration are the most typical of the eastern North
Atlantic, where they reach 30-40% of long-term changes. Variations with the duration clese to 10 years, by contrast,
dominate (about 30%) in the North-West Atlantic and the central North Atlantic, at the latitude of 40-50°N. Long-term
fluctuations of water temperature with a duration of 17-20 years are the most distinctly (25-30% of dispersion) pronounced
in the North Atlantic Current area. This is well-conformed to their advective nature - 19-year cycle of tide-forming forces.

Facts of increase in parameters of natural process changes are of particular concern in studying the large-scale changes of
natural processes in the North Atlantic and the Nordic Seas and when assessed these changes in ecological modelling and
predicting. This becomes apparent visually in increasing a number of anomalous and extreme phenomena observed in the
ocean and atmosphere of the Earth. In the Barents Sea the progressive increase in changes of the main parameters of its
climate is registered during the last century. In that period significant decrease in the time of delay of the Barents Sea marine
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_climate regarding the appearance of the solar activity "11-year” cycle was recorded. In the paper it is shown that the possible
reason of that nature phenomenon is strengthening long-term accentuation of the main effect centres in the North-Atlantic
and their integral index - NAO.

Established above frequency structure regularities of the long-term changes of the main parameters of marine climate in the
North Atlantic and the Nordic Seas, the instability of its appearance in time and space, increase in the unsteadiness .of
climatic systems are a possible basis for developing a new type of the prediction model of the marine climate in the Barcpts
Sea. '
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DECADAL-SCALE CLIMATE VARIATIONS IN THE ICE-EXTEND AND HYDROGRAPHIC
PARAMETERS IN THE WATERS AROUND ICELAND

Svend-Aage Malmberg
Marine Research Instltutc carn
Reykjavik TR
‘Teeland - S

Titroduction

Iceland is situated at the meeting place or fronts of warm and cold ocean currents, which meet at this point because of
the geographical position and the submarine ridges (Greenland-Scotland Ridge) which form a natural barrier-against.the
main ocean currents around the country (Figure i). To the south is the warm Irminger Current which is a branch of the
JNUl'[[l Ale.IlllL L.U[Tel.’l[ \D—O L) d.ll(l [1¢} IIIG l'lDl'LIl are. LﬂG (.-Ul(l Edbl Uﬂiﬂﬂldﬂu dIIU L'.dbl leldl'IUlL \.—U.lTUIIlb \— l—L l.J

There are also deep and boitom currents in the sea around. Iceland, principally the overflow of deep cold water from the
Nordic Seas and.the. Arctic Ocean- south over the submarine ridges into the North. Atlantic.  The different hydrographic
conditions in Icelandic waters are also reflected in the atmospheric or climatic conditions in and.over the country and the
‘surrpundings séas, :mainly .through the Iceiand Low and. Greenland High. These cnndltmnq in sea and air have their
‘impact on biological:conditiens, expressed through the food. chain. in the waters 1ncludm2 recruitment and catches of
: commerclal fish stocks. .

: Hydrographlc condmons
North Ice[andtc waters I 924—] 997

A qelected hvdrng'ranhlc qecnon in North Icelandlc waters (Siglunes '*} thure 1 has heen used to characterise the
’ hydrographlc COHdI'[lOl‘lS in North Icelandic waters from year to vear. At this statlon Atlantic water (t>4°C. s>34.9)
; dommated during the perlods 1924—1964 19721974 (climate reversal in the northern North Atlantic, Dickson et al.
' 1975) in 1980 1984 1987, 19911994 and 1996—1997r periods which may more orless coincide with a posmve NAO

index (F]gure 23 'b). The late stxtles as well as shorter periods thefeafter” (1975-1979, 1982 and 1988) were
prcdommantly characterised by Polar influence associated with an eastivards and southwards extension of the so-called

“cold tongue” of the East Icelandic Current, frequently manifested by the appearance of sea ice and some ‘biological
consequences. These hydrographic conditions in the late sixties in North Icelandic waters again coincide with the most
‘extreme hegative NAO" penod in this céntury #nd conditions in the ‘late seventies as well: The drift-ice conditions are
“bound to low—sahmty (<34.7yin the surface layers of the-East Icélandic Current, preventing’ overturning by cooling: or
advection; thus favourlng drift-ice conditions as well . as ‘ice-formation in-North Icelandic ‘waters. ‘This relatronshrp is of

T afvna nrnnnnohc waliva f-'r\v- ﬁ-n nnc-n-‘l'lr\l tac af drifiiica tn Marth Tns}nnd!n “nntnrn '[r-n indirac. in thi antiry in Tr-n'lnn.rln
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some prognostic value for the possibilities of driftice in North Io vaters. Ice indices in this century in Icelandic
waters {Figure 2oy indeed reveal clearly the periods of severe icé conditions prior to 1920 and in the late sixties, whichis
toa certain degree in aceordance with' the: averall NAQ index d uring thig period; The bio loglcal'r:onqg anences of the
“hydrographic impact in the late sixties in North Teelandic waters are well documented ‘in low: primary production and

zooplankton concenrations as well as changed feeding Imgratlon pathways of the ‘Atlanto- Scand ian hemng towards the
east in the Norwegian Sea. B

Besides the Atlantic and Polar periods in North Icelandic waters a third condition has been observed; so-called: Arctic
conditions. Thus Polar conditions (Figure 3, 1979) are characterised by cold and fresh surface water, the low salinity
strengthening the stratification.” High maxima  in -‘temperature and salinity in.intermediate and near-surface depths
characterise -Atlantic - conditions (Figure 3, 1980) with the high: temperatures strengthening . the stratification. Diring
~Aretic conditions (Figure 3, 1981) the intermediate salinity maxima are less pronounced and the stratificition is poor.
“During the so-called Atctic conditions: (t = 0~3°C, 5734,8-34,9) in the years 19811983, 1989-1990 and ‘most severely
‘i 1995 -the' hydre-biolegical conditions in North Icelandic waters: were extremely unfavourable. These different
* hiydrographic condiiion iit-Notifi-Icelandic waiers are refiecied in conditions of ihe Ivelandic capelin siock which feeds
“int the? Iceland Sea as:well as weight-of ‘cod in Icelandic waters, which: feeds to a:high degree on capelin (a.o..Malmberg
- and ‘Blindhéim 1994).-Recruitment of: Icelandic' cod too seems: to be depending on: the:hydrographic cendition, being
* relatively higher during:Atlantic conditions on the feeding grounds in-North Icelandic water, especially it seems:to-rise
"just at the interface between Polar/Arctic and Atlantic conditions, but poor during-the Polar/Arctic: periods’ (Figure. 4).
" The-fishing stocks thus vary periodically depending, besides on biological conditions, on variations in the hydrographic
conditions which again arereflecied in‘the NA(Y index to a certain degree as menticgned above,

-
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Souith Icelandic waters

In the warm waters south of Iceland periods of relatively high (> 35,15) and low (< 35,15) salinities occur. Noteworthy
were the low salinities observed in the mid-seventies (Great Salinity Anomaly) and again at least in.1988-and: 1992~
1996 rising to 35.20 in 1997 (Figure 5). The latter periods may also be related to far-reaching':conditions_i_n:the;-Su_b-
Polar Gyre (Malmberg et al. 1996, Belkin et al. 1997). Along with low salinities in the area low temperatures -are. also
generally observed. Noteworthy is that in 19961997 the salinities in the East lcelandic Current were on the 'com.rary _
relatively low (< 34,7} and the extension of the “cold tongue™ northeast of Iceiand was quite pronounced in 1995 and
1997, but less so in 1996. At the same time in the mid nineties the NAO seems to fall to negative indices after a period

of positive indices since the eighties.
NAO; :'Rassby Waves_, .G'S‘A ‘-

‘The North Atlantlc Oscillation ((NAO) which denotes a mode of vanamuty of the standing -waves: of the northern
hemispheric troposphenc circulation is manifested by simultaneous strengthening/weakening of the intensities -of :the
Iceland Low pressure centre and the Azores: ngh pressure tidge as well as Jateral movement of their locations.:In: the

seventles these CDﬂdltlDl‘lS were frequent]y explamed by the so-called Rossby waves in the stratosphere with their ridges
iplitude from time to time. The’ response in the sea inchudes 2.088T; pathway of
ir 3 ilation; altered pattern of eddy meridional heat transports by ‘the- atmosnhere and
: eat and water vapou exchangeq In the sixties-seventies during the Denod of negative NAC indices
much attentlon was pald 10 these atmosphenc conditions and its reflection in hydrographic conditions so clearly
expressed for example. by the ice-years in North Icelandic waters in the late sixties. Positive vs. negative anomalous
conditions in the atmosphere and hydrosphere were reported (a.0. Rodewald 1967) across the North Atlantic from the
Labrador Sea to the Barents Sea, Conditions in Icelandic waters, located in between these two western and eastern seas,
but also nearby the Polar and Arctic fronts, are more complex and very sensitive to the variability in sea and air. In the
continuation to the. Rossby waves or the NAO one must cons:der the advection of the GSA, in the. nortnern Nortn
Atlantic 1n the seventies (chkson et. al 198%) or1g1nat1ng in the waters north of Iceland in the s1xues ‘as weil as a
Suggested new anomaly in the eighties (Belkin er. af 1997), possxbly orlglnatlng as well in the waters west of Greenland
These considerations may be of some prognostic value along with the trends of the NAO. The response in the dlfferent

oceanographlc regions may vary due to local conditions. Thus examples have been given on different timing of decrease
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At last some hlstoncal mformanon can be glven on the general condmons in sea and air in the northern North Atlan ic as
-during - the . “warm”. period . from .around ,1920~1965 (Smed 1975) along with northwards . shifted Rossby waves
{polarfronts). of “small” amplitudes and zonal westerlies vs. a generally “cold” period during the past, centuries. {“the
little .ice-age™).. This past cold -period may be comnared with the conditions after.the present sixties w1th southwards
shifted. and meridional distribution of air-sea. conditions.: Also. it may be of interest to point.out the areas of, the. must
extreme .deviations or variations both during ice ages and in.present times which follow. similar- lines bound to land-
ocean distribution and the, Coriolis parameter. Thus, the outlook into; the future due to for example. mﬂuence of the 80~
called. "Greenhouse effect”™ may still be ‘a questionable impact compared with other “natural”. varlatmns in. ch'
least in the area of the northern North Atlantic and the Nordic Seas.

Fisheries:and environment

Jakobsson {(1992) gave an:excellent overview: of the variability.of the fisheries in the: North; Atlantic-in relation, to
-environment (GSA). There are indications-that the widespread cooling in: the northern North Atlantic since. about-1960
hasentailed adverse effects on-cod. stocks.in these' waters: as  a whole. While- this' is. most recorded - for- the West-
“Greenland stock and the northern cod stock:eff Newfoundland, there were ;decreases in other North Atlantic;cod.stocks

,.'A g, /e Near tha Lawsne Hinit AF tha tammaratimn

over'recent-decades. This: especlauy scems: I.U be llIlpUl’ldm for:stocks which live near the lower limit of the wmparawre
-range for cod; e.g.,-off Labrador/Newfoundland, West-Greenland and -cven h. Ncﬁh Icelandic waters. In thege areas it

“seems that the environmental conditions ‘had to improve before stocks: and catches could be expected to be. of the.same
strength as before:the mid or late 1960’s;:just the time* when the NAQ went 1o its minimum. Here it is: pertinent to-ask to
what extend the-decrease.in'cod stocks-is:due to the.deteriorating ocean climate or overfishing. It is difficult: to:say
which of the-factors, fishing or environment, is the more decisive in relation. to decling; in the cod stocks. The crucial
difference between them is that while we-are:unable to do anything about-environmental fluctuations, we should.be able
to manage the fishery. Careful regulations is particular important: when a fish:stock is weak:as a result of unfavourable
environmental conditions.

-
o




.
Conelicinne
A SRR AR NS HALE

Time series of océanographic observations reveal variability in processes such as. stratification and advection over
regional and large ocean areas in-connection with air-sea interaction. They contribute to a better understanding of the
processes underlying the oceanic and hlnlnmcal vanahlhtv The author believes that a major factor concerning the
variation in size and behaviour of fish stocks at least along the Arctic and Polar fronts, is'the maritime climate, which
influences the living conditions including spawning, feeding, recruitment and maturation. The mechanisms behind this
may not be well understood. Temperature may have a direct effect on fish stocks or be associated with variable current
activities such as climatic events and turbulence and other physical parameters, which agam affect the multlple living
conditions. The overall view may be summansed as follows:

There has been a dramatic decline of cod stocks in the northern North Atlantic during. recent decades (1960-1990). In
parallel with climatic changes in the northern North Atlantic during the same period, the spawning, feeding and fishing
grounds of cod in these waters have declined since the 1960° during a pertod of increased interannual variability of the
NAQ. Also, cold years in North Icelandic waters as well as in the waters off Labrador West Greenland and in the
Barents Sea seem generally to give weak year classes of cod. : SR

Ecological oceanographers may have been aware of the trends in fisheries in reiation to environmental variations in the
pasc decades, bui their pnysmal unaerswnumg which was more or iess oniy explameu quautauvely, seemed not o reach
lllU lIld.Ild.gt}lIlC-Ill bUlIl.[IlLI.lllLy llIU I‘{AG IIIUCX DUJ.IIg a qu;mmduvc one d.gd.lll bCClIlb o UC Ut_:itel UIIUCIStOUU Uﬂlllg a
rather simple but important parameter explaining large: scale features. Though, at last it shall be emphasised that the
location of the Icelandic Low (or the phase of the Rosshy waves) and the variable tracks of storms is an important
features as regards- different oceanic regions and their hydm—blologlcal conditions when considering decadal-scale
climate variations in the northern North Atlantic.
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Figure 1 Main currents and locations of standard hydro-biological sections in Icelandic waters. Selected areas and

stations dealt with in the paper are indicated.
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b) The winter NAO index (1866—1996) using normalised sea level pressure differences between Lisbon, Portugal and
Stykkishéimur, Iceland (U.S WOCE Report 9, 1997).

¢) Ice index for Icelandic waters 1901-1975. Product of weeks with ice per
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year and the nuimber of coastal areas near which it was observed (E. Sigurdsson, Icelandic Mei. Off)
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INTERANNUAL VARIABILITY IN THE ATMOSPHERIC AND OCEANOGRAPHIC CONDITIONS IN THE
LABRADOR SEA AND THEIR ASSOCIATION WITH THE NORTH ATLANTIC OSCILLATION o

Kenneth F. Drinkwater | R.A. Myers

Department of Fisheries and Oceans .. .. Department of Fisheries and Oceans

Bedford Institute of Oceanography Northwest Atlantic Fisheries Centre

P.O. Box 1006 - P.O. Box 5667

Dartmouth, Nova Scotia B2Y 4A2 St. John’s, Newfoundland A1C 5X1

Canada : Canada.

The tmosphenc conditions over the Labrador Sea and the ocean cllmate In its coastal rcglons are described, including
their relationship to the North Atlantic Oscillation’ {_1‘(.HU ). Aunuspucru. temperatures in the region have varied from
wmnbntisraley mndd fe theo Tade 10N cocd mvede: TOWW LG zemeenntoiie don oo 109204 [N IS S EUU Uty R R T
IWIALE VLAY LUTU LIL L lawe LOouvva anlug Call}' LD, wa.uluus l.ll Lic 174Uy anud ivillailis ls UYL 11UL1ar L .\}J‘Llsll |.U. il
1960s, then decreasing into the 1990s. Since the 1960s addition the decreasine trend. there has also beeir an
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approximate decadal- scale variability with minima in the early 1970s, 1980s and 1990s. Air temperature minima are
shown to correspond to periods of increased NW- winds which push cold Arctic air masses further south. The increased
NW winds are related to the intensification of the Icelandic Low and subsequent increase in the NAO index,

The cold air and strong NW winds result in earlier and more extensive ice cover, increased lrehew dﬁft and cooling of
the waters over the shelves, most noticeably along the Labrador and Newfoundland shelves. There is a strong
relationship between ice cover and number of icebergs which originates from calving of glaciers on West Greenland and

northern Baffin Island. Moreover, there is a significant correlation between the number of icebergs crossing the

48 °N and the NAO index. The influence of large-scale atmospheric circulation on the iceberg drift was: pointed: out
already in 1931, Correlation between the NAQ index and winter air temperatures at various sites in the Labrador region
were run. The correlation for the winter air temperatures was slightly higher at the site in Baffin Island than at the sites
in southern Labrador and West Greenland. The NAO index accounts for approximately 50% of the interannual climate
variability in air and sea temperatures, w1nds and ‘sea ice in the Labrador Sea region. The correlation with' air
temperature is highest in winter and show a rapid decrease wnh _progressively later seasons. This indicates that the
winter time NAQ partem does not have a significant influence upon air temperatures beyond the winter season. The total

gﬂUleUpﬂlb l['d.l'lprI'l of ihe Labrador Curreni across ine. sheil and ihe blUpU have no seasonal Vd.lldl.l.Ull, bui ﬂ‘ ic, is
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between the transports and the NAO index show increased southward flow in summer tended to occur in years of low
NAQ. Thus, the baroclinic flows increases during warm years with weaker NW winds and reduced ice. In 1996, the
NAQ index decreased dramatically with the largest annual decline in over 100 years of record. This mchcated a
weakening of the strength of the Icelandic Low, and resulted in wcaker wmds warmer sea. and air temperatures and less
sea ice.
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(This is an abstract of a 24 pages working paper presented at the Workshop by Ken Drinkwater)
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The three gaps in the Greenland - Scotland region give
rise to three separate branches of Atlantic inflow to the

‘Nordic Seas which we (non-traditionally) may-term: The -
Icelandic Atlantic Current, the Faroese Atlantic Current
and the Scottish Atlantic Current (Figure 1). The water
mass charaeieﬁ.siic.s uf thesc branches differ e:c:nsidera’tﬁy,'=
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crossing the flow from the Icelandic Atlantic Current to
the core of the Scottish Atlantic Current.

downstream fateq of the hr ;
Icelandic Atlantic Current mixes w1th water of ol:her
origins and looses its characteristics rapidly, usually
within the Iceland Sea. The Faroese Atlantic Current
looses some of its water to the Scottish Atlantic Current,
but a considerable ‘part of the water in the Faroese
Atlantic Current récirculates into the southern Norwegian
Sea and the Iceland Sea. Thus, the water that remains in
the Norweglan Atlantic Current to enter the Barents Sea
and .the Arctic Ocean probably . derives mainly from the
SCOIIISh Atiantlc Current, This means that vanatmns in
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Figure 1.. Mam surface flows in the Greenland -
Scotland : - -Norway region. NAC: - Morth - Atlantic’
-Current. .. CSC: Continental - Slope . Current: IAC:
[celandic Atlantic Current. FAC: Faroese Atlantic.
Current. SAC: Scottish Atlantic Current:. NWAC:

Norwegian ~Atlantic Current- EGC: East Greenland
Currant: BIC- Rogt : . :
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the r f inter eep wate : g
affectlng ﬁsh and other organlsms As an example the Atlantic water mﬂuence on the Arcto—Norweglan cod stock:is
probably mostly through the Scottish Atlantxc Current while the nugratmn of Atlantoscandian hemng wﬂl be more
; dependent.upon the Faroese Atlantic: Current, B Con

Unfortunately, reliable estimates of the influxes are still not available in most regions. Two main strategies have been
‘sed to establish. these: Budget estimates. and measurements. The classical budget estimate by Worthington (1972)
implied a total import of 9 Sv (10° m%/s) of Atlantic water but budget estimates are based on uncertain assumptions and
badly known parameters and other attempts have given widely different values. Also, budget estimates give only total
_influx, not the ratjos b_etwecn bran_ches:

Measuring influxes has, likewise, been difficult. The highly barotropic character of the slope flows makes geostrophic
- transport estimates futile. Satellite altimetry has some potentials, but must.be supplemented with information. on the
baroclinic component and must be calibrated by other means to account for uncertmntles in the geoid. This leaves direct
current measurements combined with water mass observations, but until recently ‘these have not been very successful or
comprehensive. For the Icelandic Atantic Current, Kristmannsson (1991) has discussed current. measurements in. the
“ period 1985-89 that indicated a fransport on the order of 1 Sv with a maiked decrease through the period. In I:he Faroese

ol b PEooo. o
Atlantic Current, a Nordic group within the NMANSEN programme estimaied the fiow of Adlantic water norih of the

nt thAin
., 1986), but the measurements only lasted some 10 days and we can only gucss at their

long-term applicability. The volume transport of water over the south-eastern slope of the Faroe-Shetland Channel was
cstimated by Gould er al. (1985) using yearlong current measurements. They found an average transport value
exceeding 7 Sv with a seasonal variation that had a maximum in winter. Their transport value, however, includes some
Atlantic water from the Farcese Atlantic Current as well as some water from the Bast Icelandic Current and does not
directly represent the Scottish Atlantic Current.

Farpes to 3 Sv (Hangen af »l
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Together these measurements indicate that the total .influx of :Atlantic water may well reach .or exceed Worthingtomn’s
budget estimate, but as yet we cannot within a factor of 24 give a reliable value for the long-term influx. A major
reason for that is the heavy fisheries activity in the region which induces great losses to traditional cumrent meter
moorings. To circumvent that difficulty, the Nordic WOCE project cstablished 9 observational sites w1th ADCP’
(Acoustic Doppler Current Profilers) moored in a way to provide maximal protection from fisheries. In the penod from
Oct. 1994 to may 1997, a total of about 10 ADCP-years of data has been collected as exemplified by Figure 2. To
enable water mass 1dentification, CTD observations have been carried out along three sections, along the ADCP
moorrngs giving from 9 10.17 coverages of mese secuons :

When processed thls data set will provrde the first reahst“lc estlmate of the total Atlantic water influx- ancl may hopefuily
glve"' ome -indication of its seasonal varlatlon The,z i i
observational effori continues as’ part of the vr:.uwo'-rll?

=& ~L - : . -
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observational evidence for possrble deoadal varlatlons in
Atlantic water mﬂux '
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extra'ct"jSome answers from the historical hydrographrc
data-set; North'of the Faroes, a section across the Faroe
Currerit ‘has shown large variations in-the width and
cross-sectional ‘area ‘of ' the Atlantic water wedge,
apparently with both seasonal and decadal eomponents
{Hansen: and ‘Kristiansen,’ 1994). In the Faroe-Shetland
Channetl the situation is more complicated, but also there
water miass characteristics have varied on both scasonal
and decadal time scales. By themselves, these variations

. o . - .. Figure 2 Progresswe vector diagramis from six ADCP
do not give'quantitative influx variations,: bui the Nordic £ th a1l 1096 - M 1997 NWSD
WOCE ADCP measurements 'may give us-the dynamical moorings for the perio tine ay (

v e ends m Nov. 1996) All trices ‘are at’ approx 220 m
nnderstand_mn of the system necessary to lanmret water depth ;

mass variations in terms of influx. Also, they should
facilitate.altimeter calibration.

Thus, before the end of this century, we should finally be able to quantify the Adantic influx to the Nordic seas, its total
value, the ratios between different branches, seasonal and perhaps also decadal variations

Gould W J J Lovnes and I Backhaus 1985 Seasonalltv in Slooe Current Transnorts NW of Shetland ICES
CM19851C7 13pp e _ . [ .

Hansen, B. and R. Kristiansen 1994, Long-Term changes in the Atlantic water ﬂowmg past the Faroe Islands ICES
C M 1994/5 4, 16 pp-

Hansen, B.,S A Malmberg, O ' H. Sa:len and S Qisterhus 1986 Measurement of ﬂow north of the Faroe Islands June
' 1986 ICES C M. 1986/C 12 14 pp :

' _Knstmannsson S. 8 1991 Flow of Aﬂannc Water mto the Northern Icelandm ‘Shelf Area 1985—1989 ICES
1991/(3 11 12 pp-

Worthingt;on,- L V. 1970 'I:he'NorWegian Seaasa medlterranean basm ]_‘).eep:.—'Sea'Res.:,‘Vol.l'?, 77—84 ,
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Large quantities of Arcnc water are ‘accumulating in the upper layers of°the Nordic Seas, malnly west of the Arctic Front
(Figure 1), but to some extent it also affects the branches of the Norwegian Atlantic Current. Hence, the présent situation
n the Nordic Seas is that the deep water is warming while the upper layers are cooling. This trend has actually been
going on since'the 1960s. As a result, both at Ocean Weather Station “M” as 'well as in Russian time series further south,
the' “Great salmlty afiomaly” ‘in the' 1970s which has attracted much attention, is'no longer the period with-lowest
salinity. Tt is not readily understood whether the cooling and freshening depends-on increased outflow from the Arctic
Ocean (o the Bast Greenland Cutrent or to what extent changes in the winter convectmn in the Greenland and Iceland

Qeac nlave a nart
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Arctic witer. In'its upper layers it carries surface water of low salinity, including ice, from the Arctic Océan. A warmer
intermediate layer carries water of Atlantic origin which recirculates from the West Spitsbergen Current; but
intermediate water which is modified in the Greenland Basin, is also an important component in this system.

Much of the water in the Bagt Crreenland Current leaves the Nordic Seas throvgh the western Denmarlk Straitto enter tha

subarciic (subpolar) cireulation in the North Atlantic. Fluctuations in voluie and properties of this water which “is
suppliéd froin the East Greenland Current and in its' mixing with watérs of the North Atlantic Current, may create
fluctuatioris- in- the properties of the-Atlantic inflow to the Nordic Seas. Due' to this, waters coming from the East
Greenland Current may affect the water mass structure in the Norwegian® Sea in' two ways. It may occur'either by
transport of Arctic water, mainly in the East Icelandic Current, directly into the Nerwegian Basin, or moré indirectly
through the Subarctic Gyre in the North Atlantic by varying admixture to the Atlantic water which later flows into the
Nordic Seas. In this process the Arctic water may remain in the Subarctic Gyre for many years before it returns to. the
Nordic Seas, strongiy modified after mixing with Atiantic water. The present: trend probably involves both these effects
with direct influence via the East Icelandic Current resulting in gradually ‘decreasing salinities in the upper and
intermediate layers of the Norwegian Basin, and also through the Atlantic inflow.in which it is indicated by a weaker
decreasing salinity trend in the Atlantic water carried by the Norwegian-Ailantic Current. '
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A timc scrics of temperature and salinity off TiCS Oft ine I < oast, sitows thai there was a change in
hoth temperature and salinity during the later half of the 1960s. The sheif water which carlier was of Atlantic character

with salinities on average about 35 and temperatures mostly near 5°C was replaced by colder, more Arctic waters.
During the following years, temperature and salinity have on average remamed low, but the conditions have been much
more variable than before 1965.

The observations at Ocean Weather Station M {OWS M) at 66°N, ﬂi"ﬁ 1 .the Nnrweman {Figure. 2), show r_-gglmu and
freshening in the upper layers. There are variations with time scales -of a few. years; but. also a'more long-term trend
toward lower values in both temperature and salinity. For example at 400 113 both temperature and sahmty are now at he

lowest level since the station was established in 1948,

Time series from Russian surveys in the southern Norwegian Sea since 1954 sho '_fSi_milar trends: In the uppér 500 m of
the water column there is a clear long-term decrease in temperature: and salinity,:Averages over 0 - 200.m and 200 -
500 m depth in a section along 63°N show a decrease similar to that.at OWS “M”; As a consequence,:the 200 500 m
salinity was at a lower level both in 1983 and 1995 than at the minimum of the anomaly in the 1970s (Fig 3).

-This trend is similar to the development at OWS “M” durmg the. same period, but it is different from the conditions
north of Iceland where there was an abrupt decrease in temperature and salinity during 1964 1969 A p0551b]e
explanation to this may be that some of the Arctic water carried by the East Icelandic Current, has a rather long
residence time in the Norwegian Sea where it mixes into upper and intermediate layers in the Norwegian Basin. The
temperature and salinity in the Norwegian Basin may then decrease gradually as the volume of “new’ water from the
Iceland Sea increases, Increased transport in the East Icelandic Current is another possibility which may have the same
effect.
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Similar finctuations are common féatures in several time series in the region, and the variation in time scale-is rather rich
as it ranges from inter annual to inter decadal and possibly secular. Hence, one of the longest time series in the area, the
Russian Kola Section in the Barents Sea, shows a wide spectrum of frequencies, ranging from 2.6 to 17.5 year. This
section has been observed since the turn of the century and its trends also indicate a fluctuation of similar wave length as
the whole observational period. From about 1900 there was a general temperature increase which went on to about 1940
while the later part of the time series indicates a long-term decreasmg trend which still may be going on. This is in
agreement with the decreasing trends in the upper layers at OWS "M and with the Russian observauons turtner souith,

but the long-term decrease is larger in the Norwegian Basin than in the Barents Sea. it seems iikely that me reason for
this is that the fluctuations in the Barents Sea are associated with the conditions in the main branch of the Atlantic mflow
which flows along the shelf break. This part of the inflow is less influenced by the arctic waters coming from Greenland
and Iceland Seas than the waters in the western part of the Atlantic reglme in the Nordm Seas Changes of 1ts propertles

whtainad tn tha Werth Afant
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uuaw'vauuua further wmh in the Nﬁrwcgian At}ant;c Current suppsrt this, for examp!e in the Svingy s.ectmn ( Runmna

NW.from, 62°22' N on the. Norweglan Coast.). Although this section has been observed only since 1978, its ﬂuctuatmns
agree fairly. well with the Kola Section, In the same region, .at Ona 11ght house (62°52° N, 06° 33" E), the Norweglan
Meteorological Institute has. observed, sea surface temperatures on -a daily basis since 1868. Also these cobservations
show a similar trend as the Kola Section.

The :evidenc ‘ﬁ- m all these series. of observations, spread over a'wide area, show that this is a major ocean climate
»ﬂuctuatmn Iarge |mpact on the oceanographlc structure of the Nordic Seas and the ocean-atmosphere mteractmns
in the area. : .

It is likely that the forcing of these fluctuations is found in'the ccean atmosphere interrelation, particularly in the
atmospheric pressure distribution. and, the related wind field. Although there is no high correlation between the pressure
field and the temperature/salinity trends in the time series, there are indications of some interrelations. The Greenland
high and the Iceland low show paraliel fluctuations, both with decreasing, values of mean sea level pressure since about
the mid. 1960s. As a result, the pressure. gradient between Iceland.and Scandinavia has been i increasing (Figure 4). This
is sugpestive of increased northward flow on the eastern side of the Nordic Seas which for continuity reasons also wn]l
result in.increased southward flow on the western side.

Flgure 1 Temperature distribution in the Norweglan Sea m JulylAugust 1984 1nd1cat1ng ihe pos1t10n of the Arctlc
- front at 400 m depth :
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Figure 2. Temperature and salinity at 400 m depth at Ocean Weather Station M. The curves are base on monthly
means, smoothed by calculation of 13 month running means. Data from the Geophysical Institute, University
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Figure 3. Time series of temperature and salinity averages in the Russian section 55 along 63°N, averaged over the

depth intervals 0-200 m and 200-500 m and over 5 stations between 0.1°E and 3.5°E. Data from PINRO,
Murma,nsk,,
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“ON'NORTH ATLANTIC INFERDECADAL VARIABILITY: A STOCHASTIC VIEW

M. Latif, A. Timmermann, A. Grétzner and C. Eckert

We investigate in this paper the dynamics and predictability of North Atlantic interdecadal variability. Observations of
the last hundred years reveal the existence of substantial interdecadal variability in both the ocean and the atmosphere in
_the Noith' Atlantic region, and it is obvious that'the intérdecadal changes in:both climate sub-components are linked to
“each othet. One has therefore to cons1der the North Atlarmc mterdecadal vanab111ty within a coupled ocean—atmosphere
framework o ;
The simplést parad1 gm for the generatron of mterdecadal var:ablhty is the stochastlc climate model scenano The' ocean
. mtegrates the hlgh fr quencj.r weather noise (&.g., the variations arising from passage ‘of low and hlgh pressure systems)
' g1vrng rise to slow vanauons in the ocean s surface temperature The stochastic climate model concept explains one of
the main cnaracteristlcs of typlcal cllmate spectra, namely their redness. Wmle the simplest version of the stochastic
climate model yields relatively féaturéless specira, spectral peaks also can be undersiood within the concept of the
stochastic climate model, with the atmospheric noise exciting (damped) elgenoscﬂlatlous of the ocean or thé coupled
ocean-atmosphere systermn.
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a 35-year mode. Both modes depend critically on ocean-atmosphere interactions and must be regarded as inherently

. coupled a1r-sea modes The memory of both modés, however, res1des in‘the ocean. While the 15-year mode -appears. to
be related o variations in the subtroproal gyre c1rculatron, the 35-year mode is related to variations in the termohahne
:c1rculat1on Predrctahﬂrty experiments with the coupled model indicate that’ subsurface quantities in the North Atlantic
may be predlctablc éne or two decades in advance while surface quantities seem to be predictable only for a few vears.

“These results 1mply that the couplmg between the ocean and the atmosphere (although critical for the existefice of

"interdecadal modes) is oo weak to influence significantly the predxctablhty characterlsncs of the atmosphcre at decadal
time scales.

| (This abstract was prepared for the proceedmgs of the Ocean Forecasrmg Workshap, Torregrande Oristano, Italy, 29
.Iune I3 July 1997)



CLIMATIC EXPERT SYSTEM :FOR THE NORTH ATLANTIC (CESNA): LEARNING TO PREDICT
INTERANNUAL TO DECADAL CLIMATIC YARTATIONS.

Sergei Rodionov

Department of Computer Science

University of Colorado o
Boulder, Colorado 80309-0430 ' R
Usa '

- Although climate. forecasting on the .interannual to decadal time scalg is. still an emerging research area, there is a
. growing belief that some temporally and. spatially averaged ctlmauc characteristics can be premctea with sutnt:tent stcm
to be beneficiai for economic apptlcauons. So far, mosi of the errorts nave been directed toward ihe preolc,uon of El
Nino/Southern Oscillation {(ENSO} evenis in the iropical Pacific -- the largesi source of interannual climate variability.
The Prediction Branch of the Climate Prediction Center (CPC/NOAA) routinely produces ENSO forecasts (with the
lead time up to 15 month) using such methods as canonical correlation analysis, linear inverse modelling, and Cane-
,Zebnalc model The results of these forecasts are pubhshed by the CPC as Forecast Forum in the. Climate. Dzagnost:cs
By ilful Seasgng_] m_‘edlr'hnnq are nlqn nvmlnhlp for nth 'r rrnmc_'al regions around the wnrlrl (qee the Fxnenmenta!
L_n_r_m-! d Forerast Bulleiin ouhhqhed by the CPC). Some methods used for such predictions are based on empirical
_assoc:latrons between elements of the general crrculatron of atmosphere and ocean derlved from hrstoncal data Others

; represent varratlons of coupled ocean atmosphere modellmg

Unfortunately, the skill score of these forecasts is currently at a minimal level, their lead time, in most cases, is less than
.one year, and they do not cover neither the North Atlantic nor the North Pacific to be of direct interest for northern
fisheries. Thls situation stimulates scientists to search for new techniques and approaches to cllmat1c predlcnons on
interannual to decaclal time scale. One of these approaches, that is different from currently existing both dynamical and
statlstlcal methods, is bemg under dcvelopmem at the Computer Science Dept of the Umversnty of Colorado at Boulder
‘. (Rochonov and Martin, 1996). This approach is based on concepts and techniques from Artificial Intelllgence (AI) ‘and
Expert Systems (ES) and has been materialised in the Climatic Expert System for the North Atlantic (CESNA) The
“system is desrgned to precllct mean seasonal climatic characterlstlcs one to several years in advance, The current version

of CESNA is focused on ihe ‘winter climate a nd fo e of one year. The systemi's description along
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In CESNA the climate system is represented as a set of macrochmattc ob]ects or conceptual features, such as centers of
actlon, upper ridges and troughs, jet streams, temperature anomalies in key regions, extension of polar ice cover
patterns, etc. An evolution of the system is described as a sequence of events that involve large- scale
interactions between these macroclimatic objects. While mechanisms of these interactions are still poorly understood
they may reveal themselves through statistical relationships or empirical rules-of-thumb. Thus, there is a possibility that
if we can account for all of these processes, as well as external factors such as solar activity, we might be able to make
progress even in predicting climatic fluctuations up to several years in advance.

In preparing a forecast CESNA exploits several features of the-climate system and external factors that make it possible
to project the current state of climatic parameters into the future such as:

s Cycles, for example, the 11-year cycle of solar activity, or quasibiennial oscillation (QBQ) of stratospheric winds
over the Equator. There are also numerous other cycles found in variations of climatic characteristics, but they are
less stable;

e Persistence, that can be caused by enormous thermal capacity of the ocean, or by positive feedback loops in the
large-scale air-sea interaction and may exhibit itself in so-called climatic regimes; :

s Teleconnections with a significant time lag. One of the possible reasons for the time lag is gradual transportation of
temperature and salinity anomalies along the ocean currents.

Currently, CESNA's knowledge base contains more than 400 empirical relationships, presented in the form of IF-THEN
rules. For example, a relationship between central pressure and geographlca] position of the Icelandic low (Glowienka,
1985) may be written as: :

o8]
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IF central_pressure = low

THEN position = shifted;;n'ort_h, Cp,'= 5-0:_::,

Certainty factor (CF), that accompanies each rule, reprasents a nnmerlcal measure of confidence in the validity of the
rule. In our system it varies from 0 to 100. A certainty factor with a zero value shows that we do not beheve in the rule at
all, while CF = 100 indicates knowing the premise’of thie rule gives us 100% confidence that the conclusion will occur.
In some cases, CFs are based on observed con'elatlons between climatic variables.. However, it is important to note that
such ceértainty factors represent a subjectlve ‘rather than statlstlcal -value; they may reflect a personal belief in
correctness of the statistical analysis,, whether or not it has béen confirmed by other independent studies, model
experiments and so forth. Furthermore, CFs sre not constant and may change over time. Thus, during the 1980s, which
were characterised by strong westerlies and: deep Icelandic low, the latter, contrary to the above rule, was shifted
somewhat to the south of its normai position (Rodionoy, 1996, pp. 180-195), that reduced our confidence in this rule.

From practical reasons, all the rules in CESNA are condltlonally divided into seven separate sets: 1) Solar activity, 2)
Global characteristics, 3) ENSO, 4) Time series, 5) Lag relationships, 6) The North Pacific, and 7) North Atlantic.
Predictions are based on a coordinated use of these rules that involves a certain combination of CFs. Currently, a lead
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and combines confidence factors to create a scenario for the forthcoming winter

To illustrate a forecastmg process, consnder a fragment of the ENSO rule set presented in Flgure L. In this figure, year 0
is-the year when the forecast is to be made. Since in early spring of this year we don't know whether it will be a year of
El Nifio ‘or La Nifia we:need 1o determine thig first. ENSQ event is the goal variable in this rule set and, using a
“procedure knowri as "backward chaining"; CESNA fries to find its-value along with the confidence factor. To do this,
‘CESNA; asks the user to compare: global SAT distribution-in the 'winter: of yéar.( and preceding seasons with the typical
“SAT distributions before El Nifio event. It uses also other precursers as well as ENSO forecasts prepared by the-Climate
Prediction Center. As soon as the ENSO event and its CF are determined, CESNA uses another procedure; called
"forward chaining”, to calculate possible consequences of that event both for the North Pacific and North Atlantic.

B Giobal ¥ | ~Giobal ¥
| Temperature | 1 Precipitation
' Distribution

‘Summaer{-1) .
Winter (0) -

‘Forecast ~

. Distribution CPC

" El Nino/Southern Oscillation (ENSO) [ 'Year 0

Year +1

Aleutlanl lcetandic 1 | SAT

. Low [ Low ° l‘ Scand. l

! SE US Co | Stormtracks I ;
‘North Pacific -~ .- «+ North Atlantic

Figure 1. ENSO-knowlédge base (fragment).

"'When the consultation session comes to the last, "North Atlantic”, set of Tules, CESNA asks the user to specify the
climatic variables and region that he or she is interested in, and comes up with the final assessment of this varigble.
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Winter Temperature Anomalies
and the Forecasting Index

Temperature anomalies (deg. C)
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Figure 2. Mean winter'(DJ.l;"")rtexknperature in the ﬁppéf 200-m layer of the Kola Section in
the Barents Sea (1965-1997) and its forecast one year in advance. The forecasting index
represent the dlf_t'erence between the conﬁdence factors for warm and cold gradatmns

‘Ourexperiments with. CESNA have. qhnwn that even thoueh some rules may. be poor Dredlctors ina gwen vear the
comhmed evidence from the remaining rules can result in- accurate predictions. Figure 2'shows the forecasts for-the-Kola
-Section (Barents Sea), which.is considered as an excellent indicator of thermal conditions-in the Northeast Atlantic and
-adjacént Arctic Seas: The:skill score (S5} of these forecasts for the period 1965-1997 ‘with an approx1mately 1 yr lead
-time 1s 0.60, which is mgmﬁcantly hlgher than for the forecasts based on pers:stence (SS O 23). ;

Of course, there is no guarantee that a relatjonship that worked we]] in the past will work in the future. But by piecing
together bits of historical evidence from many different sources and areas of the world we can create a necessary

“critical mass" of rules, so that even some of them fail, the remaining rules collectively lead:to the correct result. It is
interesting to note that informal. empmca] rules as shown by Luger and. Stubblefield (1993), are often more importani
than the standard theory presented in textbooks ‘and classes. Sometlmes these rules dugment theoretical knowledge;
occasionally they are simply shortcuts that seem unrelated to.the theory but have bzén shown to work.

There is no doubt that we need to know mbfe about the brigi n of inierannual to decadal climatic variations and those
e acc
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ihe desciibed approach, compared to the conventional forccastin 1g mcthods, is that CESNA can easily update and modify

its knowledge base in the light of new ﬁndmgs and ideas. Moreover, CESNA -highlights those areas where further
research is most needed. Thus, one of the major directions in out future work will be to find a way how to better predict
not only one of the two major types of atmosphenc circulation; associated with. the high and low North Atlantic
Oscillation (NAQO) index, but also the positioning of 1 upper atmosnhenc rldges and troughs dunng the meridional (low
NAO index)} type of atmospheric. cm:ulatmn ' o : S
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The ENSO phenomena in the tropical Pacific is the largest climatic signal on an interannual time scale and also the
phenomena where most resources have been allocated to oceanographic and atmosphenc predlctmn up to | year ahead
The idea behind this talk is that theories and methods from ENSO monitoring and prediction may be useful also in the
North Atlantic. A brief characterisation of ENSQ will be given, some aspects of monitoring / data gathering will be
looked at and some models briefly described at and compared. The talk is NOT about the effect of ENSO
teleconnections on the North Atlantic.

ENSO consists of an oceanographic (El Nino) and an atmospheric (Southern Oscillation) component which interact. The
term El Nino (warm event) is associated with the unusually warm surface waters and ueeper tiermociine which appear at
irregular intervals of a few years off the coasi of Peru and in the easiern and ceniral equatorial Pacific. El Nino occurs
when the trade winds are weak and the atmospheric pressure is low over the eastern and high over the western eguatorial
Pacific, while anomalously cold ocean temperatures (La Nina, El Viejo) occur during the opposite phase of the Southern
Oscillation. Dry air normally sinks over the cold eastern equatorial Pacific surface waters, flows westward as trade
winds -':111d after hemc warmed and moistened, riseg in the dr—-en convective zone of hpavv rainfall over the western

Pacific, returning eastwards aloft. This Walker circulation is drwen by the atmospheric pressure gradient associated with
the equatorial SST gradient. As the latter decreases during El Nino, the Walker circulation is weakened, resulting in a

eastward displacement of the convective zone into the central and eastern Pacific.

A lot of data of different types are gathered to observe climate variability in the tropic Pacific and as necessary input to
El Nino prediction systems. The Tropical Atmosphere Ocean (TAQO) array of moored buoys in the Pacific Ocean
measures oceanographic and surface meteorological variables critical for improved detection, understanding and
prediction of seasonal-to-interannual climate variations originating in the tropics, most notably those related to ENSO.
The array spans one third the circumference of the globe, from 95W near the Galapagos Islands to 137E off the coast of
New Guinea. Moorings are deployed every 2-3 degrees of latitude between 8N and 8S along lines that are separated by
10-15 degrees of longitude The TAO Array was developed under auspices of the recentl}r completed 10-year (1985~
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time scales. TAQ is now one of the cornerstones of this observing system, which also includes drifting buoy arrays, a
volunteer observing ship, expendable bathythermograph network, is !ard and coastal t.'..." gauges, an island wind profiler

pmwdes a broad geographical perspective and long time history to aid in the mterpretatlon of measurements from
shorter duration, regional scale observational studies.

From its orbit 1336 kilometres above the Earth's surface NASA / CNES satellite TOPEX/Poseidon measures sea leve]
along the same path every 10 days using the dual frequency altimeter developed by NASA and the CNES single
frequency solid-state altimeter. This information is used to relate changes in ocean currents with atmospheric and
climate patterns. Measurements from NASAs Microwave Radiometer provide estimates of the total water-vapour
content in the atmosphere, which is used to correct errors in the altimeter measurements. These combined measurements
allows for charting the height of the sea across ocean basins with an accuracy of less than 13 centimetres. El Nino
episodes are. connectcd with positive surface leve] anomalies in the eastem tropical Paciﬁc By means of
monitored as they move through the open ocean and El Nino episodes detected several months before they occur. Data
from TOPEX/Poseidon provide valuable input to El Nino prediction models.

The aims of El Nino modelling can roughly be described by order of difficulty as:

1) 1) Reproduce the characteristics of a typical El Nino episode, 2) Reproduce historical situations and 3) Recognise
the changes in ocean and atmosphere which signal an oncoming El Nino episode, forecast such episodes. The last few
years better systems for data acquisition and assimilation, greatly increased computer power and better understanding of
the physics involved have made predictions with acceptable levels of certainty for lead times of up to one year feasible,
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‘There still. a long way:to. go.before these predictions. are as:reliable as weather forecasts so a lot of werk.is at present
being put in on developing and testing a variety of different models. Models can roughly be classified as dynamic or
statistical, but some are hybrids, combining a dynamic and a statistical approach. Statistical techniques include
constructed analog, canonical correlations and neural nets. The terminology for dynamic models may vary, _but one way
to classify them is as intermediate, limited area GCM (General Circulation Models) or global GCM. Intermediate
models employ simplified physics and tight dynamical constraints and a construction designed to resolve the basw
dynamics of the ENSO phenomenon alene. Limited area simulations of ENSO are typically mgner resolutlon moue'.ls,
with explicit physics that embed a fine meshed grid of the Pacific Geean region with a coarser giobal represemauon of
the remaining tropical and subtropical regions. Many attempts have been made to capture the known physnca.l
characteristics of ENSQ by means of fully coupled ocean-atmosphere global GCMs. This may well be the future of

ENSO modelling, at present most of these models show significant differences from observations. Finally a brief look
Wil be talken a[ the resulis of the cdmbarison dnnp hv 'Rm'-nqtnn et al. (IUQA‘\ of nrprlmhnn -:1(111 of Innu Ipnrl F'N'Qﬂ
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LONG-TERM CLIMATE FORCING UPON EUROPEAN HERRING AND SARDINE POPULATIONS -

Jiirgen Alheit and Eberhard Hagen

Baltic Sea Research Institute
Seestr. 15

18119 Warnemiinde
Germany

Records of the herring fishery off the Swedish coast of Bohuslin, inthe Skagerrak, date back to the 10th century. Nine
periods each one lasting several decades are known during which large quantities of herring were caught very close to
the shore boosting up local economy. So, in the 1895-96 season, more than 200 000 tons have been landed. During the
interim’ perieds, which stretched over 50 or more years, the herring fishery played no role in this region.

Neither is it known what caused the herring, very likely originating from the MNorth Sea, to amass such large
concentrations: in' inshore waters: -nor is ‘there -any -certainty whether local/regional or- global environmental forcing
influenced appearanoe and' dlsappearance of the fish. However, some-clues are: pomtmg to-a more global scenario. The
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Bohuslan and the Frenchi fisheries; arc out-of phase with the Norwegian heming fishery. These comrelaiions insiigaied our
attempt 1o suggest a-climatological-hydrographic scenaric which is based on historical data and which might have been

. o
-associated - with the Bohusliin periods réported.

All Bohuslén periods coincide with times when there was a relative minimum in the frequency of south-westerly winds
on a decadal scale. Prevailing wind directions strictly depend on the average position of the at_mncnhprin nolar front
zone (PFZ) and the frequencv of embedded cvclones travellmg eastwards. Changes in its meridional nnsmf_m_ reflect
climatic -variations on the globaliscale and control the main wind direction over the Nort Atlantic Ocean_. the North Sea,

and the Skagerrak S

A relative minimum of south-westerly:winds should be:associated with a minimum in the frequency of coastal upwelling
‘events along the: Norwegian shore: in the Skagerrak which is- orientated in a south-west-north-east direction. Other
westerly winds favour hydrographic blocking situations for the néar-surface water exchange between the North Sea and
the Skagerrak. Along the entrance of the Skagerrak, the frequency of occurrence of a more or less meridionally
positioned frontal zone increases. which separates the Skagerrak water from that of the North Sea. Upwelling events
distort and destroy this frontal system-and favour the outbreak of water of low salinity concentrations from the Baltic
Sea into the Norwegian Coastal Current. These mechanisms change the water properties along the Bohuslin coast
SIgmﬁcantly They depend on decadal sca]e changes in the mean posmon of the PFZ which can be described by the
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Whether the Bohusléin ucumg PErIOas are caus 'd by giobal mechanisms such as presented here or whether they are
simply a consequence of local phenomena is chscussed mn this contribution.
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NORTH-ATLANTIC: OSCILLATION (NAO): AND PRIMARY PRODUCTION IN: THE GULLMAR -FJORD,
SWEDEN (1985-1996).

Andrea Belgrano (1), Bjom A. Malmgren (2) and Odd Lindahl (1)

(1) The Royal Swedish Academy of Sciences
Kristineberg Marine Research Station
S-450 34 Fiskebiickskil, Sweden

(2) Department of Earth Sciences - Marine Geology . - P SR : . R T
Earth:Sciences Center - University of Goteborg : : : e o
5-413 81 Goteborg Sweden :

Abstract
An evaluatioﬁ of a 12- yeér‘ -long time series consisting of measurements of primary production in the Gullrn.ar Fjord;. SW
Sweden,, made as -a-part of the Swedish. Monitoring Program. revealed the: importance of considering climatic forcing

among the factors responsible for fluctuations in the primary productivity. The pattern of fluctuations suggested the
presence of a possible cyclic behavioul rather than a trend regulated by different environmental factors. However, the
results pointed. to the need for continuous:quality monitoring p.‘.-.gra.ms aipd new statistical methods. for detecting: trends
and cycles in ecological time series in order to be able to improve our understanding of the different factors determlnmg

natural fluctuations in primary productivity on a global scale.

Study area - S T ST ‘ : S Gi
The study area (Figure 1) is located alnn;_r the Swedish west ¢oast. The: Gullmar fjord is both mﬂuenced bv the: surface
Baltic current running parallel to the coast and by input from off shore coming from the central Skagerrak resulting in-an
inflow along the Swedish coast of North Atlantic deep water, and North Sea water regulated by different physical
processes and climatic forcing such as.the North Atlantic Oscillation.. The large bloom .of Chrysochromulina pofyepsis
in 1988, ¢learly pointed out the importance -of coastal currents for ‘bloom formation, related: to: advection; and
hydrodynamlcal processes in the Skagerrak (Lindahl, 1993) Poos e
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Figure 1. The Skagerrak and Kattegat area and the Gullmar fjord. The sampling site correspond to the arrow indicating
KMF in the top right hand corner.
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Time series’ of monthly ‘means of NAO winter index (December=March), .séa: surface temperature, . and: primarty
production’ were ‘analysed- sing Pearson correlations -on -both original' and' detrended series.: The detrended: series
(original series minus polynomial trends) were usedto detect correlations:not due:to long-term trends-or to ‘year-to-year
fluctuations (Fromentin and Planque, 1996). The primary production time series decomposition was carried out
according to Chatfield (1996). The significant correlation coefficients that remained after recomputing the correlation
coefficients on the detrended series are reported.

Primary production

The primary production time series is presented in Figure 2. as the adjusted series after removing the seasonal
component and the remaining smoothed trend cycle. This preliminary results showed the oscillations patierns present in
-the data, and in pamcular two- periods of h1gh primary productivity. values were observed from 1987—1988 and m 1990
_and 1994, A penod of lower pmnmy productwlty values was observed in 1989 and from 1991 1993, o
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Figure 2. Dally mean prlmary production (mgC-m™d™") for each month presented as an adjusted series aﬂer temoving

the seasonal effect on the left axis and the remaining smoothed trend on the right axis.

“In order to check the ;Sossible link between the primary producticn signal ai the: Gullmar Fjord imd_ thé-Nt_)r_ih Atlantic
Oscillation, the correlation analysis between sea surface temperature (SST) the NAO Winter Index {NAOWI} and May
primary production are presented in Figure 3. and reported as follows:

NAO Winter Index (December-March) and May Primary
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Figure 3. May daily mean primary production (mgC-m=d™') and NAO winter index distribution 1985~1996.
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Correlations on NAQ Winter Index (NAOWT) and SST (Sea Surface Temperature 0—10 m) and on NAOWTI and. Priinary
production: (PP) for the Gullmar Fjord time series (1985-]1996) .were tested by a Monte-Carlo - appmach (sm
qmulaﬂons) Slgmﬁcant con‘clauons were found at the: *** 0.1%: level *H 1% level, * 5% level. R

NAOWT and SST Febraary - ‘_r=0_8462**--*

NAOWI and SST March r = 0.7692*#*

= 0.5664*
ic h!_;"é"‘:‘e‘: tiong be!“.feen NIAHWI and QQT wera fnund durmcr February and March as an indicatiof that
changes i the NAO can bé eflected in the ‘changes of the SST structure. The NAOWI was also correlated  with the
primary production in May as'an indication' that the occurrence of the phytoplankton bloom can'’be’ cornectéd with
climatic events occurring during the winter months in the North Atlantic. A new approach to the analysis of the time
series data set using Neural Network Modelling is currently being tested. It is important to study in more details the
pattern of climatic events such as the. NAO:and carry.out reanalysis ¢ of historical data. These results were a preliminary
indication .of the possible link between changes in the patterns of the North Atlantic Oscillation and the response of
biological prog:esses to climatic forcing in the pelagic ecosystern. of the Gullar Fjord and adjacent areas.
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RECRUITMENT AND NORTH ATLANTIC ALBACORE RECRUITMENT
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Time series (1960-1996) of air temperature, atmospheric pressure, precipitation, wind, mean’ sea-level as ‘well as
blologlca] time ‘series -of catches and recruitment ‘of albacore (1975-1995) and sardine recruitment {1976~1995) were
studied. The aim' of this work is'to compare some general North Atlantic index like the North Atlantic Oscillation index
“(Hurrell; 1995) and:the Iatifude of the Gulf Stream'(Taylor, 1997) with some meteorologxcal time series measured on the
“North Iberian- Coast loéal oceanographic data- (sea level, temperature and salinity) and distributions of recruitment and

“¢atches ‘0f 4 pair of fish species, one located on'the North Atlantic' (albacore) and a second one locally distributed
‘{sardine). The albacore a highly migratory specics spends most of its'life in the North ‘Atlantic oceanic waters, while in
contrast; the sarding ie distributed around the shelf and rias where coastal 'spwélling and shelf processes have large

nces on it For thm {,“ rpose statistical analyses based on time series analysis; spectral analysis, correlation and

Spectral analysis was performed for the monthly values of the meteorological and oceanographic time-series. ‘An annual
“peak of twelve months related to seasonal warming and cooling due to solar heating was found, ‘a second peak of 6
months is also found mainly in temperature, precipitation and sea level. In addition there are two peaks with periods
larger than 12 months related to seasonal and decadal-scale variability. The first has a period of between 2.4 and 2.7
years and corresponds to the Quasi Biannual Oscillation ((QBO). The second peak has a periodicity of around 7.5 years.
Both are found mainly in air temperature and the NAQ. These values are sumlar to the cycles reported by Fromentin and
Ibafiez (1994) in the Bay of. B1s»::aj.r

As the data on blologlcal vanables data (recrultment and catches) are evaluated yearly, aPCA of the: yearly values of the
different variables was done. The three main components explain 67% of the variability of the system. The first
component is related to westerly winds, precipitation and an inverse relationship with temperature and latitude of.the
Gulf Stream, the second one to sea level and easterly winds and the third component is related to the NAO and the
.albacore recruitment. :
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the latitude of the Gulf Stream. Also the NAO is mvcrsely correlated to sea level. We must point out that when the NAC
index is high there is a northward displacement of the intensified Westerlies (Alheit and Hagen, 1997), Northern
European weather is mild, but the Tberian Peninsula is blocked from the Westerlies and a strong high pressure cell is
located in the western part. Seasonal correlation must to be higher than the annual mean as has been shown in the
Morocean precipitation (Lamb et al.,, 1997)

Climatic variability is one of the main causes of the natural changes occurring in marine ecosystems. The importance of
environmental parameters in the space-temporal variability of the species has increased greatly. In this case we have
chosen twe species ‘of different behaviour. The albacore is a highly surface migratory species, recruitment occurs in the
Western North Atlantic and the imimature catchés in the Eastern North Atlantic and Bay of Biscay.

Correlation between the albacore recruitment (Anen, 1996) and the NAQ index is negative and’ significant. During
periods of high NAO index, the westerly winds intensify and the recruitment of albacore is low. Increase in turbulence
due to the strong winds could be a negative factor for the recruitment. During periods of low NAQ index convective
activity in-the Sargasso Seais high (Dickson et «l, 1996), this fact may provide good conditions for recruitment. We
have calculated the anomalies on both values NACQ and albacore recruitment values, normalised by dividing by the
staidard deviation, and duumg up to get the cumulative sum of the anomalies. In Figure I A we have shown them to see

PO S B, R
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- With respect to aggregated immature catches (ages.2 and 3) of the northern stock, correlation is significant and negative
with the index of Guif Stream latitude and mean sea level. These two factors may provide an idea of the influence of the
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:Nerth Atlantic i¢urrént on the young albacore.. The northward displacement of the currént could bring these fish oat of .

the area of fisheries (mainly the Bay of Biscay). None of the: local atmospheric variables have. significant correlation
with catches of immature albacore.

Related to a locally distributed species such as the sardine, we found a significant and negative correlation of the sardine
recruitment (Anon, 1997} with air temperature and the latitude of the Gulf Stream index. In Figure 1 B we have plotted
the cumulative sum of anormalies in sardine recruitment and annual air temperature, and the behaviour is found to be
similar but opposite. An attempt can be made to work out the mechanisms for this behaviour. Variability in fegional air
temperature on time scales of several decades is controlled not only by anomalies in atmospheric circulation, but.also:by
low-frequency variations of Atlantic sea surface temperature ($ST; Werner and von Storch, 1993). Sea surface
temperature in coastal waters of the Southern Bay of Biscay has increased in recent years (Lavin et al.,, submitted). This
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and McGowan (1995) have suggested that observed warming in the Pacific is related to zooplankton decay due to

;reduotlon in nutrtent supply to the photic layers Thus the relatnonship between air temperature and sardine recruitment
.may be :explained by a cascade of relationships between water column stratification and low food availability in-the
~warmeqd area. In the same way that Alheit and Hagen (1997) found an alternating period with sardine favourable warm
_pericds in the. North Sea, the Iberian. sardine-seems to be. negauvelv conditioned bv the warm periods. The Gulf index
-provides a connection. between. northward. dlsplacement of the..current, and. sardine recruitment.. Long-term SST could

help to understand the connection found between sardine recruitment and the Gulf Stream latitude .

More effort will. be made to find seasonal correlation. Winter NAO indexes will be used, as winter-is the most influential

;part of the year. This index will be correlated to seasonal variables as has been done by Drinkwater (this volume) and

Lamb.etal, (1997).
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Marked correlatmn are sngmﬁcant at p< 0.05

Temp Precip NAO WC4V? WC4V4 WCIV7 WCIV4 R.Alb C'Alb SLev Atm. P. ‘GULF

Temperature -

Precipitation -0.73" .

NAO 0324 009 .

WCAVZ 052 073 034

WC4V4 -0.65 080 007 082

WCIV7 025 -008 -0.13 0.19 0.03 ,

WCIV4 ' " 0000 -004 0277013 004 082

R. Albacore” -0.18 002 045 -029  -018  -0.17 " 0.00 o

C.Albacore -0.05 027 -0.19 -0.10 007 009 -001 017

SeaLevel 024 028 -047 -025  -0.17 040 041 002 051

Atm, Press;: --0.09 ~ 037 037 039  -028 © . -013. 002 018 009 036 - -
GULF ?'“,044 045 010 -0.44° uo‘sa- '--0'1'8-'- -0.30 - 0:05. 047 -0.40 -0.23
Sardine 046 031 023 036 043 "‘003 029 "-010 020 011 026 -0.56

“Table '1: Correlatlon between vearly time-series from 1976 to 1995 Wmd components are labelled as: WC4V4 (number
-of ‘days: of westerly winds with: velccities > 4-m/s), WC4V7 same but veloc1t1es ».F m!s), WC1V4 (number of days of
feasterly wmds wuh vclocltles >4 mfs); WC 1V7 same’but velocmes > m)'s) ‘ o

1975 1980 1985 1990 1995

1980 1985 1880 1995

Figare 1: A: comulative sum of anomalies of NAO (x) and albacore recrvitment (*} between 1975 and 1995, and B:
cumulative sum of anomalies of air temperature (o) and sardine recruitment (+) between 1976 and 1995



CLIMATE INFLUENCE ON THE FAROESE COD STOCKS

Bogi Hansen
Fiskirannséknarstovan - -
Box 3051, FR-110 Térshavn
Faroe Islands

Cod in .Faroese waters is generally described as = gg . ‘ i
consisting of two separate stocks: The Faroe¢ Plateau cod Windspeed > 15 m/sec
(FP-cod) and the Faroe Bank cod, The talk will focus on
the FP-cod which is by far the most lmportant for the
Faroese economy, and which ha dIall .
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strong indications that meteorological and/or oceano-
graphical processes .on. cllmatlc tlme scales have
-contributed: - SR : -
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The fluctuations were apparent in stock estimates
and catch, but most dramatically in the O-group index
which should represent the number of FP-cod juveniles at
some 3 months of age. This number decreased by one to
two orders of magnitude in the late 80s and early 90s.
Overfishing cannot explain this recruitment collapse and o : , ; : SE
no purely biological processes have been identified Figure 1. The frequencies of wind speeds above. 13
either. On the other hand, two physical processes have m/sec and 20. rrusec in the March-May penoa as
been proposed as causal mechanisms for this: Winds and ooscrvcu ai ﬂMdDyl gi, Faroes 1962—92
changes in the oceanic currents aroun'd the Faroés. : ' ‘

1962 1970 1980 - 1990" '~

have various effecis on ihe eLUsysLem as a whele. For FP '_-cod,;soutl‘l-westeﬂy winds.may be edpec1"}}3' di
spawnmg success (Figure,2). The main spawning ground of FP-cod is noith of the Faroes at the border

bl s i
nd Qhalf vnen A +h SFind ; ; ;
‘mixed- Shelf-water and the seascnally stratified offshore water {close to the 100 m isobath

-drift. with the -anticyclonic residual circuladon, The well-mixed Shelf-water is. supposed to be the main habitat of the
;juveniles.and one condition for reproductive success is minimal Ioss along the advection path from the spawning, ground
to the Shelf-water. In the period of recruitment failure, south-westerly winds were exceptionally strong and they, will
tend to push the upper water layers with their contents of eggs and larvae offshore so that they have less chance of
entering the shelf region. '

} From Ihp[p e

The implied wind-recruitment relationship was not, however, sufficiently clear-cut to warrant any definite conclusions as
to winds being the only or main reason for the recruitment collapse and variations in the oceanic currents around the
Faroes have been suggested as another causative mechanisim. C
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The rationale for this'is through the- adveetion:of :
the copepod Calanus finmarchicus. This:is a* \

dominant zooplankton species in Faroese waters
and: its. nauplii are assumed:to be'important:as
food of first-feeding cod larvae. This copepod |
enters the Faroe Plateau in spring, apparently from
the Faroe Bank Channel mainly (Figure 2) where Advection of
the deep overflow C!:lrrent with speeds exceeding 1 cod eggs

misec.acts. as a gllant conveyor helt_ from the Vertical and Iarvae

overwintering areas in the deep Norwegian Sea.

Cod spawning|

migration
of Calanus

Afier ascending from ihe deep overfiow waier inio
sl L.

N A el Y e
the upper Atlantic water, the ¢ U}JU]_JUU.‘. inen have
to he advectad onto the shallower narts of the

L D Ouyuiid Uiy I.IIU ﬂl.l(;l.llUW\Jl Pull-a L Wiw
Faroe Plateau and ultimately into the well-mixed
Shelf-water. The amount of overwintered Calanis
in the Shelf-water in spring has been shown to
vary by almost an order of magnitude. Strangely
enough, years with low cod recruitment have had
high numbers of overwintered Calanus but

recently it has been argued that in these vears the ~ N .
‘Calanus is able to suppress and delay the primary |
production by grazing (Gaard et al., in press). As

a consequence, the food available for each
Calanus female in spring may be much iess in
these yea.rs ami Cm’anus f:gg production is known

PRI, W [

Deep water /
advection of

Figure 2. Key elements affecting recruitment success of Faroe
Plateau cod.

paradoxically, a high influx of overmntered

Calanus might lead to small numbers of Calanus

nauplii at the critical time of cod larvae first feeding. Although the observational material of nauplii is not very
complete, the available evidence does support this hypothesis (Gaard, pers. comm.).

The large variations of overwintered Calanus in the Shelf-water may have several explanations, but clearly the flow
pattern in the upper parts of the Faroe Bank Channel will be critical and recent observations show that the flow pattern
indeed has variations which may lead to large variations in copepod influx (Figure 3). It has also been argued that the
Atlantic water flow past the Faroes was abnormal in the early 90-ties (Hansen and Kristiansen, 1991). As yet, there are
too many missing links to draw firm conclusions, but large efforts are being made in acquiring observations of Calanus

{TASC), of currents (Nordic WOCE, VEINS) and in modelling and testing this hypothesis is almost within range.

'E':m“-o T Drenoracciia vantar dinorarm Fraes o Woaedia
IPUTE & Jrvgioedi Yo YOOLOT Qiaghain 1ol a tvorail

WOCE ADCP moored in the Faroe Bank Channel from

June 1996 to May 1997 showing flow at 220 m depth.
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THE NORTH:ATLANTICOSCILEATION, THE TEMPERATURFE ,‘-l _A W AND THE EFFECTS
RECRUITMENT IN THE NORTH ATLANTIC: o o o

Svein-Sundby

Institute of Marine Research
P.O. Box 1870 Nordnes
N-5024 Bergen

MNorway
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The first observations of the inverse relationship between winter air temperatures in the Scandinavian and the Labrador
regions was made by Hans Egede Saabye. He lived at the West Greenland coast and wrote in 1776: «All winters in
Greenland are strong, although with difference. The Danes have noticed that when winters (in Denmark) are strong, the
winters in Greenland are relatively mild and conversely.» Almost 200 years went before Elizarov and Ishevskii revisited
the topic. In the beginning of the 1960s they found, based on measurements in 1940s and 19505 that sea temperatures in
the Barents and Labrador Seas tended to fluctuate 1nversely and, moreover, they found that these fluctuations influenced
growth of cod in the two regions. More recently, van Loon-and Rogers (1978) tested Saabye’s statement by analysing
winter air temperatures for a longer time series in Oslo, Norway and Jakobshavn, Greenland. Walsh and Johnson (1979)
analysed the variations in the extent of ice cape in the Polar basin and adjacent seas, and they found the ice extent in the
Barents Seas on.the one side.and the .East Greenland/Baffin Bay/Davis Strait.on the other side varied inversely. The
links of such temperature features to the North Atlantic-Oscillation has been pointed out (Lamb and Peppler 1987).

The pattern seesaw in temperature in the northern North Atlantic and links to the North Atlantic Oscillation, as reviewed
above, are here further inspected by: 1) sea temperature time series for the period 1900 -1995 from the Russian Kola
Hydrographic Section which represents the Atlantic water masses of the Barents Sea, 2) time series on the North

Atlantic Oscillation Index for the same period, 3) time series on sea temperatures of Labrador Sea, for the period 1948
IQQd. Takﬂn from nﬂn]{\lmtpr Pn]hn1|mn and (hlhert

Rawai paiisiai s iadhY danie (LI o= HELE R 5 ) B

Barente Sea represented by riata_ from the Kola ca ,g[ign
from station 27 is shown in Figure 1, The time series is"3-vears mean an
presented with a two years lag. The relationship between temperature,

demonstrated by usmg data on year—class strength of the Areto-Norwe tan eod from 1943 (Flgure 2)

In the Barents Sea and:in other parts of the northem North At]antre amolrtnde of the mterannua] to decada]-qcale
water temperature fiu tuatmns are; greater than' the amphtude of ith lOO-vear end Moreover such fluctuations are
accompanied . by-fluctuitions in ‘other important ocean climate ‘parameters like w1nd turbulence and light conditions.
These are all 1mportant parameters influencing basic biological processes linked 10 p]ankton production and trophic
transfer. The strong interannual to decadal-scale variation in climate is also reflected in data on zooplankton and cod
stocks. The climate effects on the fish production is hypothesised to act both directly and indirectly through trophic
transfer There is a basic difference between the inﬂuence of ‘ocean climate parameters on growth and the inﬂuence 0f .

and tempor | variations in ihie ocean climate parametct's ihan-growih-and, maturation of the adult stock. it is aiso shown
that the occan climate paramoters specifically influencing recruitment processes, e.g., turbulence, light and plankion

concentrations, shows a considerably larger spatial and temporal variability than the variability of sea temperature. This
makes .a basic difference in our potential ability to predict recruitment compared to predictions of growth a.nd
maturation,

The chmate fll’l‘lP -series r‘nnf'rm earlier Wn‘l'](‘: ‘onthe relation hetween I-nrrh f'lnur\ annual Q_UAQM runnine manan’ can

tin e relation between ars running mean.sea
temperature in the Barents sea and a high (]ow) 3-year running mean NAO Index. [-Iowever, in two periods inthe
 present century the rel tion breaks down. This is in the period from the mid 19205 to the énd of the 1930s when annual
sea temperature. in the Bare_nts ‘Sea steadtiy mcreased while the NAO Index steadily decreased. The other period : was
from late. 19405 to arly: 1950s when: temperature fluctuations in the Barents Sea were small. In both pertods the year-to-
year fluctuations in:the 'NOA Index were.large, but the decadal-scale amplitide was small. ‘Over:the last.thirty years,
however, the decadal-scale variation;of the NAO Index has been strong and a similar strong decadal-scale amplitude in
the sea‘temperature has appeared. The inverse relationship between the sea temperatures in the Barents Sea and the
Labrador Sea has also been prominent over the same recent period, while in the previous period of weak decadal-scale
fluctuation of the NAO index, the inverse relationship was poor. These features demonstrate role of North Atlantic




QOtcean.in climate variations: The ocean has large momentum compared to the atmosphere. It dampens short-ume (year— e
to~yea:) atmospheric variations, and responds to variations longer-term (decadal-scale) variations, : '
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‘ ,..‘A'r:cto-No'rWegian“Cdd Year Class étr,ength, 3 Year R-u'n“ning Mean

-
- B

P
L
s

_Number (billion)

0’5. 1 I

N ' C [wwa)
. _ O'index 3 year Hunnlng Mean P P ’ : .1944 o
15 1. ; Im 19485 0
1 : =1 II_ 0| mis49
ST S NYSETENE | e ST N A B -lll N Illlll IR0
‘ : _ : e : : 1% i oS
| : ¢ | IR e a ; p Hllawes
iR R BLE BB o R o 1 s & ‘| & AT
-51 kB F Rk ‘BB ERRBEE “BEe: 40 TRE T K H g THE . | ; .-
=10HE LR RN NEEIEEREE2EE Y TEHIRR Ew R AR L R R L AR A miness) |
‘5_15-{_ ' : : ] . Hm1ese |
m1es7
.-1958
. m185g

. kAl

SLP Difference (mb)
o

1943
1945
1047
1949
1951
1353
1955
1959
1961
1963
1965
1967
1269
1973
1975
1977
1979
tag1
1383}
1985
1987
1389
1201
1903

1971

e
‘©o



Kola S_g’ctioq_s Year running Mean

LGE 1
6BE L

A

SREL
£861
LgeL
6261
L1261

M G/6L

€L61

o /51

6961
2961

il 5o6|

€961

8 1961
= 6561

2561

. o6l

E561
1861
661
L¥it
SPEE

. Ev61

£661

Year

3

o

ngth of the Arcto-Norwegian cad;

" Kola section temperature 0-200m; for ther period 1943-1994.

ng means of a) year-class stre

Years runmni

Figure 1. Three-



APPENDIX 3

LIST OF PARTICIPANTS

Jiirgen Alheit

Tnstitiit fir Ostseeforschung
Scestrasse. 15 | -

18119 Warnemiinde
Germany -

Tel.: 49 381 5197208 Fax: 49 381 5197:440 Email: jucrgen.alheit@io-warnemucnde.de

Andrea Belgrano

Kristineberg Marine Research Station
§-450 34 Fiskebackskil

Sweden. . ..

Tel: 46(0)323 18583 Fax: 46(0)523 18502 E-mail: a..bclgf;no@kmt;'..‘gu.'se

Doug Beare
Strathclyde University
Dept of Statistics and Modelling Science

Giasgow, G1 1XH
Scotiand

Tel: Fax: 44 141 552 2079 E-mail: douglas@stams.strath.ac.uk.

Johan Blindheim
instituie of Marine Research

Ty

Norway

Tel: 47 5523 8500 Fax: 47 5523 8584 Email: johan.blindheim @iMrno

La

Polar Research Institute of

Marine Fisheries and Oceanography
6 Knipovich Street

183763 Murmansk

Russia
Tel: 7 51295 10423 Fax: 7 51295 10518 Email: inter@pinre.murmansk.ru

Keith Brander (ICES/GLOBEC Secretary)

The International Council for the Exploration of the Sea
Palzgade 24

DK-1261 Copenhagen K

Denmark

Tel: 45 3315 4225 Fax: 453393 4215  Email: keith @ices.dk

th
=]




Harry Dooley

The International Council for the Exploratmn of the Sea
Palzgade 24

DK-1261 Copenhagen K

Denmark

Tel: 45 3315 4225 Fax: 45 3393 4215 Email: harry @ices.dk

Kenneth Drinkwater

Department of Fisheries and Oceans
Bedford Institute of Oceanography
P.0. Box 1006

Dartmouth, Nova Scotia B2Y 4A2
Canada

Tel: Email: k_drinkwater @bionet bio.dfo.ca

Apusta Fiosadottir
AR Ty JTYR ATTT ™

. NOAA/PMEL, uiug 3,

NN o
AN LY DdllU l.'UlllL VV dy

Seattle, WASE115-0070,

U.S.A

Tel 206-526-6807 Fax. 2065266744 Email: agusta@pmel.noaa.gov
| P LI & Ry

UUEI AAZERLDOTLL

Fiskirannsdknarstovan

P.O. Box 3051, Noatun
FR-110 Térshavn
Faroe Islands

Tel: 298 315002 Fax: 298 318264 Email: hogihan.frs @frs.f

Professsor Peter Lamb

Cooperative Institute for Mesoscale Meteorological studies
The University of Oklahoma

Energy Center Tower

100 E. Boyd Street

Norman, Oklahoma 73019-0628

USA

Tel: 1405 325 3041 Fax: 1 405 325 7614 Email: plamb@hoth,.gen.ou.edu

Mojib Latif

Max Planck Institut fiir Meteorologie
Bundesstrasse 55

D-20146 Hamburg

Germany

™

el: 49 40 41 8

1173 248 Pax: 494041173173 Emaii: jaif@dkrz.de
Alicia M. Lavin

Instituto Espafiol de Oceanografia
Apdo 240

Tel: 9 42 275033 Fax: 9 42 275072 E-mail; alicia.lavin@st.ico.es



Sven-f\ge Malmberg
Marine Research Institute
Skiilagata 4

121 Reykjavik

Iceland

Geir Ottersen

Institute of Marine Research
P.O Box 1870 Nordnes .
N-5024 Bergen

Norway .

Tl AT S5 QNN Moo A
1CL. 47 0043 0oUY I'dXx. <

Sergei Rodionov
Department of Computer Science

University of Colorado
Boulder, Colorado 803090430

ISA

t

=t

Tel.: 1303 673 9598 Fax: 1 303 492 2844 Email: sergei @cs.colorado.edu

Svein Sundby (Convenor)
Institute of Marine Research
P.O Box 1870 Nordnes
N-5024 Bergen

Norway
Tel: 47 5523 8500 Fax; 47 5523 8584 Email: svein.sundby@iMmo

Bill Turrell

Marine Laboratory
P.O. Box 101
Victoria Road
Aberdeen AB9 8DB
Scotland

Tel: 44 (0) 1224 876544 Fax: 44 (0) 1224 205511 Email: turrellb @ marlab.ac.uk

Lh
(o=

LAl

5]




(3







