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The Baltic Sea between Poland and Sweden. (Photo: Lars Rydén.)120
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The Baltic Sea is the final recipient of pollutants from
the entire basin and is of special concern in efforts to
improve our environment.

There are many reasons for being concerned. The
Baltic Sea is an unusually sensitive water body, being
unique in many ways. It is, surface-wise, one of the largest
brackish water bodies in the world; brackish means that it
does not have marine water, as the oceans, or fresh water,
like lakes, but has salt concentrations between the two.
As a consequence, there are comparatively few species
that have adapted to live in the Baltic Sea. This low level
of biological diversity makes it sensitive to impact. If one
species is affected, there might be no other that can take
over its role in the ecosystem.

The Baltic Sea has an average depth of only about
50 metres. The reason is that, geologically speaking, it
is lying on a continent rather than between continents,
as do the several kilometre deep oceans. Therefore,
pollutants are not as diluted as in the oceans. In addition,
the water in the Baltic Sea has only a small passage to
the large oceans via the Danish straits to the North Sea.
The exchange with the oceans is thus restricted and
the half-life of its water is about 25 years. Pollutants
stay in the Baltic Sea for a very long time. The turnover
of pollutants in the Sea is furthermore affected by its
position on northern latitudes. An oil spill in the southern
parts of the world may disappear rather quickly, but it
takes much longer when all processes are slowed down
due to a cold climate.

The Baltic Sea should also be saluted for its many
positive aspects. Its short geological history of only a
few thousand years after the last glaciation is the cause
of its many dramatic and beautiful sceneries. This
includes the largest archipelago in the world with some
25,000 islands between Sweden and Finland, and many
special coastal types. For similar reasons, the Baltic
Sea is also very productive, in fact one of the most
productive seas in the world, due to its comparatively
large nutrient content. Fishing in the Baltic Sea has
always been very important.

In this chapter, we will study the Baltic Sea itself.
This study is important in order to understand the fate
and effects of environmental impacts in the region and
how to deal with them. The unique characters of the
Baltic Sea will be highlighted and explained. Later on,
it will be clear that the Baltic Sea is unique for several
other reasons. It is the best monitored water body in
the world, with 100 years of data available. It was the
object of the first environmental co-operation between
the former Soviet Union and the West. In 1974, the
Helsinki Convention and its Commission for the
protection of the Baltic Sea were created. In 1992, when
this convention was much improved and expanded, it
was made clear that 95% of the pollutants entering the
sea come from the drainage basin and that it is where
action must be taken. Today, there is a very large
investment programme in the drainage area to protect
the Baltic Sea.

“All pollutants that we pour into our small sinks at home will finally end up in
our large common sink, the Baltic Sea.”

Dr Andrzej Kowalczewski, Warsaw University,
in a Baltic University TV broadcast.

Authors of this chapter
Lars Håkanson, main text with contributions by Lars-Christer Lundin; Oleg Savchuk and Victor Ionov, the
dynamic Baltic Sea; Stanislaw Musielak and Kazimierz Furmanczyk, the coasts of the Baltic Sea.
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A SYSTEMS APPROACH

TO THE BALTIC SEA

What is so special about the Baltic Sea?
The Baltic Sea accounts for almost a quarter of the Baltic Sea basin, and is of
decisive importance to all the countries along its coasts. It is special in many ways.

Firstly, the Baltic Sea is not similar to the deep oceans between the continents.
Instead, it is situated on a continent, it is epicontinental. Other areas of this type
are the Hudson Bay, the Persian Gulf, and the North Sea. These are all shallow
seas, rarely more than 100 m deep, whereas the seas between continents are
generally at least 2,000 m deep, e.g., the Mediterranean, the Black Sea, and the
Red Sea. An epicontinental sea is more or less cut off from the oceans, it is
semi-enclosed, as opposed to the so-called shelves, the not so deep areas on the
Atlantic coasts. The Baltic Sea has only the narrow connection with the Atlantic
through the Danish belts.

Secondly, the Baltic Sea is a brackish water body, meaning that it is neither
fresh water nor fully marine water, but with a salt concentration in between.
This is one consequence of the semi-enclosed state of the Baltic Sea, it is neither
a salt-water sea nor a lake. Brackish waters are rather unusual on Earth, and few
animals and plants are adapted to live in them. A strong tidal range in the Kattegat
would have increased the salt influx to the Baltic Sea to make it more marine,
but the tide is only about 1-2 dm there. A tidal node preventing the tidal waves
from entering the Kattegat is situated between Norway and Denmark.

Thirdly, the Baltic is more nutrient rich than the oceans. This is mainly due
to the post-glacial processes of land uplift. As the land rises, new bottom areas
are exposed to waves. The nutrients bound to these old sediments are washed
out in the sea and may, once again, be used by plankton and algae. Hence, the
few species living in the Baltic Sea have an ample supply of food and they are
generally present in large numbers. The fishing in the Baltic Sea is intense and
of considerable economic importance. Today, eutrophication through pollution
is a problem.

Furthermore, the Baltic Sea is located at high latitudes and one characteristic
feature is the winter ice cover. In general, the life conditions for the fauna and
flora of the Baltic Sea are difficult and require far reaching adaptation.

Another unique feature are the coasts, especially the archipelagos. The
archipelago area outside the Swedish capital Stockholm and between Sweden
and Finland consists of more than 25,000 islands (or more, depending on what
is included). This means, among other things, great potential for sailing, fishing,
and recreation.

The drainage area is densely populated (85 million people) and heavily
industrialised. The Baltic Sea is therefore polluted and also sensitive to pollutants
because of the cold climate and among other things, the restricted water exchange
with the ocean.

In short, there are many reasons why the Baltic Sea is such a unique aquatic
ecosystem. The Baltic Sea:

1) is large,
2) very shallow,
3) a sheltered inland sea,
4) has brackish water,
5) has many coastal types,
6) is in a cold climate,

Figure 5.1. The Baltic Sea contributes with much of
the beauty and charm of the region, as here in the Finnish
archepelago outside Turku. (Photo: Paula Lindroos.)
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7) has a heavily industrialised catchment area with a large population and
intensive land use,

8) is productive with an intensive fishing,
9) is sensitive to environmental impact,

10) has great recreation potential, and
11) is presently polluted so heavily that the people, flora, and fauna of all

the countries on its shores are threatened.

The Baltic Sea region is a good example of an eco-geographical unit.
Improvement of the environmental conditions of the Baltic Sea requires co-
operation among all the countries in the drainage area.

Maps of the Baltic Sea region
The first maps of the Baltic Sea region are from the Middle Ages. A very famous
map, drawn by Olaus Magnus in 1539, is filled with fantastic figures that are more
folklore that fact, but many other later maps also depict more art than science.

During centuries, the Baltic Sea linked people together rather than separated
them. The Baltic Sea was an important waterway. However, navigation charts
were either non-existent or far from perfect. The classical  route used by the Danes
from the 11th century was along the Swedish coast, which was then the territory of
the Danish king almost all the way up to present Kalmar, further up to the Stockholm
Archipelago and then over Åland to south-western Finland and further to present
Estonia, all the time using landmarks. A reminder of that time is the name of Tallinn,
a city that the Danes founded in the 13th century. Tallinn means Danish.

It is clear that the political and the shipping maps of the Baltic Sea region
changed over time, but so did the physical map. A major force has been land
uplift – new islands and even entire coastal and archipelago areas have appeared
since the Middle Ages, as the ground has been rising after having been pressed
down and planed-off by the massive inland ice, especially in the Stockholm
Archipelago. This is clear from old maps.

Different parts of the Baltic Sea now have their own names. There are seven
such areas counted from the south: the Belt Sea, the Baltic proper,  the Gulf of
Riga, Gulf of Finland, the Archipelago Sea, the Bothnian Sea, and the Gulf of
Bothnia. Kattegat on the Swedish west coast is also commonly added in contexts

The Baltic Sea is one out of about 60 similar water bodies in the
world. In Europe, there are six such water bodies with their
respective basins: The Baltic Sea, the North Sea, the
Mediterranean, the Black Sea, the Caspian Sea, and the White
Sea, possibly together with the Barents Sea.

All of these have their special character. The North Sea is
most similar to the Baltic Sea, with a heavily industrialised
watershed and important fishing. It is epicontinental. It is now a
major site for oil and gas production in the world. The
Mediterranean is very deep, and nutrient poor with poor fishing,
but extremely clear water. The Black Sea, on the other hand, is
again deep, some 2 km, but similar to the Baltic Sea with regards
to the severe eutrophication of its coastal waters. It is also in a
difficult environmental situation.

Among seas that are similar to the Baltic Sea, we may
mention in addition to the Black Sea, Chesapeake Bay on the

east coast of the United States, the Gulf of Thailand, and the
Soako inland Sea in Japan. These are all semi-enclosed and
severely influenced by eutrophication. In the Gulf of Thailand,
shrimp aquaculture is a major cause of eutrophication.

Other very eutrophic larger water body includes Lake Victoria
in eastern Africa. Lake Victoria waters have a very long half-life
since it is only emptied through the Niles, and it will thus take a
very long time to remedy the situation. Both Lake Victoria and
the Black Sea has been very severely hit by biodiversity decline,
not least due to introduction of alien species.

In the year 2000, a new institution, Global International
Waters Assessment (http://www.giwa.net/), created by UNEP was
established to monitor and report from the 60 seas of the world.
The new institution is located in Kalmar in southern Sweden on
the Baltic Sea coast and started its work with a review of the
situation in the Baltic Sea.

The sixty seas of the worldThe sixty seas of the worldThe sixty seas of the worldThe sixty seas of the worldThe sixty seas of the worldOutlookOutlookOutlookOutlookOutlook
Box 5.1Box 5.1Box 5.1Box 5.1Box 5.1

The Baltic Sea is a brackish,
non-tidal, epicontinental sea
in a formerly glaciated area.
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Figure 5.2. Carta Marina. Excerpt from a map of the Baltic Sea region by Olaus Magnus, 1539. Olaus Magnus drew his map in Hamburg without knowing
much about the region, despite 200 years of Hanseatic trade. He filled it with fantasy pictures of people and animals, especially in the northern territories. The
geography was approximate. Other early efforts to map the Baltic Sea were made by Adrian Veen in 1613, who based his map on Dutch nautical charts; and
the more famous map Orbis Arctoi from 1626 by Andreas Bureaus. (Courtesy of Uppsala University Library.)
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that deal with the environmental situation of the Baltic Sea. Kattegat is a fully
marine environment but shallow and with the same kinds of environmental problems
as the Baltic Sea. Further out to the west, Skagerrak is still epicontinental but is not
dealt with in Baltic Sea context.

Each of the water areas have their corresponding land areas, drainage areas,
which in turn are connected to the sea by the major rivers. A map of the Baltic
Sea basin divided into sub-basins in this way is a useful reference in all
discussions on the Baltic Sea, especially when studying environmental impact.

The depth map, or bathymetric map of the Baltic Sea, is an important tool in
most studies concerning the flow of water, suspended material, sedimentation, and
the flow of nutrients and toxic substances. From the bathymetrical map, it is also
clear that the water circulation is rather restricted between the different sub-basins,
from the Bothnian Bay in the north to the Kattegat in the west.

A compilation of morphometrical data for the Baltic Sea and some major
sub-areas shows that it  is a shallow sea. The deepest part of the Baltic Sea is the
Baltic proper with a mean depth of 62.1 m. The maximum depth is 459 m at the
Landsort Deep not far from Stockholm. The mean depth of the Sound and the
Belts is only 14.3 m, which is a most important obstacle for a free water exchange
across the Danish Straits.

Functional zones
The entire Baltic Sea basin, as well as each of the sub-basins, may also be
mapped according to functional zones. This division into zones which each
have their characteristic function, both physically and biologically, is especially
useful when discussing and understanding environmental impact. We may
distinguish four different zones.

1. The drainage area, also called the catchment area or, in American
literature, the watershed. The rain falling on this area will, in due course, find
its way to the Baltic Sea via brooks and larger rivers. The drainage area of the
entire basin is 1,745,000 km2, which is more than 4 times larger than the entire
water area  of 415,266 km2.

Figure 5.3. The drainage basin of the Baltic Sea.
(Opposite page.) The border of the drainage basin, also
called catchment or watershed, of the Baltic Sea
including Kattegat in the west, is marked by the
outermost thicker line, the so called water divide. It is
in turn divided into 7 sub-basins, from north the
Bothnian Bay, Bothnian Sea, Gulf of Finland, Gulf of
Riga, the Baltic proper, the Belt Sea with the Sound,
and Kattegat. Each of these have their drainage areas,
as indicated by thicker lines. All of the major lakes
and the rivers that flow to the Baltic Sea are marked.

Figure 5.4. The functional zones of the Baltic Sea.
The zones indicated are the coastal area (lighter colour),
the transition zone (medium colour) and the deep water
area (darker colour). (After L. Håkanson, 1990.)

Table 5.1. Inflow of fresh water to the various sub-
basins of the Baltic sea for the period 1950-1990 and
their respective catchment areas. (From Bergström &
Carlsson, 1993.)

Sub-basinsSub-basinsSub-basinsSub-basinsSub-basins catchment areacatchment areacatchment areacatchment areacatchment area InflowInflowInflowInflowInflow
(km2) km3/year

Baltic Sea proper 584,000 114
Bothian Bay 261,000 98
Bothnian Sea 230,000 91
Gulf of Finland 421,000 112
Gulf of Riga 132,000 32
Kattegat & Belt Sea 101,000 37
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Due to the climatological and geographical differences between the
catchment areas of the different rivers, the water transport, and consequently
the chemical characteristics of the water, are very different in different rivers.
The largest rivers entering the Baltic Sea are the Neva, flowing into the Gulf of
Finland, and Wisła, flowing into the Baltic Sea proper. There are significant
seasonal variations in the river discharge, especially in the north, where run-off
from melting snow is considerable. The maximum run-off generally occurs in
the spring during the thawing period.

2. The coastal zone is the zone inside the outer islands of the archipelago
and/or inside barrier islands. The coastal zone receives the pollutants from land-
based activities. The retention time of the water and the characteristics of the
different types of pollutants may vary significantly between coastal areas. If the
retention time is long the coastal zone functions as a “purification plant” for the
open waters. The coast is where many fish species as well as other species
reproduce. It may be called the “pantry and a nursery” of the sea. The coast is
also of special importance for recreation, fishing, water management, and
shipping and a zone where different conflicts and demands meet. The natural
processes, such as the water transport, flux of material and energy and bio-
production, in this zone are of utmost importance for the entire sea.

3. The transition zone is the zone between the coastal zone and the deep
water zone. This is by definition the zone down to depths where episodes of re-
suspension of fine material occur in connection with storm events and current
activities. It is found at about 50 m water depth. The conditions in terms of
water dynamics, distribution of dissolved substances such as pollutants, and
suspended and dissolved materials in this zone, are very difficult to predict and
describe. It is comparatively little studied but, probably, of paramount importance
for the ecological status of the Baltic Sea. This zone dominates geographically
the open water areas outside the coastal zone.

4. The deep water zone consists of the areas beneath the wave base. In these
areas, there is a continuous deposition of fine materials. It is the “end station”
for many types of pollutants and the areas where conditions with low oxygen
concentrations are most likely to occur.

Figure 5.5. The seasonal variation in drainage to
the Baltic Sea (excluding the Belt Sea and Kattegat)
and five of its sub-basins. The vertical axis shows the
mean monthly run-off normalised to have the mean
annual run-off as 1 for each basin. Months are indicated
by Roman numerals. While the whole Baltic Sea has a
variation between winter of 0.8 and snow melt of several
months peaking at 1.6, the Gulf of Bothnia varies
between 0.5 in winter and 2.0 in a short May-June snow
melt, and the Gulf of Riga between 0.6 in winter and
3.1 in a sharp April snow melt, most of which comes
through the Daugava river. (After Voipo, 1981.)

Figure 5.6. During snow melt the many rivers
leading to the Gulf of Bothnia give the Baltic Sea
a large inflow of fresh water. (Photo: Inga-May
Lehman Nådin.)
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THE BALTIC SEA WATER

Water balance
As a whole, the Baltic Sea basin receives 450 km3 of rain and snow per year.
This corresponds to 40 cm of water, if spread out evenly over the entire region,
or 1.2 m on the Baltic Sea itself.

Precipitation does not hit the region evenly. Average runoff, i.e. the difference
between precipitation and evaporation, is much higher in the north than in the
south. In the north, the precipitation is larger and the evaporation smaller, accounting
for the differences.

Most of the fresh water entering the Baltic Sea and its sub-basins emanates
from river input. The precipitation on the Sea itself is generally much smaller
than the river input and largely of the same magnitude as the evaporation from
the water surface.

There is an exchange of water between the different sub-basins. The most
critical exchange is the one through the Danish straits with Kattegat. Surplus
freshwater passes through the Danish Straits, the Sound, and the Belts, and large
quantities of salt water flow in the other direction into the Baltic Sea. This inflow
of salt water shapes both the physical properties and the biological life of the
Baltic Sea.

From the amount of precipitation, one might get an intuitive idea about the
half-life of water in the Baltic Sea, which is 25 years, corresponding to 30 m of
water depth on the average. But this does not account for the whole story. Due to
the salt water inflow the total exchange of water in the Baltic Sea is much larger
than the net outflow. This is also valid for the exchange of water between the
different basins in the Baltic Sea. However, the water exchange is fairly small
which results in both the water staying brackish, and a slow dilution of pollutants.

Surface water circulation
The surface water in the Baltic Sea is constantly circulated by several currents.
The net hydrological flow pattern is extremely important for the spread of
pollutants. The following features should be noted:

• The dominating water circulation in each of the three large basins – the
Bothnian Bay, the Bothnian Sea, and the Baltic proper – constitutes an anti-
clockwise cell, which distributes the settling particles, the suspended material
and the pollutants in a typical pattern, reflecting the flow of the water. This
anti-clockwise cell is created by the rotation of the Earth, the Coriolis force,

Figure 5.7. Water exchange in the Baltic Sea. The
data is in km3 per year. The Baltic Sea is divided in
three sub-basins, the Bothnian Bay, the Bothnian Sea,
and the Baltic proper, which includes the Gulf of Finland,
the Gulf of Riga, and the Belt Sea. The figures to the
left denote exchange with Kattegat and the North Sea
through the Danish Belts and the Sound. The total run-
off is given as 435 km3 and the total inflow of fresh
water as 474 km3. (After Monitor 1988. Data are based
on Z. Mikulski, 1985). The figures are slightly higher
than those measured by the Swedish Hydrometeoro-
logical Institute.
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which deflects any plume of flowing water to the right in relation to the
direction of the flow in the northern hemisphere (and to the left in the southern
hemisphere). Thus, when a river enters the Baltic Sea, the water turns to the
right and follows the shore.

• The net hydrological flow is to the south on the west (Swedish) side of the
Baltic Sea and to the north on the east side.

• The currents are rather strong and stable close to land and weaker towards
the centre of each basin.

• This is only the net component of the flow – this means that the water would
also flow in most other directions during the year.

The map of currents tells us that if, for example, a bottle with a message was
dropped at Gotland, the bottle could return after passage through Polish and
Estonian coastal areas. Another consequence is that pollution at the borders
between Poland, Lithuania, Latvia, and Estonia travels north. Currents also carry
oil spills, which more often  hit Gotland and the Swedish coasts.

The ice
There is yet another characteristic hydrological feature in the Baltic Sea – the ice.
The Baltic Sea is unique for being such a large body of brackish water influenced
by ice. A map illustrating the mean distribution of ice in the Baltic Sea shows
large areas that are ice covered each winter. The centre of the Baltic proper is
normally ice-free, while the Bothnian Bay is ice-covered.

The ice of course impairs shipping, and it also influences, e.g., the
hydrological flow, the sedimentation processes, and the shore vegetation. Since
water temperature, together with the salinity, is a most fundamental abiotic
parameter regulating bioproduction, it is easy to recognise the significance of

Figure 5.9. Surface water currents in the Baltic
Sea. Each sub-basin constitutes an anti-clockwise
cell. The length of the arrows are proportional to the
mean velocity. Figures indicates stability in per mille.
Full lines show isolines for salinity. From the pattern
of currents follows that the water from all rivers bends
off to the right when entering the Sea, and that
polluted water entering the Sea goes north on the
eastern side and south on the western side. (After the
report “Physical Planning” from the Swedish Minis-
try of Agriculture, 1978.)

Figure 5.8. Bathymetric map of the Baltic Sea. (Map
prepared by Fredrik Wulff and Miguel Rodriguez
Medina. Data source: Seifert T. and B. Kayser, 1995.
A High Resolution Spherical Topography of the Baltic
Sea. Meereswissenschaftliche Berichte/ Marine Science
Reports, Institut fur Ostseeforchung Warnemunde.)

Depth
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water temperature and ice for the plants and animals that constitute the Baltic
Sea ecosystems (See maps page 134).

Three important parameters – salinity, temperature, and oxygen
content
A fundamental parameter for all marine life is salinity. A fully marine
environment has 35% (percent) or 3.5‰ (parts per thousand) salt, while fresh
water has almost no salt. In the Baltic Sea, salinity varies from low values in
the north to higher values closer to the Belts. It ranges from about 2-4‰ in the
Bothnian Bay, 4-6‰ in the Bothnian Sea, and 6-8‰ in the Baltic proper, to
values in the range of 20-30‰ in the Kattegat and Skagerrak.

We may also note the characteristics of the lines showing salt concentrations.
The deep water at any site is always more saline  than  the surface water. At
the Gotland deep (Figure 5.11), the water down to a depth of  about 70 m has
a salinity of about 7-8‰. There is then a fairly rapid increase in salinity at a
water depth of about 70-90 m. This layer with steep inclination in salinity is
called the halocline. Beneath the halocline, we find saltier, denser water with
a salinity in the range of 10-12‰.

In Figure 5.11, we also see the temperature profile for January and for
September. The water down to a depth of about 20 m is significantly warmer,
11-12oC, in September than in January, when the temperature at the lower
layer is about 2oC. In September, we can note that there is a very steep gradient
in temperature between a water depth of 20 m and about 70 m. The gradient is
called the thermocline and the water above the thermocline is often referred to
as the surface water and the water beneath the thermocline as the deep water
or the bottom water. This means that in late summer, we find warmer, less
saline water on top of colder water with approximately the same salinity, and
below there will be saltier, slightly warmer deep water.  During winter, the
cold water reaches the surface; then the temperature increases steadily from
about 2oC at the surface to about 4oC at the bottom.

These two boundary layers, the thermocline and the halocline, act as
“bottoms” or “glide surfaces” for the transport of water and pollutants carried
by the water.

The third profile in Figure 5.11 shows the  oxygen  concentration (ml O
2
/l).

The surface water is generally well oxygenated with O
2
 concentrations between 7

and 9 ml/l; the values from January are often higher than for September depending
on the high production of organic material during the summer months. When the
algae and plankton die, they are consumed by bacteria and in this decomposition,
or mineralization, of dead organic matter oxygen is utilized. This results in lower
O

2
 values in September. From about 60-70 m water depth, we may note a very

steep O
2
 gradient; and at a water depth of about 140 m, we can see that there is no

Figure 5.11. Vertical profiles for temperature
(broken line), salinity and oxygen (solid lines) in
the Gotland Deep in 1987. Data are given both for
September and January. Salinity does not change
between winter and fall, surface water is slightly more
oxygenated in the fall, while there is a dramatic
difference in temperature down to more than 100 m
between winter and fall. Values for the three parameters
in temperature (oC), salinity (parts per thousand) and
oxygen (ml/l) are given on the horizontal scale and depth
on the vertical scale. (After Swedish Environmental
Protection Agency, 1988.)

Figure 5.10. Salinity distribution in the Baltic Sea.
The diagram shows a combined surface and depth re-
presentation. The horizontal scale is essentially a north-
south extension, and the vertical scale is depth. The
sub-basins are indicated at the top. The iso-lines show
salinity in parts per thousand. The dark solid area
indicates the bottom. (After Swedish Environmental
Protection Agency, 1988.)
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Skagerrack-Kattegat area that supply the deep stagnant layers in the
Baltic Sea with oxygen-rich water (Figure 5.13). These renewals change
the redox conditions in the deep layers that, in turn, are important for
the Baltic Sea eutrophication as a whole.

The positive freshwater balance of the Baltic Sea means that on
the average more water is flowing out of the Baltic Sea than into it. At
the Belt Sea and the Sounds, however, permanent water flow takes
place in both directions, although this exchange normally only moves
surface water back and forth. Only occasionally there are events which
bring in saline water, i.e. heavy enough to penetrate the deep layers.

Although the exact mechanisms of major inflows are not fully
understood and quantified, a simplified description can be given.
Relevant meteorological, hydrological, and oceanographic parameters
over a long time period (1899-1993) shows that major inflows occur
mostly in the winter season and are characterized by two phases
(Schinke and Matthäus, 1998). During the first outflow phase, high
atmospheric pressure over the Baltic Sea region, augmented by easterly
winds, forces water out of the Baltic Sea. The inverse barometer effect,
i.e. the sea level is lower where the pressure is higher and vice versa,
causes an increased outflow through the Danish Straits and the sea
level of the Baltic Sea decreases below normal. In addition, this type of
atmospheric circulation reduces both atmospheric precipitation and river
runoff, thus further decreasing the total water volume of the sea.

During the second, main phase, the normal well-developed zonal
atmospheric circulation between the North Atlantic and Europe generate
strong westerly winds and increases the sea level in Kattegat. Consequently,
large volumes of water are “pushed” into the Baltic Sea through the Straits
by a combined force of the sea surface slope, wind stress, and a “sucking”
action of the low atmospheric pressure over the region.

To produce the effect necessary, the first phase of elevated
atmospheric pressure has to prevail over one to two months (usually in
September – October), while the second phase of extremely strong
and persistent westerly winds must last several weeks. Neither condition
is common for the Baltic Sea region. Thus, the combination of
consecutive events needed to create an inflow of large amount of highly
saline water happens rather seldom and is difficult to predict.

The frequency of major inflows is thus governed mainly by
large-scale atmospheric circulation, that is, by natural forces not
man-made impacts. As was identified from “chemical footprints”
left in the sediment strata, alterations between oxic and anoxic
marine environments have occurred in the Gotland Deep at least
since the 1600s, (Hallberg, 1974; Niemistö and Voipio, 1974).

IntroductionIntroductionIntroductionIntroductionIntroduction
The properties of the Baltic Sea are  critically dependent on time-
variations on the scale of many years, during the year and even
over shorter periods. These phenomena, especially the salt water
inflows, have been studied by many marine institutions around the
Baltic Sea and data from a large number of measurements are
compiled in the Baltic Environmental Database (BED) at the
Department of Systems Ecology at Stockholm University, where
special tools to analyse the data have been developed (Sokolov
and Wulff, 1999).

A clear demonstration of multi-scale variability is presented
by the statistical vertical profiles below from measurements in the
Gotland Deep during 1963 – 1997 (Figure 5.12). As can be seen
from the time-depth plots, the pattern of variations is quite different
in the surface and deep layers.

The inter-annual variability – salt water inflowThe inter-annual variability – salt water inflowThe inter-annual variability – salt water inflowThe inter-annual variability – salt water inflowThe inter-annual variability – salt water inflow
The large inter-annual variations in the deep layers of the Baltic
proper are caused by the major saltwater inflows from the
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Figure 5.13. Major saltwater inflows during the 20th century. The vertical
scale shows intensity index calculated from the duration of the event and
salinity of the inflowing water. (Compiled from Franck et al., 1987; Mattäus,
1995; and HELCOM 1996.)

Figure 5.12. Variation in temperature (oC, top), salinity (parts per
thousand, middle) and oxygen (ml/l, bottom) at the Gotland Deep during
the period 1963-1997. The vertical scale shows depth in metres, the hori-
zontal scale year, and the three parameters in colours are according to the
scale on the right. Presence of hydrogen sulphide is shown as black irrespective
of its concentration. (Data from Baltic Environment database, BED.)
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Further fate of saltwater in the Baltic SeaFurther fate of saltwater in the Baltic SeaFurther fate of saltwater in the Baltic SeaFurther fate of saltwater in the Baltic SeaFurther fate of saltwater in the Baltic Sea
The moving water is continuously mixing with ambient, less saline water,
and it is the combination of the salinity and volume of arriving water that
defines how far it can reach into the central Baltic Sea (Figure 5.10).
The salinity of waters in the entrance area is not high enough to generate
a saline inflow. The duration of the inflow phase thus needs to be long
enough to allow the saline waters from the deep layers in Kattegat and
further out to enter. The penetration of waters into the deep Baltic Sea
interior depends on salinity of the “resident” waters that, in turn, is defined
by the recent history. For example, a considerable decrease in salinity
of the whole Baltic Sea during the persistent stagnation of the 1980s
(Figure 5.12) made it possible for even the relatively weak inflows of
1993/94 (Figure 5.13) to aerate the entire deep basins. The salt-
depleeted sea was ready for that!

Primarily, the major saltwater inflows affect only the very deep layers
of the Baltic Sea. As a secondary effect, the sporadic intrusions of the
dense water push “old” lighter water upward. During periods of stagnation,
changes of the physical and chemical properties of water in the deep layers
slowly spread upward due to vertical mixing. In contrast to the rare major
events, “permanent” water flows into the Baltic Sea vary over a wide range
of lower salinity and add to the sea interior at depths where “resident” water
has similar densities (Stigebrandt, 2001). Such more-or-less continuous
ventilation of the intermediate layers affects much larger water volumes
than “major events” and limits the upward expansion of the deep-water
changes to depths of some 120-150 m.

In contrast to the Baltic proper, the hydrographic vertical structure
is quite different in the Gulf of Bothnia, to the north of the Åland
archipelago (Figure 5.14). Saline water obviously comes here as well;
otherwise these basins with their positive freshwater balances would
have become fresh a long time ago. Since the basins are separated by
relatively shallow sills, the “upstream” basin obtains its deep waters
from the near-surface layers of the “seaward” basin, where the salinity
is lower than in the deep layers. As a result, the vertical salinity gradients
here are smaller than in the Baltic proper. This weak stratification implies
that the vertical mixing is stronger.

Seasonal dynamicsSeasonal dynamicsSeasonal dynamicsSeasonal dynamicsSeasonal dynamics
Both small vertical salinity gradients and the different shapes of vertical
profiles of the temperature are determined by events occurring on a seasonal

scale. The seasonal dynamics are driven by the annual solar cycle and
is typical of the waters of northerly temperate latitudes. However, due
to the large longitudinal extension of the Baltic Sea there are distinctive
differences between the main sub-basins in the timing of events and,
consequently, ecosystem dynamics.

In the Baltic proper the spring heating starts in March-April, while
in the Gulf of Bothnia it is delayed by one to two months. The vertical
temperature gradient reduces vertical mixing and downward
transport of the algal cells from the illuminated surface layers.
Therefore, an early development of the thermocline favours initiation
of the spring algal bloom, and the productive season lasts longer. In
summertime, a welldeveloped thermocline hinders vertical mixing,
although it is occasionally enhanced by storm events.

The surface water temperature reaches its maximum in August,
nearly simultaneously over the entire Baltic Sea, albeit with different
values. In the Bothnian Bay, the Bothnian Sea, and the Baltic proper
the 25%-75% quartiles are 12-15°C, 14-17°C, and 16-18 °C,
respectively. As water cools during the autumn, it becomes heavier
and causes thermal convection (waters from the deeper layers are
forced upward by the sinking surface waters). The convective mixing is
further augmented by wind, waves, and currents intensified by autumn
storms. In the Baltic proper vertical mixing is limited by the permanent
halocline. The cold winter water therefore stays above the warmer water
of the deep layers brought there by the major inflows. In the Gulf of
Bothnia, however, where salt stratification is much weaker, the vertical
mixing eventually reaches the bottom. Since the descending water is
rich in oxygen, the Gulf of Bothnia deeps are ventilated annually.

The dynamic Baltic SeaThe dynamic Baltic SeaThe dynamic Baltic SeaThe dynamic Baltic SeaThe dynamic Baltic Sea

Figure 5.14. Vertical distribution profiles of salinity (parts per thousand,
left) and temperature (oC, right), in the Bothnian Bay (BB), Bothnian Sea
(BS), and the Baltic proper (BP). Data are statistical means over the period
1963-1997, with solid lines showing mean and outer lines the 25% and 75%
quartiles, that is the limit for 25% and 75% of all values. (Data from Baltic
Environment database, BED.)

Figure 5.15. Small-scale variability of oceanographic parameters
exemplified by the water temperature dynamics in the surface
layers down to 20 metres depth (vertical scale) at an intensive samp-
ling station south of Gotland during three summer weeks in 1981
(horizontal scale). Measurements were made each three hours and
daily means calculated to filter out diurnal dynamics and plotted in
oC as colours according to the scale on the right.

Synoptic variationsSynoptic variationsSynoptic variationsSynoptic variationsSynoptic variations
The described seasonal developments are not continuous either
in time or in space and display pronounced synoptic (short time)
fluctuations exemplified in Figure 5.15. In the open sea south
of Gotland the summer surface heating is interrupted by short-
term events of increased vertical mixing and, consequently,
cooling of surface layers. An upwelling of colder and saltier
waters from the deep layers results in strong gradients of
seawater properties at the entrance to the Gulf of Finland. These
short-term, small-scale fluctuations, that are diurnal (daily) to
synoptic within a few kilometres, must be kept in mind when
drawing conclusions from infrequent measurements.

Oleg Savchuk and Victor Ionov

ReviewReviewReviewReviewReview
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oxygen at all left; this is the so-called redoxcline. Beneath the redoxcline, hydrogen
sulfide, H

2
S, a compound that smells like rotten eggs, is produced in microbiological

and chemical processes.
The cod population in the Baltic Sea has decreased significantly since the

mid 1980s. Why has this happened? It certainly depends on many factors in a
complicated system of interactions, but one of those is linked to the oxygen
conditions.

The cod reproduces in the open sea. Each female cod lays many eggs. In the
salty water of the Kattegat, the roe remains suspended in the surface, oxygen-rich,
water. In the brackish surface waters of the Baltic Sea, the salinity and hence also
the density is not high enough to allow the roe to float. It sinks to the saline bottom
water until this descent is stopped by the greater density of the water. If this bottom
water is oxygen-rich, there may be a good spawning year for cod, but if the oxygen
content is low, the eggs will die and the spawning will fail (see further Chapter 6).

In 1977 a larger salt water inflow managed to improve the oxygen situation
in the deep areas in the Baltic Sea proper for a longer period. The production of
organic material, algae, plankton, bacteria, and animals has been so great that
the addition of oxygen that still enters from the Kattegat is quickly utilized in
the degradation of this continuously increasing “biological rain” down to the
deep areas. Relatively significant inflows in 1993, as well as later (see below),
have not been large enough to balance this ongoing eutrophication, and oxygen
deficiency is still problematic for cod reproduction.

Processes of coastal water exchange and mixing
Coastal water exchange rate, the inverse of water retention time, determines the
concentration of nutrients or pollutants emitted from point sources at the coast.
If concentrations can be predicted, it is also possible to predict ecological effects
linked to the emissions. The water exchange sets the framework for the entire
biotic life; the prerequisites for life are quite different in coastal waters where
the retention time varies from hours to years.

The water exchange thus varies in time and space in any given coastal area.
It can be driven by many processes, which also vary in time and space. The
most important factors are:

• Fresh water discharge (Q in m3/sec). This is the amount of water entering
the coast from tributaries (rivers, brooks, etc.) per time unit. In small bays
with large tributaries, the Q-factor may be the most important factor for the
water retention time.

• Tides. When the tidal variation is larger than about 40 cm, it is an important
factor for the surface water retention time. The tidal impact is, however,
very small in the Baltic Sea. The tidal range is only about 3 cm at Öresund.

• Water level fluctuations always cause a flux of water. High and low pressure
cells create regional water level fluctuations. These variations may be
measured with simple gauges. They vary with the season of the year and are
important for the water retention time of shallow coastal areas. Thus, the
mean depth is a useful coastal parameter.

• Boundary level fluctuations. Fluctuations in the thermocline and the halocline
boundary layers may be very important for surface and deep water retention
times, especially in deep and open coasts.

• Local winds may create a water exchange in all coastal areas, especially in
comparatively small and shallow coasts.

• Thermal effects. Heating and cooling, e.g. during warm summer days and
nights, may give rise to water level fluctuations which may cause a water
exchange. This is especially true in shallow coasts since water level variations
in such areas are more linked to temperature alterations in the air than is the
case in open water areas.

Figure 5.16. Distribution of ice in the Baltic Sea.
Top: Average ice cover on March 1st during 1951 to
1967. Variation over years is considerable, although
the darkest coloured areas were always and the lightest
never covered with ice. (After Thompson and Udin,
1973.) Bottom: Maximum extension of ice in winter
2000/01. Figures indicate cm of ice. Names in frames
are the Swedish and Finnish ice-breakers which served
in the respective areas. This winter there was almost
no ice south of Riga Bay. (Source: Torbjörn Grafström
and Jan-Eric Lundqvist, Istjänsten, Swedish
Meteorological and Hydrological Institute, SMHI.)
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There are several methods to determine or estimate coastal water
exchange:

The fresh water input to a bay may be used as a “tracer”fresh water input to a bay may be used as a “tracer”fresh water input to a bay may be used as a “tracer”fresh water input to a bay may be used as a “tracer”fresh water input to a bay may be used as a “tracer”,
and the salinity or the conductivity of the water may be used to
calculate the water exchange by means of mass-balance
equations.  The conductivity is then measured by CTD-sonds (CTD
stands for measurement of conductivity, temperature, and depth).
Many kinds of instruments are commercially available. If the CTD-
sonds are used to determine the water exchange in an estuary,
one must measure salinity or conductivity inside and outside the
given coast, as well as the coastal water volume and the input of
fresh water via tributaries.

Instead of using the fresh water as a “tracer,” one may also
use real tracersuse real tracersuse real tracersuse real tracersuse real tracers, like dye tracers (e.g., Rodamin, a red dye). The
dye tracer method requires special equipment and trained staff.

The direction and velocity of water currents  may  bewater currents  may  bewater currents  may  bewater currents  may  bewater currents  may  be
measured measured measured measured measured  by current meters, e.g., continuously recording
instruments or simple, inexpensive devices like Gelatin pendulums,
which automatically measure the mean direction of the flow and

water velocity for the period of registration. If several pendulums
are placed in a given section area, the water exchange can be
determined for the coastal area.

The water level may be measuredwater level may be measuredwater level may be measuredwater level may be measuredwater level may be measured by different types of
gauges (permanent – moveable, continuously recording –
manually handled). The water exchange can be determined from
gauge data – differences in water level with time – if the area and
volume of the coast are known.

The theoretical water retention time (T) for a coastal area
can be calculated. It is the time it would take to fill a coast of
water volume (V) if the water input from rivers is given by Q and
the net water input from the sea by R, i.e.: T = V/(Q + R). This
definition does not account for the fact that the real water
exchange normally varies temporally, in size, and vertically, e.g.,
above and beneath the thermocline.

The best way of characterizing the water exchange is not to
use a single value, like a mean or a median, but to use a
frequency distribution.

How to measure water exchangeHow to measure water exchangeHow to measure water exchangeHow to measure water exchangeHow to measure water exchange

• Coastal currents are large, often geographically concentrated, shore-parallel
movements in the sea close to the coast. They may have an impact on the
water retention time, especially in coasts that are open to the sea.

In theory, it may be possible to distinguish driving processes from mixing
processes. In practice, however, this is often impossible. Surface water mixing
causes a change in boundary conditions, which causes water exchange, and so on.

In the Baltic proper, temperature is the dominating layering force, and salinity
in the Kattegat and Skagerrak. The significant fresh water input to the Baltic Sea
determines to a high extent the depth of the halocline. In the Baltic Sea there is
generally a halocline at about 50-70 m water depth. The surface water in the Baltic
Sea is rather homogeneous and has a low salinity. In the Kattegat and Skagerrak
the halocline is fairly stable at a water depth of about 10-20 m.

Climatic influences
Climatic changes are of major importance for the Baltic Sea ecosystem. Short
variations (10-100 years) can have an influence on the water budget in at least
four ways: (1) on the supply of fresh water from the rivers; (2) on the precipitation
on the Baltic Sea; (3) on the evaporation; and (4) on the entry of salt water from
the North Sea, over the shallow thresholds in the Sound, and the Belt.

It is only on rare occasions that the bottom water in the Baltic Sea can
obtain any particularly large addition of oxygen-rich salt water from the
Kattegat. The prerequisite is a sequence of unusual weather conditions (see
the review box on pages 132-133). This occurs at intervals of a few years. In
earlier times, the supply of oxygen was sufficient to retain large areas of the
deep waters of the Baltic Sea sufficiently oxygen-rich (2-4 ml O

2
 per litre of

water) for survival of bottom animals.
The climate exhibits a wide variation between years. Precipitation-rich years

are followed by dry years. A winter when the ice-breakers do not need to leave port
may be followed by a winter when the entire Baltic Sea and parts of the Kattegat
are covered with ice. The ecosystem is influenced by these changes. In connection
with a cold winter, the bottom vegetation which was abundant in earlier years can
be totally removed down to a depth of 10 metres.

MethodsMethodsMethodsMethodsMethods

Box 5.3Box 5.3Box 5.3Box 5.3Box 5.3
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THE COASTS OF THE BALTIC SEA

The coasts, a resource for many
Many people visit or live on and by the coast; the coast is an important cultural
and natural resource. It is a resource for shipping, fishing, aquaculture, sailing,
recreation, and industries using the coastal zone as a receiving system for
emissions of various types of pollutants. The coastal zone is therefore a zone of
interest for many parties, interests that often are in conflict with each other.

For the Baltic Sea ecosystem, the coast is an area where several species
reproduce. All estuaries and shallow, soft bottom bays in the Baltic Sea basically
have a very high bioproduction.

Coastal types – what the coast looks like
There are great differences between the topographical, hydrodynamical, and
biological characteristics of the different coastal regions in the Baltic Sea. We
may differentiate between seven major coastal types (see box pages 138-139).
In the south, sandy coasts prevail, and in the north, rocky coasts. The archipelagos
dominate the Swedish and the Finnish coastline, klint coasts are found in Estonia
and on the west coast of Gotland, and lagoons in Gdansk Bay. Sweden has by
far the longest Baltic Sea coast, about 35% of the entire coast.

What the coast looks like, i.e. the topographical character of the coast,
determines to a great extent how the water system functions ecologically. Thus,

Figure 5.17. Summary of the complex interactions
between the physical, chemical, and biological
parameters that characterise an aquatic ecosystem.
There are multiple interactions in the system, “every-
thing depends on everything.” The top left shows how
salinity influences biodiversity, which has a minimum
in brackish water (see further Chapter 6). The top right
shows how an increased content of organic material
leads to reduced oxygen levels and death of benthic
organisms (after Pearson and Rosenberg, 1976) (see
further Chapter 9). The lower  right ETA diagram
(erosion, transpiration, and accumulation bottoms)
shows how the morphometric (geometric) parameter
decides which type of bottom will develop at different
depths (after Håkanson and Jansson, 1983). The diagram
on the lower right indicates how the value of a coastal
area to fisheries in turn depends on bottom types. (after
Håkanson and Rosenberg, 1985.)
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it is important to define and measure certain key morphometrical parameters that
may be used for quantitatively describing and classifying coastal areas. Coastal
classifications provide important background information about why a given area
looks the way it does, and may also be used for general discussions on the suitability
or unsuitability of various coasts for different purposes. For example, certain
coasts, like archipelagos, fjords, and lagoons may be well suited for fish farming.

Morphometric data can be used to calculate the water exchange or the bottom
dynamic conditions of a coast. The parameters may be classified into the
following three categories:

Size parameters, such as shoreline length, maximum depth, water surface
area, total area (water area plus area of islands), section area, and water volume.

Form parameters, generally determined from size parameters, like mean
coastal width (the ratio between the coastal area and the shoreline length), mean
depth (the ratio between the volume and the area), and mean slope.

Special parameters: The exposure (topographical openness) is a dimensionless
measure describing how open a coast is to winds and waves from the sea. The
filter factor describes how an archipelago outside a given bay may act as an energy
filter between the bay and the sea. The effective fetch is a measure (in km) of the
free, open water surface over which the winds may act upon the waves. Computer
programs are today used to characterize coasts using these parameters.

The coastal ecosystem is a complex web of interactions
The coastal ecosystem can be defined and described by several interrelated
biological, chemical, and physical factors (Figure 5.17).

We have already pointed out that salinity is a most important abiotic factor
for the biology. The salinity may also be regarded as a water chemical “cluster”
parameter in the sense that there are many other water chemical parameters that
are causally or functionally related to the salinity, like the hardness of the water,
the conductivity, the alkalinity (the buffer capacity to acidifying substances) or the
concentration of  ions like potassium (K), calcium (Ca), and sodium (Na).

Also the oxygen concentration is, as already pointed out, a most important
abiotic parameter, and obviously decisive for biology.

The organic content of the sediment, the sediment type, the water depth, and
the topographical openness of the coast are linked to the production capacity, the
ratio between the production and the biomass. At large water depths (15-70 m) the
infauna production, the production of animals living in the bottom sediments, is
rather low, around 1.  This  value increases to 1-3 in the depth interval of 3-15 m.
At shallow depths (0-3 m), the production capacity can be very high, especially

Figure 5.19. Coastal types. There are exceptionally
many kinds of coasts on the Baltic Sea. Some of them
were formed by wave action and others by hydro-
dynamic factors. Other types were created under the
influence of tectonic movements, uplifting or sub-
merging; and some through intensive growth of vege-
tation. These processes let us distinguish between two
major categories of coastal types:
- Hardly eroded rocky coast including fjords, skerries,

chalk cliff and plain klint coasts.
- Relatively easy eroded mainly sandy soft coast

including morainic, sandy and organic coasts.
The present Baltic Sea coasts developed in a landscape
primarily formed by the latest deglaciation of the region
and the later geological development of the sea. The
Baltic Sea level was rising very fast and reached a level
about 2-3 meters lower then present at about 7,000 years
ago. From then on, in the last 7,000 years, the coastal
zone has formed under the influence of the much slower
sea-level uplift with many oscillations. Based on the
geological history five coastal types are indicatedin the
map below. (Redrawn from Voipio, 1981.)
- Long, narrow, deep u-shaped mountain valleys

developed into fjord-like coasts.
- Hilly areas turned into archipelagoes also called

skerries
- Areas of moraines and fluvioglacial material

deposits became sandy coasts. Depending on
coastal profile slope and amount of sandy material
available for the coastal processes, four main
categories of sandy coast were created: klint and

cliff coast, boddens, dune coast, and lagoons.
A more detailed description of the coasts of the Baltic
Sea is given in the box on pages 138-39.

Figure 5.18. The archipelago outside Turku,
Finland. (Photo: Paula Lindroos.)
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Figure 5.22.  Klint coast. High, rocky cliff coast, NW
Bornholm Island. (Photo: Joanna Dudzinska.)

Figure 5.21.  Skerries. Archipelago near Turku,
Finland. Rocky islands partly covered by soil and
vegetation. (Photo: Lars Rydén.)
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Figure 5.23.  Morainic cliff coast. In front of the
cliff there is a narrow shore consisting of sand,
pebbles, and gravel. Jastrzebia Gora, Poland.
(Photo: Kazimierz Furmanczyk.)

Rocky coasts and fjordsRocky coasts and fjordsRocky coasts and fjordsRocky coasts and fjordsRocky coasts and fjords
The rocky coasts, found along large areas of the northern Baltic Sea, Bothnian Sea,
and Bothnian Bay, are formed from areas with naked bedrock and no or little quarternary
deposits after the glaciation.

Fjords are long faults in the bedrock. Fjords are recognised by the steepness of the
fjord walls, the great water depth, especially in the inner parts, and their considerable
inland extent. The distribution of fjord coasts is closely related to climate and topography.
True fjords are only formed by forceful valley glaciers, fed by heavy snow precipitation,
conditions that are found on the coasts of Alaska, British Columbia, Chile, and Norway.

Although fjord is used in the name of some bays of the Baltic Sea, these have a
different origin and are not proper fjords. The fjord coasts provide good natural harbours
but make inland communication and agriculture difficult. In settlements along fjord coasts
strong traditions of fishing, shipbuilding, and marine culture are thus commonly found.

Archipelagos or skerriesArchipelagos or skerriesArchipelagos or skerriesArchipelagos or skerriesArchipelagos or skerries
Archipelago is a common name for an accumulation of islands that have been formed
by different processes. The archipelagos in the Baltic Sea are also referred to as skerries.
In the Baltic Sea region and also along the Arctic coast of North America a continual and
rather uniform crustal rise, land uplift, of up to about 4 mm per year has created
archipelagos along shorelines with a hilly outcrop terrain. Fracture zones and faults in
the bedrock and the thin soils contribute to the process. One can say that the archipelagos
have risen from the sea. The shoreline is sometimes referred to as a shoreline of
emergence, i.e., emergence of the land surface, but archipelagos can also be formed in
the reverse process, submergence of land surface.

The main archipelago areas in the Baltic Sea are the archipelagos between the
Åland Islands and the Finnish mainland, and the Stockholm archipelago, one of the
largest in the world with its more than 11,000 km2 and 24,000 islands and islets.
Archipelagos are also found along the Swedish east coast in Blekinge, Östergötland,
and Luleå. Traditionally they have contributed to fishing and been providers of fish to
inland communities. Today the archipelagos are very important for tourism and recreation,
as well as for aquaculture.

Chalk cliffs and plains, klint coastsChalk cliffs and plains, klint coastsChalk cliffs and plains, klint coastsChalk cliffs and plains, klint coastsChalk cliffs and plains, klint coasts
These coastal types are found along a long chalk stone formation which stretches across
the entire Baltic Sea from northern Estonia in a south-west direction over the Estonian
island Hiiuma, over Gotland and Öland to Bornholm. The steep klints especially on the
west coast of Gotland south of Visby, on the southern Öland west coast, and on Bornholm
provide magnificent views and, west of Gotland on the smaller Karlsö Islands, the only birdcliffs
in the Baltic Sea.  On parts of the Gotland coasts, the water has removed softer parts of the
chalk and created huge sculpture-like strange formations, called raukar.

On the eastern sides of Gotland and Öland, as well as on Hiiuma, chalk plains
create extremely flat coasts with kilometers of very shallow water. The biology along
these coasts is interesting. The richness of chalk and the higher alkalinity on these
islands promotes a special plant life, with for instance, a variety of orchids.

The chalk is an important natural resource. The three large cement factories in the
Baltic Sea region are found in Kunda in northern Estonia, Slite on Gotland, and
Degerhamn on Öland. The coastal position makes shipping of cement to the entire
region as well as further into Europe possible.

Morainic cliff coastMorainic cliff coastMorainic cliff coastMorainic cliff coastMorainic cliff coast
The profile of the cliff coast depends on its geological formations: vertical walls are
created when cliffs are formed by body clay consisting mainly of small grains, i.e. silt
and clay. Steep slopes are created when cliffs are formed mainly by fluvioglacial sands.
Combined, multi-step slopes are created when cliffs are formed by clay, sand, and silt
layers. Cliffs are exposed to sometimes quite dramatic erosion. The erosion depends
on cliff construction, sea action, and groundwater inflow.

Cliff coasts     are abundant, where postglacial material, clay, and fluvioglacial sands,
were located as a highland much higher then the present sea level. The cliff is created
on the steep side of this formation.

There are cliffs in many places of south Baltic Sea coast. About 30% of the German
coast, and about 20% of the Polish coast consists of cliffs. Most famous areas are the
Usedom Islands at the Mecklenburg Bay – where the speed of erosion is very intensive

Figure 5.20.  Rocky coast north of Hudiksvall,
Sweden. (Photo: Magnus Lehman.)
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Figure 5.26.  Lagoon coast. Dunes function as a barrier
between sea and lowland plain where a shallow
freshwater lake was created (right). Pogorzelica
(Poland) and Lake Liwia ¸uza. (Photo: Kazimierz
Furmanczyk.)

Figure 5.25.  Dune coast. Visible dunes covered by
vegetation, and a partly eroded, wide, sandy beach.
Lubiatowo, Poland. (Photo: Kazimierz Furmanczyk.)

Figure 5.24.  Bodden area. The coast is mainly low,
flat, and covered by vegetation. The NE part of Szczecin
Lagoon (Poland) appears to be a bodden area. (Photo:
Kazimierz Furmanczyk.)

– the over 100 m high chalk cliffs on the Rügen Island, and the famous cliffs on the
Polish Wolin Island with a height of about 90 m . There are also some cliffs in the middle
of the Polish coast, in the west part of the Gdansk Bay (40-50 m high), along some
stretches north of Kleipeda in Lithuania continuing into Latvia where 20% of the coast
consists of cliffs no more than 20 m high. Finally, in Estonia cliffs are found at some
western peninsulas and on the islands.

BoddensBoddensBoddensBoddensBoddens
Boddens are shallow coastal areas with a depth of a couple of metres below sea level,
sometimes with a few islands.

Bodden areas     were created in places where the postglacial plain was covered due
to a fast rising sea level. Some parts of the lowland plain, usually front moraines, formed
islands a bit above present sea level. Moraine islands have been strongly modified by
past and present coastal processes, while the inner lowland coast was in this case
protected against wave action by these islands. This is the reason why coasts inside
boddens are mainly low, flat, and covered by vegetation.

Boddens are usually very large and can reach up to 20 kilometres, with depths of a
couple of meters. We can find bodden areas on most of the German coast, the most
famous being the Greifswald Bodden. On the Polish coast the Szczecin Bay and some
parts of the Puck Bay look like bodden areas.

Dune coastDune coastDune coastDune coastDune coast
If exposition to the wave action is right and sand supplied from neighbouring coasts or
shallow bottom, the coastal processes create sandy beaches with dunes.

Dune coasts are found in places where post-glacial material was deposited as a
lowland plain or wide valley at a bit higher or at about sea level.

When thereafter the wind collects part of the sand, foredunes are formed at the
border of the beach and the lowland plain. The sizes of the dune coasts depend on
exposure time and speed of the waves and the amount of sand from the coast.

Short time exposure or small volume of sand usually gives rise to one dune bar with a
height of 2-6 m and width of about 50-60 m. Longer time and more sand give  rise to 2-3 dune-
bars with a height of 10-20 m and width of about 200-500 m. In exceptionally good conditions
a multi-dune-bar system over 40 m high and a couple of kilometres width may form.

On most of the German coast and on about 80% of the Polish and the Lithuanian
coasts there are dunes. The Darss Spit in Germany, with a high speed of accumulation,
and the Swina Gate on the Wolin and Usedom Islands, with 1-2 m/year of accumulation
speed, the Leba Spit, over 40 m high, and the Vistula Spit in Poland, and the Kuronian
Spit in Lithuania are all good examples of exceptional conditions that have created dune
coasts. Another famous accumulation form in Poland is the Hel Peninsula. Dune coasts
are also found on most of the Latvian and Estonian coasts with famous areas at the
south part of the Riga Bay and in the Narva Bay.

LagoonsLagoonsLagoonsLagoonsLagoons
Lagoons are shallow lakes usually created by groundwater, streams, or rivers along
dune coasts. If the river carries a large volume of water, e.g. at spring flood, the dune
barrier can be broken in the weakest place by fresh water and a river mouth will appear.
There are two typical examples of this process: the Vistula Lagoon at the Polish-Russian
border and the Curonian Lagoon at the Lithuanian-Russian border, where the barrier is
open constantly. Lagoon coasts     are related to dune coasts.

Dune coasts were created as a barrier between the sea and lowland plain or a wide
postglacial valley. If at the same time as the sea level rose slowly, freshwater was
contributed by streams and rivers, then wetlands, lakes, or river mouths were formed at
the border between the lowland and the dunes.

Almost all lagoon lakes now have a connection to the sea, some are natural and
some are artificial channels. In recent time, erosion is more intense. The average speed
of erosion on the Polish coast is about 0.5 m per year. It is difficult to say if it is a constant
trend, or if it is a part of an oscillation of a couple of decades.

Erosion of the coast is accelerated by various human activities. Especially harmful is the
location of hydrotechnical constructions close to the coast, since these block the natural
sedimentation process. If we want to keep our coasts we have to prevent erosion. The best
way is to support natural processes, e.g. by preserving natural vegetation where possible.

Kazimierz Furmanczyk, Stanislaw Musielak and Lars-Christer Lundin
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in semi-enclosed bays with mixed sediments and in estuaries. In exposed coasts
with hard bottoms, the production capacity is much lower.

The sediment type depends largely on the relationship between the effective
fetch and the water depth (see Figure 5.26, lower left diagram). The effective
fetch is a measure of the free, open water surface over which the winds may act
upon the waves; the larger the effective fetch, the higher the waves, the larger
the wave energy, and the greater the capacity of the waves to erode and transport
the material on the bottom.

It is evident that most of the parameters described are more or less related to
each other in an extremely complex web of interactions. In such systems it is
often difficult to establish causal relationships.

The form of the coasts decides how they react to pollutants
Different coasts respond differently to the same load of pollutants. Here we will
exemplify with nutrients (nitrogen and phosphorus). The morphometry, the
shape, of the coast is important because it influences the water exchange, which
regulates the concentration of nutrients from point sources. Morphometry also
regulates the bottom dynamic conditions and the so-called internal load of
nutrients, that is nutrients released from the sediments.

Coastal waters may be differentiated according to the amount of nutrients in
the water. Water with a low concentration of nutrients have a high water
transparency, Secchi depth, a low production of algae and plankton, and a low
mean  concentration of chlorophyll-a; they have a low concentration of nitrogen,
which often but not always is the most important limiting nutrient in the Baltic
proper, a low sedimentation, a high concentration of oxygen in deep water and
a good oxygen saturation. Table 5.2 exemplifies data on such relationships valid
for coastal areas smaller than 15 km2 in the Baltic proper.

Eutrophication effects may be expressed by the Secchi depth, the load (dose)
factor is given by the nutrient concentration, or may be given by the direct dose
or total nitrogen load to the coastal water, while the sensitivity of the coast by
two morphometrical parameters, the form factor (Vd)  and the section area (At).
The form factor is calculated from the mean depth and the maximum depth
(See Figure 5.28).

Shallow coasts with large bottom areas exposed to wave activity, with small
amounts of fine materials and nutrients, have low form factor values. These
coasts will have high Secchi depths (less eutrophication).

Coastal areas with a large opening towards the sea, i.e. a large section area, will
also have a high Secchi depth. They have a rapid water exchange which will cause
a dilution of the nitrogen from point sources and lower concentrations of nitrogen
in the coastal areas. More fine material with large amounts of bound nutrients will
also be transported out from coastal areas if the section area is large. Obviously, if
the form parameters are the opposite the tendency to eutrophication is larger.

Thus, the way the coast looks will largely determine the way it functions as
an ecosystem. Coasts that retain nutrients, and thus become eutrophic, bind
nutrients in bottom sediments. They work as purification plants for the open
sea.

Figure 5.27. A load diagram for Baltic Sea coastal
areas in the Baltic proper. The effect parameter is gi-
ven by the Secchi disc transparency, the dose by the
concentration of total nitrogen and the sensitivity by a
function of two morphometric parameters (the form
factor, Vd, and the section area, At). (Redrawn from
Wallin and Håkanson, 1991.)

Table 5.2.  Trophic categories in Baltic Sea coastal
areas. All variables are expressed as mean values for
the growing period May - Oct. (from Wallin et al.,
1992). Chl-a = Chlorophyll; SedS = Net sedimenta-
tion; O

2
B = oxygen concentration in bottom water;

O
2
Sat = oxygen saturation. (From Håkanson, 1994.)

TrophicTrophicTrophicTrophicTrophic SecchiSecchiSecchiSecchiSecchi Chl-aChl-aChl-aChl-aChl-a Total-NTotal-NTotal-NTotal-NTotal-N Inorg-NInorg-NInorg-NInorg-NInorg-N SedSSedSSedSSedSSedS OOOOO22222BBBBB OOOOO22222SatSatSatSatSat
level (m) (mg/m3) (mg/m3) (mg/m3) (g/m2•d) (mg/l) (%)

Oligot. >6 <1 <260 <10 <2 >10 >90
Mesot. 3-6 1-3 260-350 10-30 2-10 6-10 60-90
Eut. 1.5-3 3-5 350-400 30-40 10-15 4-6 40-60
Hypert. <1.5 >5 >400 >40 >15 <4 <40
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THE BOTTOMS

Sediments and bottom types
The bottom of a sea is characterised by its sediments. The sediments reflect
what is happening in the water mass and on the bottom. They may be regarded
as a tape-recorder of the historical development and are often called “the
geological archive”. The sediments also affect the conditions in the water via,
for example, resuspension processes, so-called internal loading, and by the fact
that the animals living in the sediments play a fundamental role in the ecosystem.
Analysis of sediment cores from the deeper parts of the Baltic Sea provide
much information on the changes that have taken place in the ecosystem over
time.
Bottoms sediments are often characterized in three different ways:

• by grain size. The size differs between coarse sediments (friction material) or
fine sediments (cohesive material). From the basic so-called Stokes’s equation
for settling particles, as well as for convenience, the limit between coarse and
fine materials can be set at a particle size of medium silt, which is 0.06 mm.

• by composition of the material in the sediment. From an environmental
point of view, the focus is often on the finer materials most easily set in motion
or being resuspended. This material has the highest capacity to bind pollutants.

• by functional criteria. Sediments may be either involved in erosion,
transportation, or accumulation functions (see below).

Three different functional bottom types
The bottom dynamic conditions allow us to distinguish between three different
kinds of bottom areas:

• Areas of erosion (E) prevail where there is no apparent deposition of fine
materials but rather a removal of such materials, e.g. in land uplift areas or
on steep slopes. These bottoms are hard and consist of sand, gravel,
consolidated clays, and rocks.

• Areas of transportation (T) prevail where fine materials are deposited
periodically  to give bottoms of mixed sediments. This bottom type dominates
the open parts of the Baltic Sea. It is sometimes difficult in practice to separate
areas of erosion from areas of transportation.

• Areas of accumulation (A) prevail where the fine material is deposited
continuously, creating soft bottoms. These are the “end stations,” where
high concentrations of pollutants may appear.

The generally hard or sandy bottoms in areas of erosion and transportation
often have a low water content, low content of organic material, and low
concentrations of nutrients and pollutants. The conditions within the
transportation bottoms are, for obvious reasons, variable, especially for the
most mobile substances, like phosphorus, manganese, and iron, which may
react rapidly to alterations in the chemical “climate,” expressed, e.g. by the
redox potential of the sediments. Fine material may stay for long periods during
stagnant weather conditions. In connection with a storm or a mass movement
on a slope, this material may be resuspended and transported up and away,
generally in the direction towards the accumulation bottoms in the deeper parts,
where continuous deposition occurs. Thus, resuspension is a most natural
phenomenon in areas dominated by transportation bottoms.

It should be stressed that fine material is rarely deposited as a result of
simple vertical settling in natural aquatic environments. In the movement of

Figure 5.28. Use of morphometric data to calculate
coastal water exchange and bottom dynamic
conditions. The maximum depth (Dmax), water
volume (V), and water surface area (a) are measured,
or read from a chart, and used to calculate mean depth
Dm (Dm=V/a), and a form factor Vd (Vd = Dm/Dmax).
The bottom area (Ab), and the area of the section
through which water exchange takes place (At) is used
to calculate an exposure E (E=100 At/Ab). The exposure
and the form factor are used to calculate the surface
water retention time Ty. The filter factor, Ff, expressing
how well the coast is sheltered by archipelago islands is
calculated from the chart, using a computer program.
Ty and Ff regulate if areas are predominantly erosion
(less protected) or accumulation (more protected)
bottoms. (from Pilesjö et al., 1991.)
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fine material or flocs, which settle according to Stokes’s law, the horizontal
component is generally at least 10 times larger, sometimes up to 10,000 times
larger, than the vertical component.

Figure 5.30 illustrates how pollutants spread with the bottoms sediments
from a point source, in this example from the paper and pulp mill at Norrsundet
on the Swedish coast in the Bothnian Sea. The fine material (clays, humus,
seston, etc.), which have a strong capacity to bind various types of pollutants,
like the chlorinated organic substances, is transported via several resuspension
cycles from the site of emission to the true accumulation area at water depths
larger than about 50 m in the Bothnian Sea.

Sediment contamination
Sediment contamination can be expressed as the ratio between the concentration
of a pollutant, e.g. heavy metals, in surface sediments or in recent material
collected with sediment traps, to the natural background concentration. This
may be estimated from the lowest, asymptotic value, in a sediment core. The
ratio is called the contamination factor.

The definition is based on a vertical, historical perspective. It can only be
used if the sediment core comes from an area of accumulation and not from
area of transportation and/or erosion. Sediments from such zones may be very
difficult to interpret in terms of age and source of pollution.

It is also possible to relate the heavy metal concentrations in the surface
sediments to the organic content in several samples from an area. This method
has been used in many investigations. Finally, one may relate the sediment
concentrations to standardized reference values.

The natural background values of heavy metals vary significantly, from about
50,000 ppm for Fe, to about 100 – 200 ppm for Zn, 20 – 50 ppm for most heavy
metals, and to less than 1 ppm for Hg and Cd. There is also a marked variability
in heavy metal concentrations in different pre-industrial sediments due to
variations in chemical composition of the basic geological material.

The sediment concentrations, the size and the actual pattern of the impact
areas will not only depend on the load of the contaminants, but also very much
on the specific characteristics of the coast, especially on the bottom dynamic
conditions; coastal areas without bottoms of accumulation will not function as
“purification plants” for the open water areas, but rather as transportation routes.
Coastal areas that have accumulation bottoms may, in contrast, act as quite
effective “purification plants:” the pollutant will be trapped at the coast and not
dispersed to the sea.

Resuspension and land uplift
Sediment resuspension is an important process for describing the contamination
of the Baltic Sea waters. In some areas it is the main factor for suspended particles.
Resuspension can be linked to the following three main processes: wind and wave
action, slope processes (sub-aquatic mass movements), and trawling.

A fishing trawl works like a plough going over the bottom. Many areas,
e.g., in Kattegat, are trawled with a large frequency. Today, there are efforts
to use trawls that are less destructive to the bottoms.

The Baltic Sea ecosystem is influenced by resuspension of both recently
deposited and thousand-year-old sediments. When the old bottom rises after
being depressed by the ice, they will eventually reach the wave-base, where
waves can exert a direct influence on and resuspend the sediments. It is easy to
imagine that storms leading to high waves will influence the coastal ecosystem.
The wave-base depends on the effective fetch, and the duration and velocity of
the wind. During storms, it may reach water depths of 50-60 metres in the
Baltic proper.

Figure 5.29. The bottoms of the Baltic Sea. On the
shallow soft bottoms, where light is still penetrating
algae and macrophytes, here Chorda filum, give a
forestlike impression These bottoms are accumulation
bottoms. (Photo: Katrin Österlund.)
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Although the land uplift in the Baltic proper is only, on average, 1.5 mm
per year, still large amounts of old glacial and post-glacial sediments are eroded.
In this way, the carbon, nitrogen, and phosphorus contained by these sediments,
as well as metals and mineral particles, will again enter the ecosystem of the
Baltic Sea, perhaps thousands of years after they were originally deposited
onto the bottom in a considerably different environment. Recent measurements
demonstrate that as much as 80% of the material sedimenting onto the deep
bottoms may be old eroded material. Thus, the supply of new material to
the sea from rivers and direct discharges, and from bioproduction in the
system, only contributes about 20% of the amount annually entering the
accumulation bottoms in the deep areas.

Laminated sediments and hydrogen sulphide
Oxic sediments generally have an abundant macrofauna which cause a mixing
of the sediments, so-called bioturbation. The result is a more or less
homogeneous mixture on the bottom with a colour that varies in different shades
of brown, from  grey-brown to black-brown.

During the late 1940s, the bottom animals in large areas of the deep parts of
the Baltic Sea faced severe difficulties. Studies during the early 1950s reported
that the higher animal life on the bottoms in large areas was being eliminated as
a result of oxygen deficiency. In those parts laminated, rather than mixed
sediments were encountered.

Figure 5.30. Formation and function of different
bottom types. The map shows the coast outside the
pulp mill Norrsundet on the coast of the Swedish
Bothnian Sea. In the sheltered areas closest to the
coast accumulation bottoms prevail (A). Outside the
archipelago, erosion (E) and transportation (T)
bottoms take over. Here resuspension cycles may
cause internal loading and further transportation to
larger depths. At depths below 50 metres, particles stay
on accumulation (A) bottoms. The upper graph is a chart
of the coast, with depths greater than 50 meters
indicated by a darker colour. The lower half of the
graph shows the vertical profile at the line on the
chart. (After Håkanson et al., 1988.)
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Laminated deposits dominate in anaerobic sediments, where mixing due to
bioturbation is negligible due to the extinction of the bottom fauna. The
formation of anaerobic sediments is a natural process in deep, stagnant,
stratified, and highly productive bottoms. But this natural phenomenon is now
happening more often and in larger areas due to the human-caused
eutrophication of the Baltic Sea. Fine, darkish, thin layers are generally laid
down during winter, and thicker browner layers during summer, forming what
is called varved or laminated sediments.

In the sediments from the last 50 years it is often possible to record the
transition period between homogeneous and oxygenized sediments, and those
which are laminated. The oxygen-free bottoms are sometimes covered by

Accurate determinations of the prevailing bottom dynamic
conditions at a given site require continuous recording of flow
velocity above the bottom and of resuspension over a defined
time span. Cost considerations generally imply that indirect
methods and approximations must be accepted as alternative
methods to estimate the bottom dynamic conditions. Some
methods follow.

Empirical methodsEmpirical methodsEmpirical methodsEmpirical methodsEmpirical methods
These methods require that sediments are sampled and analysed
in a laboratory for, e.g. water content, organic content, density,
and grain size. The main rule is that soft sediments indicate A-
bottoms. It is customary to use the water content as a key
parameter in these contexts, since practically all other types of
physical sediment parameters may be expressed in terms of the
water content. The main rules for how the water content may be
used as an indicator of bottom dynamic conditions are given in
Table 5.3. There are certain discrepancies from the main rules
in the table, e.g., in areas with bottom vegetation, and in isolated
sheltered bays, where the water content may be higher than
75% on functional T-bottoms. The sediment type and the potential
bottom dynamic conditions are best obtained when results from
laboratory analysis are combined with results of inspection of
the actual sediment sample.

Acoustical remote sensingAcoustical remote sensingAcoustical remote sensingAcoustical remote sensingAcoustical remote sensing
This method uses echo-soundings and side-scanning sonars. For
precise information on sediment type and potential bottom dynamic
conditions, the instrument should be calibrated against bottom
samples. These instruments may also be used to determine the
depth and the sequence of layers of the sediments.

The cone methodThe cone methodThe cone methodThe cone methodThe cone method
The in situ cone apparatus, “extended fingers”, could be regarded as a
rough method to estimate the physical character of surficial sediments
and the bottom dynamic conditions. The sediment type is determined
by means of an instrument consisting of cones of different shape and
weight, whose tips are adjusted at the sediment surface. After recovery,
the penetration depths of the cones can be measured and the sediment
type determined from a calibration table.

The ETA diagramThe ETA diagramThe ETA diagramThe ETA diagramThe ETA diagram
An ETA (erosion, transportation, accumulation) diagram, illustrated in
Figure 5.31, uses the relationship between the effective fetch and the
water depth to estimate the prevailing bottom dynamic conditions.

How to study bottom sedimentsHow to study bottom sedimentsHow to study bottom sedimentsHow to study bottom sedimentsHow to study bottom sedimentsMethodsMethodsMethodsMethodsMethods

Box 5.5Box 5.5Box 5.5Box 5.5Box 5.5

Figure 5.31. The ETA diagram (erosion, transpiration, and accumulation
bottoms) shows how the morphometric (geometric) parameter decides
which type of bottom will develop at different depths (after Håkanson
and Jansson, 1983)

Table 5.3. Typical values of different sediment parameters from the
Swedush coastal zone in different bottom dynamic conditions. (ws =
wet substance, ds = dry substance). (Source: Håkansson, 1988.)

ErosionErosionErosionErosionErosion TransportationTransportationTransportationTransportationTransportation AccumulationAccumulationAccumulationAccumulationAccumulation

Physical parametersPhysical parametersPhysical parametersPhysical parametersPhysical parameters
Water content (% ws) < 50 50-75 >75
Organic content (loss on
ignition, % ds) < 4 4-10 >10

Nutrients Nutrients Nutrients Nutrients Nutrients (mb/g ds)
Nitrogen <2 10-30 >5
Phosphorus 0.3-1 0.3-1.5 >1
Carbon <20 20-50 >50

MetalsMetalsMetalsMetalsMetals
Iron (mg/g ds) <10 10-30 >20
Manganese (mg/g ds) <0.2 0.2-0.7 0.1-0.7
Zinz (µg/g ds) <50 50-200 >200
Chromium  (µg/g ds) <25 25-50 >50
Lead (µg/g ds) <20 20-30 >30
Copper (µg/g ds) <15 15-30 >30

Toxic metalsToxic metalsToxic metalsToxic metalsToxic metals
Cadmium (µg/g ds) <0.5 0.5-11.5 >1.5
Mercury  (ng/g ds) <50 50-250 >250
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REVIEW QUESTIONS

1. Enumerate at least seven special properties of the Baltic Sea.

2. List and place on a map the seven sub-basins of the Baltic Sea, and relate them to the bathymetrical map of
the Sea.

3. Describe the water exchange of the Baltic Sea, in particular the exchange of water through the Danish straits.

4. Describe the surface currents in the Baltic Sea and how they influence the spread of pollutants.

5. Explain the processes that leads to larger salt water inflows to the Baltic Sea and which functions these
inflows serve.

6. Describe five common coastal types of the Baltic Sea.

7. Describe the major functions of the coasts of the Baltic Sea.

8. Describe three different kinds of bottoms in the Baltic Sea.

9. Give an approximate distribution of the anoxic bottoms in the Baltic Sea and explain how they are formed
and what they look like.

10. Explain the phenomenon of internal loading and resuspension, and mention three processes that lead to
resuspension.

extensive carpets of sulphurous bacteria, and sediments removed from such
bottoms area a very dark colour and generally have an unpleasant odour of
hydrogen sulphide, a gas which is toxic to all higher life. By counting the
number of annual layers in sediment cores from the Baltic Sea, it has been
shown that the oxygen-free bottoms have extended during recent decades. It
started during the 1940s, but the particularly large changes did not occur until
the 1960-1970s. The sediments thus provide evidence of the increasingly
difficult conditions in which the bottom animals live.

When oxygen-rich water returns to the bottoms, the bottom fauna can start
to recolonize the sediments. The laminated deposits may then be more or less
homogenized, and so on in cycle after cycle.

Figure 5.32. Areas with low oxygen concentrations.
The distribution of oxygen-free conditions over the
bottoms of the Baltic Sea varies considerably
between years and even within one year, here
examplified by data from 1993 and 1999. (Source:
http://data.ecology.su.se/boing.)

19931993199319931993 19991999199919991999

Figure 5.33. Declining oxygen concentrations (in
ml/l, vertical scale) beneath the halocline in the central
basin of the Baltic Sea proper over the period 1900 to
1970 (horizontal scale). (After Rosenberg, 1982.)
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http://w3.gkss.de/baltex/baltex_frame_builder.html

Baltic Environment Database- Marine Ecosystems Modelling Group,
Department of Systems Ecology, Stockholm university.
http://data.ecology.su.se/Models/FRMAIN.htm

Baltic Marine Environment Bibliography
http://otatrip.hut.fi/vtt/baltic/intro.html#top

The Baltic On-Line Interactive Geographical and Environmental
Information Service (BOING)
http://www.grida.no/boing

Baltic Sea Region GIS, Maps and Statistical Database
http://www.grida.no/baltic/

Baltic Sea Research Institute, Warnemünde
http://www.io-warnemuende.de/admin/en_index.html

Baltic Sea Web
http://www.baltic.vtt.fi/bsw_index.htm

Baltic 21 - An Agenda 21 for the Baltic Sea region
http://www.ee/baltic21/

BIOMAD - Database on Marine Biological Monitoring Data
http://www.ecology.su.se/dbbm/index.shtml

EUCC Coastal Guide
http://www.coastalguide.org/

GIWA, Global International Waters Assessment
 http://www.giwa.net/

HELCOM - Baltic Marine Environment Protection Commission
http://www.helcom.fi/

MARE - Marine Reasearch on Eutrophication
http://www.mare.su.se/english/index.html

Marine Ecosystem Modeling Group, Department of Systems Ecology,
Stockholm University
http://data.ecology.su.se/Models/index.htm
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areas of erosion (E)
bottom areas where there is no apparent deposition of fine materials but rather
a removal of such materials, e.g., in a land uplift areas or on steep slopes

areas of transportation (T)
bottom areas where fine materials are deposited periodically to give bottoms
of mixed sediments

areas of accumulation (A)
bottom areas where the fine materials are deposited continuously creating
so-called soft bottoms

acoustical remote sensing
use of echo-soundings and side-scanning sonars to study sediment type and
potential bottom dynamic conditions

bathymetrical map
a depth map

bioturbation
mixing of the bottom sediments caused by macrofauna in oxic bottoms

boddens
shallow coastal areas with a depth of a couple of metres below sea level,
sometimes with a few islands

bottoms sediments
the loose layer of coarse and fine grains on the bottom

bottom water (deep water)
water beneath the thermocline

brackish
a water body that it is neither fresh water nor fully marine water, but with a
salt concentration in between

cone method
using the in situ cone apparatus, “extended fingers” to study the physical
character of bottom surface sediments and bottom dynamic conditions

contamination factor
ratio between the surface heavy metal concentration and the natural
background concentration

CTD-sond
an instrument for measurement of conductivity, temperature, and depth

Coriolis force
a force generated by the rotation of the earth, which deflects any plume of
flowing water to the right in relation to the direction of the flow in the northern
hemisphere

eco-geographical unit
a given geographically and environmentally single system

the effective fetch
a measure (in km) of the free, open water surface over which the winds may
act upon the waves

epicontinental
a sea situated on, rather than between, continents

exposure
the topographical openness, a dimensionless measure describing how open a
coast is to winds and waves from the sea

the filter factor
describes how an archipelago outside a given bay may act as an energy filter
between the bay and the sea

halocline
a rapid increase in salinity; occurs at a water depth of about 70-90 m in the
Baltic Sea

infauna production
production of animals living in the bottom sediments

laminated deposits
deposits in anaerobic sediments, where mixing due to bioturbation is
negligible due to the extinction of the bottom fauna; in laminated deposits
fine, darkish, thin layers, generally laid down during winter, are intercalated
with thicker more brown layers, formed during summer

morphometrical
refers to shape and size

production capacity
ratio between production and biomass

redoxcline
the O

2
 gradient from a water depth of about 60-70 m to about 140 m in the

Baltic Sea

saltwater inflows
inflows through the Danish Straits that supply the deep stagnant layers in the
Baltic Sea with oxygen-rich water

Secchi depth
measure of water transparency, equal to the distance in which it is possible to
still see a white disc of a certain size

semi-enclosed sea
a sea that has only a narrow connection to the oceans

skerries
another name for the archipelagos in the Baltic Sea

surface water
the water above the thermocline

thermocline
the temperature gradient between a water depth of 20 m and about 70 m in the
Baltic Sea

varved sediments
another word for laminated sediments

water exchange
the time water stays in a given area, or retention time; water exchange varies
in time and space in any given coastal area

water balance
a budget of water

watershed
American term for drainage or catchment area
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