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1

P R E F A C E

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 five 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. 17A 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 first 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 from
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 35B (1990)
Second Periodic Assessment of the State of the Marine Environment of the
Baltic Sea, 1984-1988 ; Background Document

INTRODUCTION

S. A. Gerlach (Editor, Chairman of GESPA)
Institut fiir Meereskunde an der Universitgt Kiel
Diiaternbrooker Weg 20
D-2300 Kiel, Federal Republic of Germany

Scientists from the seven countries bordering the Baltic Sea worked
together in the "Ad hoc Group of Experts for the Preparation of the
Second Periodic Assessment" (GESPA) of the Helsinki Commission and
compiled data from the monitoring period 1984-1988. They evaluated the
actual levels and concentrations measured and indicated trends in
comparison with the previous assessment period 1979-1983 and with older
data, referring to meteorology and hydrography, oxygen conditions and
nutrients concentrations, phytoplankton, zooplankton, zoobenthos, fish
and micro-organisms, and heavy metals and organic contaminants in sea
water and biota. Results and conclusions are presented in the respective
chapters of the volume. The executive summary contained in the Baltic Sea
Environment Proceedings No. 35A (1990) "Second Periodic Assessment of the
State of the Marine Environment of the Baltic Sea, 1984-1988; General
Conclusions", agreed by the conveners, co-conveners and experts involved
in the preparation of the Second Periodic Assessment at their last
meeting in April 1990, is contained in this introduction under paragraph
5.

1. The Baseline Assessment 1980

In 1978 the Interim Helsinki Commission asked for an assessment of
existing data on the pollution of the Baltic Sea. Under the editorship
of Terttu Melvasalo who was assisted by co-editors Janet Pawlak, Klaus
Grasshoff, Lars Thorell and Alla Tsiban, about 30 experts from the seven
Baltic countries worked out the "Assessment of the Effects of Pollution
on the Natural Resources of the Baltic Sea, 1980 (Melvasalo et al.,
1981).

Topics treated in chapters were
Physical parameters
Dissolved gases
Nutrients
Harmful substances
Biological parameters.

Information was given on
Relevance of methods
Gaps in knowledge
Trends
Differences in sub-areas
Inter-relationships with other processes
Inputs to the Baltic Sea
Effect of human activities
Degree of pollution.
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BY "assessment" the Helsinki Commission meant an evaluation or judgement
of the conditions and quality of the environment and its living
organisms. The 1980 assessment was meant as a "baseline assessment" from
where future trends should be determined in subsequent assessments which
could make use of data from the Baltic Monitoring Programme. The 1980
assessment, including a bathymetric chart of the Baltic Sea, is still a
valuable overview of the conditions in the Baltic. In the same year the
book "The Baltic Sea" by A. Voipio (1981) appeared with additional
comprehensive information.

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

Guidelines for the first stage of the Baltic Monitoring Programme were
issued on August 25, 1980. However, already in 1979 the Baltic Monitoring
Programme started, and not later than 1981 the Helsinki Commission
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 Assessment of the State of the Marine Environment of
the Baltic Sea Area, 1980-1985". The general conclusions appeared in
1986, the background document in 1987 (Baltic Marine Environment
Protection Commission 1986; 1987 a).

Chapters, reflecting the sub-divisions of the guidelines, were
Hydrography
Nutrients
Harmful substances
Pelagic biology
Zoobenthos
Microbiology.

The GEA evaluated the results of the Baltic Monitoring 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 writing
the respective chapters, the conveners and experts of the sub-groups had
considerable freedom. Chapters of the background document were issued
under the names of those scientists who wrote the chapters. In spite of
many shortcomings in the initial phase of the Baltic Monitoring
Programme, the First Periodic Assessment is a unique example how
monitoring should be done: it must be followed by an assessment of the
monitoring data organized as rigid as the monitoring itself. The results
of the assessment are meant to improve the quality of the next monitoring
period, they point to deficiencies of knowledge 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.
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3. C3eneral  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 cadmium, 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
water which by nature has higher concentrations of some heavy metals
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 from the offshore Baltic were likewise not
significantly higher than in fish from the 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 metabolites) in eggs of sea birds and in
herring from the Baltic Sea were in 1979-1983 still higher compared with
data from the North Sea, however, there had been a ten-fold reduction of
concentrations achieved between 1970 and 1980. With regard to mercury
and DDT, by 1979 environmental protection measures have been effective.
PCB concentrations, however, seemed to be still rather high in 1983. Very
little was known regarding other organic contaminants.

Oxygen is transported to the deep basins of the'Baltic Sea with episodic
salt water inflows which occur during autumn to spring. The last major
inflow to the Baltic Proper was observed at the Darss Sill in autumn
1976. Following this oxygen supply, many previously anoxic deep areas
were recolonised by some 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 sulphide developed and killed all zoobenthos. A small 1979/1980
inflow permitted macrofauna populations to increase temporarily only in
the deeps of the Southern Baltic Proper. By 1983, the oxygen conditions
had again deteriorated to the poor situation prevailing before the
1975/1976 inflow. 1981 was the turning point to bad late summer oxygen
situations in the Southern Kattegat, in Little Belt, in Kiel Bay and in
the Bay of Mecklenburg, documented by the die-off of macrozoobenthos in
many sub-pycnocline waters.

Unfortunately, oceanographers cannot measure well enough the water
transport through the Sound and through Great Belt and Little Belt. There
are methodological problems with current measurements in the complicated
system characterised by complex water movements back and forth and by
successive entrainment of ingoing water into the outgoing water mass.
Therefore, oceanographers in 1986 could not make good calculations 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
summer situations, when the inflow is driven by the estuarine circulation
(Falkenmark 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 harmful 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,OO km2, an area four times larger than the Baltic Sea itself
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(390,000 km2 without the Kattegat; Fig. 1, Table 1). T;e seven major
rivers together (Table 2) contributed in 1981 with 211 km about half of
the 439 km3 of freshwater which was the mean annual discharge in the
period 1951 to 1970 to the Baltic Sea (Kattegat excluded, Table 1).

Figure 1. Sub-regions and catchment area (drainage basin) of the
Baltic Sea. Catchment area from Mikulski (1986), sub-
regions according to Baltic Marine Environment Protection
Commission (1988):

A Bothnian Bay
B Quark
C Bothnian Sea
D Aland  Sea
E Archipelago Sea
F Gulf of Finland
G Gulf of Riga
H Northern Baltic Proper
I Western Gotland  Basin

J Eastern Gotland Basin
K Southern Baltic Proper
L Bay of Gdansk
M Bay of Mecklenburg
N Kiel Bay
0 Little Belt
P Great Belt
Q Sound
R Kattegat
S Skagerrak
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Table 1. 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. (19891, about 970 000
additional inhabitants of Czechoslovakia drain into the
Baltic Proper.

Sub-region Sea area Volume Country Catchment Flow Population
km=

Bothnian Bay 36 260
(incl. Quark)
Bothnian Sea 79 256
(incl. Aland Sea)
Archipelago Sea incl.

km3

1 500

4 889

incl.

Total Gulf of about
Bothnia 115 517 6 370

Gulf of Finland 29 600 1 100

Gulf of Riga 13 839

Total Gulfs of
Finland and Riga 43 439

408

1 508 541 550

Baltic Proper

Total 211 096 13 045

Belts and
Western Bays 18 273 262

Sound 1 848 25

Total Sound
and Belts 20 121 287

Kattegat

Total 22 387 421

Total Baltic Sea 412 560 21 631

FI 146 000 50 241 000
SE 131 000 55 472 000
FI 39 000 11 430 000
SE 180 000 74 1 045 000
FI 9 000 2.6 240 000

505 000

FI
su
su

50 000
374 000
117 550

193 2 428 000

11 1 961 000
100 10 000 000
27 4 000 000

su
PL
SE
DK
DD

114 820
312 000
72 000
1 068

15 980
515 868

138 16 000 000

31 5 500 000
51 32 800 000
17 4 244 000

78 000
906 000

100 44 000 000

DD 10 191 1 060 000
DE 5 450 1 100 000
DK 10 000 1 600 000
DK 1 900 1 682 000
SE 2 500 724 000

30 041

DK
SE

7 000
70 000
77 000

8 6 166 000

465 000
2 200 000

29 2 665 000

468 71 000 000

_
area lun'

1 669 459

km3/y  -
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Table 2. Fresh water discharge 1981 of the seven major Baltic
rivers. From United Nations Statistical Commission (1987).

River

Neva 281 000
Vistula (Wisla) 194 424
Kemi (Kemijoki) 51 400
Daugava 87 900
Neman 92 200
Oder (Odra) 118 861
Kymi (Kymijoki) 37 235

Catchment
area km2

River Flow
m3/s km3/year

2 463 77.7
1 040 32.8

739 23.3
688 21.7
674 21.3
560 17.7
517 16.3

The amount of freshwater delivered to the Baltic Sea from rivers varies
from year 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 loads of nutrients and other substances from land and from the
atmosphere to the Baltic Sea have been estimated by the Helsinki
Commission according to data which are not strictly comparable and are
partly incomplete so that the First Pollution Load Compilation must be
interpreted with great care (Baltic Marine Environment Protection
Commission 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 from land: from Baltic Marine
Environment Protection Commission (1987 b). Input 1986
from atmosphere: from Areskoug 1989.

Contaminant Input from land Atmospheric input
t/year t/year

Degradeable organic
matter (BOD equivalent) 1 640 000
Total phosphorus 48 500
Total nitrogen 530 000 270-630 000
Cadmium 59 35
Copper 4 200 470
Lead ? 1 560
Zinc 8 900 3 400
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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 in the deep water is insufficient oxygen import, the lack of
inflows of salt-rich water from the Skagerrak.

The main finding 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, into 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 w*ter

echanical  treatment:
sedimentation

oclins  impedes

iological  treatment:
minerelizstian of organic matte1

eporition of sewage sludge (mud1

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
A8sessment"  (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 seguence  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 made in the open Baltic
Sea and, consequently, the statements do not reflect findings in coastal
areas, which will be assessed separately. In addition, a specific
assessment on the state of Baltic sediments is in the final stage of
preparation under the International Council for the Exploration of the
Sea (ICES), which also prepares assessments on the state of Baltic seals
on a regular basis. Furthermore, the document only occasionally covers
information on the health of fish, birds and marine mammals.

Due to the ban in the use of some harmful substances, positive changes
were observed; DDT and PCB concentrations in biota have decreased since
the 1970s and are now on a lower and steady level, although comparable
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 still
continuing. Concentrations of organochlorine residues in fish from the
Baltic Proper are still 3 to 10 times higher than in fish from around the
Shetland Islands. Among the "new contaminants", there has been an
increasing number of organic substances identified which are potentially
harmful to the environment.

Trace element 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. Compared with actual
background levels, elevated mercury concentrations were only found in the
Sound and in the southern Bothnian Sea. For the latter area, however, a
considerable decrease of the concentrations could be identified during
recent years.

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

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

Meteorological conditions during the period 1984-1988 are characterised
as variable: three unusually cold winters (1984/85  to 1986/87)  with 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 major inflows of
highly saline water from the North Sea during the last 13 years. Further-
more, temperature 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 most serious stagnation intervals
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recorded during this century. This has caused
in the deep layers that have been observed
oceanographic observations in the Baltic Sea.

the most extreme changes
since the beginning of

The area with insufficient oxygen conditions for macrofauna (about 70 000
km2 with less than 2ml/l  oxygen in bottom water) has fluctuated in extent
from year to year, but has not increased for 25 years in the Central
Baltic Sea and the Gulf of Finland. However, due to the long stagnation
period, the oxygen concentrations in the deeps of the Baltic Sea have
continuously decreased and hydrogen sulphide concentrations in the
deepest areas of the Eastern Gotland Basin are now the highest ever
measured. Due to decreasing salinity and consequent lowering of the
halocline associated with increased vertical exchange, oxygen has
penetrated more deeply into the intermediate layers, at about 90-100 m
in some areas, and has improved 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 level
that the increasing biological production and its subsequent sedimen-
tation, followed by the microbial destruction of the biogenic organic
material, cause further deterioration of the oxygen conditions in Baltic
deep water. The high phosphate accumulation rates identified in the near-
bottom water layers of the Central Baltic deeps since 1977 mainly result
from phosphate remobilisation from the sediments due to the increasing
hydrogen sulphide concentrations. Silicate concentrations have recently
been decreasing, on average, in the surface layer of the Baltic Sea area.

Unusual algal blooms appear to occur more frequently in the Kattegat and
the Belt Sea. There is evidence that phytoplankton primary production has
doubled within the last 25 years in the area from the Kattegat to the
Baltic Proper, with a similar doubling of phytoplankton biomass and its
subsequent sedimentation. In the 1980s phytoplankton was at a high level,
fluctuating from year to year according to the weather. The decomposition
in the benthic system decreases oxygen levels in bottom waters. Conse-
quently, low oxygen concentrations during late summer and autumn have
often been observed in the southern Kattegat, the Belt Sea, the &esund
and the Arkona Sea in the eighties.

The increased frequency of poor oxygen conditions in the deep water has
had a serious impact on the zoobenthos in the area from the southern
Kattegat to the Arkona Basin, and on demersal fish and Norway lobster,
pushing northwards into the Kattegat the southern boundary for commercial
fishery of Norway lobster.

6. Events 1984-1988

In the period from 1984 to 1988 new methods were developed and
introduced. For example the analysis of individual PCB congeners was
developed, which means that previous PCB data are outdated. In the period
from 1984 to 1988 new gaps of knowledge became evident, for example
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, in 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 197Os,  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 increasing 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 in the Baltic remained rather
unchanged, except salinity, in 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. It 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.



14

References

Areskoug, H. 1989. Deposition estimates to the Baltic Sea area based on
reported data for 1986, pp. 34-50 in: Deposition of airborne
pollutants to the Baltic Sea area 1983-1985 and 1986 (Baltic
Marine Environment Protection Commission - Helsinki Commission,
ed.). Balt. Sea Environ. Proc. No. 32.

Baltic Marine Environment Protection Commission - Helsinki Commission
1986. First periodic assessment of the state of the marine
environment of the Baltic Sea area, 1980-1985; General
conclusions. Bait. Sea Environ. Proc. No. 17A: l-54.

Baltic Marine Environment Protection Commission - Helsinki Commission
1987 a. First periodic assessment of the state of the marine
environment of the Baltic Sea area, 1980-1985; Background
document. Bait. Sea Environ. Proc. No. 17B: 1-351.

Baltic Marine Environment Protection Commission - Helsinki Commission
1987 b. First Baltic Sea pollution load compilation. Balt. Sea
Environ. Proc. No. 20: l-53.

Baltic Marine Environment Protection Commission - Helsinki Commission
1988 a. Guidelines for the Baltic Monitoring Programme for the
third stage. Part A. Introductory chapters. Balt. Sea Environ.
Proc. No. 27A: l-49.

Baltic Marine Environment Protection Commission - Helsinki Commission
1988 b. Activities of the Commission 1987, including the Ninth
Meeting of the Commission, held in Helsinki15-19 February 1988.
Balt. Sea Environ. Proc. No. 26: l-170.

Baltic Marine Environment Protection Commission - Helsinki Commission
1990. Second periodic assessment of the state of the marine
environment of the Baltic Sea, 1984-1988;  General conclusions.
Balt. Sea Environ. Proc. No. 35A: l-25.

Falkenmark, M. 1986. Water balance of the Baltic Sea. A regional
cooperation project of the Baltic Sea states. International
summary report. Balt. Sea Environ. Proc. No. 16: 1-174.

Gerlach, S. A. 1988. Stirbt die Ostsee ? Wasser und Boden a/1988,  406-
410 and 11188, 639-410.

Larsson, U., R. Elmgren & F. Wulff, 1985. Eutrophication and the Baltic
Sea: causes and consequences. Ambio 14: 9-14.

Melvasalo, T., J. Pawlak, K. Grasshoff, L. Thorell, A. Tsiban (Eds.)
1981. Assessment of the effects of pollution on the natural
resources of the Baltic Sea, 1980. Balt. Sea Environ. Proc. No.
5B: l-426.

Mikulski, 2. 1986. Chapters "The Baltic as a system", pp. 7-15 and
"Inflow from drainage basin", pp. 24-34 in: Water balance of the
Baltic Sea. A regional cooperation project of the Baltic Sea
states. International summary report (M. Falkenmark, ed.). Balt.
Sea Environ. Proc. No. 16.

Rybinski, J., E. Niemirycz, E. Korzec,  & 2. Makowski, 1989. Outflow of
organic matter, nitrogen and phosphorus through the main rivers
of Poland. Proc. 16th Conference Baltic Oceanographers Kiel
1988, 899-920.

United Nations Statistical Commission and Economic Commission for Europe
1987. Environment statistics in Europe and North America, an
experimental compendium. Part 2: Statistical monograph of the
Baltic Sea environment. Conference of European Statisticians.
Statistical Standards and Studies (UN New York) 39: l-87.

Voipio, A. (Ed.) 1981. The Baltic Sea. Elsevier, Amsterdam, 1-418.



15

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 in 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 following 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
Kattegat

GF 4 76-80m (= R 7)
Fladen 75-78m (= R 6)
403 42-44m I= R 5)
409 13-15m i= R 4j
413 53-57m (= R 3)
921
925

Sound

23-25m (= R 2j
41-45m (= R 1)

431 48-51m (= Q 2)
31 s 17-18m (= Q 1)

Great Belt
(no stations in Little Belt)

935 46-50m (= P 2)
939 36-40m i= P lj

Kiel Bay
(including Fehmarnbelt)

450 29-34m (= N 4)
Kieler Bucht 18m (= N 3)
Siiderfahrt 22m (= N 2)
952 (Fehmarnbelt) 25-29m (= N 1)

Bay of Mecklenburg
;;;klenburger  Bucht 23-27m (= M 2)

22-24m (= M 1)

B. The Baltic Proper
Southern Baltic Proper
Arkona Basin

GDR 30
BY 1
441

21m (= K 8)
44-46m (= K 7)
23-25m (= K 61

GDR 113 48m (= K 5j
BY 2 46-48m I= K 4)
P 38

Bornholm Basin
BY 5

(= K 3j

87-93m (= K 2)

Bay of Gdansk
Pl 1lOm (= L 1)

Central Baltic Proper
Eastern Gotland Basin

BCS III 10 88-91m (= K 1)
new station 47m (= J 2)
BY 15 220-249m (= J 1)

Western Gotland Basin
BY 38 106-109m I= I 1)

Northern Baltic Proper
BY 31 420-450m (= H 3)
BY 28 lGO-170m (= H 2)
LL 12 81-84m (= H 1)

C. The Gulfs
Gulf of Finland

(no stations in Gulf of Riga)
LL 11 66-69m' (= F 5)
LL lla 59m I= F 4)
LL 7 80-100m i= F 3j
LL 4a 58-64m (= F 2)
LL 3a 64-66m (= F lj

Gulf of Bothnia
Aland Sea
(no stations in Archipelago Sea)
F 64 280-293m (= D 1)

Bothnian Sea
SR 5 119-125m (= C 4)
B VII 49-57m I= C 31
US 6b
US 5b

77-83m
208-220m I: E :I

Bothnian Bay
(no stations in Quark)
Bo 3 103-108m (= A 3)
c VI 68-72m (= A 2)
F 2 85-91m (= A 1)
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..................n........................ > 100 m

Mecklenburger
Bucht =M2

Figure 3. Monitoring stations in the Transition Area (Kattegat and
Belt Sea)
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ABSTRACT

In this chapter the meteorological and hydrological conditions during the
period 1984-1988 are described and their long-term variations are
discussed.
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The meteorological conditions during the assessment period can be
characterized as variable. There have been three very cold and weak-
wind winters (1984/1985 - 1986/1987) with heavy ice conditions followed
by two warm and windy winters. At the beginning of the assessment period
the summer seasons were rather cool , poor in radiation and weak in winds,
but the summers of 1988 and 1989 were warm and calm.

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

The most important phenomenon 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 major 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
temperature in the deep layers of the Arkona, Bornholm and Gdaiisk Basins.

Temperature and density in the deeper layers of the Eastern Gotland Basin
have also been decreased considerably and the halocline and isohaline
depths have been noticeably descending. Depending on diminution of
vertical density gradients the vertical mixing processes between the
different layers have been enlarged.

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

1.1 METEOROLOGICAL, ICE ARD WAT;R EXCHANGE CONDITIONS
J. Launiainen8 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 temperatures as well as in
sunny or cool summers, in wintertime ice and wind conditions, in wet and
dry periods etc. In the following, some of these features are considered
in more detail in the light of monthly anomalies from a couple of
representative stations in the Baltic Sea area.

From monthly air temperature anomalies, given in Fig. la for Bornholm and
Russarij  (an island off Hanko), we can find a general decrease in air
temperatures from 1982 to the end of 1987. Especially during 1985-1987
the mean air temperature anomaly was negative when compared with the
normal 1931-1960 period. The cold winters of 198111982, 1984/1985 and
especially the one of 1986/1987  are distinctly seen. On the contrary, the
winters 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 temperature variations above
(Fig. la) were seen to be reflected in sea water temperatures as well,
as revealed in various area1 sub-reports in this chapter.
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1980 1981 1982 1983 1984 1985 1966 1907 1900 1969
0’

AL[ C]

-  Hanko (RussarS)
-----  Bornholm

b -EOL J

Figure 1 a. Monthly air temperature anomaly, compared to the 1931-
1960 mean, at two stations (Bornholm and Hanko) in the
Baltic Sea area during 1980-1989.

b. Monthly global radiation anomaly, compared to the 1961-
1980 mean, at Bromma, Stockholm (dashed line). The solid
line gives one year floating averages.

C . Monthly surface wind speed anomaly, compared to the 1961-
1980 mean, during 1980-1989 at Russarij  (Hanko).

(Data from the monthly reports by the Finnish Meteor. Inst., by the
Swedish Meteor. and Hydrol. Inst., and by the Danish Meteor. Inst.)
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From Figure lb, which gives the global radiation anomaly for Bromma
(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
radiation anomaly was negative.

The wind speed anomaly in Figure lc shows that after the positive
anomalies of the windy period of 1982-1983, the middle of the 1980s was
time of negative anomaly, i.e. time of light winds, up to the windy
seasons of 1987 and 1988.

The ice conditions for the winters covering the last decade may be
summarized as given in Table 1 below.

Table 1. Ice conditions for the winters 197811979 to 1989/1990.  Max
coverage [km21 gives the annual maximum area covered by
ice, given as percentage of the total Baltic Sea area in
the next column. "category" characterizes the severeness
of the winters, mainly as referred to the long-period mean
annual maximum ice coverage (of 193 000 km2 for the winters
1890-1989).

winter max coverage / km2
1978179 325 000

1979180 260 000
1980/81 175 000

1981/82 255 000
1982183 117 000

1983184 187 000
1984185 355 000
1985/86 337 000

1986187 405 000
1987188 149 000

1988189 52 000
1989/90 67 000

% of Baltic Sea area
78

63
42

61
28

45

86

81

98

36

13
16

“category”
quite severe

quite normal

normal

normal
quite mild

normal

severe

severe

extr. severe

mild

exlr. mild excl. the
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 between 198411985 and 198611987 with heavy ice
conditions and three warm and windy winters of 1987/1988, 198811989 and
1989/1990 (cf. Fig. 5 also). As to the summer weather, the summers in the
middle 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 wind have been very
prominent. In this respect, one should note, e.g. that the very windy
(sedimentous materia remobilising) autumn and winter of 198711988 were
followed by a calm, radiation-rich and warm summer of 1988; a set of
physical events favouring extraordinary blooms and unpleasant biological
and environmental events happened in the sea during 1988.



25

1.1.2 Fresh waterrun-off  and water exchange

Table 2 gives the estimates 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 estimates using weighted yearly means of two Finnish rivers
discharging into the Baltic Sea. The method is described in more detail
in the First Periodic Assessment (Launiainen et al. 1987).

As suggested by the data, the fresh water run-off (surplus) seems 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 mutual comparison of the
various decades in Fig. 2 the "wetness" of the 1980s is apparent, as
well.

For estimating the sea water exchange and the most prominent occasions
of inflow and outflow, between the Baltic Sea and the North Sea, volume
changes (sea level) of the Baltic Sea were studied, following the
approach given in the First Periodic Assessment (Launiainen et-al.,
1987). Accordingly, the volume change estimates were calculated by a
simple method suggested by Jacobsen (1980), using the filtered daily sea
level data from Degerby, Finland (obtained from the Finnish Inst. of Mar.
Res., Helsinki). The method seems 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 = Q, + 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 volume variations during 1980-1988 and
suggests the situations of the most prominent potential inflows and
outflows. Fig. 3 also lists the rates of the accumulated yearly sea water
exchange (Q). Those have been calculated according to the equation above,
for the yearly fresh water surplus using an approximation of Q, - Q,,,
where Q,, is the total fresh water run-off from Table 2. This latter
approximation includes the common assumption that precipitation and
evaporation above the Baltic Sea balance each other.

The results in Figure 3 show, e.g. that the volume variations of the
Baltic Sea were somewhat more pronounced during the first years of the
1980s than during the last few years since 1985. A similar tendency may
also be found in the sea water exchange. Accordingly, the time history
since 1985 suggests less prominent inflows and outflows, compared with
the late 1970s and the first years of this decade. This seems to be the
case, e.g. even for the autumn and winter 198711988, no matter how windy
it was. On the other hand, most of the inflows in the beginning and
middle of the 19808, 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.
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Table 2. Estimated total fresh water run-off QB, (in m3/s) into the
Baltic Sea. Annual means during 1971-1988. M21_,D  and
SD21_,0  are the observed mean and standard deviation of
1921-1970 (Mikulski, 1980). The estimates given by the
formula QB, = 5.36 ’ (1.6 l QV + QK) + 7145, where QV and
QK are the yearly mean discharges of Vuoksi and Kemijoki,
respectively. Q, and QK data from the Hydrol. Office, Nat.
Board of Waters and Env., Finland.

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980
Q B T 14230 13900 14370 15520 16960 13550 14750 13670 13690 14030

1981 1982 1983 1984 1985 1986 1987 1988 Ma-70 Sh-70

QBT 17560 17270 16280 16400 15160 14920 16440 16840 15005 1790

lo3 m3/s

10 -

Illlflllll1IIIIIII,l11,1,,,1,1,,,,,,,,,1,1,,,,,,,  1,,,,,,,,,1,,,,,,,,,
1920 1930 1940 1950 1960 1970 1900 1990

Figure 2. Total fresh water run-off into the Baltic Sea. Annual
means. Data for 1921 to 1970 (observed) from Mikulski
(1980), and onwards 1971 as estimates from Table 2. The
dashed line represents 5 year floating averages.
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Figure 3. Water level (h) and volume (Vr = V - Vaver)  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.
Accompanied 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 important 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
lasted 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 Marine Environment Protection Commission,
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 climatology
were discussed in the First Periodic Assessment. Climatological air-sea
temperature coupling, long-term variations in sea level changes, long-
term decline in annual ice covered season, and correlation between the
fresh water run-off and Baltic Sea salinity were considered. For this
context, three figures were adopted, the monitoring period data added.
Figures 4 and 6 indicate the close climatological air-sea temperature
coupling and the long-term variation in annual ice covered season, and
the rough test examples in Figure 7 suggest an interesting correlation
between the estimated fresh water run-off and the Baltic Sea salinity.
For further interpretation and discussion, see the First Periodic
Assessment (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 climate has gained increasing
daily attention. A prognosis for a global greenhouse warming up has
relevant physical arguments, and various estimates, e.g. for mean
latitudinal temperature increase, have been done. In global scale, the
climate especially during the 1980s has been seen as a sign of this
warming up. In this meaning, it is interesting to consider the case, if
not otherwise but on the local basis.

The air temperature 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. lb) shows a decreasing trend, as well. This kind
of a recent decreasing trend in the air temperature was also found in an
extensive data set over Sweden (Alexandersson and Eriksson, 1989).
However, when comparing e.g. the 1972-1988 air temperature anomaly with
the "normal" 1931-1960 period, both the Bornholm and Russaro  data showed
the latter period, especially the summer seasons to have been cooler than
the normal period. Because of a close air-sea coupling (cf. Fig. 4) the
above is valid, most probably, for the water temperature also. On the
other hand, in the light of the annualmaximum ice cover, the late 1970s
and 1980s (up to 1988) have been time of moderate or severe ice winters
(Fig. 5 and Table 1).
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Figure 4. Long-term variation of air temperature and sea surface
temperature (5-year running averages). Redrawn from
Launiainen et al. (1987) adding the monitoring period data.
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Figure 5.
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Time series of the yearly maximum ice extent in the Baltic
Sea during 1890/1891 - 1988/1989. Area of 420 000 km2
corresponds to the total area of the Baltic Sea. (From the
Finnish Inst. of Mar. Res..)
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Figure I a. 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 filtered (15-year
running average) run-off have been shifted forward 6 years.
Redrawn from Launiainen et al. 1987 adding the monitoring
period HELCOM data.

b. 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 Alexandersson and Eriksson (1989) according to which the
precipitation in Sweden during the 1980s seems to have been larger than
during a couple of the previous decades.

Summarizing, from a local point of view, it seems that one cannot detect
any reliable sign of excess warming up from the time series of mean
temperatures of the Baltic Sea area, not at least until 1988. In 1988-
1990, on the contrary, very warm summers and mild winters prevailed. One
can hardly see, however, whether the recent prominent variations in
temperatures and other meteorological and hydrographic quantities reveal
signs of a global climatic change or not.

1.1.4 Long-term changes in transparency

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

Launiainen et al. (1989) compared 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 made (cf. Fig. 8):

The present Secchi depth (transparency) shows pronounced
decrease (2.5 to 3m, generally) compared 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.

Figure 8.

2 5  -

20 -

[ml

Frequency distribution of Secchi depth (in m) in the
Northern Baltic Sea (in ?.) for the period of 1914-1939
(broken) and for the period of 1969-1986 (continuous line).
From Launiainen et al. (1989).
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Analogously, in a reference area on the Swedish coast of the Baltic
Proper, not influenced by point pollution sources, the Secchi
found to have been decreased by 4m since 1965 (Persson, 1990;
and Elmgren, 1990).

depth was
Cederwall

1.2 HYDROGRAPHICAL  CONDITIONS

1.2.1
Tha KattegaiS. Carlberg

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

with data

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

with high

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. 1982/1983  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. It 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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Figure 9. Temperature variation at the station Anholt E (413 =
R3), in 28-32 m water depth.
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Figure 10. Temperature variation near the bottom (48 m to bottom) at
the station Anholt E (413 = BMP R3).
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Figure 11. Salinity variation at the surface of the station Anholt E
(413 = BMP R3).
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Figure 12. Salinity variation at the station Anholt E (413 = BMP R3)
in 28-32 m water depth.
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Figure 13. Salinity variation near the bottom (48 m to bottom) at the
station Anholt E (413 = BMP R3).

Table 3. Characteristic changes of temperature and salinity in the
Kattegat (Station Anholt E = 413 = BMP R3).

Parameter Period Depth Overall Annual
trend changes

S 1981-1988 28-32m +0.84  PSU +O.ll  PSU/a  *

S 1981-1988 48m-bottom +0.50  PSU +0.06  PSU/a

T 1981-1988 28-32m +1.48  'C +0.19  OC/a

T 1981-1988 48m-bottom +1.00  OC +0.13  Oc/a

* PSU = Practical Salinity Unit = O/o0
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1.2.2 The Belt Sea
w. Lange7

To recognize  any possible trend between 1950 and 1983 the annual means
of the temperature and salinity measured at l/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 l/v Fehmarnbelt are
shown covering the period 1950-1983.

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

Figure 14. Annual means of the water temperature ("C)  measured daily
from 1950 until 1983 at Iv Fehmarnbelt (BMP Nl) near
surface, at 5 m depth, 20 m depth, and near bottom.
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Figure 15. Annual means of the salinity (O/oo) measured daily from
1950 until 1983 at Iv Fehmarnbelt (BMP Nl) near surface,
at 5 m depth, 20 m depth, and near bottom.

Figure 16. Annual vector means of surface current speed (cm/s) into
(continuous line) and out of (broken line) the Baltic Sea
measured at Iv Fehmarnbelt (BMP Nl) 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 September 1988.
The various effects of these inflows are described below.

1.2.3.1 Arkona Basin
W. MatthZus2 and S. Carlberg'

The variations in the Arkona Basin are demonstrated with data from the
representative station BY 2 (BMP K4). The general picture shows a high
variability in salinity as well as temperature.

The temperature of the surface layer shows natural seasonal variations
which are also present in the near bottom water where the effect of
advective  processes is superimposed on these variations. The variability
is very high and there is no general trend in the temperatures. The
winters of 198411985 to 1986/1987  were unusually cold in the entire area
and this is clearly reflected even in the bottom layer where the
temperatures reached almost 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 same as before the
inflow. Superimposed on the general trend is the seasonal variation with
winter periods with increased salinity. See also Table 4.

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

Table 4. Characteristic changes of temperature T and salinity S in
the Arkona (BY 2 = BMP K4) and Bornholm Basins (BY 5 = BMP
K2).

Area Para- Period Depth Overall Annual
meter trend changes

Arkona Basin S Nov 1982-1988 0- 2m -0.8 PSU -0.13 PSU/a

Bornholm Basin S Jan 1983-1988 0- 2m -0.8 PSU -0.13 PSU/a

Bornholm Basin S Jan 1983-1988 78-82m -2.5 PSU -0.42 PSU/a

Bornholm Basin T May 1980-Dee  1983 78-82m +3.3 oc +0.93  OC/a

Bornholm Basin T Dee 1983-Jul  1986 78-82m -4.2 "C -1.58 'C/a

Bornholm Basin T May 1986-1988 78-82m +2-o QC! +0.79 oC/a
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Figure 17. Salinity variation at the sea surface ( O-2 m) in the Arkcna
Deep (BY 2 = BMP K4).
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Figure 18. Salinity variation near the bottom (43 m to bottom) in the
Arkona Deep (BY 2 = BMP K4).
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1.2.3.2 Bornholm Basin
W. MatthBus2 and S. Carlberg

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 OC 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.
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Figure 19. Temperature variation in 78-82 m water depth in the
Bornholm Deep (BY 5 = BMP K2).
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Figure 21. Salinity variation at 78-82 m 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 (BMP 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 moderate decrease for
the rest of the assessment 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 mean annual variation of 0.2 PSU (Matthaus 1978). This
increase cannot be explained by identified inflows to the Baltic.

The inflow of 198211983 caused an increase of almost 4 PSU in the deep
water as is clearly demonstrated 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 almost 2 PSU, but
only for a short period.

1.2.3.3 Eastern Qotland  Basin, Gdaiisk Deep and the eastern area of the
Northern Baltic Proper
W. MatthZus', J. Elken and B. Cyberska'

The variations in the Eastern Gotland Basin are demonstrated with data
of the representative station Gotland Deep BY 15 (BMP 11) and supported
by data from the stations P 1 (BMP Ll; 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 Matthaus 1990)

Parameter Depth Overall trend Annual changes

Salinity O m -0.5 PSU -0.04 PSU/a
100 m -1.7 PSU -0.15 PSU/a
200 m -1.1 PSU -0.09 PSU/a

Temperature 100 m -1.6 OC -0.14 OC/a
200 m -1.4 oc -0.12 OC/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 m/a
10 PSU -28.7 m
12 PSUl)

-2.5 m/a
-95.9 m -8.8 m/a

Depth of halocline -9.6 m -0.8 m/a

1) 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 OC 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 OC,
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).
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Figure 22. Variations of temperature in the Gotland  Deep (BY 15 = BMP
Jl) 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 m depth.
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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).

O-10 mSalinity
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Salinity 100-108 m
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Figure 24. Long-term variations in salinity (PSU) of the Gdafisk  Deep
waters (Station P 1 = BMP Ll).

a . surface (O-10 m)
b. bottom water (loo-108  m)
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Figure 25. Long-term variations of the water temperature ("C) in the
bottom water (loo-108  m) in the Gdafisk  Deep (Station P 1
= BMP Ll).
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Table 6. Characteristic changes in the Gdaiisk Deep (Station Pl = BMP
Ll) during the period 1978-1988.

Parameter Depth Overall
trend

Annual
changes

Salinity 0- 10 m -0.5 PSU -0.05 PSU/a

80 m -2.4 PSU -0.21 PSU/a

loo-108 m -1.7 PSU -0.15 PSU/a

Temperature 80 m

100-108m

-1.6 OC

-0.9 oc

-0.14 OC/a

-0.08 “C/a

During the stagnation period a decrease of salinity, temperature and
density in the deep water of the Gotland  Deep and a considerable 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
temperatures ever measured in the deep water (e.g. 7.1 OC in 200 m level
of the Gotland Deep, BY 15 = BMP 11). The salinity and density values
observed in the end of 1988 - 11.6 PSU and 10.2 u-units, respectively -
were among the lowest measured since the 1930s at the 200 m level
(Matthaus  1987). With reference to the depth of the halocline centre and
the isohalines, the shallowest depths ever observed were found at the
beginning of the stagnation period. The almost continuous shifting of the
lo- and 11-PSU-isohalines down to more 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.

Considerable 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 Jl, Fig. 26) and in summer/autumn of
1985 (the whole Eastern Gotland  Basin, stations BY 15 (BMP Jl) and BY
28 (BMP H2)). Then the water corresponding to the fixed isohalines
(isopycnals) became colder by more than 1 OC 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 mixing.
Thermal homogenization (decrease of temperature versus salinity gradient)
took place from summer of 1983 to summer of 1985.

Until the end of 1988 the stagnation period led to a mean decrease by 1
PSU in salinity, by 1.4 OC in temperature and by 0.7 u-units in density
at the 200 m level in the Gotland  Deep (cf. Table 5). During the same
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 Jl) and BY 28 (BMP H2).



48

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 57-58O 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 57-58O  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
layers. Absence of the major inflows of the isopycnally warmer water
caused overall decrease of temperature on isopycnals (Fig. 27~). How:ver,
a slight increase of temperature on isopycnals 8 and 9 kg/m in
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 temporal changes in T-
S relation (Fig. 26) were accompanied by increased spatial heterogeneity
of isopycnal temperature. The winter activization is explained by
increased forcing of meso- and small-scale motion in case of the absence
of the thermocline.

In view of these characteristics the current stagnation period must be
regarded as the longest stagnation interval ever recorded during this
century and caused extreme variations which never have been observed
since the start of oceanological observations in the Baltic Sea.

1.2.3.4 Western Gotland Basin
S. Carlberg

The hydrographical development in the Western Gotland Basin is
demonstrated with data from the Karlso Deep (BY 38 = BMP 11) and
supported by data from the Landsort Deep (BY 31 = BMP H3) in the Northern
Basin.

The temperature variability is high in the water layer down to at least
50 m. The span of the temperature variation in the assessment period
1984-1988 is almost identical to what was observed for the previous years
after 1977. In the deeper layers, at 80 m and even at 100 m, a seasonal
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
water temperatures during the whole period. In fact for the period
plotted, 1977-1988, the temperature is decreasing continuously. The
temperature conditions described also apply to various water masses of
the Landsort Deep.

The salinity field in the Western Gotland Basin is in all water depths
dominated by a decreasing trend; not only in the assessment period but
all since 1978, see Figures 29 and 30. Due to the time delay caused by
advection, and the smoothing effect caused by gradual mixing of water
masses, the salt water inflows identified in the Arkona and Bornholm
Basins are not easily discernable at BY 31 (BMP 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-term variability
is smaller and thus the long-term decrease of salinity is more obvious.

The changes of temperature and salinity are summarized in Table 7.
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Figure 28. Temperature variation at the Karlsij  Deep (BY 38 = BMP Il),
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Figure 29. Temperature variation at the Karlsij  Deep (BY 38 = BMP Il),
95-105 m.
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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

Landsort Deep

Landsort Deep

Landsort Deep

Landsort Deep

Karl&  Deep

Karlsij Deep

Karl& Deep

Karlsij Deep

Karlsij Deep

Karlsij Deep

Karl& Deep

Karlsij Deep

S

S

S

S

S

S

S

T

T

T

T

T

T

1979-1984 190-210 m

1985-1988 190-210 m

1978-1988 390-410 m

1980-1984

1985-1988

1979-1988

1984-1988

1979-1988

1981-1982

390-410 m

390-410 m

48- 52 m

48- 52 m

78- 82 m

78- 82 m

1984-1988

1979-1988

1981-1982

1984-1988

78- 82 m

95-105 m

95-105 m

95-105 m

-0.92 PSU

-0.22 PSU

-1.32 PSU

-0.80 PSU

-0.24 PSU

-0.34 PSU

-0.52 PSU

-0.53 ac

-0.11 oc

-0.41 oc!

-1.00 oc

-0.17 oc

-0.20 oc

-0.15 PSUja

-0.06 PSU/a

-0.12 PSU/a

-0.16 PSU/a

-0.06 PSU/a

-0.03 PSU/a

-0.10 PSU/a

-0.05 OC/a

-0.06 OC/a

-0.08 OC/a

-0.10 OC/a

-0.09 OC/a

-0.04 OC/a
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Figure 30. Salinity variation at the Karlsij  Deep (BY 38 = BMP II),
48-52 m.
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Figure 32. Salinity variation at the Landsort  Deep (BY 31 = BMP H3),
190-210 m.

Figure 33. Salinity variation at the Landsort  Deep (BY 31 = BMP H3),
390-410 m.
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1.2.4 Gulf of Finland
v. Astokl, R. Tamsal& A. N&m' and Y. Suursaar'

The hydrographical development in the Gulf of Finland during the 1980s
is demonstrated using HELCOM data from the BMP data bank and Estonian
coastal stations data concerning surface layer as well as those collected
by the Estonian Hydrometeorological 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 km west from Tallinn). The cold summers of 1985
and 1987 were interchanged by warmer 1984 and 1986; the summer 1988 was
extremely warm. In the open part of the Gulf of Finland the variation is
very strong (Fig. 35) and the calculated trend for temperature cannot
be taken into consideration. However, the trend in the bottom layers (80
. . . 100 m) temperature seems to be confidential and is in good
correlation with the decrease in salinity (Fig. 36). The value of the
temperature trend in bottom layer is -1,7OC per 20 years or -0.085°C/a.

The salinity in the surface layer shows a clear variation in the annual
cycle, especially in the eastern part of the Gulf of Finland (Fig. 34).
Trend estimation from open sea observations gives -0,02  PSU/a when using
data obtained in Estonia during 1969-1988 (Fig. 37). The same estimated
value from BMP data for the last ten years (station LL7=F3) is -0,04
PSU/a (Fig. 39).

In the bottom layer the decreasing of salinity is shown more clearly
(Figs. 38 and 39). The trend values are -0,08 PSU/a (Estonian data, 20
years) and -0,ll 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 confirmed by the
increasing O2 concentrations in the deep layers of the Gulf of Finland
(Fig. 40).
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Figure 35. Surface water temperature variation 1969-1988 in the Gulf
of Finland 1969-1988.

Figure 36. Water temperature variation 1969-1988 in the bottom layer
(So-100 m) in the Gulf of Finland.
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Figure 37. Surface salinity variation 1969-1988 in the Gulf of
Finland.

-j !-

Figure 38. Salinity variation 1969-1988
m) in the Gulf of Finland.
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Figure 39. Salinity variation 1979-1987 in the bottom
layers of the Gulf of Finland (station LL7 =
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Figure 40. Variation of oxygen concentration 1969-1988 in the bottom
layer (SO-100 m) in the Gulf of Finland.
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1.2.5 Gulf of Riga
V. Astok' and V. Berzins3

The hydrographical development in the Gulf of Riga during the last
decades is demonstrated using averaged annual data from the Latvian
national monitoring system (13 stations).

The annual mean air and water temperature (Fig. 41) shows large year-
to-year variations; the warm years (1984, 1986, 1988) are warmer 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 more continental than
in the other parts of the Baltic Sea area.

The long-term variations in the river run-off and mean salinity are
demonstrated in Figure 42. Minimum run-off in 1984 is accompanied by
increasing salinity; however, in 1985 the salinity was higher though the
river run-off was nearly 50% larger than in 1984. The changes in the mean
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
aforementioned increase in salinity, which is of local importance,
differs from values obtained in the other parts of the Baltic Sea.

8- t

6-

Figure 41. The mean air (_) and water (_ _ _) temperature of the Gulf
of Riga.
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Figure 42. The river run-off (Q) and mean salinity (S) of the Gulf of
Riga.

1.2.6 Gulf of Bothnia
S. Carlberg

The hydrographical development in the Gulf of Bothnia is demonstrated
with data from the representative stations SR 5 (BMP C4) in the Bothnian
Sea and BO 3 (BMP A3) in the Bothnian Bay (Fig. 43.).

The unusually cold winters of 1984/1985  and 198611987 did not produce any
pronounced effects in the surface layers in the Gulf of Bothnia. The
temperature minima observed were not lower than those in most of the
years since 1979. Down to about 50 m there is no long-term temperature
trend for the assessment period. However, at 100 m and below the
temperature at SR 5 (BMP C4) is clearly decreasing from 1984 to the
middle of 1988 (Figure 44). This can also be seen at B03 (BMP A3) in
Figure 45, although the lower number of observations there makes the
picture less clear.‘ Figure 45 also demonstrates that in the bottom water
of BO 3 the winter temperatures frequently approach O°C, whereas at SR
5 the bottom water rarely is colder than about 1.6OC (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 m the
variations are small and the trend in the Bothnian Sea may be described
as weakly decreasing, see Figure 46. In the deep water at about 100 m and
below this trend is more 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 similar, 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
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Figure 44 b. Temperature variation near bottom (115 m to bottom) at 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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The changes of temperature and salinity are summarized in Table 8 below.

Table 8. Characteristic changes of temperature and salinity in the
Bothnian Sea (Station SR 5 = BMP C4) and the Bothnian Bay
(Station BO 3 = BMP A3).

AKeEl

(station)
para- Period Depth Overall AIIllUal
meter trend changes

Bothnian Sea
(SR 5 = IMP C4)
Bothnian Sea

Bothnian Sea

Bothnian Sea

Bothnian Sea

Bothnian Sea

Bothnian Bay
(BO 3 = BMP A3)
Bothnian Bay

Bothnian Bay

Bothnian Sea
(SR 5 = BHP C4)
Bothnian Sea

Bothnian Sea

Bothnian Sea

Bothnian Sea

S 1984-1985

S 1987-1988

S 1984-1988

S 1980-1985

S 1986-1988

S 1980-1985

S 1980-1985

S 1980-1988

S 1987-1988

T 1978-1988

T 1984-1985

T 1984-1988

T 1978-1988

T 1984-1985

48- 52 m -0.35 PSU

48- 52 m -0.43 PSU

48- 52 m -0.27 PSIJ

95-105 m -0.33 PSU

95-105 m -0.31 PSU

115 m-bottom -0.55 PSU

48- 52 m -0.04 PSU

48- 52 m -0.12 PSU

48- 52 m -0.32 PSU

95-105 ill +0.06 QC

95-105 Ill +0.42 OC

95-105 m +0.34 oc

115m-bottom +o.oo oc

115wbottom -0.82 'C

-0.18 PSD/a

-0.21 PsJ/a

-0.05 PSu/a

-0.05 Pew/a

-0.10 PSu/a

-0.09 PSu/a

______

-0.01 PSu/a

-0.16 PSU/a

----__

+0.21v/a

+0.17 at/a

fO.OO v/a

-0.41v!/a

SUMMARY

1. The meteorological 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 windy winters (1987/1988,  1988/1989).  The winter
1989/1990  was extremely mild. The summer seasons were rather cool,
the radiation poor and the winds weak at the beginning of the
assessment period, but the summers of 1988 and 1989 were warm and
calm.

2. The fresh water run-off into the Baltic Sea was equal to or higher
than the mean (472 km3/a) during the whole period with the minimum
in 1986 (470 km3/a)  and the maximum in 1988 (530 km3/a).

3. The most prominent phenomenon in the hydrography of the Baltic Sea
was the continuing decrease in salinity in nearly all regions and
layers. This process is mainly caused by the lack of major inflows
of highly saline water during the last 13 years. The last effective
major Baltic inflows occurred at the turn of 1975/1976  and in fall
1976. The small inflows in spring 1980, at the turn of 1982/1983,  in
spring 1986 and fall 1988 have had only effects on salinity and
temperature in the deep layers of the Arkona, Bornholm and Gdaiisk
Basins.
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3.1 During the assessment period, a general decrease in salinity has
been observed in the surface layer of all regions of the Baltic Sea
starting in 1977. The mean annual trend varied from -0.02 PSU/a in
major gulfs and -0.05 PSUja 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 predominant
annual cycle both in the surface and deep layers.

3.2 In the deep layers of the Baltic Sea the salinity decrease is more
considerable 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 PSU/a in the near-bottom layer of the Bornholm Basin.

4.

5.

6.

Temperature and density in the deeper layers of the eastern Gotland
Basin have also been decreasing considerably and the halocline and
isohaline depths have been noticeably descending. Depending on
diminution of vertical density gradients the vertical mixing
processes between the different layers have been enlarged.

The current stagnation period, at least in the eastern Gotland
Basin, must be regarded as one of the largest and most serious
stagnation intervals ever recorded during this century and this has
caused such extreme changes in the deep layers that never have been
observed since the start of oceanographical observations in the
Baltic Sea.

The transparency according to Secchi depths readings in the Northern
Baltic Proper (1969-1985) show pronounced decrease compared with
that during the first half of the century (1914-1939).

REFERENCES

Alexandersson, H. & B. Eriksson, 1988. Climate fluctuations in Sweden
1860-1987.  SMHI, RMK, Nr. 58. 54 pp.

Baltic Marine Environment Protection Commission - Helsinki Commission,
1987. First periodic assessment of the state of the marine
environment of the Baltic Sea area, 1980-1985; Background
document. Balt. Sea Environ. Proc. No. 17B: 7-34.

Carlberg, S. et al. 1986. National Swedish Programme for Monitoring of
Environmental Quality; Open Sea Programme. SMHI Reports
Oceano-graphy No RO 3, 57~. ISSN 0283 - 1112.

Carlberg, S. et al. 1987. National Swedish Programme for Monitoring of
Environmental Quality; Open Sea Programme. SMHI Reports
Oceano-graphy No RO 5, 56~. ISSN 0283 - 1112.

Carlberg, S. et al. 1988. National Swedish Programme for Monitoring of
Environmental Quality; Open Sea Programme. SMHI Reports
Oceano-graphy No RO 7, 56~. ISSN 0283 - 1112.

Cederwall, H. & R. Elmgren, 1990. Biological effects of eutrophication
in the Baltic Sea, especially the coastal areas. Ambio, No. 2
(in print)

Fonselius, S. et al. 1985. Program for miljtikvalitetsovervakning  - PMK;
Utsjoprogrammet.  Medd. fr. Havsfiskelaboratoriet, Lysekil No
310, 71p.



68

Jacobsen, T.S. 1980. The Belt Project - Sea water exchange of the Baltic,
measurement and methods. The National Agency of Environmental
Protection of Denmark, Copenhagen. 106 pp.

Launiainen, J. 1985. Hydrografisten ja ilmastollisten tekijijiden
vaihtelusta ja vuorovaikutuksesta Itameren  alueella. (in
Finnish). XII Geofysiikan Piivat, 14.-15.5.1985,  Helsinki. 8
pp. (mimeo)

Launiainen, J., W. Matthaus, S. Fonselius, & E. Francke, 1987. Chapter
1 "Hydrography" - in: Baltic Marine Environment Protection
Commission - Helsinki Commission, 1987. First periodic
assessment of the state of the marine environment of the
Baltic Sea area, 1980-1985; Background document pp. 7-34. (cf.
above)

Launiainen, J., J. Pokki, J. Vainio, J. Niemimaa, & A. Voipio, 1989.
Nakosyvyyden vaihteluista ja muuttumisesta pohjoisella
Itlmerelll  (Long term changes in the Secchi depth in the
northern Baltic Sea. (in Finnish with English abstract). XIV
Geofysiikan Paivat,  Helsinki, 3.-4. May, 1989.

Lepparanta, M. & A. Seina, 1985. Freezing, maximum annual ice thickness
and break-up of ice on the Finnish coast during 1830-1984.
Geophysics 21(2):87-104.

Malmberg, S.-A. & A. Svansson, 1982. Variations in the physical marine
environment in relation to climate. 70th ICES Statutory
Meeting. ICES CM 1982/6:4,  (mimeo)

Matthaus, W. 1978. Zur mittleren jahreszeitlichen Veranderlichkeit  des
Oberflachensalzgehalts der Ostsee. Gerlands Beitr. Geophysik

87, PP. 369-376.
Matthaus, W. 1987. Die Veranderungen des ozeanologischen Regimes im

Tiefenwasser des Gotlandtiefs wahrend der gegenwartigen
Stagnations-periode. - Fischerei - Forsch., Restock  25, 2, pp.
17-22.

Matthaus, W. 1990. Langzeittrends und Veranderungen ozeanologischer
Parameter wahrend  der gegenwartigen  Stagnationsperiode im
Tiefenwasser der zentralen Ostsee. - Fischerei - Forsch.,
Restock  28. (in print)

Mikulski, 2. 1980. River inflow to the Baltic Sea. University of Warsaw,
Faculty of Geography and Regional Studies and Polish National
Committee of the IHP/UNESCO.  Summary list of tables, 11 pp.
(mimeo)

Nehring, D. &. E. Francke, 1985. Die hydrographisch - chemischen
Bedingungen in der westlichen und zentralen Ostsee im Jahre
1984. Fischerei - Forsch.,  Restock  23, 4, pp. 18-27.

Nehring, D. & E. Francke, 1987a. Die hydrographisch - chemischen
Bedingungen in der westlichen und zentralen Ostsee im Jahre
1985. Fischerei - Forsch.,  Restock  25, 2, pp. 7-16.

Nehring, D. & E. Francke, 1987b. Die hydrographisch - chemischen
Bedingungen in der westlichen und zentralen Ostsee im Jahre
1986. Fischerei - Forsch.,  Restock  25, 4, pp. 68-79.

Nehring, D. & E. Francke, 1988. Die hydrographisch - chemischen
Bedingungen in der westlichen und zentralen Ostsee im Jahre
1987. Fischerei - Forsch.,  Restock  26, 3, pp. 43-52.

Persson, G. 1990. Nutrients and the eutrophication of the sea. National
Swedish Environment Protection Board, Report 3694, pp. l-47.
(in Swedish with English summary)

Weigelt, M. 1987. Auswirkungen von Sauerstoffmangel auf die Boden fauna
der Kieler Bucht. Ber. Inst. Meereskunde Kiel, 176, 299 pp.



69

Baltic Sea Environment Proceedings 358 (1990)
Second Periodic Assessment of the State of the Marine Environment of the
Baltic Sea, 1984-1988; Background Document

2. OXYGEN, HYDROGEN SULPHIDE, ALKALINITY AND pH

Anna Trzosiiiska'  (Convener), Matti Perttill'
Vesturs Berzins3,  Barbara Cyberska',

(Cqo-convener),

Hansen' , Dieter Kijrner6,
Stig Fonselius , Hans Peter

Heye Rumohr'
Wolfgan

'g
MatthBus', Dietwart  Nehring',

and Gunni Ertebjerg

1)

2)

3)

4)

5)

6)

7)

8)

Institute of Meteorology and Water Management
Waszyngtona 42
81-342 GDYNIA
Poland
Finnish Institute of Marine Research
Asiakkaankatu 3
P-0. Box 33
SF-00931 HELSINKI
Finland
Baltic Fishery Research Institute
Daugavgrivas 6
226 049 RIGA
USSR
Swedish Meteorological and Hydrological Institute
Oceanographical Laboratory
Box 2212
S-403 14 GOTHENBURG
Sweden
Institut fiir Meereskunde an der
Universitat  Kiel
Diisternbrooker Weg 20
D-2300 KIEL
Federal Republic of Germany
Deutches Hydrographisches Institut
Bernhard-Nocht-Strasse 78
D-2000 HAMBURG 4
Federal Republic of Germany
Institute of Marine Research
Academy of Sciences of the GDR
Seestrasse 15
DDR-2530 ROSTOCK-WARNEMUNDE
German Democratic Republic
National Environmental Research Institute
Division of Marine Ecology and Microbiology
Jagersborg Alle 1 B
DK-2920 CHARLOTTENLUND
Denmark

ABSTRACT

Long-term variations of oxygen conditions, specific alkalinity (A/S) and
pH in the Baltic Sea waters are considered based on the BMP data and
national data collected since the 1960s.
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General depletion of oxygen has been observed in the near-bottom layers
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 demand of oxygen for
its decomposition. In the Baltic Proper the main reason for the vast
oxygen deficient areas and extremely high concentrations of hydrogen
sulphide, is the exceptionally long stagnation period. Due to the sinking
of the halocline and advective  processes, an increasing supply of oxygen
into the intermediate water layers was observed in some central and
northern basins. In the Bothnian Sea the lack of vertical convection down
to the bottom during the winters resulted in a slight depletion of
oxygen. In the Gulf 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 fjland  Sea. More evident symptoms of a
shift in the carbonate system due to the eutrophication and growing
carbon dioxide uptake are demonstrated in pH values, increasing
significantly in the euphotic  zone of most of the investigated areas. The
deep waters showed a constant alkalinity/salinity ratio together with
marked positive trends in the long-term pH variations. Among the reasons
for this phenomenon the denitrification process and weathering of rock
carbonate due to acid rains are mentioned.

2.1 INTRODUCTION
S. Fonselius 4 and A. Trzosifiska'

Oxygen, physically dissolved in the water, is of utmost importance for
the life in the sea. It originates mainly from the atmosphere. The oxygen
dissolves 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 uppermost water layers. Rapid temperature changes
may cause a small under- or oversaturation of the surface water, because
the solubility of oxygen is strongly temperature dependent. The oxygen
solubility also depends on the salinity of the water, increasing slightly
with decreasing salinity.

The most important factor influenci_ng the oxygen saturation in the
surface water is the primary phytoplankton production during the
vegetative period. The phytoplankton removes carbon dioxide from the
water during photosynthesis and produces oxygen gas. This causes an
oversaturation of oxygen, which during the spring phytoplankton bloom may
reach up to 120-140 %. Figure 1 shows the seasonal variations of
dissolved oxygen in the surface water at the Gotland  Deep, BY 15 (BMP

Jl), as monthly means from 1964-1987 (Fonselius 1988). The maximum of the
plankton bloom which is very seldom covered in the measurements, is very
short, only few days and therefore, the few measurements with extremely
high saturation values may mask the trend. For these reasons oxygen
trends in the surface water have not been included in the assessment
work. One should, as a general rule, assume oxygen saturation or a small
oversaturation as an annual mean in the surface water.
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Figure 1. Monthly means of oxygen saturation values in the surface
water (O-10 m) of the Gotland  Deep, BY 15 (BMP Jl), from
1964 to 1987.

In the water below the surface, oxygen is consumed by bacterial oxidation
of dead organic matter. The oxidation may be so rapid that the supply of
oxygen through dissolution from the atmosphere cannot compensate 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
layer through a permanent halocline. Above the halocline, the
thermohaline convection during the winter renews the water down to the
halocline. Therefore, we find seasonal variations of the oxygen
saturation in these layers. Below the halocline the water is effectively
isolated from exchange with the surface and the only important oxygen
supply occurs through lateral water renewal. Therefore, the deep water
below the halocline is always undersaturated with oxygen. If the water
in the deepest parts becomes stagnant for longer periods, it may
completely loose all its oxygen, especially if the phytoplankton
production in the surface layers of the Baltic Sea is high. When all
oxygen has been exhausted, hydrogen sulphide begins to be formed in the
sediment/water interface through bacterial reduction of sulphate ions.
The hydrogen sulphide is chemically dissolved in the water mainly 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
sulphide ion corresponds to two oxygen molecules, which gives the basis
for the concept *'negative oxygen" (Fonselius 1969). Thus "negative
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oxygen” is the amount of oxygen equal to the amount of hydrogen sulphide
produced through reduction of sulphate ions. The sulphate ion contains
4 atoms of oxygen which are used for the bacterial oxidationg+of  orga2ic
matter and 1 atom of sulphur which is reduced from S to s-.
Multiplication with 2 of the H2S value expressed in ml/l gives the
"negative" 02" in ml/l.

A box model of long-term dynamics of the mass balance (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. Numerical experiments let the authors
suggest that the leading cause of eutrophication of the Baltic Sea is the
increase of anthropogenic loads of organic matter and nutrients, while
the natural changes cause background year-to-year variations only (see
also Chapter 3. "Nutrients").

Alkalinity of sea water has been shown to be a function of chlorinity
(Buch  1945). This implies 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
water between alkalinity, chlorinity and salinity allows also for
calculation of alkalinity from the latter determinands with an accuracy
which is satisfying for most oceanographic purposes. Therefore,
alkalinity measurements are now seldom carried out on a routine basis.
In the Oceanographical Laboratory of the Swedish Meteorological and
Hydrological Institute (SMHI), however, the alkalinity of Baltic waters
has been measured by the same method since the 1960s. These long 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
water discharges, which contain relatively large amounts of carbonates.
The turnover time of the Baltic Sea is approximately 30-35  years,
limiting 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
compared with the almost 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 mean values of A/S in the surface water and bottom water of the
Gotland  Deep, BY 15 (BMP Jl), measured by different authors between the
1930s and 1980s.

Similar mean values have been found during 1959-1961 for the Southern
Baltic Proper, viz. 0.203, for the surface waters of the Bornholm Deep
and the Gdafisk  Deep, 0.194, for the surface waters of the Arkona Basin
(Trzosinska  1967). Respective values for the near bottom waters were
0.126 (88 m), 0.138 (106 m) and 0.108 (47 m). The A/S ratios found by
Mlodziiiska (1974) in the Bay of Gdafisk, affected by the Vistula river,
were 4-5 times higher. For example, the mean A/S ratio calculated for the
coastal waters with salinities less than 6 PSU, amounted to 0.940.
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Table 1. Comparison of Alkalinity/Salinity (A/S) mean values in the
Gotland  Deep, BY 15 (BMP Jl) measured by different authors
from 1927 to 1989.

Author Period Surface water Bottom water

Buch  (1945) 1927-1935 0.217 0.144
Zarins and Ozolins (1934) and
Miezis  and Ozolins (1940) 1933-1938 0.218 0.142
Wittig (1940) 1938 0.214 0.138
Koroleff (1954, 1957, 1958) 1954-1956 0.199 0.128
Board of Fisheries, Sweden 1958-1961 0.203 0.142
(ICES 1966)
Nehring and Rohde (1967) 1965 0.206 0.134
Kremling (1969, 1970, 1972) 1966-1970 0.219 0.143
DDR IBY (ICES 1975) 1969 0.205 0.141
Poland IBY (ICES 1975) 1969 0.206 0.146
Finland IBY (ICES 1975) 1969 0.206 0.141
Denmark IBY (ICES 1975) 1969 (0.234) 0.141
SMHI Oceanogr. Laboratory 1964-1987 0.206 0.142
(SMHI data base 1989)
Mean value 1927-1987 0.2090 0.1402
Standard deviation 0.0068 0.0049

All authors with the exception of Kremling (1969) used back titration
techniques (e.g. Gripenberg 1936) and therefore the precision should be
almost equal. Kremling used the pH method by Anderson and Robinson
(1946). It has to be pointed out that the results by Koroleff which
differ considerably from the 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.
Kremling's results consist of 6 surface and 7 deep values. Also the low
deep values by Nehring and Rohde are due to a salt inflow with salinities
around 13 PSU. These values coincide very well-with Swedish measurements
one month 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 much larger than the
temperature effect, which decreases the pH with rising temperature due
to increasing hydrogen ion activity (Buch and Nynas  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
(Trzosinska  1990).

Reuion, station Period Season
Bornholm Deep 1969-1986 warm
BY 5 (BMP K2) 1969-1986 cold

1969-1986 year
Eastern Gotland  Basin 1969-1986 warm
BCS-III 10 (BMP Kl) 1969-1986 cold

1969-1987 year
Gdafisk  Deep 1969-1986 warm
P 1 (BMP Ll) 1979-1986 cold

1979-1987 year

Mean trend coeff.
Depth (m) PH units/a
o- 20 O.O1la
o- 50 -0.006

60- 90 0.001
o- 20 0.012a
0- 60 0.000

70- 90 0.018b
o- 20 0.027b
o- 70 0.001

80-108 0.024a

Probability of error, Student's g-test:  a c 10 %, b < 1 %

Figure 2 shows the seasonal variations of pH in the surface water of the
Gotland  Deep, BY 15 (BMP Jl). The summer periods show a maximum, because
carbon dioxide is removed from the water through the phytoplankton
assimilation. This raises the pH of the water. The reasons for variations
in the deep water should be closer investigated.

6.50-, 0-----_ O-10 m
s__---_ 200~00T

Figure 2. Monthly means of pH values in the surface water (O-10 m)
and in the bottom water (200 m to bottom) of the Gotland
Deep, BY 15 (BMP Jl), from 1964 to 1987.
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Most of the pH measurements reported here, have been carried out by
Sweden (at first by the Hydrographic Laboratory of the National Board of
Fisheries, later by the Oceanographical Laboratory of SMHI). The
temperature correction at the calculation of the pH was changed around
1972 (Gieskes 1969). This may have influenced the results to some extent.
This has to be checked closer (Fonselius 1988).

BMP and national data have been used to assess regional conditions. Trend
coefficients were calculated by means of the linear regression method.
The statistical significance of the calculated results was tested
according to Student's t-test. 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 REGIONAL ASSESSMENT OF OXYGEN CONDITIONS

2.2.1 The Kattegat
g
the Sound and the Belt Sea

G. Ertebjerg , S. Fonselius4, H.P. Hansen', D. Kijrner' and H.
Rumohr'

Monthly means of oxygen in ml/l from 60 m-bottom have been plotted from
the station Fladen (BMP 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 monthly mean values of oxygen and
negative oxygen concentrations in the Baltic Sea.

Area
or
station

Period Depth Mean trend Overall
coefficient trend

m ml/l ml/l
per year

Fladen 1965-1988
Landskrona Deep 1965-1988
Arkona Deep 1965-1988
Bornholm Deep 1965-1988
BY 8, By 9 1965-1988
Gotland  Deep 1965-1988
Gotland Deep 1965-1988
Gdaiisk Deep 1960-1988
Gdaiisk Deep 1960-1988
By 27,28,29 1965-1988
Landsort  Deep 1965-1988
Landsort  Deep 1965-1988
BY 34,35,36 1965-1988
Aland  Sea 1965-1988
Bothnian Sea 1965-1988
Bothnian Bay 1965-1988

60-bottom
45-bottom
45-bottom
80-bottom
90-bottom

100
200-bottom
80

101-108
125-bottom
200-300
400-bottom
90-bottom

200-bottom
lOO-bottom
70-bottom

(-0.02)
(-0.003)
(-0.04)
-0.06
(-0.007)
+0.04
-0.13
+0.055
-0.052
(-0.003)
+0.01

( 0.00)
+0.05
(+o.ol)
-0.03
(-0.01)

(-0.48)
(-0.06)
(-0.96)
-1.52
(-0.16)
+0.96
-3.04
+1.60
-1.51
(-0.06)
+0.24

( 0.00)
+1.12
(+0.24)
-0.72
(-0.24)
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Figure 3. Long-term trends of monthly means of oxygen values (ml/l)
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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Figure 4. Long-term trends of monthly means of oxygen values (ml/l)
in the bottom water (45 m to bottom) of the Landskrona
Deep, station 431 (BMP 42) in the Sound from 1965 to 1988.
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In the Sound no clear trend for the whole period can be detected (Fig.

4). The figure shows monthly means of oxygen in ml/l at the Landskrona
Deep (BMP 42) from 45 m-bottom 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
water or hydrogen sulphide in the water has not been observed in the
Kattegat, the Sound or the Great Belt. Sulphur bacteria on the sediment
surface have been observed in a few minor areas of the Kattegat in 1988,
and hydrogen sulphide was found in the water below the pycnocline in the
Kiel Bay, the Fehmarnbelt and the Bay of Mecklenburg in September 1981,
and in the Kiel Fjord in October 1986.

In the southern Kattegat the hitherto most serious oxygen deficiency was
observed in the autumn 1988 with oxygen concentrations below 3 ml/l for
more than 2 months (Fig. 5), and often below 1 ml/l. The effect was that
fish caught in nets and many bottom invertebrates died. Among these the
population of Nephrops norvegicus was seriously harmed.

A statistical model analysis of all oxygen data from the period 1974-
1987 and the depths 20 m-bottom from the stations Halsskov Rev in the
Great Belt, the Landskrona Deep in the Sound and Gniben and Anholt East
in the Kattegat shows equal seasonal variations and development with
time. Therefore, all the observations were pooled. The analysis shows in
general (Fig. 6) that the autumn oxygen minimum has gradually become
lower, and that another oxygen minimum in the spring, after the spring
phytoplankton bloom, has gradually developed during the period 1974-
1987.

Although the oxygen concentrations during the spring oxygen minimum
generally are much higher than during the autumn oxygen minimum, the
spring minimum 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 II 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 autumn minimum (August-
September; 25 m to bottom, trend coefficient -0.12 ml/l per year). The
negative trend in oxygen concentrations (Fig. 7) is confirmed by a
corresponding negative trend in pH (see Fig. 29). Observations of
hydrogen sulphide formation have been reported more frequently for most
of the Kiel Bay stations during the last 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 ml/l. Crosses show places with dead
bottom animals washed ashore 12-13 October 1988.

Oxygen ml/l
8

Figure 6. Modelling of the development of the oxygen conditions
(ml/l) in the bottom water of the northern Sound, the
southern Kattegat and the Great Belt during the period
1974-1987.
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Figure 7. Long-term trends of oxygen concentrations (ml/l) in the
bottom water (25 m to bottom) of the Kiel Bay during the
oxygen autumn minimum (August-September) from 1979 to 1990.

2.2.2 The Baltic Proper

Arkona Basin
S. Fonselius4

In the deep water the variations of the oxygen concentrations are large
due to the fact that the halocline is located very close to the bottom
and that therefore many of the samples have been taken above the
halocline; considerable seasonal variations also influence the results.
A decrease in oxygen concentrations, however, seems 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 (Matthaus
1990).

Area or Period Depth Mean trend coeff. Overall trend
station years m ml/l per year ml/l

Arkona Basin 1977-1988 45 not signific. not signific.
Bornholm Basin 1977-1988 80 -0.149 -1.8
Gotland Deep BY 15 1977- Apr.1982 100 -0.306 -1.6

II II II Nov.1983-1988 100 -0.406 -2.0
I, II 11 1977-1988 200 -0.404 -4.7
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Figure 8. Long-term trends of monthly means of oxygen values (ml/l)
in the bottom water (45 m to bottom) of the Arkona Deep,
BY 2 (BMP 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 (negative 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 Gotland  Basin
S. Fonselius' and W. Matthius 7

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 is 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 7OC 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 in the Eastern Gotland  Basin started with the
highest temperatures ever recorded in the bottom water (> 7OC) 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
Jl). Compared to earlier extreme periods (cf. Matthaus 1986, 1987) the
current stagnation period caused the greatest decreases in 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 monthly means of oxygen values (ml/l)
in the bottom water (80 m to bottom) of the Bornholm Basin
from 1965 to 1988. Mean values of the stations BY 4 and BY
5 (BMP K2) have been used.
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Figure 10. Long-term trends of monthly means of oxygen values (ml/l)
in the bottom water (90 m to bottom) in the southern part
of the Eastern Gotland Basin from 1965 to 1988. Mean values
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 (ml/l) in the bottom water (200 m to bottom)
of the Gotland  Deep, BY 15 (BMP Jl), from 1965 to 1988.
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Figure 12. Long-term trends of monthly means of oxygen values (ml/l)
in the intermediate water (95-100 m) of the Gotland Deep,
BY 15 (BMP Jl), from 1965 to 1988.
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Gdafisk Basin
B. Cyberska'

The GdaAsk Basin is a sub-basin of the Eastern Gotland Basin. In the deep
layers of the Gdaiisk Deep, Station P 1 (BMP Ll), 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 (loo-108 m) the rate of oxygen depletion was
approximately 0.05 ml/l 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 ml/l per year). Later inflows in
1977, 1982183 and 1986 affected the bottom waters of the Gdaiisk Deep to
a much smaller extent, although their influence can be traced there as
peaks in the oxygen concentration values, as disappearance of hydrogen
sulphide during 1983-1986, and as a significant correlation between
salinity and oxygen concentrations. Hydrogen sulphide appeared there
again in the last three years (1987-1989) in very high concentrations,
up to 45 pmol/l (1.5 mg/l). In 1989 the hydrogen sulphide-containing
water also penetrated into the central part of the Bay of Gdadsk.

Contrary to the near-bottom water, the intermediate layers of the Gdaiisk
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
6
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Figure 13 a. Oxygen and negative oxygen values (ml/l) in the bottom
water (101-108 m) of the Gdafisk  Basin at the station P 1
(BMP Ll) from 1960 to 1989.

b. Oxygen values (ml/l) in the intermediate water (80 m depth)
of the Gdaiisk Basin at the station P 1 (BMP Ll) from 1960
to 1989.
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Table 5. Characteristic changes in the oxygen conditions in the
Gdafisk Deep, P 1 (BMP Ll).

Period Depth (m) Mean trend coeff. Overall trend
(ml/l per year) (ml/l)

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
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Figure 14. Long-term variations of oxygen concentrations (ml/l) in
different water layers of the Gulf of Riga in August from
1963 to 1987.
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Gulf of Ri a
V. Berzins9

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 summer (August) amounted to about 0.07 ml/l per year. The rate of
decrease oscillated, however, with a period of 2-7 years, due to
periodical changes in the density stratification, connected with the
inflows of more saline Baltic water (Fig. 14).

Northern Baltic Proper
S. Fonselius4

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 m to the bottom. No clear trend can be found for the period. During
the last five years the conditions, however, have improved. The water
inflows at intermediate depths seem to have penetrated down into the
Landsort  Deep (Table 3). Figure 16 shows monthly means of mean values for
the stations BY 27, BY 28 (BMP H2) and BY 29 from 125 m-bottom during
the same period (Table 3). No trend can be found, with exception for the
last 5 years, which show a weak but significant negative trend.

Western Gotlyd  Basin
S. Fonselius

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

2.2.3 Gulf of Finland
M. PerttilS2

Oxygen development in the Gulf of Finland depends partly on the
development in the Baltic Proper due to lack of a sill between the Baltic
Proper and the Gulf of Finland. In the water layer from 50 m down to the
bottom, no significant trends can, however, yet be seen. Most of the BMP
data has been collected at the station LL 7 (BMP F3), where the
halocline, usually observed at single CTD 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. time (Fig. 18).

No consistent oxygen depletion has, however, been observed in the Gulf
of Finland during the period of inspection.

2.2.4 Gulf of Bothnie
S. Fonselius4

hand Sea

No significant trend can be found at the station F 64 (BMP Dl) (Table

3).
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Figure 15. Long-term trends of monthly means of oxygen and negative
oxygen values (ml/l) in the bottom water (400 m to bottom)
of the Landsort  Deep, BY 31 (BMP H3) from 1965 to 1988.
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Figure 16. Long-term trends of monthly means of oxygen and negative
oxygen values (ml/l) in the bottom water (125 m to bottom)
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 17. Long-term trends of monthly means of oxygen and negative
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Figure 18. Oxygen values (ml/l) at station LL 7 (BMP F3) in the Gulf
of Finland from 50 m to bottom during the period 1979-
1989.
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Figure 19. Long-term trends of monthly means of oxygen values (ml/l)
in the bottom water (100 m to bottom) of the Bothnian Sea
from 1965 to 1988. Mean values of all deep stations have
been used.
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Figure 20. Long-term trends of monthly means of oxygen values (ml/l)
in the bottom water (70 m to bottom) of the Bothnian Bay
from 1965 to 1988. Mean values of all deep stations have
been used.
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Bothnian Sea

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

Bothnian Bay

Figure 20 has also been drawn using mean values from several
representative stations showing the oxygen concentration from 70 m-
bottom 1965-1988. The number 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
developing signs of stagnation.

2.3 REGIONAL ASSESSMENT OF THE ALKALINITY
S. FonseliusB

For the assessment A/S relations without the constant term, have been
used. Annual mean values have been calculated for all stations.

2.3.1 The Uattegat and the Sound

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

In the Sound (Landskrona Deep, Station 431; BMP 42) the surface values
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 (BMP K4) (Table 6), but these are not
significant.

Eornholm Basin

In the Bornholm Basin, mean of stations BY 4 and BY 5 (BMP K2) has been
calculated. A weak negative trend could be detected at O-10 m but below
80 m no trend could be found (Table 6).
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Table 6. Long-term trends of annual means of specific alkalinity
(A/S) in the Baltic Sea.

Area
or
station

Period Depth Mean trend Overall
coefficient trend

m A/S units/a A/S units

Fladen 1965-1988
Fladen 1965-1988
Landskrona Deep 1965-1988
Landskrona Deep 1965-1988
Arkona Deep 1965-1988
Arkona Deep 1965-1988
Bornholm Deep 1965-1988
Bornholm Deep 1965-1988
BY 8, BY 9 1965-1988
BY 8, BY 9 1965-1988
Gotland  Deep 1965-1988
Gotland  Deep 1965-1988
BY 27, 28, 29 1965-1988
BY 27, 28, 29 1965-1988
Landsort  Deep 1965-1988
Landsort  Deep 1965-1988
BY 34, 35, 36 1965-1988
BY 34, 35, 36 1965-1988
Aland Sea 1965-1988
Aland  Sea 1965-1988
Bothnian Sea 1965-1988
Bothnian Sea 1965-1988
Bothnian Bay 1965-1988
Bothnian Bay 1965-1988

O-10
60-bottom
O-10

45-bottom
O-10

45-bottom
O-10

80-bottom
O-10

90-bottom
O-10

200-bottom
O-10

125-bottom
O-10

400-bottom
O-10

90-bottom
O-10

200-bottom
O-10

lOO-bottom
O-10
70-bottom

(-0.0001)
(-0.0002)
(-0.0005)
(-0.0003)
(-0.00025)
(-0.00025)
(-0.00025)
( 0.0000)
-0.0005

( 0.0000)
-0.0003

( 0.0000)
(-0.00025)
+0.0003
(-0.0002)
(+0.00025)
-0.0005
(+0.0003)
(+0.0002)
( 0.000)
(-0.0003)
( 0.0000)
(-0.0004)
( 0.0000)

(-0.002)
(-0.004)
(-0.012)
(-0.008)
(-0.006)
(-0.006)
(-0.006)
( 0.000)
-0.012

( 0.000)
-0.008

( 0.000)
(-0.006)
+0.008
(-0.004)
(+O.OOb)
-0.012
(+0.008)
(+0.004)
( 0.000)
(-0.008)
( 0.000)
(-0.010)
( 0.000)

Eastern Gotland  Basin

Here results from the Gotland  Deep BY 15 (BMP Jl) only will be used
because the results from the stations BY 8 and BY 9 are very similar
(Table 6). Figure 22 shows monthly means for A/S in the surface water (O-
10 m) and the deep water (200 m - bottom) 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 means 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 may see a weak positive trend in the deep
water. The mean of the stations BY 27, BY 28 (BMP H2) and BY 29 show a
similar 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 means of A/S in the surface
water (O-10 m) and the bottom water (40 m to bottom) of the
Landskrona Deep (BMP 42) from 1970 to 1988.
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Figure 22. Long-term trends of annual means of A/S in the surface
water (O-10 m) and the bottom water (200 m to bottom) of
the Gotland  Deep, BY 15 (BMP Jl) from 1965 to 1988.






















































































































































































































































































































































































































































































































































































