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PREFACE

Within the framework of the Baltic Marine Environment Protection Commission -
Helsinki Commission - marine environment monitoring data have been collected since
1979 within the frame of the Baltic Monitoring Programme (BMP). The guidelines
for the programme are reviewed every Tive years by the Commission and the revised
guidelines are published in the Baltic Sea Environment Proceedings (BSEP) series.
The Third Stage of the Baltic Monitoring Programme (BMP) started in 1989 and the
Guidelines were published in Baltic Sea Environment Proceedings Nos. 27a, B, C,
D. The monitoring data provided by all Baltic Sea States are stored and processed
in the HELCOM Data Base established by the Commission on a consultant basis. The
aim of the common data bank is to serve as a source of current information on the
state of the Baltic Sea. The periodic assessments of the state of the marine
environment of the Baltic Sea are published by the Commission regularly as a
comprehensive scientific overview and as general conclusions drawn on the basis of
this scientific overview. The previous assessments were published in the Baltic
Sea Environment Proceedings Nos. 5A and 5B (1981) and Nos. 17Aa and 17B
(1986/1987). The conclusions drawn from the present scientific evaluation have
been published by the Commission in the Baltic Sea Environment Proceedings No. 35A
(Second Periodic Assessment of the State of the Marine Environment of the Baltic
Sea, 1984-1988; General Conclusions) and presented to the Baltic Sea Conference,
held in Ronneby, Sweden, 2-3 September 1990.

The present publication, BSEP 35 B, contains the chapterwise scientific evaluation
for the years 1984-1988. The work has been done by the ad hoc Group of Experts for
the Preparation of the Second Periodic Assessment of the State of the Baltic Sea
(GESPA), established by the Helsinki Commission. Experts from all Baltic Sea
States participated in the work of the group, as well as representatives of the
International Council for the Exploration of the Sea (ICES), the Baltic Marine
Biologists (BMB) and the Conferences of the Baltic Oceanographers (CBO). Professor
Sebastian A. Gerlach from the Federal Republic of Germany acted as Chairman, and
the Environment Secretary of the Commission, Ms. Terttu Melvasalo, as Secretary of
the Group. Each chapter in this proceedings presents results emerging from the
monitoring activities, other data available, scientific literature and other
relevant information, evaluated by experts and coordinated by the Convener and Co-
convener of each chapter, and written by individual authors.

It is my sad duty to recall that Professor Aarno Voipio from Finland, one of the
well-known experts of the project and the Tirst Executive Secretary of the
Helsinki Commission, died during the final stage of the completion of this
project, 11 February 1990.

On behalf of the Helsinki Commission, sincere gratitude is expressed to the
editor, Professor Sebastian A. Gerlach, and to all scientists who assisted in
carrying out the project, to Mr. Klaus Reiber of the Marine Research Institute of
the University of Kiel, who assisted in redrawing most of the figures, to Ms.
Teija-Liisa Lehtinen from the Helsinki Commission and Ms. Pia Kostakow Tfrom
Finland, who were responsible for typing and technical editing of the documents,
as well as to the Federal Maritime and Hydrographic Agency in Hamburg which has
undertaken the printing of both volumes of Baltic Sea Environment Proceedings
No. 35.

Helsinki, 15 October 1990 Fleming Otzen
Executive Secretary
Helsinki Commission
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Baltic Sea Environment Proceedings 358 (1990)
Second Periodic Assessment of the State of the Marine Environment of the
Baltic Sea, 1984-1988 ; Background Document

INTRODUCTION

S. A Cerlach (Editor, Chairnman of GESPA)
Institut fiir Meereskunde an der UuUniversitit Ki el
Dii at ernbrooker Weg 20

D- 2300 Kiel, Federal Republic of Gernmany

Scientists fromthe seven countries bordering the Baltic Sea worked
together in the "ad hoc Group of Experts for the Preparation of the
Second Periodic Assessnent" (GESPA) of the Helsinki Conm ssion and
conpiled data fromthe nonitoring period 1984-1988. They eval uated the
actual levels and concentrations neasured and indicated trends in
comparison with the previous assessment period 1979-1983 and with ol der
data, referring to neteorology and hydrography, oxygen conditions and
nutrients concentrations, phytoplankton, zooplankton, zoobenthos, fish
and nicro-organisns, and heavy nmetals and organic contaminants in sea
water and biota. Results and conclusions are presented in the respective
chapters of the volune. The executive summary contained in the Baltic Sea
Environnent Proceedi ngs No. 35A (1990) "Second Periodic Assessnment of the
State of the Marine Environnment of the Baltic Sea, 1984-1988; General
Concl usi ons", agreed by the conveners, co-conveners and experts involved
in the preparation of the Second Periodic Assessnent at their |ast
meeting in April 1990, is contained in this introduction under paragraph
5.

1. The Baseline Assessnent 1980

In 1978 the Interim Hel sinki Conm ssion asked for an assessment of
existing data on the pollution of the Baltic Sea. Under the editorship
of Terttu Melvasal o who was assisted by co-editors Janet Paw ak, Kl aus
G asshoff, Lars Thorell and Alla Tsiban, about 30 experts from the seven
Baltic countries worked out the "Assessnent of the Effects of Pollution
on the Natural Resources of the Baltic Sea, 1980 (Melvasalo et al.,
1981).

Topics treated in chapters were
Physi cal paraneters
Di ssol ved gases
Nutrients
Harnful substances
Bi ol ogi cal paraneters.

I nformati on was given on
Rel evance of methods
Gaps in know edge
Trends
Differences in sub-areas
Inter-relationships with other processes
Inputs to the Baltic Sea
Effect of human activities
Degree of pollution.



By "assessnent" the Hel sinki Commi ssion neant an evaluation or judgenent
of the conditions and quality of the environnent and its |iving
organi sms. The 1980 assessment was neant as a "baseline assessment"™ from
where future trends should be determined in subsequent assessments which
coul d make use of data fromthe Baltic Mnitoring Programme. The 1980
assessment, including a bathynmetric chart of the Baltic Sea, is still a
val uabl e overview of the conditions in the Baltic. In the sane year the
book "The Baltic sea" by A Voipio (1981) appeared with additiona
conprehensive information.

2. The First Periodic Assessment for the period 1979-1983

Guidelines for the first stage of the Baltic Mnitoring Programre were
i ssued on August 25, 1980. However, already in 1979 the Baltic Mnitoring
Programme started, and not later than 1981 the Hel sinki Comm ssion
decided to establish the "Ad hoc Group of Experts on Assessment of the
State of the Marine Environment of the Baltic Sea" (GEA). More than 40
experts from all seven countries bordering the Baltic Sea joined in a
cooperative effort and produced, under the chairmanship of Julius Lassig,
the "First Periodic Assessnent of the State of the Marine Environment of
the Baltic Sea Area, 1980-1985". The general conclusions appeared in
1986, the background docunent in 1987 (Baltic Marine Environment
Protection Comm ssion 1986; 1987 a)

Chapters, reflecting the sub-divisions of the guidelines, were
Hydr ogr aphy
Nutrients
Harnful  substances
Pel agi ¢ bi ol ogy
Zoobent hos
M cr obi ol ogy.

The GEA evaluated the results of the Baltic Mnitoring Programme for the
period about 1979 to 1983 and reviewed other relevant information
pertinent to the assessment of the state of the Baltic Sea. In witing
the respective chapters, the conveners and experts of the sub-groups had
consi derabl e freedom Chapters of the background docunent were issued
under the nanes of those scientists who wote the chapters. In spite of
many shortcomngs in the initial phase of the Baltic Mnitoring
Programme, the First Periodic Assessnment is a unique exanple how
moni toring should be done: it nust be followed by an assessment of the
moni toring data organized as rigid as the monitoring itself. The results
of the assessnment are neant to inprove the quality of the next nonitoring
period, they point to deficiencies of know edge and summarize what can
be said about the environmental trends, referring not only to the
assessed five-year period but considering the past in general. Finally,
proposals for action required were included in the assessment report.



3. General conclusions from the First Periodic Assessment, and from
other sources, regarding the state of the Baltic Sea in the
period 1979-1983

In the assessment period 1979-1983 concentrations of cadm um copper and
nickel in offshore Baltic Sea waters were higher than in the waters of

the open North Atlantic. This has partly anthropogenic causes, partly it
can be explained, in the Baltic Sea, by the high percentage of river
wat er whi ch by nature has hi gher concentrations of some heavy netals
compared with ocean water. Concentrations of mercury and lead in offshore
Baltic Sea waters were in the same range as in the open North Atlantic.

Mercury concentrations in fish fromthe offshore Baltic were |ikew se not
significantly higher than in fish fromthe North Atlantic. In 1983 there
was no mercury problem evident in the offshore Baltic, in spite of the
fact that there were still local hot spots in coastal areas.

Concentrations of DDT (and nmetabolites) in eggs of sea birds and in
herring fromthe Baltic Sea were in 1979-1983 still higher conpared with
data fromthe North Sea, however, there had been a ten-fold reduction of
concentrations achieved between 1970 and 1980. Wth regard to nercury
and DDT, by 1979 environnental protection neasures have been effective.
PCB concentrations, however, seenmed to be still rather high in 1983. Very
little was known regarding other organic contam nants.

Oxygen is transported to the deep basins of the Baltic Sea with episodic
salt water inflows which occur during autum to spring. The |ast mgjor
inflowto the Baltic Proper was observed at the Darss Sill in autum
1976. Following this oxygen supply, many previously anoxic deep areas
were recol oni sed by sonme macrofauna. However, during 1979-1983 the deeps
in the Central and Northern Baltic Proper did not get new supplies of
oxygen. The deep water was stagnant, anoxic, and by bacterial metabolism
hydrogen sul phi de devel oped and killed all zoobenthos. A small 1979/1980
inflow permtted macrofauna populations to increase tenporarily only in
the deeps of the Southern Baltic Proper. By 1983, the oxygen conditions
had again deteriorated to the poor situation prevailing before the
197571976 inflow. 1981 was the turning point to bad |ate summer oxygen
situations in the Southern Kattegat, in Little Belt, in Kiel Bay and in
the Bay of Meckl enburg, documented by the die-off of macrozoobenthos in
many sub-pycnocline waters.

Unfortunately, oceanographers cannot neasure well enough the water
transport through the Sound and through Great Belt and Little Belt. There
are nethodol ogi cal problens with current measurements in the conplicated
system characteri sed by conplex water novenents back and forth and by
successive entrainment of ingoing water into the outgoing water nass.
Therefore, oceanographers in 1986 could not make good cal cul ati ons on the
year to year transport of water from the Skagerrak to the Baltic Sea,
neither during episodic inflow events in winter nor under stratified
sumer situations, when the inflowis driven by the estuarine circulation
(Fal kenmark 1986). Modelling the water transport in and out the Baltic
Sea is still in its infancy.

It is evident that |large amounts of all kinds of harnful substances and
plant nutrients, are introduced to the Baltic Sea via rivers. In fact,
the Baltic Sea is just a continuation of the many rivers which drain
1,670,00 km2, an area four tinmes larger than the Baltic Sea itself
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(390,000 xm? without the Kattegat; Fig. 1, Table 1). The seven major

rivers together (Table 2) contributed

in 1981 with 211 kr® about half of

the 439 km> of freshwater which was the mean annual discharge in the

period 1951 to 1970 to the Baltic Sea (Kattegat excluded,

Figure 1.
Baltic Sea.

Sub-regions and catchment area (drainage basin)
Catchment area from Mikulski

Table 1).

of the
(1986), sub-

regions according to Baltic Marine Environment Protection

Commission (1988):
Bothnian Bay

Quark

Bothnian Sea

Aland Sea

Archipelago Sea

Gulf of Finland

Gulf of Riga

Northern Baltic Proper
Western Gotland Basin

- T OTMOOm@>

N DO UVO=Z=rxXu

Eastern Gotland Basin
Southern Baltic Proper
Bay of Gdansk

Bay of Mecklenburg
Kiel Bay

Little Belt

Great Belt

Sound

Kattegat

Skagerrak

Central
sBaltic

ENHAVN K
o Southern
O Baltic

.. Preper X

Su




Table 1.

Sub-region

7

Geographical data for the Baltic Sea. Areas, volumes and
river flow (mean of period 1951-1970) from Mikulski (1986;
partly modified in conformity with data used for the
preparation of the Second Pollution Load Compilation of
HELCOM); these corrections and data on catchment area (=
area of drainage basin) and population (number of persons
living in the catchment area) by courtesy of Mr. R.
Rudloff, Deutsches Hydrographisches Institut, Hamburg.
According to Rybinski et al. (1989), about 970 000
additional iInhabitants of Czechoslovakia drain into the
Baltic Proper.

Sea area Volume Country Catchment Flow Population

km= km3 area km2 km3/y
Bothnian Bay 36 260 1 500 Fl 146 000 50 241 000
(incl. Quark) SE 131 000 55 472 000
Bothnian Sea 79 256 4 889 FI 39 000 11 430 000
(incl. Aland Sea) SE 180 000 74 1 045 000
Archipelago Sea incl. incl. Fl 9 000 2.6 240 000
Total Gulf of about
Bothnia 115 517 6 370 505 000 193 2 428 000
Gulf of Finland 29 600 1 100 Fl 50 000 11 1 961 000
su 374 000 100 10 000 000
Gulf of Riga 13 839 408 su 117 550 27 4 000 000
Total Gulfs of
Finland and Riga 43 439 1 508 541 550 138 16 000 000
Baltic Proper su 114 820 31 5 500 000
PL 312 000 51 32 800 000
SE 72 000 17 4 244 000
DK 1 068 78 000
DD 15 980 906 000
Total 211 096 13 045 515 868 100 44 000 000
Belts and
Western Bays 18 273 262 DD 10 191 1 060 000
DE 5 450 1 100 000
DK 10 000 1 600 000
Sound 1 848 25 DK 1 900 1 682 000
SE 2 500 724 000
Total Sound
and Belts 20 121 287 30 041 8 6 166 000
Kattegat DK 7 000 465 000
SE 70 000 2 200 000
Total 22 387 421 77 000 29 2 665 000

Total Baltic Sea 412 560 21 631 1 669 459 468 71 000 000



8

Table 2. Fresh water discharge 1981 of the seven mpjor Baltic
rivers. From United Nations Statistical Comm ssion (1987).

Ri ver Catchment Ri ver Fl ow
area km= m3/s km3/year
Neva 281 000 2 463 77.7
Vistula (Wsla) 194 424 1 040 32.8
Kem (Kemj oki) 51 400 739 23.3
Daugava 87 900 688 21.7
Neman 92 200 674 21.3
Oder (0Odra) 118 861 560 17.7
Kymi  (Kymijoki) 37 235 517 16.3

The ampunt of freshwater delivered to the Baltic Sea fromrivers varies
fromyear to year between about 420 and 550 km3/year. This variation
together with the salt water inflows influence salinity and
stratification of the water masses of the Baltic Sea. Salinity increased
in the seventies, but has been decreasing since then

Total |oads of nutrients and other substances fromland and fromthe
at nosphere to the Baltic Sea have been estimted by the Hel sink
Conmi ssion according to data which are not strictly conparable and are
partly inconplete so that the First Pollution Load Conpilation nust be
interpreted with great care (Baltic Mrine Environment Protection
Conmi ssion 1987 b). Estimated annual inputs to the Baltic Sea are listed
in Table 3.

Table 3. Estimates of the total pollution load into the Baltic Sea,
including the Kattegat. Input fromland: fromBaltic Marine
Envi ronnment Protection Commi ssion (1987 b). Input 1986
from at nosphere: from Areskoug 1989

Cont am nant [nput fromland  Atnospheric input
t/year t/year

Degr adeabl e organic
matter QPCD equivalent) 1 640 000
P

Total phosphorus 48 500

Total nitrogen 530 000 270-630 000
Cadmi um 59 35
Copper 4 200 470
Lead ? 1 560

Zi nc 8§ 900 3 400



Larsson et al. (1985) have estimated an eight-fold increase of phosphorus
loads to the Baltic Sea since the beginning of the century, a four-fold
increase since 1950. The increase of nitrogen loads between 1950 and 1980
was probably by two.

Between 1970 and 1980 phosphate and nitrate concentrations increased
three-fold in the surface winter water of the Baltic Proper. There was
an increase of salinity, too, indicating increased mixing with deep water
which is rich in salt and in nutrients. This increased mixing was partly
responsible for the nutrient increase. However, it is reasonable to
conclude that anthropogenic nutrient inputs made a considerable
contribution and therefore enhanced the process of primary production in
the surface layer. Hence anthropogenic inputs are responsible for
increased oxygen consumption in the Baltic deep water. This conclusion
is not contradictory to the fact that the actual cause of oxygen
depletion iIn the deep water is insufficient oxygen import, the lack of
inflows of salt-rich water from the Skagerrak.

The main Ffinding from the First Periodic Assessment was ongoing
eutrophication in the Baltic Sea. This called for further action to
reduce the inputs of nutrients from the Baltic Sea states (Baltic Marine
Environment Protection Commission 1986, p. 13).

Nutrient concentrations increased in the 1970s in spite of the fact that
Sweden and Finland were investing large sums of money into wastewater
treatment plants which not only reduce the organic load and hence the
oxygen demand of the wastewater, but are also equipped with phosphorus
removal techniques. However, the bulk of nutrients was introduced into
the Baltic Sea from the countries at the eastern shores. Therefore, the
reduction of nutrient inputs in Denmark, Sweden and Finland had no
apparent effect upon nutrient concentrations in offshore Baltic Sea
water. However, the quality of coastal waters was improved.

There is a reason to believe that phytoplankton biomass and primary
production in the Baltic Sea doubled between 1970 and 1980. In comparison
with previous periods more food became available for secondary producers,
so that more macrofauna biomass could develop in the sediments of shallow
areas which were not disturbed by oxygen deficiency.

Inputs from land go into river mouths, 1into shallow lagoons and into
coastal waters and are partly deposited there in the sediment, and partly
transported into the offshore Baltic Sea. Many pollutants and nutrients
have an affinity to particles: they are physico-chemically bound to clay,
adhere to particle surfaces or are incorporated into living organisms,
by affinity to lipids or by biochemical processes. The offshore Baltic
Sea works in the same way as a wastewater treatment plant (Fig. 2), but
at much lower concentrations: dissolved compounds are incorporated into
particles which tend to sink to the sediment. By this process the water
is cleaned. Contaminant concentrations in offshore Baltic water are
surprisingly low, in spite of the many inputs of pollutants and
nutrients. But one cannot clean something without getting something else
filthy (one of "Murphy®s Laws'™). Pollutants and nutrients introduced to
the Baltic Sea are eliminated via sedimentation from the water, but
accumulate in the deep sediments, and are concentrated in the deepest
parts like at the bottom of a funnel. A deposit of persistent toxic
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substances accumulates in the deep mud of the Baltic Sea. One cannot
tolerate this toxic dumpsite in the long run. One should have in mind
that mankind as well as fellow creatures, want to live decently for
thousand and more years in and around the Baltic Sea. Inputs of toxic
substances should be avoided.

Figure 2. The open Baltic Sea compared to the function of a
wastewater treatment plant. After Gerlach (1988)

Inflow of river water

Jutflow to receiving water {Skagerrak)

Mechanical treatment:
[
sedimentation
———————— - o
__________ Halocline impedes
! water exchange
1

Oxygen input: Biological treatment:
saltwater acts as vehicle

/

mineralization of organic mattet

4. The Second Periodic Assessment for the period 1984-1988

As early as 1987 the Helsinki Commission asked for the Second Periodic
Assessment which nominally should cover the period 1985 to 1990. The "Ad
hoc Group of Experts for the Preparation of the Second Periodic
Assessment" (GESPA), was established by the governments of the seven
countries bordering the Baltic. The terms of reference were similar to
those of the "Ad hoc Group of Experts on Assessment of the State of the
Marine Environment of the Baltic Sea™ (GEA). The sequence of chapters is
different. The responsibility for sub-chapters is again on individual
scientists.

The Group of Experts for the Second Periodic Assessment was established
in 1987. GESPA 1 meeting was held in Kiel, 25-28 August 1987, followed
by a meeting of conveners and co-conveners on board of "Georg Ots"™ and
in Helsinki, 13-14 June 1988. GESPA 2 meeting was held again in Kiel, 6-
9 September 1988, and GESPA 3 in Tallinn, 3-6 May 1989. Finally, there
was a meeting of conveners and co-conveners 29-31 March 1990 and GESPA
4 meeting 2-5 April 1990 in sopot for drafting the final reports.
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5. Executive Summary of the General Conclusions of the Second
Periodic Assessment (from Baltic Sea Environment Proceedings No.
35A)

The present assessment of the Baltic Sea Area concerning primarily the
years 1984-1988 deals mainly with observations nade in the open Baltic
Sea and, consequently, the statements do not reflect findings in coasta
areas, which will be assessed separately. |In addition, a specific
assessment on the state of Baltic sedinments is in the final stage of
preparation under the International Council for the Exploration of the
Sea (I CES), which also prepares assessnments on the state of Baltic seals
on a regul ar basis. Furthernore, the document only occasionally covers
information on the health of fish, birds and narine manmals.

Due to the ban in the use of some harnful substances, positive changes
wer e observed; DDT and PCB concentrations in biota have decreased since
the 1970s and are now on a |ower and steady |evel, although conparable
data on herring indicate that the levels are still higher in the Baltic
than in the Skagerrak area. After the ban on technical hexachlorocyclo-
hexane (HCH), the decrease of a-HCH concentrations in water is stil
continuing. Concentrations of organochlorine residues in fish fromthe
Baltic Proper are still 3 to 10 times higher than in fish fromaround the
Shetland |slands. Anong the "new contam nants", there has been an
i ncreasi ng nunber of organic substances identified which are potentially
harnful to the environment.

Trace el ement concentrations in fish and shellfish have not changed
remarkably since the early 1980s. Generally, it can be stated that
mercury concentrations in biota do not significantly differ now from
those in the North Se;. and the North-East Atlantic. Conpared with actua
background |evels, elevated nmercury concentrations were only found in the
Sound and in the southern Bothnian Sea. For the latter area, however, a
consi derabl e decrease of the concentrations could be identified during
recent years

A still upward trend of cadm um concentrations was observed in fish from
the northern part of the Bothnian Bay. The reason for this is not fully
understood. Oher elements, such as zinc and copper, showed sinilar
trends.

Fish and shellfish from sampling locations in the Kattegat and the Belt
Sea showed tendencies for decreasing |ead concentrations. It is possible
that this is already an effect of the increased use of unleaded gasoline.

Met eor ol ogi cal conditions during the period 1984-1988 are characterised
as variable: three unusually cold winters (1984/85 to 1986/87) Wi th heavy
ice conditions followed by two warm ones. The river runoff to the Baltic
Sea was, in general, higher than the long-term mean, except the years
1985 and 1986

Salinity continued to decrease mainly due to lack of najor inflows of
highly saline water fromthe North Sea during the last 13 years. Further-
more, tenperature and density have decreased in the deeper layers of the
Baltic Proper. The current stagnation period in the Eastern Gotland Basin
is regarded as one of the longest and nost serious stagnation intervals
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recorded during this century. This has caused the nost extreme changes
in the deep layers that have been observed since the beginning of
oceanographi c observations in the Baltic Sea

The area with insufficient oxygen conditions for nacrofauna (about 70 000
km® Wi th less than 2ml/1 oxygen in bottom water) has fluctuated in extent

fromyear to year, but has not increased for 25 years in the Centra

Baltic Sea and the Gulf of Finland. However, due to the |ong stagnation
period, the oxygen concentrations in the deeps of the Baltic Sea have
continuously decreased and hydrogen sul phide concentrations in the
deepest areas of the Eastern Gotland Basin are now the highest ever
measured. Due to decreasing salinity and consequent |owering of the
hal ocline associated with increased vertical exchange, oxygen has
penetrated nore deeply into the intermediate |ayers, at about 90-100 m
in some areas, and has inproved life conditions at the sea floor in this
depth range.

In many areas of the Baltic Sea, the strong increase of phosphorus and
nitrogen concentrations, which was observed in the 19708, has stopped,

with the exception of the Kattegat and the Gulf of Riga. Phosphorus and
nitrogen concentrations, although no longer increasing in all parts of
the Baltic Sea area since 1978, have recently been at such a high leve

that the increasing biological production and its subsequent sedinen-
tation, followed by the mcrobial destruction of the biogenic organic
material, cause further deterioration of the oxygen conditions in Baltic
deep water. The high phosphate accunulation rates identified in the near-
bottom water |ayers of the Central Baltic deeps since 1977 mainly result
from phosphate rempbilisation fromthe sediments due to the increasing
hydrogen sul phide concentrations. Silicate concentrations have recently
been decreasing, on average, in the surface |ayer of the Baltic Sea area.

Unusual al gal bl oonms appear to occur nore frequently in the Kattegat and
the Belt Sea. There is evidence that phytoplankton primary production has
doubl ed within the last 25 years in the area fromthe Kattegat to the
Baltic Proper, with a sinmilar doubling of phytoplankton bionass and its
subsequent sedimentation. In the 1980s phytoplankton was at a high |evel
fluctuating fromyear to year according to the weather. The deconposition
in the benthic system decreases oxygen levels in bottom waters. Conse-
quently, |ow oxygen concentrations during late sumrer and autumm have
often been observed in the southern Kattegat, the Belt Sea, the 6resund
and the Arkona Sea in the eighties.

The increased frequency of poor oxygen conditions in the deep water has
had a serious inmpact on the zoobenthos in the area fromthe southern
Kattegat to the Arkona Basin, and on demersal fish and Norway |obster,
pushing northwards into the Kattegat the southern boundary for comercia
fishery of Norway |obster.

6. Events 1984-1988

In the period from 1984 to 1988 new nethods were devel oped and
introduced. For exanple the analysis of individual PCB congeners was
devel oped, which neans that previous PCB data are outdated. In the period
from 1984 to 1988 new gaps of know edge becane evident, for exanple
regarding the effects of nanogram per liter concentrations of tributyl-
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tin or the effects of chlorinated dioxins and furans in the picogram per
liter range. For the first time, iIn the Kattegat the mass decease of
common seals and an early summer bloom of the toxic alga Chrysochromulina
polylepis were observed.

Governments of the Baltic Sea states have agreed to reduce inputs of
pollutants by 50 %, by 1995, as stated in the Ministerial Declaration of
the year 1988 (Baltic Marine Environment Protection Commission 1988 b).

7. Concluding remarks

In the 1970s, the salinity, and the concentrations of phosphorus and
nitrogen of the Baltic Sea surface water continued to increase. There is
evidence that also phytoplankton biomass and productivity increased
during that period. Episodic inflows of high salinity water from the
Kattegat renewed the oxygen content in the bottom water in the Baltic
deeps. Several times macrofauna recolonisation took place in many of the
deep areas. DDT-concentrations and mercury concentrations in fish and
birds started to decrease as a consequence of reducing measures. At that
time there was a lot to report, some news positive, others negative, for
example that the Baltic Sea became increasingly anoxic in the deep. The
exciting headline for this period of the 1970s could have been: there
is iIncreasing eutrophication due to the anthropogenic inputs of organic
matter and nutrients.

During the period of the Second Periodic Assessment, 1984-1988, the
changes were less marked. Since 197711978 salinity has been gradually
decreasing because there have been no major inflows of high salinity
water from the Kattegat. Consequently, since 10 years there has been no
oxygen in the Gotland Deep. The exciting headline for the Second Periodic
Assessment could be: the situation 1in the Baltic remained rather
unchanged, except salinity, 1in spite of the fact that the monitoring
period 1984 to 1988 was no average: three winters were abnormally cold,
and two abnormally warm.

In the 1980s nutrient concentrations were at a high level and caused the
phytoplankton to flourish, but nutrient concentrations did not further
increase. This is not a proof that anthropogenic inputs did not further
increase but only a signal that hydrographic conditions play an important
role. 1t is open for speculations what will happen with eutrophication
when major salt water inflows occur in the near future. As regards river
transported heavy metals and organic contaminants, a higher fresh water
proportion in the water of the Baltic Sea means higher concentrations
compared to a situation when water in the Baltic Sea has higher salinity.

In a complicated way anthropogenic inputs and hydrographical processes
work together resulting in the actual concentrations of plant nutrients
and toxic substances.
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Appendix: The sequence of sub-regions in the presentation of the Second
Periodic Assessment

The sequence of the Baltic Sea sub-regions followed in the Second
Periodic Assessment is the same as iIn the First Periodic Assessment,
starting with the Kattegat and ending up in the Gulf of Bothnia. In 1988
the Helsinki Commission developed an opposite sequence Tfollowing the way
of freshwater from the Gulfs to the Skagerrak, and introduced a new
coding of the monitoring stations. The new arrangement is part of the
Guidelines for the Baltic Monitoring Programme for the period 1989-1994
(Baltic Marine Environment Protection Commission 1988 a). In Table 4 the
old and the new classifications are compared, for better understanding
of the contents of the Second Periodic Assessment, which has to assess
the past (and therefore makes use of the old coding of stations) but is
also meant as a guide for the future. The location of the stations (with
old and new codes) is depicted in Figs. 3-6. In Fig. 1 the new sub-
regions of the Baltic Sea area are given, while Fig. 7 presents the
traditional sub-regions with the names used in the Second Periodic
Assessment.

Table 4. Baltic Sea sub-regions and monitoring stations with codes
as used in the Second Periodic Assessment. New codes in
brackets. After Baltic Marine Environment Protection
Commission (1988).

A. The Transition Area

Kat t egat Bay of Gdansk
G 4 76-80m (= R 7 P1 110m (= L 1)
Fl aden 75-78m (= R 6 Central Baltic Proper
403 42-44m | = R 5) Eastern Gotland Basin
409 13-15m (= R 4j BCS 111 10 88-91m (= K 13
413 53-57m (= R 3{, new station 47Tm (= J 2
921 23-25m (= R 2} BY 15 220-249m (= J 1)
925 41-45m (= R 1) Western Gotland Basin
Sound BY 38 106-109m (= | 1)
431 48-51m E= Q 2; Northern Baltic Proper
31 s 17-18m (= Q1 BY 31 420-450m (= H 3)
G eat Belt BY 28 160-170m (= H 23
(no stations in Little Belt) LL 12 81-84m (= H 1
935 46-50m (= P 2)
939 36-40m (= P ] C. The @ulfs
Ki el Bay Qlf of Finland
(including Fehnarnbelt) (no stations in Qulf of Riga)
450 29-34m (= N 4 LL 11 66-69m (= F 5)
Ki el er Bucht 18m (= N 3 LL 11a 59m |= F 4y
Siiderfahrt 22m (= N 2 LL 7 80-100m (= F 3
952 (Fehmarnbelt) 25-29m (= N 1 LL 4a 58-64m (= F 25
Bay of Meckl enburg LL 3a ) 64-66m (= F |]
Mecklenburger Bucht 23-27m (= M 2 Qulf of Bothnia
954 22-24m (= M 1 Aland Sea .
(no stations in Archipelago Sea)
B. The Baltic Proper F 64 280-293m (= D 1)
Sout hern Bal tic Proper Bot hni an Sea
Arkona Basin SR 5 119-125m (= C 4)
GDR 30 21m (= K 8 B VI 49-57m (= C 3)
BY 1 44-46m (= K 7 US 6b 77-83m (= C 2)
441 23-25m (= K 61 US 5b 208-220m (= C 1)
GDR 113 48m (= K 5j Bot hni an Bay
BY 2 46-48m (= K 4) (no stations in Quark)
P 38 (= K 3 Bo 3 103-108m éz A3
Bor nhol m Basi n c Vi 68-72m (= A 2
BY 5 87-93m (= K 2) F2 85-91m (= A 1
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ABSTRACT
In this chapter the meteorological and hydrological conditions during the

period 1984-1988 are described and their Ilong-term variations are
discussed.
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The meteorol ogi cal conditions during the assessnent period can be
characterized as variable. There have been three very cold and weak-
wind winters (198471985 - 1986/1987) with heavy ice conditions followed
by two warm and windy winters. At the beginning of the assessnent period
the summer seasons were rather cool , poor in radiation and weak in wi nds,
but the summers of 1988 and 1989 were warm and cal m

The fresh water run-off to the Baltic Sea was higher than the |ong-term
mean; only in 1985 and 1986 the run-off was close to that mean.

The nost inportant phenonmenon in the hydrography of the Baltic Sea during
1984- 1988 was the continuing decrease in salinity in nearly all regions
and layers. This process is mainly caused by the lack of najor inflows
of highly saline water during the last 13 years. The small inflows in
spring 1986 and fall 1988 have had only effects on salinity and
tenperature in the deep layers of the Arkona, Bornholm and Cdaiisk Basins

Tenperature and density in the deeper |ayers of the Eastern Gotland Basin
have al so been decreased considerably and the halocline and isohaline
dept hs have been noticeably descending. Depending on dimnution of
vertical density gradients the vertical mxing processes between the
different layers have been enlarged

The current stagnation period, at least in the Eastern cGotland Basin,
must be regarded as one of the |argest and nobst serious stagnation
intervals ever recorded during this century and this has caused such
extrenme changes in the deep layers that never have been observed since
the start of oceanographical observations in the Baltic Sea

1.1 METEOROLOG CAL, | CE AND WATER EXCHANGE CONDITIONS
J. Laum’.ai.nen8 and T. Vihma

1.1.1 Weather and ice conditions

As experienced, the 1980s have been a time of considerable variations in
weather. This has been found in air and water tenperatures as well as in
sunny or cool sunmers, in wintertime ice and wind conditions, in wet and
dry periods etc. In the follow ng, some of these features are considered
in nore detail in the light of nonthly anomalies froma coupl e of
representative stations in the Baltic Sea area

From nmonthly air tenperature anomalies, given in Fig. la for Bornholm and
Russard (an island off Hanko), we can find a general decrease in air

tenmperatures from 1982 to the end of 1987. Especially during 1985-1987
the nmean air tenperature anomaly was negative when conmpared with the
normal 1931-1960 period. The cold winters of 198111982, 198471985 and
especially the one of 198671987 are distinctly seen. On the contrary, the
W nters of 1982/1983, 1987/1988 and especially the 198811989 (and
1989/1990) were warm Quite generally, the period from 1987 up to now
(1990) has been rather exceptional. The air tenperature variations above
(Fig. la) were seen to be reflected in sea water tenperatures as well,

as revealed in various areal sub-reports in this chapter.
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From Figure |b, which gives the global radiation anomaly for Bromm
(Stockholm, it is interesting to note that during this decade there was
a decreasing trend in solar radiation, up to the very sunny summers of
1988 and 1989. Especially during the summers from 1984 to 1987 the
radi ation anomaly was negative.

The wi nd speed anomaly in Figure |c shows that after the positive
anonalies of the windy period of 1982-1983, the nmiddle of the 1980s was
time of negative anomaly, i.e. tine of light winds, up to the w ndy
seasons of 1987 and 1988.

The ice conditions for the winters covering the |last decade nay be
summari zed as given in Table 1 bel ow

Table 1. Ice conditions for the winters 197811979 to 1989/1990. Max
cover age [kmz] gi ves the annual nmaxi num area covered by
ice, given as percentage of the total Baltic Sea area in
the next columm. "category" characterizes the severeness
of the winters, mainly as referred to the _|ong-period nean
annual maximumice coverage (of 193 000 xm? for the winters

1890-1989) .
winter max coverage / km? % ofBal tic Sea area “category”
1978/79 325 000 78 quite severe
1973/80 260 000 63 quite normal
1980/81 175 000 42 normal
1981/82 255 000 61 normal
1982/83 117 000 28 quite mild
1983/84 187 000 45 normal
1984/85 355 000 86 severe
1985/86 337 000 81 severe
1986/87 405 000 98 extr. severe
1987/88 149 000 36 mild
1988/89 52 000 13 } extr. mild excl. the
1989/90 67 000 16 northermost parts of

the Gulf of Bothnia

As a summary, we may see that during the 1980s there has been three very
cold and calm winters bet ween 198411985 and 198611987 with heavy ice
conditions and three warm and wi ndy winters of 1987/1988, 198811989 and
198971990 (cf. Fig. 5 also). As to the sunmer weather, the sumers in the
m ddl e of the decade were rather cool, radiation poor and also calm
Additionally, during the last three years (1987-1989) the variations in
temperature, global radiation as well as in w nd have been very
promnent. In this respect, one should note, e.g. that the very w ndy
(sedinentous materia renobilising) autum and wi nter of 198711988 were
followed by a calm radiation-rich and warm sumrer of 1988; a set of
physi cal events favouring extraordinary bloons and unpl easant biol ogical
and environmental events happened in the sea during 1988.
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1.1.2 Fresh water run-off and water exchange

Table 2 gives the estinates of the yearly total fresh water run-off into
the Baltic Sea since 1971, and the graph of the long-term time series of
the run-off is given in Figure 2. The recent estimates since 1971 are
regression estimtes using weighted yearly means of two Finnish rivers
di scharging into the Baltic Sea. The method is described in nore detail
in the First Periodic Assessnent (Launiainen et al. 1987).

As suggested by the data, the fresh water run-off (surplus) seens to have
been rather large during all the 1980s. Only during the cool years of
1985 and 1986 the run-off was close to the long-period average but after
1980 none of the years has been a "dry" one. By nutual conparison of the
various decades in Fig. 2 the "wetness" of the 1980s is apparent, as
wel | .

For estimating the sea water exchange and the npbst prom nent occasions
of inflow and outflow, between the Baltic Sea and the North Sea, volune
changes (sea level) of the Baltic Sea were studied, following the
approach given in the First Periodic Assessnment (Launiainen et.al.,
1987). Accordingly, the volune change estimates were calculated by a
sinple nethod suggested by Jacobsen (1980), using the filtered daily sea
level data from Degerby, Finland (obtained from the Finnish Inst. of Mar.
Res., Helsinki). The nmethod seens to yield rather accurate first order
estimates for the volume variations, on the basis of which the sea water
exchange may be estimated, using the equation of

dv/dt = Qo +Q

where dv/dt is a change in the volume (sea level), and Q, is the fresh
water surplus, and Q is the net sea-water exchange.

Figure 3 gives the Baltic Sea volune variations during 1980-1988 and
suggests the situations of the npbst promnent potential inflows and
outflows. Fig. 3 also lists the rates of the accunulated yearly sea water
exchange (Q. Those have been cal cul ated according to the equation above,
for the yearly fresh water surplus using an approximation of 9, ~ Q,,
where Qun is the total fresh water run-off from Table 2. This latter
approxi mati on includes the comon assunption that precipitation and
evaporation above the Baltic Sea bal ance each other.

The results in Figure 3 show, e.g. that the volune variations of the
Baltic Sea were somewhat nore pronounced during the first years of the
1980s than during the last few years since 1985. A similar tendency may
al so be found in the sea water exchange. Accordingly, the time history
since 1985 suggests less promnent inflows and outflows, conpared with
the late 1970s and the first years of this decade. This seenms to be the
case, e.g. even for the autum and w nter 198711988, no matter how w ndy
it was. On the other hand, nost of the inflows in the beginning and
m ddl e of the 1980s, identified by the increased deep water salinities
in the Bornholm Basin (section 1.232 in this chapter), coincide with the
potential inflow situations suggested in Figure 3.



Table 2.
1971
QBT 14230
1981
Qsr 17560
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Estimated total fresh water run-off Qpr (in m3/s) into the
Baltic Sea. Annual means during 1971-1988. M,;_ 54 and
SD,,.79 a@re the observed mean and standard deviation of
1921-1970 (Mikulski, 1980). The estimates given by the
formula Qpep = 5.36 * (1.6 .QV + QK) + 7145, where QV and
QK are the yearly mean discharges of Vuoksi and Kemijoki,
respectively. Qv and QK data from the Hydrol. Office, Nat.
Board of Waters and Env., Finland.

1972 1973 1974 1975 1976 1977 1978 1979 1980
13900 14370 15520 16960 13550 14750 13670 13690 14030

1982 1983 1984 1985 1986 1987 1988 Mai_70 SDyi_ng
17270 16280 16400 15160 14920 1g440 16840 15005 1790

10 |-
lllllllll'llllllLlllllIllllllllLllIlIIllllllllllI_lllllllllllllllllllI—
1920 1930 1940 1950 1960 1970 1980 1990
Figure 2. Total fresh water run-off into the Baltic Sea. Annual

means. Data for 1921 to 1970 (observed) Trom Mikulski
(1980), and onwards 1971 as estimates from Table 2. The
dashed line represents 5 year floating averages.
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v, [km3] 1 hieml

Q=850
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Water level (h) and volume (V. =V -V, ) variations of
the Baltic Sea during 1980-1988, based 'on daily mean sea
level data. The arrows indicate the most probable inflow
and outflow situations, between the Baltic Sea and the
North Sea. Q gives the yearly accumulated sea water
exchange (yearly net inflow ~ yearly net outflow).
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As a conclusion, we may see that the fresh water surplus (run-off) has
been rather large during all the 1980s. |In the surface |layers of the
Baltic Sea this means in a way a larger surface water exchange, as well.
Acconpanied with a decrease in the sea water exchange, on the other hand,
the fresh water surplus is supposed to have been the cause of a
decreasing trend of the salt balance of the whole Baltic Sea.
Additionally, only minor inflows of salt-rich North Sea water have
occasioned during the latest years (Fig. 3). From the inportant point of
view of a renewal of bottom waters in the deep basins of the Baltic Sea,
this is supposed to be the main reason that no such a renewal has
happened and the stagnation period of the deepest bottom waters has
|asted over 13 years, so far. This is the case although proper physical
conditions for a renewal have prevailed in the deep basins for over
several years (cf. Baltic Mrine Environment Protection Comi ssion,
1987), owing to the very low density of bottom waters.

1.1.3 Long-term changes

Various long-term features of the Baltic Sea hydrography and clinatol ogy
were discussed in the First Periodic Assessnment. dinatological air-sea
tenperature coupling, long-termvariations in sea |evel changes, long-
term decline in annual ice covered season, and correl ation between the
fresh water run-off and Baltic Sea salinity were considered. For this
context, three figures were adopted, the nonitoring period data added.
Figures 4 and 6 indicate the close clinmatol ogical air-sea tenperature
coupling and the long-term variation in annual ice covered season, and
the rough test exanples in Figure 7 suggest an interesting correlation
between the estinated fresh water run-off and the Baltic Sea salinity.
For further interpretation and discussion, see the First Periodic
Assessnent (Launiainen et al. 1987). Additionally, the long-term
variations in the yearly maximum ice coverage of the Baltic Sea are shown
in Fig. 5.

Presently, the expected change in global clinmate has gained increasing
daily attention. A prognosis for a global greenhouse warmng up has
rel evant physical argunents, and various estimates, e.qg. for nean
| atitudi nal tenperature increase, have been done. In global scale, the
climate especially during the 1980s has been seen as a sign of this
warmng up. In this meaning, it is interesting to consider the case, if
not otherwise but on the l|ocal basis.

The air tenperature during the 1980s does not indicate any increase up
to 1988 (Fig. la); merely the case is an opposite one, during which the
global radiation (Fig. Ib) shows a decreasing trend, as well. This kind
of a recent decreasing trend in the air tenperature was also found in an
extensive data set over Sweden (Al exandersson and Eriksson, 1989).
However, when conparing e.g. the 1972-1988 air tenperature anonaly wth
the "normal" 1931-1960 period, both the Bornholm and Russard data showed
the latter period, especially the sumrer seasons to have been cool er than
the normal period. Because of a close air-sea coupling (cf. Fig. 4) the
above is valid, nost probably, for the water tenperature also. On the
other hand, in the light of the annual maximum ice cover, the late 1970s
and 1980s (up to 1988) have been tinme of noderate or severe ice winters
(Fig. 5 and Table 1).
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Long-term variations of the deep water (200m) salinity in
the Gotland Deep (BY 15 = BMP 11) in comparison with the
estimated fresh water run-off to the Baltic Sea. For the
best fit, the time axis of the low pass Tiltered (15-year
running average) run-off have been shifted forward 6 years.
Redrawn from Launiainen et al. 1987 adding the monitoring
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Long-term variations of the surface salinity at Anholt (5-
year running averages from Malmberg and Svansson, 1982)
in comparison with the estimated total run-off to the
Baltic Sea (S-year running averages from Launiainen, 1985).
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The river run-off into the Baltic Sea turned out to have been rather
large during the 1980s. Physically, this is coherent e.g. with the data
given by Al exandersson and Eri ksson (1989) according to which the
precipitation in Sweden during the 1980s seens to have been |arger than
during a couple of the previous decades.

Summarizing, froma local point of view, it seems that one cannot detect
any reliable sign of excess warning up fromthe tinme series of nean
temperatures of the Baltic Sea area, not at |east until 1988. In 1988-
1990, on the contrary, very warm sumrers and mld winters prevailed. One
can hardly see, however, whether the recent prominent variations in
tenperatures and other neteorological and hydrographic quantities revea

signs of a global climatic change or not.

1.1.4 Long-term changes 1in transparency

The changes in transparency according to Secchi depths as an integra
parameter for the conditions in the surface layer in the Baltic Sea were
studied in sone papers during the last two years.

Launiainen et al. (1989) conpared the transparency observations in the
Northern Baltic Sea made during 1914-1939 with those of the last two
decades of 1969-1986, taking into account the methodical differences. The
following conclusions were nade (cf. Fig. 8):

The present Secchi depth (transparency) shows pronounced
decrease (2.5 to 3m, generally) conpared with that during the
first half of the century.

The distribution of the Secchi depths has become more narrow,
so that large Secchi depths (> 14m) are very seldom, if any.

% 30

25

20 -

10|

16 18 20

[m]

Figure 8. Frequency distribution of Secchi depth (in n) in the
Northern Baltic Sea (in %) for the period of 1914-1939
(broken) and for the period of 1969-1986 (continuous |ine)
From Launi ai nen et al. (1989).
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Analogously, 1in a reference area on the Swedish coast of the Baltic
Proper, not influenced by point pollution sources, the Secchi depth was
found to have been decreased by 4m since 1965 (Persson, 1990; Cederwall
and Elmgren, 1990).

1.2 HYDROGRAPHICAL CONDITIONS

1.2.1 The Kattegat
S. Carlberg

The hydrographical development in the Kattegat is demonstrated with data
from the representative station Anholt E (413 = BMP R3).

The overall picture for the Kattegat is the traditional one with high
variability in temperature and salinity.

The temperature shows a clear and strong variation in an annual cycle not
only at the surface but also at 30 m and in the bottom layer (see Figures
9-10). The unusually cold winters of 198411985 and 1986/1987, see Figure
6, are certainly reflected as minima at 30 m and below, but the observed
minima are not significantly different from other years. The winter of
1981/1982, e.g., was cold but not that cold as 1984/1985 but seemed to
have produced a lower minimum. It is interesting to note that when the
winter is mild, e.g. 198271983 and 1983/1984, the temperature minima in
the intermediate and bottom waters seem to appear earlier in the winter
as compared to the effects of the cold winters.

Concerning salinity, however, the variability largely follows an annual
cycle, both at the surface and in the deeper layers (Figures 11-13). The
inflows of higher saline water that occurred to the Baltic Proper at the
turn of 1982-1983, in the spring of 1986 and in September 1988, can be
correlated to annual increases of salinity in the Kattegat surface and
bottom waters as shown in Figures 11-13. 1t is important to note,
however, that these increases do occur every autumn or winter but they
do not automatically cause an inflow of water to the Baltic. When an
inflow does occur the Kattegat salinity may be rather high in the surface
as in 1982/1983 (Figure 11) but not necessarily as in 1985/1986 (same
Figure) and in the deeper waters these events are not significantly
different from other years (Figures 12-13). The various effects of these
inflows are described in the following sub-chapters.

The changes of temperature and salinity are summarized in Table 3.
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Table 3. Characteristic changes of tenperature and salinity in the
Kattegat (Station Anholt E = 413 = BMP R3).
Par anet er Peri od Dept h Overal | Annual
trend changes
S 1981- 1988 28-32m +0.84 PSU +0.11 PSU/a *
S 1981-1988 48m-bottom +0.50 PSU +0.06 PSU/a
T 1981-1988 28-32m +1.48 °C +0.19 °cC/a
T 1981-1988 48m-bottom +1.00 °cC +0.13 °cCc/a
* PSU = Practical Salinity Unit = ©/oo
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1.2.2 The Belt_Sea
W. Lange

To recognize any possible trend between 1950 and 1983 the annual means
of the temperature and salinity measured at 1/v Fehmarnbelt near surface,
at 5 m depth, 20 m depth and near bottom are shown in Figures 14 and 15.
But these time series do not come up to the time of the assessment
period, because of great gaps in data after 1983. Therefore, the results
may be only of general interest. In Figure 16 the annual vector means of
the inflow and outflow observations at the surface of 1/v Fehmarnbelt are
shown covering the period 1950-1983.

More detailed information on the salinity stratification at |/v
Fehmarnbelt between 1975 and 1983 is given by Weigelt (1987).

10. 00 S’ 11.00

51 55 59 63 67 71 14 79 1983

Figure 14. Annual means of the water temperature (°C) measured daily
from 1950 until 1983 at 1lv Fehmarnbelt (BMP N1) near
surface, at 5 m depth, 20 m depth, and near bottom.
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Annual nmeans of the salinity (°/oo) neasured daily from
1950 until 1983 at 1lv Fehmarnbelt (BMP N1) near surface,
at 5 m depth, 20 m depth, and near bottom

Si.00 55. 00

tM/S

47.00

51 55 59 63 67 7" 75 79 1983

Annual vector neans of surface current speed (cm's) into
(continuous line) and out of (broken line) the Baltic Sea
neasured at 1lv Fehnarnbelt (BMP N1) near surface from 1950
until 1983 once every 4 hours.
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1.2.3 The Baltic Proper

During the period under review, inflows of higher saline water occurred
at the turn of 1982-1983, in the spring of 1986 and in Septenber 1988.
The various effects of these inflows are described bel ow

1.2.3.1 Arkona Basin
W. Matthdaus® and S Carlbez:g4

The variations in the Arkona Basin are denonstrated with data fromthe
representative station BY 2 (BVMP K4). The general picture shows a high
variability in salinity as well as tenperature.

The temperature of the surface |ayer shows natural seasonal variations
which are also present in the near bottom water where the effect of
advective processes is superinposed on these variations. The variability
is very high and there is no general trend in the tenperatures. The
winters of 198411985 to 198671987 were unusually cold in the entire area
and this is clearly reflected even in the bottom |ayer where the
tenperatures reached alnbst 0°C during certain periods.

The inflow that occurred at the turn of 198211983 increased the surface
salinity by about 2 PSU see Figure 17. After that the surface salinity
decreases as a general trend. The mean decrease is about 1 PSU for the
period and by the end of 1988 the mean is roughly the sane as before the
inflow. Superinposed on the general trend is the seasonal variation wth
winter periods with increased salinity. See also Table 4.

The near bottom water is domnated by a very high variability, see Figure
18. Despite the fact that nore observations were available for the
assessment period than for previous years, there is no evident trend in
the salinity.

Table 4. Characteristic changes of tenperature T and salinity S in

the Arkona (BY 2 = BWMP K4) and Bornholm Basins (BY 5 = BW

K2).
Area Para-  Period Dept h Overal l Annual

met er trend changes
Arkona Basin S Nov 1982-1988 0- 2m -0.8 PSU -0.13 psvu/a
Bor nhol m Basi n S Jan 1983-1988 0- 2m -0.8 PSU -0.13 psu/a
Bor nhol m Basin S Jan 1983-1988 78-82m -2.5 PSU -0.42 psu/a
Bor nhol m Basin T May 1980-Dec 1983 78-82m +3.3 °C +0.93 °C/a
Bor nhol m Basi n T Dec 1983-Jul 1986 78-82m -4.2 °c -1.58 <c/a

Bor nhol m Basin T May 1986- 1988 78-82m +2.0 °C +0.79 °C/a
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1.2.3.2 Bornholm Basin
W. Matthius? and S. Carlberg‘zk

The variations in the Bornholm Basin are demonstrated with data from the
representative station BY 5 (BMP K2).

The effect of the unusually cold winters referred to above are clearly
seen also in the surface water of the Bornholm Basin. As an example, in
March 1985, 1986 and 1987 the temperatures were below 0°C from the
surface down to 30-50 m (Nehring and Francke 1987 a, b). This negative
anomaly was conserved in the intermediate water until the autumn. The
very cold winter and the rather cold and rainy summer of 1987 kept the
temperature of the surface layer below what is normal (Carlberg et al.
1988).

Concerning the deep water a clear change took place. After a period of
mainly increasing temperature by about 6 °c in 1980-1983, the temperature
decreased rapidly by about 5 °c in 1984-1986, see Figure 19 and Table 4.
After that the effect of the inflow of relatively warm water in 1986 and
1988 can clearly be seen, which caused a mean significant increase of
2 oc.

10.00
o}
a8.67—
0
0
o0

7.33 @
e o%
2 ®.004
=4
<+
[
C
[+
[=8
13
& 4.87

3,33

o ! T T T T ¥ T
' 1977 "1978 '1979 '1980 '1981 '4882 '1983 ' 1984 ' 1985 ' 1996 1997 ' 1988
Figure 19. Temperature variation in 78-82 m water depth in the

Bornholm Deep (BY 5 = BMP K2).
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The inflow of 198211983 is clearly seen in the salinity of the surface
water. At BY 5 (BWMP K2) the increase was about 1 PSU, see Fig. 20. After
that the surface salinity decreases as a general trend. The decrease was
strongest in the period 1983-1985, followed by a noderate decrease for
the rest of the assessnent period. One exception was late in 1983, when
the salinity for a short period increased by about 0.5 PSU, which is
larger than the nean annual variation of 0.2 PSU (Matthius 1978). This
increase cannot be explained by identified inflows to the Baltic.

The inflow of 198211983 caused an increase of alnmost 4 PSU in the deep
water as is clearly denonstrated in Fig. 21. From 1983 to 1988 the trend
is then decreasing in general. One exception was caused by the inflow of
1986, which caused a sharp increase of the salinity by alnost 2 PSU, but
only for a short period.

1.2.3.3 Eastern Gotland Basin, Gdaiisk Deep and the eastern area of the
Northern Baltic Proper
W. Matthéusz, J. Elken® and B Cyberska5

The variations in the Eastern Gotland Basin are denonstrated with data
of the representative station Gotland Deep BY 15 (BMP 11) and supported
by data fromthe stations P 1 (BWP L1; Gdansk Deep) and BY 28 (BMP H2;
Northern Baltic Proper).

Table 5. Characteristic changes in the Gotland Deep (BY 15 = BMP 11)
during the period 1977-1988 (after Matthius 1990)

Par anet er Dept h Overall trend Annual changes
Salinity Om -0.5 psu -0.04 psu/a

100 m -1.7 psu -0.15 psvu/a

200 m -1.1 psu -0.09 psu/a
Tenperature 100 m -1.6 °c -0.14 °c/a

200 m -1.4 °c -0.12 °c/a
In situ density 100 m -1.3 u-units -0.11 u-units/a

200 m -0.7 u-units -0.06 a-units/a
Depth of isohaline 8 PSU -20.2 m -1.7 ma

10 psvu -28.7 m -2.5 ma

12 psul) -95.9 m -8.8 na
Dept h of hal ocline -9.6 m -0.8 ma

1)y 1977 - Jan 1988
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The three severe winters 198411985 - 198611987 caused partly considerable
negative temperature anomalies between -0.5 °C and more than -1 °C in the
surface water of the Eastern Gotland Basin. The negative anomalies were
conserved in the intermediate water layer until autumn (-1 °C to -3 °cC,
cf. Nehring and Francke 1987a, b, 1988). Because of the absence of major
Baltic inflows the surface salinity, on average, decreased by -0.5 PSU
(cf. Table 5). The inflows of higher saline water between November 1982
and January 1983, in spring 1986 and in fall 1988 had hardly effects on
the surface salinity (cf. Figs. 23 and 24).

1990

°C 100m °C 200m
6
5
4~
|llll]llll|lllﬂ |IIII]IIII|IIII]
1980 1990 1980 1990
Figure 22. Variations of temperature in the Gotland Deep (BY 15 = BMP
J1) during 1977-1989 at 100 and 200 m depth.
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Figure 23. Variations of salinity in the Gotland Deep (BY 15 = BMP Jl)

during 1977-1989 at the surface and at 100 and 200 mdepth.
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The stagnation period in the Eastern Gotland Basin deep water, starting
after major inflows at the turn of 1975/1976 and during late 1976, has
continued since more than 13 years. The inflows 1982/1983, 1986 and 1988
had only minor effects on the conditions in the deep water.

Clear indications of the inflowing water bodies are only in the Gdaiisk
Basin (cf. Figs. 24-25). There is, however, a distinct mean decrease in
salinity and temperature of the deep water in the Gdaiisk Basin (cf. Table

6).

The inflowing water passed the Eastern Gotland Basin immediately below
the halocline in the layer between 80 and 125 m(cf. Figs. 22-23).

Salinity 0-10 m 14 Salinity 100-108 m

1960 70 80 90 1960 70 80 90
a b
Figure 24. Long-term variations in salinity (PSU) of the Gdafisk Deep

waters (Station P 1 = BMP L1).
a. surface (0-10 m)

b. bottom water (100-108 m)
°c Temperature 100 - 108 m
8l
1 ! 1 ] ]
1960 1970 1980 1990
Figure 25. Long-term variations of the water temperature (°C) in the

bottom water (100-108 m) iIn the Gdansk Deep (Station P 1
= BMP L1).
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Tabl e 6. Characteristic changes in the Cdaiisk Deep (Station P1 = BMW
L1) during the period 1978-1988.

Par anmet er Dept h Overal | Annual
trend changes
Salinity 0- 10 m -0.5 PSU -0.05 PsU/a
80 m -2.4 PSU -0.21 PsU/a
100-108 m -1.7 PSU -0.15 PSU/a
Tenperature 80 m -1.6 °C -0.14 °c/a
100-108m -0.9 °c -0.08 °c/a

During the stagnation period a decrease of salinity, tenperature and
density in the deep water of the Gotland Deep and a consi derable shift
in the isohalines and the halocline centre to greater depths occurred
(cf. Figs. 22-23 and Table 5). The period started with the highest
tenperatures ever neasured in the deep water (e.g. 7.1 °C in 200 m | evel
of the Gotland Deep, BY 15 = BMP 11). The salinity and density val ues
observed in the end of 1988 - 11.6 PSU and 10.2 u-units, respectively -
were anong the |owest neasured since the 1930s at the 200 m |evel
(Matthdus 1987). Wth reference to the depth of the halocline centre and
the isohalines, the shallowest depths ever observed were found at the
begi nning of the stagnation period. The alnbst continuous shifting of the
10- and 11-PSU-isohalines down to nmore than 100 m and 140 m
respectively, finished at the greatest depths observed since the
beginning of the century. Since January 1988, the salinity of the deep
water has been permanently smaller than 12 PSU

Consi derabl e changes of the water mass structure in the halocline and the
deep layers occurred by T-S relations in winter/spring of 1979/1980 (the
Gotland Deep, station BY 15 = BMP J1, Fig. 26) and in sunmer/autumm of
1985 (the whol e Eastern Gotland Basin, stations BY 15 (BMP J1) and BY
28 (BMP H2)). Then the water corresponding to the fixed isohalines
(i sopycnal s) becane colder by nore than 1 °c in the upper part of the
halocline but less in the deep layers. The 1985 cooling can be attributed
to the anomalously cold winter of 198411985 (see Section 1.1) which
caused increased downward cold water flux due to cross-isopycnal m xing.
Thermal honogeni zation (decrease of tenperature versus salinity gradient)
took place from summer of 1983 to summer of 1985.

Until the end of 1988 the stagnation period led to a nean decrease by 1
PSU in salinity, by 1.4 °C in tenperature and by 0.7 u-units in density
at the 200 mlevel in the Gotland Deep (cf. Table 5). During the sane
period, the isohalines shifted to greater depths by 20 m (8 PSU) to 96
m (12 PSU).
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Figure 26. Temperature contour plots versus salinity and year from the

data of stations BY 15 (BMP J1) and BY 28 (BMP H2).
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Variation of spatially mean hydrographic parameters and their
heterogeneity (standard deviation) in the Gotland Deep has been studied
on the basis of the data of repeated CTD polygon surveys. The data set
was restricted with the box of 57-58° N, 19-21° E with depths greater
than 110 m which yielded altogether 403 CTD casts from 1984 to September
1988. Partition of the data by about 10 days interval gave 22
guasisynoptic spatial data subsets.
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Figure 27. Spatially mean values of isopycnal depth (a) and

temperature (c¢) and corresponding standard deviations
averaged on isopycnals from 7 to 8.5 kg/m3 (b and d) in the
area 57-58° N; 19-21° E.
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The stagnation period resulted in deepening of isopycnals and decrease
of density stratification (Fig. 27a) for the halocline and the deep
| ayers. Absence of the major inflows of the isopycnally warmer water
caused overall decrease of tenperature on isopycnals (Fig. 27c). However,
a slight increase of tenperature on isopycnals 8 and 9 kg/rﬂ i'n
spring/ summer of 1987 and offset of the trends is related to the 1986
spring inflow Spatial heterogeneity has remarkable seasonal variation
being higher in the winters and lower in the summers (Fig. 27b, d).
Exception here was the summer of 1985 when abrupt tenporal changes in T-
S relation (Fig. 26) were acconpanied by increased spatial heterogeneity
of isopycnal tenperature. The winter activization is explained by
i ncreased forcing of meso- and small-scale motion in case of the absence
of the thernocline

In view of these characteristics the current stagnation period nust be
regarded as the |ongest stagnation interval ever recorded during this
century and caused extrenme variations which never have been observed
since the start of oceanol ogical observations in the Baltic Sea

1.2.3.4 Western Gotland Basin
S. car lberg4

The hydrographi cal devel opnent in the Wstern Gotland Basin is
denonstrated with data from the Karlsd Deep (BY 38 = BMP 11) and
supported by data from the Landsort Deep (BY 31 = BMP H3) in the Northern
Basi n.

The tenperature variability is high in the water layer down to at |east

50 m The span of the tenperature variation in the assessment period
1984-1988 is al npst identical to what was observed for the previous years
after 1977. In the deeper layers, at 80 mand even at 100 m a seasona

variation can clearly be seen, see Figures 28-29. However, this does not
conceal the fact that there is a very clear trend of decreasing deep
wat er tenperatures during the whole period. In fact for the period
plotted, 1977-1988, the tenperature is decreasing continuously. The
temperature conditions described also apply to various water masses of
t he Landsort Deep.

The salinity field in the Western Gotland Basin is in all water depths
dom nated by a decreasing trend; not only in the assessment period but
all since 1978, see Figures 29 and 30. Due to the tine delay caused by
advection, and the smoothing effect caused by gradual mxing of water
masses, the salt water inflows identified in the Arkona and Bornhol m
Basins are not easily discernable at BY 31 (BWMP H3) and BY 38 (BMP 11).
If the inflows are used for reference the increase in salinity at BY 38
occurs with different time delay after each inflow, see Figures 30 and
31 a-b. The same conditions are obvious in the deep water of the Landsort
Deep (BY 31) as described in Figures 32-33; the short-termvariability
is smaller and thus the long-term decrease of salinity is nore obvious.

The changes of tenperature and salinity are summarized in Table 7.
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Table 7. Characteristic changes of temperature and salinity in the
Western Gotland Basin at the stations Landsort Deep, BY 31
(= BMP H3) and Karlsij Deep, BY 38 (BMP 11).

Area Para- Period Depth Overall Annual

meter trend changes
Landsort Deep S 1979-1984 190-210 m -0.92 PSU -0.15 PSU/a
Landsort Deep s 1985-1988 190-210 m -0.22 psu -0.06 PsU/a
Landsort Deep S 1978-1988 390-410 m -1.32 PSU -0.12 psu/a
Landsort Deep s 1980-1984 390-410 m -0.80 PSU -0.16 PsSU/a
Landsort Deep s 1985-1988 390-410 m -0.24 PSU -0.06 Psu/a
Karlsd Deep S 1979-1988 48- 52 m -0.34 psu -0.03 Psu/fa
Karlsij Deep S 1984-1988 48- 52 m -0.52 PSU -0.10 psu/a
Karlsd Deep T 1979-1988 78- 82 m -0.53 °c -0.05 °c/a
Karlsij Deep T 1981-1982 78- 82 m -0.11 °c -0.06 °c/a
Karlsij Deep T 1984-1988 78- 82 m -0.41 °c -0.08 °c/a
Karlsij Deep T 1979-1988 95-105 m -1.00 °c -0.10 °c/a
Karlsd Deep T 1981-1982 95-105 m -0.17 °c -0.09 °c/a

Karlsij Deep T 1984-1988 95-105 m -0.20 °c -0.04 °c/a
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Figure 30. Salinity variation at the Karlsé Deep (BY 38 = BMP 11},
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Figure 31 a. Salinity variation at the Karlsd Deep (BY 38 = BMP I1),
50 m (BMP data only).
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Figure 32. Salinity variation at the Landsort Deep (BY 31 = BMP H3),
190-210 m.
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1.2.4 Gulf¥ of Finland
v. Astokl, R Tamsalus, A wémm! and Y. Suursaar®

The hydrographi cal devel opment in the GQulf of Finland during the 1980s
is denonstrated using HELCOM data from the BMP data bank and Estonian
coastal stations data concerning surface |ayer as well as those collected
by the Estonian Hydroneteorol ogical Service research vessels within the
national monitoring system

The temperature in the surface layer (Fig. 34) shows normal annual
variation in all three presented stations (Kunda is located ca 100 km
east, Heltermaa ca 100 kmwest from Tallinn). The cold summers of 1985
and 1987 were interchanged by warner 1984 and 1986; the summer 1988 was
extrenely warm 1In the open part of the GQulf of Finland the variation is
very strong (Fig. 35) and the calculated trend for tenperature cannot
be taken into consideration. However, the trend in the bottom | ayers (80
100 m) tenperature seens to be confidential and is in good
correlation with the decrease in salinity (Fig. 36). The value of the
tenperature trend in bottom layer is -1,7°c per 20 years or -0.085°C/a.

The salinity in the surface |ayer shows a clear variation in the annua
cycle, especially in the eastern part of the GQulf of Finland (Fig. 34).
Trend estimation fromopen sea observations gives -0,02 psu/a when using
data obtained in Estonia during 1969-1988 (Fig. 37). The sane estinmated
value from BWMP data for the last ten years (station LL7=F3) iS -0,04
psu/a (Fig. 39).

In the bottom | ayer the decreasing of salinity is shown nore clearly
(Figs. 38 and 39). The trend values are -0,08 psu/a (Estoni an data, 20
years) and -0,11 psu/a (BMP data, 10 years).

It can be concluded that during the last 20 years there have been no
large inflows of the saline, but oxygen-poor deep waters from the Baltic
Proper into the Gulf of Finland. The conclusion is confirned by the
increasing o, concentrations in the deep layers of the Gulf of Finland
(Fig. 40).
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Figure 34. The surface water temperature and salinity (daily
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stations 1980-1988.
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Figure 37. Surface salinity variation 1969-1988 in the Gulf of
Finland.
M O N R TR BT B R® S RS 86 8 6 19

Figure 38. Salinity variation 1969-1988 in the bottom layer (80-100

m) in the Gulf of Finland.
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1.2.5 Gulf of Riga 3
V. Astok! and V. Berzins

The hydrographical developrment in the Gulf of Riga during the |ast
decades is denonstrated using averaged annual data from the Latvian
national nonitoring system (13 stations)

The annual mean air and water tenperature (Fig. 41) shows |arge year-
to-year variations; the warmyears (1984, 1986, 1988) are warnmer than in
the Baltic Proper, the cold years (1985, 1987) - colder, respectively.
This is caused by the nearness of land to the practically enclosed gulf;
the climate in the region of the Gulf of Riga is nmore continental than
in the other parts of the Baltic Sea area

The long-term variations in the river run-off and nean salinity are
denonstrated in Figure 42. Mninmumrun-off in 1984 is acconpani ed by
increasing salinity; however, in 1985 the salinity was higher though the
river run-off was nearly 50% | arger than in 1984. The changes in the nean
salinity depend not only on fresh water run-off, but also on saline water
inflows through the Strait of Irben. These inflows during 1984 and 1985
were caused by suitable meteorological conditions in this region. The
aforenentioned increase in salinity, which is of l|ocal inmportance
differs from values obtained in the other parts of the Baltic Sea

7-
G..
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1 1 1.3 ¢ & 2 4 ¢ ¢ 2. A4 £t ..t 3 1 2 4 3 2 .2 3 1 1
65 1970 5 1980 85
Figure 41. The mean air (_) and water (_ _ _) tenperature of the Qulf

of Riga.
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1.2.6 @l f of Bothnia
S. Car:lberg4

The hydrographi cal development in the @ulf of Bothnia is denpnstrated
with data fromthe representative stations SR 5 (BW C4) in the Bothnian
Sea and BO 3 (BWP A3) in the Bothnian Bay (Fig. 43.).

The unusual ly cold winters of 198471985 and 198611987 did not produce any
pronounced effects in the surface layers in the GQulf of Bothnia. The
tenperature mni ma observed were not |ower than those in nost of the
years since 1979. Down to about 50 mthere is no long-termtenperature
trend for the assessnent period. However, at 100 m and bel ow the
tenperature at SR 5 (BW C4) is clearly decreasing from 1984 to the
m ddl e of 1988 (Figure 44). This can also be seen at B03 (BWMP A3) in
Figure 45, although the Iower number of observations there nakes the
picture less clear.* Figure 45 also denpnstrates that in the bottom water
of BO 3 the winter tenperatures frequently approach o°c, whereas at SR
5 the bottomwater rarely is colder than about 1.6°c (Fig. 44).

Compared to the situation in the Baltic Proper the salinities are rather
stable in the Gulf of Bothnia. In the surface water and at 50 mthe
variations are small and the trend in the Bothnian Sea may be descri bed
as weakly decreasing, see Figure 46. In the deep water at about 100 m and
below this trend is nore obvious as is shown in Figure 47. The decrease
started in 1977-1979 at various depths and continued until late 1985 when
the salinity suddenly increased by about 0.5 PSU. After that the decrease
lasted until the end of 1988. The conditions in the Bothnian Bay are
rather simlar, although the greater scatter of the observations makes
the trends less obvious. It is quite clear from Figure 48, however, that
the salinity at 50 m shows a decrease during the period 1984-1988.
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Figure 43. Temperature variation at sea surface of the station SR 5
(BMP C4) in the Bothnian Sea.
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Figure 46 a. Salinity variation at sea surface of the station SR 5
(BMP C4) in the Bothnian Sea.
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Figure 46 b. Salinity variation at the station SR 5 (BMP c4), 48-52 m.
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Figure 46 c. Salinity variation at the station SR 5 (BMP c¢4), 48-52 m
(drawn by SMH for better evaluation of trends)
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Figure 47 a. Salinity variation at the station SR5 (BW c4), 95-105 m
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Figure 47 b. Salinity variation near bottom (115 m to bottom) at the
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The changes of tenperature and salinity are summarized in Table 8 bel ow

Tabl e 8. Characteristic changes of tenperature and salinity in the

Bothnian Sea (Station SR 5 = BW C4) and the Bothnian Bay
(Station BO 3 = BWP A3).

Area Para- Period Depth Overall Annual
(Station) meter trend changes
Bothnian Sea S 1984-1985 48- 52 m -0.35 psu -0.18 pPsu/a
(SR 5 = BMP C4)
Bothnian Sea S 1987-1988 48- 52 m -0.43 psu -0.21 psu/a
Bothnian Sea S 1984-1988 48- 52 m -0.27 PSIJ -0.05 Psu/a
Bothnian Sea S 1980-1985 95-105 m -0.33 Psu -0.05 Psu/a
Bothnian Sea S 1986-1988 95-105 m -0.31 psu -0.10 psu/a
Bothnian Sea S 1980-1985 115 m-bottom -0.55 psu -0.09 psu/a
Bothnian Bay S 1980-1985 48- 52 m -0.04 psu .
(BO 3 = BMP A3)
Bothnian Bay S 1980-1988 48- 52 m -0.12 psu -0.01 psu/a
Bothnian Bay S 1987-1988 48~ 52 m -0.32 PSU -0.16 psu/a
Bothnian Sea T 1978-1988 95-105 m +0.06 °C ————=-
(SR 5 = BHP C4)
Bothnian Sea T 1984-1985 95-105 m +0.42 °C +0.21 °C/a
Bothnian Sea T 1984-1988 95-105 m +0.34 °C +0.17 °C/a
Bothnian Sea T 1978-1988 115m-bottom +0.00 °C f0.00 °c/a
Bothnian Sea T 1984-1985 11Sm-bottom -0.82 *°cC ~0.41 °C/a
SUMMARY

The neteorol ogical conditions during the assessment period 1984-
1988 can be characterized as variable: there have been three very
cold and weak-wind winters (1984/1985 to 1986/1987) with heavy ice
conditions (maximum ice coverage between 81 % and 98 %) followed by
two warm and w ndy wnters (1987/1988, 1988/1989). The winter
1989/1990 was extrenely mild. The summer seasons were rather cool,
the radiation poor and the w nds weak at the beginning of the
assessment period, but the sunmers of 1988 and 1989 were warm and
calm

The fresh water run- off into the Baltic Sea was equal to orhigher
than the mean (472 km> /a) during the whole period W|th the m ni num
in 1986 (470 km> /a) and the maxi mumin 1988 (530 Kkm> /a).

The nopst prom nent phenonenon in the hydrography of the Baltic Sea
was the continuing decrease in salinity in nearly all regions and
| ayers. This process is mainly caused by the |ack of major inflows
of highly saline water during the last 13 years. The last effective
maj or Baltic inflows occurred at the turn of 1975/1976 and in fal
1976. The small inflows in spring 1980, at the turn of 198271983, in
spring 1986 and fall 1988 have had only effects on salinity and
tenmperature in the deep | ayers of the Arkona, Bornhol mand Gdaii sk
Basi ns.
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3.1 During the assessnent period, a general decrease in salinity has
been observed in the surface layer of all regions of the Baltic Sea
starting in 1977. The nean annual trend varied from -0.02 PSU/a in
major gulfs and -0.05 PsU/a in the Central Baltic Proper to -0.15
PSU/a in the Arkona and Bornholm Basins. Any salinity trends in the
Kattegat and Belt Sea waters are strongly masked by the predom nant
annual cycle both in the surface and deep |ayers.

3.2 In the deep layers of the Baltic Sea the salinity decrease is nore
consi derabl e since 1977. The mean annual trends during 1984-1988 are
-0.05 to -0.09 psu/a for the Gulfs of Bothnia, Finland and Riga; -
0.1 to -0.2 psu/a for the Eastern and Western Gotland Basins and
the Landsort Deep (Northern Baltic Proper). The trend is as high as
-0.4 pPsu/a in the near-bottom layer of the Bornhol m Basin.

4, Tenperature and density in the deeper layers of the eastern Gotland
Basin have also been decreasing considerably and the halocline and
i sohal i ne depths have been noticeably descending. Depending on
dimnution of wvertical density gradients the vertical nmixing
processes between the different |ayers have been enlarged.

5. The current stagnation period, at least in the eastern Gotland
Basin, mnust be regarded as one of the l|argest and npst serious
stagnation intervals ever recorded during this century and this has
caused such extrenme changes in the deep layers that never have been
observed since the start of oceanographical observations in the
Baltic Sea.

6. The transparency according to Secchi depths readings in the Northern
Baltic Proper (1969-1985) show pronounced decrease conpared with
that during the first half of the century (1914-1939).
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CGeneral depletion of oxygen has been observed in the near-bottom |ayers
over the whole Baltic Sea. However, the rate of depletion and the main
factors <creating anoxic conditions differ regionally. Mean trend
coefficients are given for different areas and subsurface layers. In the
Transition area and the Arkona Basin the significant decrease in oxygen
concentrations have occurred during the last 5-10 years due to increased
production of organic matter followed by increased denmand of oxygen for
its deconposition. In the Baltic Proper the main reason for the vast
oxygen deficient areas and extremely high concentrations of hydrogen
sul phide, is the exceptionally long stagnation period. Due to the sinking
of the halocline and advective processes, an increasing supply of oxygen
into the internediate water |ayers was observed in sonme central and
northern basins. In the Bothnian Sea the |ack of vertical convection down
to the bottom during the winters resulted in a slight depletion of
oxygen. In the @lf of Finland no trend can be observed.

Weak negative trends in the specific alkalinity have been found in the
surface waters of the Bornholm Basin, the Eastern Gotland Basin, the
Northern Baltic Proper and the Aland Sea. More evident synptons of a
shift in the carbonate system due to the eutrophication and grow ng
carbon dioxide wuptake are denpnstrated in pH values, i ncreasing
significantly in the euphotic zone of nobst of the investigated areas. The
deep waters showed a constant alkalinity/salinity ratio together with
marked positive trends in the long-term pH variations. Anobng the reasons
for this phenonenon the denitrification process and weat hering of rock
carbonate due to acid rains are nmnentioned.

2.1 | NTRODUCT! ON
S. Fonselius ™ and A Trzosiﬁska1

Oxygen, physically dissolved in the water, is of utnost inportance for
the life in the sea. It originates nmainly from the atnosphere. The oxygen
di ssolves rapidly in water and the surface water is normally saturated
with oxygen. The oxygen of the air is generally in equilibrium with
oxygen dissolved in the uppernost water l|ayers. Rapid tenperature changes
may cause a small under- or oversaturation of the surface water, because
the solubility of oxygen is strongly tenperature dependent. The oxygen
solubility also depends on the salinity of the water, increasing slightly
with decreasing salinity.

The nost inportant factor influencing the oxygen saturation in the
surface water is the primary phytoplankton production during the
vegetative period. The phytopl ankton renoves carbon dioxide from the
wat er during photosynthesis and produces oxygen gas. This causes an
oversaturation of oxygen, which during the spring phytoplankton bl oom may
reach up to 120-140 %. Figure 1 shows the seasonal variations of
di ssol ved oxygen in the surface water at the Gotland Deep, BY 15 (BM
Jl), as nonthly neans from 1964-1987 (Fonselius 1988). The maxi mum of the
pl ankton bl oom which is very seldom covered in the neasurenents, is very
short, only few days and therefore, the few measurements with extrenely
hi gh saturation values may mask the trend. For these reasons oxygen
trends in the surface water have not been included in the assessnent
wor k. One should, as a general rule, assume oxygen saturation or a snall
oversaturation as an annual nean in the surface water.
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Figure 1. Mont hly neans of oxygen saturation values in the surface

water (O-10 m of the Gotland Deep, BY 15 (BMP JI), from
1964 to 1987

In the water below the surface, oxygen is consumed by bacterial oxidation
of dead organic matter. The oxidation nmay be so rapid that the supply of
oxygen through dissolution from the atnosphere cannot conpensate for it.

Therefore, we normally find undersaturation of oxygen in the deeper
layers. In the Baltic Proper the deep water is separated from the surface
| ayer through a permanent hal ocl i ne. Above the halocline, t he
t her nohal i ne convection during the winter renews the water down to the
hal ocl i ne. Therefore, we find seasonal variations of the oxygen
saturation in these layers. Below the halocline the water is effectively
i sol ated from exchange with the surface and the only inportant oxygen
supply occurs through lateral water renewal. Therefore, the deep water
bel ow the halocline is always undersaturated with oxygen. If the water
in the deepest parts becones stagnant for I|onger periods, it may
conpletely loose all its oxygen, especially if the phytoplankton
production in the surface layers of the Baltic Sea is high. When al

oxygen has been exhausted, hydrogen sul phide begins to be forned in the
sedi nent/water interface through bacterial reduction of sul phate ions.
The hydrogen sulphide is chemically dissolved in the water nmainly as HS™
ions and spreads in the anoxic water layers. |In presence of oxygen it
will again react to form sulphate. In this reversible reaction one
sul phi de ion corresponds to two oxygen nol ecul es, which gives the basis
for the concept *'negative oxygen" (Fonselius 1969). Thus "negative
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oxygen” is the anount of oxygen equal to the amount of hydrogen sul phide
produced through reduction of sul phate ions. The sul phate ion contains
4 atons of oxygen which are used for the bacterial oxidation of organic
matter and 1 atom of sulphur which is reduced fTrom %t o -
Miltiplication with 2 of the H,s value expressed in m/l gives the
"negative" 0," in m/l.

A box model of long-term dynam cs of the mass bal ance (Savchuk 1986,
Savchuk et al. 1989), was used to hindcast year-to-year variations of
organic matter, inorganic nitrogen, phosphorus and oxygen in the Baltic
Sea for the 1951-1982 interval. Nunerical experinents let the authors
suggest that the |eading cause of eutrophication of the Baltic Sea is the
i ncrease of anthropogenic |oads of organic matter and nutrients, while
the natural changes cause background year-to-year variations only (see
also Chapter 3. "Nutrients").

Al kalinity of sea water has been shown to be a function of chlorinity
(Buch 1945). This inplies that for consideration of any alkalinity
changes caused by factors other than varying salinity, the normalized
values of "specific alkalinity", expressed as A/cl or A'S ratios, should
be used instead of alkalinity itself. Strong correlations found in sea
wat er between alkalinity, «chlorinity and salinity allows also for
calculation of alkalinity from the latter determnands with an accuracy
which 1is satisfying for npst oceanographic purposes. Theref ore,
al kalinity measurenents are now seldom carried out on a routine basis.
In the GCceanographical Laboratory of the Swedish Meteorol ogical and
Hydrol ogical Institute (SMH), however, the alkalinity of Baltic waters
has been neasured by the same nethod since the 1960s. These |ong data
series from the international deep stations have mainly been used in the
present assessment.

In the Baltic Sea the alkalinity is strongly influenced by the river
wat er di scharges, which contain relatively large anounts of carbonates.
The turnover tinme of the Baltic Sea is approximtely 30-35 years,
l[imting the contribution of oceanic water as an average to around 20 %
in the upper layers and to 33 % in the deeper layers. Riverborne
carbonates increase considerably the A/S ratio in the Baltic Sea, as
conpared with the al nost constant value of 0.068 for the oceans. This
increase is much stronger in the coastal zone than in the open sea and
stronger in the upper isohaline layer than in the deep water. Table 1
shows the nean values of A'S in the surface water and bottom water of the
Gotland Deep, BY 15 (BWMP JI), neasured by different authors between the
1930s and 1980s.

Sim | ar nmean val ues have been found during 1959-1961 for the Southern
Baltic Proper, viz. 0.203, for the surface waters of the Bornhol m Deep
and the Gdarisk Deep, 0.194, for the surface waters of the Arkona Basin
(Trzosifiska 1967). Respective values for the near bottom waters were
0.126 (88 m), 0.138 (106 n) and 0.108 (47 n). The A/S ratios found by
Modziiiska (1974) in the Bay of Gdafisk, affected by the Vistula river,
were 4-5 tinmes higher. For exanple, the nean A/S ratio calculated for the
coastal waters with salinities less than 6 PSU anounted to 0.940.



Table 1. Conparison of A kalinity/Salinity (AS) mean values in the
Gotland Deep, BY 15 (BMP J1) neasured by different authors
from 1927 to 1989.

Aut hor Peri od Surface water Bottom water
Buch (1945) 1927-1935 0.217 0. 144
Zarins and Ozolins (1934) and

Miezis and Qzolins (1940) 1933-1938 0.218 0. 142
Wttig (1940) 1938 0.214 0.138
Korol eff (1954, 1957, 1958) 1954- 1956 0.199 0.128
Board of Fisheries, Sweden 1958- 1961 0. 203 0.142
(I CES 1966)

Nehring and Rohde (1967) 1965 0. 206 0.134
Kreming (1969, 1970, 1972) 1966- 1970 0.219 0. 143
DDR 1IBY (I CES 1975) 1969 0. 205 0.141
Pol and 1BY (I CES 1975) 1969 0. 206 0. 146
Finl and 1BY (I CES 1975) 1969 0. 206 0.141
Denmar k IBY (I CES 1975) 1969 (0.234) 0.141
SWVH COceanogr. Laboratory 1964-1987 0. 206 0. 142
(SWH _data base 1989)

Mean val ue 1927-1987 0. 2090 0. 1402
St andard devi ati on 0. 0068 0. 0049

All authors with the exception of Kremling (1969) used back titration
techniques (e.g. Gipenberg 1936) and therefore the precision should be
al nost equal. Kreming used the pH method by Anderson and Robi nson
(1946). It has to be pointed out that the results by Koroleff which
differ considerably fromthe other results, consist of only 3 surface
values and 4 deep values taken in the years after the salt inflow in
1951, when the salinity in the Gotland Deep was still above 13.2 PSU.
Kreming' s results consist of 6 surface and 7 deep values. Also the | ow
deep values by Nehring and Rohde are due to a salt inflow with salinities
around 13 PSU. These values coincide very well-with Swedish neasurenents
one nonth earlier. The Danish IBY surface value of 0.234 is surprisingly
high and difficult to explain.

The pH of sea water is together with the alkalinity mainly used for
calculating the total carbon dioxide of the water at primary production
studies. The pH increases during vegetative periods due to uptake of
carbon dioxide by the phytoplankton. This effect is nmuch larger than the
tenmperature effect, which decreases the pH with rising tenperature due
to increasing hydrogen ion activity (Buch and Nynds 1939). The salinity
of the water decreases the hydrogen ion activity and therefore increases
the pH. This effect is also very small. Table 2 shows mean annual
variations of pH in the Southern Baltic Sea.
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Table 2. Long-term variations of pH in the southern Baltic Sea
(Trzosifiska 1990).

Mean trend coeff.

Reui on, station Peri od Season Dept h _(m) pH units/a

Bor nhol m Deep 1969-1986  warm o- 20 0.011%

BY 5 (BWP K2) 1969-1986  cold o- 50 -0.006
1969-1986  year 60~ 90 0.001

Eastern Gotland Basin 1969-1986  warm o- 20 0.012%

BCS-111 10 (BMP K1) 1969-1986  cold 0- 60 0. 000
1969-1987  year 70- 90 0.018P

Gdansk Deep 1969-1986  warm o- 20 0.027°

P 1 (BW L1) 1979-1986  col d o- 70 0.001
1979-1987  year 80- 108 0.024%

Probability of error, Student's t-test:a c 10 %, b <1 %

Figure 2 shows the seasonal variations of pH in the surface water of the
Gotland Deep, BY 15 (BWMP Jl1). The summer periods show a maxi num because
carbon dioxide is renoved from the water through the phytopl ankton
assimlation. This raises the pH of the water. The reasons for variations
in the deep water should be closer investigated.
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Figure 2. Mont hly means of pH values in the surface water (O 10 m
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Deep, BY 15 (BWP JI), from 1964 to 1987.
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have been carried out by

Laboratory of SMHI). The

tenperature correction at the calculation of the pH was changed around
1972 (G eskes 1969). This may have influenced the results to sone extent.
This has to be checked closer (Fonselius 1988).

BWP and national data have been used to assess regional conditions. Trend
coefficients were cal cul ated by nmeans of the linear regression nethod.

The statistical
according to Student's t-test.

significance of the calculated results was tested
Probability levels equal to or higher

than 0.95 were considered as statistically significant. Insignificant
trend coefficients are shown, if necessary, in brackets.

2.2 REG ONAL ASSESSMENT OF OXYGEN CONDITIONS

2.2.1 The Kattegat, the Sound and the Belt Sea

G.

Ertebjerg”, S Fonselius4, H P. Hansen', D Kérner®

and H

Rumohr

Mont hly means of oxygen in m/l from 60 m bottom have been plotted from
the station Fladen (BWMP R6) from 1965-1988 (Fig. 3). A weak negative
trend can be seen in the deep water for this period (Table 3). For the
last five years, however, the negative trend is stronger.

Table 3. Long-term trends of nonthly mean values of oxygen and
negative oxygen concentrations in the Baltic Sea.
Area Peri od Dept h Mean trend Overal |
or coefficient trend
station m m /I m /|
per year
FI aden 1965- 1988 60- bott om (-0.02) (-0.48)
Landskrona Deep 1965- 1988 45-bottom (-0.003) (-0.06)
Arkona Deep 1965- 1988 45-bottom (-0.04) (-0.96)
Bor nhol m Deep 1965- 1988 80- bott om -0.06 -1.52
BY 8 By 9 1965- 1988 90-bottom (-0.007) (-0.16)
Gotland Deep 1965- 1988 100 +0.04 +0.96
Gotland Deep 1965- 1988 200- bott om -0.13 -3.04
Gdai i sk Deep 1960- 1988 80 +0.055 +1.60
Gdai i sk Deep 1960- 1988 101-108 -0.052 -1.51
By 27,28,29 1965- 1988 125-bottom (-0.003) (-0.06)
Landsort Deep 1965- 1988 200- 300 +0.01 +0.24
Landsort Deep 1965- 1988 400- bott om ( 0.00) { 0.00)
BY 34,35,36 1965- 1988 90-bottom +0.05 +1.12
Aland Sea 1965-1988 200- bot t om (+0.01) (+0.24)
Bot hni an Sea 1965- 1988 100-bottom -0.03 -0.72
Bot hni an  Bay 1965- 1988 70- bottom (-0.01) (-0.24)
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Figure 3. Long-term trends of monthly means of oxygen values (mlI/I)
in the bottom water (60 m to bottom) of the station Fladen
(BMP R6) in the Kattegat from 1965 to 1988.
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Long-term trends of monthly means of oxygen values (ml/1)
in the bottom water (45 m to bottom)

Deep, station 431 (BMP Q2) in the Sound from 1965 to 1988.

of the Landskrona
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In the Sound no clear trend for the whole period can be detected (Fig.
4). The figure shows nonthly means of oxygen in m /Il at the Landskrona
Deep (BWMP Q2) from 45 mbottom from 1965-1988 (Table 3). Also here a
negative trend can be seen for the last five years.

Low oxygen concentrations have often been observed in the 1980s in the
southern Kattegat, the Sound, the Belts and the Belt Sea, especially in
the years 1981, 1983, 1985, 1986 and 1988. However, total oxygen-free
wat er or hydrogen sul phide in the water has not been observed in the
Kattegat, the Sound or the Geat Belt. Sulphur bacteria on the sedinment
surface have been observed in a few mnor areas of the Kattegat in 1988,
and hydrogen sul phide was found in the water below the pycnocline in the
Kiel Bay, the Fehmarnbelt and the Bay of Mecklenburg in Septenber 1981,
and in the Kiel Fjord in October 1986.

In the southern Kattegat the hitherto nobst serious oxygen deficiency was
observed in the autum 1988 with oxygen concentrations below 3 m/l for
nore than 2 nmonths (Fig. 5), and often below 1 m/I. The effect was that
fish caught in nets and nany bottom invertebrates died. Anmobng these the
popul ati on of Nephrops norvegicus was seriously harned.

A statistical nodel analysis of all oxygen data from the period 1974~
1987 and the depths 20 mbottom fromthe stations Hal sskov Rev in the
Geat Belt, the Landskrona Deep in the Sound and Gniben and Anholt East
in the Kattegat shows equal seasonal variations and devel opment with
time. Therefore, all the observations were pooled. The analysis shows in
general (Fig. 6) that the autum oxygen m nimum has gradually becone
lower, and that another oxygen minimumin the spring, after the spring
phyt opl ankt on bl oom has gradually devel oped during the period 1974-
1987.

Al t hough the oxygen concentrations during the spring oxygen m ninum
generally are nmuch higher than during the autumm oxygen m nimum the
spring mnimm has caused the death of fish caught in nets along the
northern coast of Zealand in 1987 and 1988.

Total lack of oxygen has been observed in the bottom waters of some parts
of the Kiel Bay occasionally during the last 100 years. However, zero
oxygen concentration in two consequent years was reported only once
before World War Il and again for 1969 to 1971. The last decade (1979 to
1989) is characterized by a significant negative trend in the oxygen
concentrations in the bottom water during the autum m ni mum (August-
Septenber; 25 mto bottom trend coefficient -0.12 nm/| per year). The
negative trend in oxygen concentrations (Fig. 7) is confirmed by a
corresponding negative trend in pH (see Fig. 29). GCbservations of
hydrogen sul phide fornation have been reported nore frequently for nost
of the Kiel Bay stations during the |ast decade.
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Figure 5. Map of Kattegat, Belt Sea and Arkona Sea showing areas with
oxygen depletion in the fall 1988. Shaded areas had oxygen
concentrations below 3 m/I. Crosses show places with dead
bottom ani mal s washed ashore 12-13 Cctober 1988.
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Figure 6. Model 1ing of the devel opnent of the oxygen conditions
(m /1) in the bottom water of the northern Sound, the
southern Kattegat and the Geat Belt during the period
1974-1987.
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Figure 7. Long-term trends of oxygen concentrations (m/l) in the
bottom water (25 mto bottom) of the Kiel Bay during the
oxygen autumm mni mum (August-Septenber) from 1979 to 1990.

2.2.2 The Baltic Proper

Arkona Basin
S. Fonselius

In the deep water the variations of the oxygen concentrations are |arge
due to the fact that the halocline is |ocated very close to the bottom
and that therefore many of the sanples have been taken above the
hal ocl i ne; considerable seasonal variations also influence the results.
A decrease in oxygen concentrations, however, seens to occur in the deep
water of the Arkona Basin, BY 2 (BMP K4), from 1965-1988 (Fig. 8), but
the overall trend (Table 3) as well as the sub-trend for 1977-1988 (Table
4) are not significant. For the last 5 years the negative trend is clear.
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Table 4. Characteristic changes in oxygen conditions (Matthdus
1990) .
Area or Peri od Depth Mean trend coeff. COverall trend
station years m m /1 per year ml/1
Ar kona Basi n 1977-1988 45 not signific. not signific.
Bornhol m Basin 1977-1988 80 -0. 149 -1.8
Gotland Deep BY 15 1977- Apr.1982 100 -0. 306 -1.6
" " " Nov. 1983-1988 100 - 0 406 - 2 0
" " " 1977- 1988 200 -0. 404 -4.7
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Figure 8. Long-term trends of nmonthly means of

oxygen values (m/l)
in the bottomwater (45 mto botton) of the Arkona Deep,
BY 2 (BW K4) from 1965 to 1988.
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Bornholm Basin
S. Fonselius and D. Nehring7

In the Bornholm Basin clear inflows of oxygen rich water can be seen with
intervals of about 2-4 years. Hydrogen sulphide is occasionally formed
in the bottom water (Fonselius 1984). The graph shows monthly mean values
of oxygen and hydrogen sulphide (hegative oxygen) at 80 m-bottom from
1965-1988 as means for the stations BY 4 and BY 5 (BMP K2). The
occurrence of hydrogen sulphide has become more frequent during recent
years. A clear negative trend can be seen for the period (Fig. 9), which
amounts to -1.8 ml/l between 1977 and 1988 (cf. Table 4). The more
negative trend for the last 5 years exists also here (see also Table 3).

Eastern Gotlamd Basin

S. Fonselius®™ and W. Matthaus7
Figure 10 shows the conditions 1965-1988 in the southern part of the
basin at the stations BY 8 and BY 9 from 90 m to the bottom. No
significant trend can be found (Table 3). For shorter periods there are
clear trends indicating inflows of new water. For the five last years
there is a very clear negative trend. Figure 11 shows the development in
the Gotland Deep, BY 15 (BMP Jl), during the same period from 200 m to
the bottom (see also Tables 3 and 4). Also here several inflows of new
water can be found. The trend shows a significant decrease in oxygen
content during the whole period and almost stable anoxic conditions
during the last 5 years (1984-1988). The Gotland Deep is located in a
semi-stagnant basin, where the bottom water 1is irregularly renewed
through horizontal exchange along the bottom. The water renewals can be
seen as maxima in the oxygen concentration in the figure. We can see that
the last major inflow which was significant for the Gotland Deep water
renewal, occurred at the beginning of 1977 and that since then the bottom
water slowly lost its oxygen, forming hydrogen sulphide (Matthaus 1986,
1987, Fonselius 1988). One of the reasons for the long-stagnation period
after 1977 seems to be the inflow in January 1977 described by Fonselius
(1977), which raised the temperature to more than 7°c and the salinity
to more than 13 PSU below 200 m. The saline water inflows at the turn of
1982-1983 and in the spring of 1986 (see Chapter 1 "Hydrography')
affected the intermediate layers only. This can be seen in Figure 12
where the oxygen trend below the halocline at around 100 m is shown. The
trend is clearly positive (Table 3) and the above-mentioned inflows can
be seen as maxima in the oxygen concentration. The reason for the
positive trend can be the increased advection of oxygen-rich water in
intermediate depths. It seems, however, to be more probable that the
vertical exchange across the primary halocline has increased due to the
decreased stability of the stratification and the significant shifting
of the halocline centre to greater depths (Matthaus 1990). For the
separate periods of the current stagnation negative sub-trends could be
found in the intermediate waters (Table 4; Fig. 12).

The stagnation period iIn the Eastern Gotland Basin started with the
highest temperatures ever recorded in the bottom water (> 7°c) and led
to the formation of the highest concentrations of hydrogen sulphide (>
3 mg/l) ever measured at the 200 m level of the Gotland Deep, BY 15 (BMP
J1l)y. Compared to earlier extreme periods (cf. Matthaus 1986, 1987) the
current stagnation period caused the greatest decreases iIn oxygen
concentrations which ever have been observed since the beginning of
oceanological observations in the Baltic Sea (Matthaus 1990).
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Figure 9. Long-term trends of nonthly neans of oxygen values (m/l)
in the bottomwater (80 mto bottom of the Bornhol m Basin
from 1965 to 1988. Mean val ues of the stations BY 4 and BY
5 (BWP K2) have been used.
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Fi gure 10.

Long-term trends of monthly neans of oxygen values (m/l)
in the bottom water (90 mto botton) in the southern part
of the Eastern Gotland Basin from 1965 to 1988. Mean val ues
of stations BY 8 and BY 9 have been used.
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Figure 11. Long-term trends of monthly means of oxygen and negative
oxygen values (m/l) in the bottom water (200 m to botton
of the Gotland Deep, BY 15 (BMP Jl), from 1965 to 1988.
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Figure 12. Long-term trends of nonthly neans of oxygen values (m/l)

in the intermediate water (95-100 n) of the Gotland Deep,

BY 15 (BwW JI), from 1965 to 1988.
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Gdafisk Basin
B. cyberska

The Gdansk Basin is a sub-basin of the Eastern Gotland Basin. In the deep
| ayers of the CGdaiisk Deep, Station P 1 (BMP Ll1), the overall negative
trend in the oxygen concentration during 1960-1988 is in good agreement
with the results of the period 1960-1983 (Cyberska and Trzosiiiska 1984).

In the near-bottom water (100-108 m) the rate of oxygen depletion was
approximately 0.05 m /| per year or 0.4 % of saturation per year during
the last three decades (Tables 3 and 5). Due to the advection of oxygen-
rich water after the 1975/1976 oceanic inflow, this 30 year period can
be subdivided into two periods of different rates of oxygen depletion
(Fig. 13 a). During the present prolonged stagnation the oxygen depletion
rate has considerably accelerated (0.14 m /| per year). Later inflows in
1977, 1982/83 and 1986 affected the bottom waters of the CGdaiisk Deep to
a nuch smaller extent, although their influence can be traced there as
peaks in the oxygen concentration values, as disappearance of hydrogen
sul phide during 1983-1986, and as a significant correlation between
salinity and oxygen concentrations. Hydrogen sul phide appeared there
again in the last three years (1987-1989) in very high concentrations,

up to 45 umol/1 (1.5 mg/l). In 1989 the hydrogen sul phide-containing
wat er al so penetrated into the central part of the Bay of Gdansk.

Contrary to the near-bottom water, the intermediate |ayers of the Cdaiisk
Deep showed a highly significant positive oxygen trend during the past
three decades (Fig. 13 b, Tables 3 and 5), with the negative sub-trends
marked during the inter-inflow periods. For explanation of this positive
trend, also observed in the Gotland Deep, see paragraph on the eastern
Gotland Basin.

ml/l Oxygen 100 - 108m mi/l Oxygen

10

80m

Figure 13 a. Oxygen and negative oxygen values (m/l) in the bottom
wat er (101-108 m) of the cdarfisk Basin at the station P 1
(BVMP 1) from 1960 to 1989
b. Oxygen values (m/1) in the intermediate water (80 m depth)

of the CGdaiisk Basin at the station P 1 (BWP L1) from 1960
to 1989.
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Tabl e 5. Characteristic changes in the oxygen conditions in the
Gdahsk Deep, P 1 (BMP L1).
Peri od Depth (m Mean trend coeff. Overall trend
(m/1 per year) (m /1)
1960- 1988 80 0. 055 1.60
1960- 1975 80 -0.099 -1.48
1976- 1981 80 -0. 649 -3.89
1982-1988 80 (-0.122) (-0.85)
1960- 1988 101- 108 -0. 052 -1.51
1960- 1975 101- 108 -0. 064 -1.02
1976- 1988 101- 108 -0. 143 -1.86
Oxygen ml/i
7- - above 15m
6« - e .
5-
8 20-30m
... .7
. .
5-1 .
3 LI I DL l LI | LI B S R LR L | p——
1965 1970 1975 1980 1985
Figure 14. Long-term variations of oxygen concentrations (m/l) in

different water layers of the @ulf of Riga in August from
1963 to 1987.
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Gulf of Riga
V. Berzins

Long-term variations of the oxygen concentrations in the near-bottom
water layer in the central part of the Gulf of Riga show significant
negative trends. During the last 24 years (1963-1986) the mean decrease
in sumrer (August) anmounted to about 0.07 nml/I per year. The rate of
decrease oscillated, however, wth a period of 2-7 years, due to
periodi cal changes in the density stratification, connected with the
inflows of nore saline Baltic water (Fig. 14).

Northern Baltic Proper
S. Fonselius

The Landsort Deep, BY 31 (BMP H3), is representing the Northern Baltic
Proper (Fig. 15). The figure shows the oxygen trend from 1965-1988 from
400 mto the bottom No clear trend can be found for the period. During
the last five years the conditions, however, have inproved. The water
inflows at intermediate depths seem to have penetrated down into the
Landsort Deep (Table 3). Figure 16 shows nonthly means of mean values for
the stations BY 27, BY 28 (BWMP H2) and BY 29 from 125 m bottom during
the sane period (Table 3). No trend can be found, with exception for the
last 5 years, which show a weak but significant negative trend.

West ern Gotland Basin
S. Fonseli‘us

For this basin the stations BY 34, BY 35 and BY 36 have been used. Figure
17 shows mean val ues of these stations from 1965-1988 from 90 mto the
bottom A positive highly significant trend can be seen here, due to the
previously discussed inflow of water at intermediate |evels (Table 3).
The density of the bottom water is here |ow enough for this water to
penetrate down to the bottom

2.2.3 Gulf of Finland
M. Perttilda

Oxygen developnment in the @lf of Finland depends partly on the
devel opment in the Baltic Proper due to lack of a sill between the Baltic
Proper and the @lf of Finland. In the water layer from 50 m down to the
bottom no significant trends can, however, yet be seen. Most of the BMW
data has been collected at the station LL 7 (BMP F3), where the
hal ocline, wusually observed at single CID casts, is very variable and
thus its effects on salinity and therefore also on oxygen concentrations
are obscured in the long-term scatter plot of oxygen vs. tine (Fig. 18).

No consi stent oxygen depl etion has, however, been observed in the Gulf
of Finland during the period of inspection.

2.2.4 @l f of Bothnie
S. Fonselius
hand Sea

No significant trend can be found at the station F 64 (BMP D1) (Table
3).
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Figure 15. Long-termtrends of nmonthly neans of oxygen and negative
oxygen values (m/l) in the bottom water (400 m to botton)
of the Landsort Deep, BY 31 (BWP H3) from 1965 to 1988.
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Figure 16. Long-termtrends of nonthly neans of oxygen and negative

oxygen values (m/l) in the bottom water (125 m to botton
of the eastern part of the Northern Baltic Proper from
1965 to 1988. Mean values of the stations BY 27, BY 28
(BMP H2) and BY 29 have been used.
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Figure 19. Long-term trends of nonthly means of oxygen values (m/l)
in the bottom water (100 m to bottom) of the Bothnian Sea
from 1965 to 1988. Mean val ues of all deep stations have
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Figure 20. Long-term trends of nonthly means of oxygen values (m/l)

in the bottomwater (70 mto botton) of the Bothnian Bay
from 1965 to 1988. Mean values of all deep stations have
been used.



90

Bot hni an Sea

Figure 19 shows the oxygen conditions in this basin from 1965-1988 as
means of several representative stations from 100 mbottom The trend is
clearly negative during the period (Table 3). The last five years show
a larger decrease of the oxygen concentrations.

Bot hni an Bay

Figure 20 has also been drawn using nean values from several
representative stations showi ng the oxygen concentration from 70 m-
bottom 1965-1988. The nunber of observations from single stations is too
small, especially during the 1960s for obtaining reliable results. No
significant trend can be found (Table 3). The large supply of fresh water
and the weak stratification of the water prevents the basin from
devel oping signs of stagnation.

2.3 REG ONAL ASSESSMENT OF THE ALKALINITY

S. Fonselius

For the assessment A/S relations without the constant term have been
used. Annual nean val ues have been calculated for all stations.

2.3.1 The Uattegat and the Sound

Annual neans of A/S at the Kattegat station Fladen (BMP R6) from 1965-
1988 for the surface water (O-10 nm) and the deep water (50 m - bottom
have been conmputed. No significant trends can be found, even if there are
i ndi cations of a weak negative trend in the surface water during the |ast
5 years (Table 6).

In the Sound (Landskrona Deep, Station 431; BMP @2) the surface val ues
are very scattered, but long-term negative trends can be found in the
surface water and in the bottom water. The reason for the scattering in
the surface water is obviously the strong influence from river discharge
with a high alkalinity. The trends are not significant (Fig. 21 and Table
6). For the last 5 years (1984-1988) very weak positive insignificant
trends can be detected.

2.3.2 The Baltic Proper
Arkona Basin

Negative trends could be found both in the surface water and in the deep
water at the station BY 2 (BWMP K4) (Table 6), but these are not
significant.

Bornholm Basin
In the Bornhol m Basin, nean of stations BY 4 and BY 5 (BWP K2) has been

calculated. A weak negative trend could be detected at O-10 m but bel ow
80 mno trend could be found (Table 6).



921

Table 6. Long-term trends of annual means of specific alkalinity
(A'S) in the Baltic Sea.

Ar ea Peri od Dept h Mean trend Overal |
or coefficient trend
station m A'S wunits/a A/'S units
Fl aden 1965-1988 010 (-0.0001) (-0.002)
Fl aden 1965-1988 60-bottom (-0.0002) (-0.004)
Landskr ona Deep 1965-1988 o 10 (-0.0005) (-0.012)
Landskrona Deep 1965- 1988 45-bottom (-0.0003) (-0.008)
Arkona Deep 1965- 1988 o 10 (-0.00025) (-0.006)
Arkona Deep 1965- 1988 45-bottom (-0.00025) (-0.006)
Bor nhol m Deep 1965- 1988 o 10 (-0.00025) (-0.006)
Bor nhol m Deep 1965- 1988 80-bottom ( 0.0000) ( 0.000)
BY 8 BY 9 1965- 1988 o 10 -0. 0005 -0.012
BY 8, BY 9 1965- 1988 90-bottom ( 0.0000) ( 0.000)
Gotland Deep 1965- 1988 o 10 -0.0003 -0.008
Gotland Deep 1965- 1988 200-bottom ( 0.0000) ( 0.000)
BY 27, 28, 29 1965- 1988 o 10 (-0.00025) (-0.006)
BY 27, 28, 29 1965-1988 125-bottom +0.0003 +0.008
Landsort Deep 1965-1988 o 10 (-0.0002) (-0.004)
Landsort Deep 1965- 1988 400-bottom (+0.00025) (+0.006)
BY 34, 35, 36 1965- 1988 o 10 -0. 0005 -0.012
BY 34, 35, 36 1965- 1988 90-bottom (+0.0003) (+0.008)
Aland Sea 1965- 1988 0O 10 (+0.0002) (+0.004)
Aland Sea 1965- 1988 200- bott om ( 0.000) ( 0.000)
Bot hni an Sea 1965-1988 o 10 (-0.0003) (-0.008)
Bot hni an Sea 1965- 1988 100-bottom { 0.0000) ( 0.000)
Bot hni an Bay 1965-1988 o 10 (-0.0004) (-0.010)
Bot hni an Bay 1965-1988 70-bottom ( 0.0000) ( 0.000)

Eastern Gotland Basin

Here results from the Gotland Deep BY 15 (BMP J1) only will be used
because the results from the stations BY 8 and BY 9 are very sinmlar
(Table 6). Figure 22 shows monthly means for A/S in the surface water (0-
10 m and the deep water (200 m - botton) from 1965-1988. Only in the
surface water a very weak but significant negative trend can be seen. For
the last 5 years both levels show a positive trend.

Northern Baltic Proper

The Landsort Deep, BY 31 (BMP H3), is representative for the Northern
Baltic Proper. Figure 23 shows the annual nmeans of A/S at O-10 m and from
200 m - bottom at the Landsort Deep. Also here the trend is negative in
the surface water, but we nmay see a weak positive trend in the deep
wat er. The nmean of the stations BY 27, BY 28 (BMP H2) and BY 29 show a
simlar result (Table 6). The only significant trend was found in the
deep water of BY 27, 28 and 29.
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Figure 21, Long-term trends of annual nmeans of A/S in the surface
water (G-10 m and the bottom water (40 mto botton) of the
Landskrona Deep (BMP @Q2) from 1970 to 1988.
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Fi gure 22. Long-term trends of annual nmeans of A/S in the surface

water (O-10 m) and the bottom water
the Gotland Deep,

(200 mto bottom of
By 15 (BWP Jij from 1965 to 1988.

















































































































































































































































































































































































































































































































































































































































































































































































































































































