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The Baltic Waterscape

The Waterscape Elements
The waterscape of the Baltic drainage basin is rich with 
its abundance of lakes, rivers, wetlands and the Baltic Sea 
itself and its coasts and archipelagos. In this chapter we 
will review this richness of surface water and try to un-
derstand its flows, how it depends on and influences the 
climate of the region, and how it is a resource for the rural 
landscape, its agriculture, fishery, forestry and beauty.

Considerable parts of the region are covered by water. 
The Baltic Sea accounts for 25% of the total drainage ba-
sin. A very long coastline touches nine of the countries in 
the region. The longest coastlines belong to Sweden and 
Finland. 

There are more than 500,000 natural lakes larger than 
0.01 km2 (1 ha) in Europe; of these about 80 to 90% are 
small, with a surface area between 0.01 and 0.1 km2. 
Three quarters of these lakes are located in Norway, 
Sweden, Finland and the Karelo-Kola area of the Russian 
Federation. The total volume of the lakes is 700 km3. 
Generally, the Swedish and Finnish parts of the region are 
characterised by large numbers of lakes as compared to 
the southernmost parts. 9% of the area of these countries 
is covered by lakes.

The Baltic Waterscape 
Lakes, Wetlands, Rivers and the Sea

Lars Rydén, 
Uppsala University, Uppsala, Sweden

Wetlands comprise close to 20% of the Baltic Sea 
catchment. This figure was much higher a century ago, as 
much of the wetlands have been drained. Thus more than 
half have been turned into agriculture, forestry and peat 
extraction. Still large natural wetlands remain, especially 
in the North. The decreased wetland areas have reduced 
the capacity of water to undergo self-cleaning on its way 
to the sea and is thus one factor contributing to the serious 
pollution situation of the Baltic Sea. 

In large parts of the Baltic Sea region, especially so in the 
North, the rural landscape has a water surface within sight, 
a river or a lake. These have great importance for quality 
of life in the region. They give us pleasure; they contribute 

4

This chapter is based on texts and information in the Baltic 
University course on Sustainable Water Management, Volume I 
The Waterscape with chapters The Baltic Basin – rivers, lakes and 
climate by Sten Bergström, Nicolai Filatov, Dimitrij Pozdnjakov, 
Artur Magnuszewski and Hans Bergström; Wetlands in the 
Baltic Sea region by Lars Lundin; Lakes – origin, ontogeny and 
natural functions by Peter Blomqvist and Anna-Kristina 
Brunberg; Hydrology and water quality of European rivers by 
Artur Magnuszewski, as well as Chapter 5 The Baltic Sea in 
the Baltic University book Environmental Science. The original 
chapters are fully referenced.
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to a rich biological life; and always 
they were crucial for transport and 
communication. An important part 
of sustainable development is to take 
care of and cherish this waterscape 
for the pleasure and use by us and by 
coming generations. 

River Basins or Catchments
The Baltic waterscape may be di-
vided into catchments, also called 
river basins or drainage basins. A 
catchment consists of a river and all 
its contributories, including small-
er streams, lakes and wetlands. A 
catchment in turn may be divided 
into smaller parts each consisting of 
a tributary stream to the larger river 
and its catchment, a process which 
may continue in several steps. The 
border of a catchment, called the 
water divide, can in many cases be 
recognised on the map as the high-
est point of a mountain range, but 
sometimes one need to track all the 
small streams to recognise where the 
water divide is located between two 
catchments. 

The water input to the catchment 
depends on rainfall and such proper-
ties as topography, bedrock, and soil 
type. All water in a catchment is criti-
cally dependent on the activities in the catchment. This 
includes land use, for instance agriculture, which may 
contribute to eutrophication. Also potentially polluting 
activities, such as urban water effluents and effluents from 
industries, influence the water situation.

Catchments or river basins come in very different sizes 
and characters. Sweden’s special position is noticeable. 
Sweden is a sparsely populated country, where heavy 
rainfall feeds the rivers. Catchments are limited in size, 
and many major towns are located along the coast. Other 
countries are drained by only a few river catchments; 
thus the Vistula and Odra rivers drain more than 95% 
of Poland. In small catchments the population tends to 

congregate in towns along the coastline and wastewater 
is discharged directly into coastal areas rather than into 
the river systems. Large catchments have a more uniform 
distribution of settlements, sometimes concentrated in 
the upstream area, for example the Vistula catchment and 
Silesia district in southern Poland.

The European Union Water Framework Directive, the 
first Framework Directive of the Union, requires that 
member states organise their water management accord-
ing to river basins. Thus river basin authorities have been 
established in all 27 countries in the Union. The sizes of 
these vary greatly. Latvia has one single river basin author-
ity – the only main river is Daugava – while Sweden has 
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five such authorities. While a river basin authority typical-
ly is housed by a regional office, such as a county office, 
the work to manage the water in the basin typically is the 
responsibility of the local authority, the municipality. 

The Flow of Water – From Mountains to the Sea
The flow of water in nature is described by the hydro-
logical cycle. We see how precipitation in mountainous 
areas feeds small streams and brooks, which continue to 
lakes, wetlands and larger rivers. The rain that falls in 
the landscape penetrates the soil and adds to groundwa-
ter. Groundwater in turn flows into the rivers, which thus 
are receiving water all the way along their path from the 
sources to the river mouth where they end. When the wa-
ter has entered the sea, in our case the Baltic Sea, it may 
again evaporate and add to atmospheric humidity and at 
some point be transported to higher areas where water 
condenses into droplets and forms rain, thus completing 
the hydrological cycle. Some water of course evaporates 
earlier from surface waters and thus makes a shorter hy-
drological cycle. In other cases it may collect in wetlands 
or lakes with a slow water circulation and then makes a 
longer cycle. 

The energy for driving the hydrological cycle comes 
from the sun, which causes water to evaporate and also 
fuels the weather phenomena, which brings humid air to 
higher altitudes. The energy from hydroelectric power 
stations in some rivers thus ultimately comes from the 
sun. 

When considering the flow of water the concepts of up-
stream and downstream are essential. Up-streamers typi-
cally have high quality water but are also in a position to 
pollute water. The down-streamers are thus at the mercy 
of the up-streamers to get enough water – these may not 
extract too much of what they receive – and high quality 
water. The down-streamers on the other hand most often 
have better conditions for agriculture and need to provide 
for the up-streamers. 

Several of the large rivers in the world have during the 
last decades lost much of its water. The Colorado River in 
North America is not any longer the majestic sight it once 
was. Its water flow and thus depth have decreased by me-
ters. In Asia the large rivers have decreased not only be-
cause of extraction of water in the cities they pass but also 
because of the receding glaciers – receding due to global 

warming - which since millennia are feeding them with 
melt water. We have so far not seen similar changes in the 
rivers of the Baltic Sea region. 

Climate and Water 

The European Climate
Air-mass circulation determines Europe’s climate. The 
relief of the continent makes it possible for air masses 
originating in the Atlantic Ocean to pass freely through 
the lowlands, except in the case of the mountains of 
Scandinavia. Polar air masses from areas close to Iceland 
and tropical air masses from the Azores can both reach 
the continent, bringing very different conditions of tem-
perature and humidity. 

Continental air masses from Eastern Europe have equal-
ly easy access westward. The almost continuous belt of 
high mountains separates southern Europe, and limits the 
interchange of tropical and polar air masses. Of the various 
climatic conditions, five air pressure belts can be distin-
guished. Driven by these pressure patterns, westerly winds 
prevail in northwest Europe. Winters get sharply colder 
eastward, while summer temperature increase southward. 
Northwest Europe, including Iceland, enjoys somewhat 
milder winters because of warm Gulf Stream waters. 

Figure 4.2. River Dvina (in Latvia Daugava) near Polotsk, Belarus dem-
onstrate a mature river landscape. Photo: Lars Rydén.
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Four regional European climatic types can be distin-
guished:
• Maritime climate (Svalbard, Iceland, the Faeroes, 

Great Britain and Ireland, Norway, southern Sweden, 
western France, the Low Countries, northern 
Germany, and north-western Spain);

• Central European (transitional) climate (central 
Sweden, southern Finland, the Oslo Basin of Norway, 
eastern France, south-western Germany, and much of 
central and south-eastern Europe);

• Continental climate (northern Ukraine, eastern Belarus, 
Russia, most of Finland, and northern Sweden);

• Mediterranean climate.

Climate in the Baltic Sea Basin
The climate in the Baltic Sea region is that of the 
Atlantic-Arctic Temperate Zone and can be described as 
relatively mild. Winters are fairly mild in the south-west-
ern parts, getting colder towards the north and north-east, 
but, although long, they are not very severe, especially 
in Eastern Fennoscandia, where spring is late and sum-
mer is short. Frequent cold sessions during spring affect 
the climate in the whole region. Throughout the year 
the relative humidity levels are high and precipitation is 
abundant. These features are due to the geographical vi-
cinity of the Baltic Sea, the Atlantic Ocean, the White 
and Barents Seas, as well as the dominance of intensive 
cyclonic activity during all four seasons.

Eastern Fennoscandia is notable for a peculiar climate 
resulting both from some specific features of the atmos-
pheric processes in the Atlantic Ocean, Arctic Ocean and 
Siberia, as well as from the Great European Lakes’ and 
White Sea effects on the drainage basins. The climate 
formation here is influenced by the high percentage of 
coverage of the territory by surface waters (lakes occupy 
12% of the territory), forests and wetlands.

The duration and stability of the eastern circulation in 
this area is usually lower than that of the western circula-
tion. It manifests itself mostly during the winter period 
through low air temperatures, a smaller number of cloudy 
days and lower precipitation. This type of circulation los-
es much of its vigour by April when the meridional type 
replaces it. By the beginning of the summer period, the 
western air transport takes a dominant role. The domi-
nant form of atmospheric circulation over the territory 

throughout the year is the western transport (151 days), 
while the eastern circulation lasts less (94 days) and 120 
days are governed by meridional circulation. For the 
western part of the region western and eastern transport 
is less (120 and 85 days, respectively) while meridional 
transport is more frequent (160 days).

Precipitation
In the northernmost parts of the basin more than half of the 
precipitation may be accumulated as snow and released 
during melt in spring, whereas the runoff has its peak dur-
ing winter in the south. The mean annual volume of fresh 
water runoff from the land areas of the entire Baltic ba-
sin to the Baltic Sea amounts to approximately 450 km3, 
Danish Sounds and Kattegat excluded. This corresponds 
to a flow of 14,150 m3/s which means that the runoff from 
the land area of the Baltic Sea basin is only slightly less 
than that of the Mississippi River and greater than in any 
river in Europe. The average discharge of the biggest riv-
ers in the drainage basin is presented in Table 4.1.

There is considerable inter-annual variability in the run-
off to the Baltic Sea. The wet year of 1924 had a mean an-
nual runoff of 19,500 m3/s while the corresponding figure 
for the dry year of 1976 was as low as 11,100 m3/s. The 
annual inflow of 450 km3 is a tremendous volume of wa-
ter, which, in theory, is available to the population in the 
basin. Evenly spread out over the surface of the Baltic Sea 
it corresponds to a depth of 1.2 m of water. Unfortunately 
the geographical distribution of this water is converse to 
the population density. Due to the high precipitation and 

River Mean annual flow for the period 1950-1990 
(m3/s)

Neva  2,460

Vistula  1,065

Daugava  659

Neman  632

Odra  573

Kemijoki  562

Ångermanälven  489

Luleälven  486

Table 4.1. The largest rivers in the Baltic drainage basin (Bergström & 
Carlsson, 1994).
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low evapo-transpiration of the north the available water 
resources are much greater there than in the south and par-
ticularly great in the northwest. This is in strong contrast 
to the population density, which is greatest in the south 
and very low in the northern parts of the area.

The Lakes

An Abundance of Lakes
Lakes are beautiful elements of the landscape appreciated 
for many different reasons: scenery, recreation, wildlife, 
fish production, swimming, skating, and boating. People 

Lake Area (km2)

Ladoga, Russia  17,800

Onega, Russia  9,900

Vänern, Sweden  5,650

Peipsi, Estonia  3,100

Vättern, Sweden  1,900

Saimaa, Finland  1,500

Mälaren, Sweden  1,120

Päijänne, Finland  1,100

Oulojärvi, Finland  890

Pielisjärvi, Finland  870

Ilmen, Russia  550

Table 4.2. The largest lakes in the Baltic drainage basin (data from MSSL-
WCMC-UNEP, 1989; Raab & Vedin, 1995).

simply love lakes. The lakes also have less well-known 
important functions as natural regulators of river flow 
and sediment and nutrient traps. 

Due to the recent glaciation, the northern part of the 
Baltic basin is very rich in lakes. Sweden has 96,000 
lakes larger than 1 hectare and the corresponding figure 
for Finland is 65,000. Some of the lakes in the Baltic Sea 
region are the largest in Europe, such as Lakes Ladoga 
and Onega in North West Russia and Lake Vänern in 
Sweden. There are eight lakes which have an area of 
1,000 km2 or more (Table 4.2). Altogether lakes cover 
9% of the land areas of Finland and Sweden. In the 
plains of the three Baltic States and Poland lakes are not 
as common.

The majority of the lakes occur in depressions in the 
land surface caused by the ice during glaciation or by 
glacial melt water from about the same time. When the 
stream water enters the lake, the velocity is greatly re-
duced and particles transported with the river from the 
catchment to a large degree settle in the lake. A more 
important sedimentation process in the lakes of the re-
gion is the settlement of dead biological material from 
lake water. The sedimentation causes the bottom to rise 
over time, giving changed pre-conditions for vegetation 
growth of many plants, and the lake may finally disap-
pear, having been transformed to a peat land. Thus most 
lakes are short-lived in a geological perspective.

Mean Annual
Precipitation

3,000
2,000
1,000

750
500
300

Figure 4.3. As a whole the Baltic Sea basin receives 450 km3 precipita-
tionper year. The amount of precipitation ranges from very wet areas in 
the Norwegian mountains with 3,000 mm annually, to drier areas on the 
north-eastern rim and southern agricultural regions with below 300 mm 
annually (data compiled by Lars Hedlund. Source: Rydén et al., 2003)
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How Lakes Function
Lakes metabolize – produces and consume nutrients – in 
a pattern that decides its functions. The concentration of 
dissolved oxygen is here a crucial factor. Dissolved oxy-
gen (DO) is essential to all aquatic organisms that breathe 
(including fish). There are three sources of DO in a lake 
ecosystem: Firstly atmospheric oxygen dissolves in the 
lake water at the surface and is transported downwards by 
wind-generated mixing, secondly photosynthesis by plants 
in the lake produces oxygen, and thirdly, there is a constant 
inflow of oxygen-rich water from the drainage area.

The main limiting factors for primary production in 
the lake ecosystem are phosphorous (P), nitrogen (N), 
and silica (Si). In addition to these elements, solar light 
is in many cases a factor that becomes limiting at depth 
or in a lake having a snow-covered ice. P and N reach 
the lake with inflowing water from the catchment, as wet 
deposition with rain and snowfall on the lake, and as dry 
deposition with particles from the atmosphere. P and N 
are recycled within the lakes, between living and dead 
biota. Lakes normally act as sinks for phosphorous, with 
a net deposition of P in the sediments. Part of the N reach-
ing the lake is lost to the atmosphere by denitrification. 

Nutrient-rich lakes, called eutrophic, are often recog-
nized by their frequent algal blooms. Nutrients come with 
runoff from agricultural land, forestry land, impediments 
(indirectly from the air pollution) and from private sew-
ers to these lakes. Nutrient-poor lakes, called oligotroph-
ic, are often brownish due to humic substances and are 
more typical for forest areas and wetlands in less popu-
lated areas. 

The biologic function of a lake is closely connected with 
its thermal regime. The temperature distribution deter-
mines the vertical stratification, which in turn determines 
the pre-conditions for vertical mixing. The lakes in the re-
gion typically have periods of summer and winter stratifi-
cation separated by the autumn and spring circulation pe-
riods. The circulation periods distribute dissolved oxygen, 
taken up from the air, in the entire water body. The sum-
mer stratification is quite stable, with a strong temperature 
gradient and a corresponding strong density gradient. The 
density gradient efficiently reduces wind-induced vertical 
turbulent mixing and the supply of dissolved oxygen to 
the deeper layer during summer stratification, which may 
result in oxygen deficit in late summer.

In a lake bottom the upper part, called the littoral zone, 
is illuminated and has green plants. The littoral zone 
therefore acts as a sieve for nutrients reaching the lake, 
and it provides larger animals, including fish, with an 
abundance of food from large plants to minute bacteria. 
This wide range of food items promotes a high diversity 
of larger animals in the biotope.

In the open water, the pelagic zone, we find the plank-
ton – organisms which cannot swim. The phytoplankton 
is pigmented and can photosynthesise, but most often also 
“eat” organic carbon to supplement their growth. A most 
important group of phytoplankton in lakes are cyanobac-
teria (earlier named blue-green algea). Among the zoo-
plankton we find e.g. Daphnia as one of the most com-
mon species. The basic production in the pelagic zone 
is carried out by plankton, eaten mostly by insect larvae 
and fish. Most fish species change their main diet as they 
grow. As fry, fish usually lives in the open water feeding 
on zooplankton, and then return to the littoral shore zone 
to feed on the organisms produced there when it is older.

Figure 4.4. Lake Ladoga in Karelia, Russia is the largest lake in Europe. 
Draining into the Gulf of Finland through river Neva it provide fresh-
water for St Petersburg. Ladoga has also many environmental prob-
lems including eutrophication and pollution from industry. Photo: Jussi 
Huotari.
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Threats Against the Lakes – Eutrophication, 
Acidification and Chemical Pollution 
Very many lakes in the agricultural landscape receive 
more nutrient loads than can be taken care of by natural 
cleaning processes and therefore become eutrophic. In the 
rural landscape eutrophication is reduced if there are buff-
er zones – stretches of land, which may absorb and use nu-
trients in the runoff from agricultural land – between the 
fields and the water. For lakes being recipients of outgoing 
water from a town or city, a well functioning wastewater 
treatment is equally very important. It is the phosphorus, 
which is most critical as it is often the limiting nutrient 
for biological growth. Nitrogen may also contribute to eu-
trophication, but lack of N is often compensated for by 
natural N fixation from bluegreen algae (bacteria). Thus 
N is less often limiting. If the P inflow is not too large the 
lake may self clean and excess P is then bound in the bot-
tom sediments. 

The excess nutrients may lead to growth of algae, 
sometimes to dead bottoms and deterioration of its bio-
logical and societal value. However lakes dominated by 
macrophytes, such as stoneworts (Chara), water lilies 
(Nymphae) and pondweeds (Potamogoton and others) are 
able to absorb comparatively large nutrients inflows to be 
used in its ecosystem. The macrophytes support rich com-
munities of invertebrates, fish and birds. A second type of 
lake is dominated by phytoplankton and has less rich eco-
systems. In these fish are often killed by lack of oxygen 
and instead we see algal blooms. If the macrophytes are 
removed – for example to make it easier to swim – one 
risk to transfer the lake to the less desirable kind of lake 
dominated by algal blooms. 

Acid rain is another serious threat to lakes, especially 
in areas with low buffer capacity, which is the case in 
Norway, Sweden and partially Finland. During the 1960s, 
70s and 80s acid rain caused by coal combustion in many 
large industries in most importantly England and conti-
nental Europe came with the prevailing western winds 
to the Nordic countries. As a consequence, many thou-
sands of lakes and rivers became acidified. Many lakes, 
including a number of very good fishing lakes, espe-
cially in the north, had pH values below 5, even close 
to 4, were devoid of fish and for all normal purposes 
dead. In Norway similarly a number of rivers famous for 
salmon fishing were dead. It was not until the UNECE 

Convention on long range transboundary pollutants en-
tered into force that the acid rain problem decreased. The 
Swedish Environmental Protection Agency had then, and 
continues to have, a project to lime these lakes to reduce 
acidification. The complete restoration of these lakes and 
rivers will still take long before it is completed.

In some cases lakes have been the receiver of chemi-
cal substances released from factories or, in a few cases, 
from landfills. If these lakes are upstream in a river basin 
the whole basin may be affected. A famous and well-re-
searched case is Lake Järnsjön in southern Sweden, where 
a previous printing factory had released large amounts of 
PCBs (polychlorinated biphenyls). This substance, since 
the 1960s know as a serious environmental pollutant, had 
been bound to the bottom sediments of the lake outside 
the factory. It leaked to all water downstream along River 
Emån, and thus killed many species in the ecosystem, 
some of them rare and red-listed. In a major operation by 
the Swedish EPA to save the ecosystem of River Emån, 
the contaminated bottom sediments was removed and 
stored in a protected landfill. 

Wetlands

Large Wetland Areas
In the Baltic Sea region, all countries originally enclosed 
large natural wetland areas. These wetlands developed 
during the Holocene period and have been considerably 
affected at later stages by human exploitation. The wet-
lands in the Baltic Sea catchment have attracted consider-
able interest as they occupy large areas, about 20% of the 
Baltic Sea basin, and have significant impact on surface 
water. 

Today wetlands constitute only small areas in many 
countries. In Europe on the whole, 60% of the original 53 
Mha (530,000 km2; 1 Mha = 10,000 km2), of mires have 
been turned to agriculture (50%), forestry (10%) and peat 
extraction for fuel and horticulture (10%). In Denmark 
and Germany, vast former wetland areas are now used for 
different purposes. In Finland, Estonia Latvia, Lithuania, 
and Poland, drainage has altered large wetland areas. In 
Sweden, exploitation varied greatly, with large differ-
ences in regional wetland utilisation. In the north, there 
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has been a relatively small impact, while utilisation was 
much more comprehensive further south, especially in 
the present-day agricultural regions.

Finland, with its low coastal zones and extensive archi-
pelago, has a large share of peatlands. Of the original al-
most 12 Mha, now remains ca 9 Mha. Of the drained area 
0.6 Mha is used in forestry and about 1 Mha is used for ag-
riculture, of which only 0.3-0.4 Mha is in use today. Peat 
winning is carried out, and the resulting peat accounts for 
5% of Finland’s energy demand. Peat is here considered a 
fossil fuel as it takes thousands of years to reform.

In the three Baltic States Estonia hosts large wetland 
areas and belongs to the most peat-land rich countries, 
with over 22% of the land area, one million ha covered by 
mires. Agriculture, forestry and peat winning make use 
of some the peatlands. In Latvia wetlands cover 39,000 
km2 or 10.4% of the land area. Large areas have been 
drained for agriculture, forestry and peat cutting, leav-
ing about 70% unused. Lithuanian wetlands extend over 
30,000 km2. Drainage has been done mainly for agricul-
tural purposes. Peat winning has decreased considerably 
since 1960, as it has encountered a strong opposition and 
preservation opinion.

Widespread wetland areas exist also in Poland, with 
1.2 Mha of peatland, mostly fens. 86% has been drained 
and is now used as meadows and pastures. Large and im-
portant wetlands areas are the Biebrza and Note valleys 
in the northeast. Most of the un-drained area is found in 
these nature reserves, comprising a total of 1,500 km2, or 
14% of the peatland area. 

Russia hosts the largest wetland areas, both in North-
western Russia (1 Mha) and Kaliningrad. Of this terri-
tory, 80% is counted as an exploitable resource.

With the exception of Russia, Sweden is the country 
that encloses the largest peatland area in Europe, 10.4 
Mha. In southern Sweden considerable use of wetlands for 
agriculture has taken place, a low estimate is that there is 
0.6 Mha, of which an estimated 0.3 Mha might presently 
be in agricultural use. Forested peatlands cover 3.4 Mha 
and drainage has been carried out on almost 2 Mha. Peat 
winning today amounts to about 15,000 ha, Conservation 
involves first and foremost c. 4,000 km2 mostly in north-
ern Sweden and the high mountains. Another 0.4 Mha 
has been proposed to be protected based on the national 
wetland inventory.

Different Kinds of Wetlands
Wetlands are comprised of water-saturated bodies con-
nected mainly to groundwater aquifers. They may have 
open water surfaces, shallow water with maximum depth 
of some meters. Most wetlands are found in landscape 
depressions or other relatively low lands. Often, soils 
underlying wetlands are almost impermeable. In systems 
with permeable soils, outflowing groundwater is able to 
maintain water saturation. At such locations wetland of-
ten turns into peatlands.

Peatlands are composed of low-conductivity organic 
material with high porosity, often > 90%. However, the 
low conductivity and the often flat extension mitigate large 
and fast water turnover. Thus peatlands are often flooded 
at high water input and gradually turn into shallow-water 
lakes. Eventually, after surface runoff, water levels in the 
peat are lowered to deeper horizons. Altogether, during 
high water access, peatlands are mainly transition zones 
containing water in already wet and high-discharge situ-
ations. Nonetheless, peatlands do not furnish additional 
water during drought. When there is need for water, peat-
lands keep it to themselves.

Figure 4.5. The Djurholma bog in southwestern Sweden, which is 70 ha 
large, is a nature protected area. From the bird tower it is possible to 
sometimes see grouse playing. Much larger bogs of this kind is to be 
found in the northern parts of the Baltic Sea region. Photo: Guillaime 
Baviere. 
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At suitable climatic conditions the peat-forming vegeta-
tion changes from vascular plants to Sphagnum mosses, 
and the peatland turns into a bog. At this phase, the peatland 
starts to raise, with the elevated surface becoming domed-
shaped, the so-called raised bog. Later, after a considerable 
amount of time, pools begin to develop on the bog.

Bogs and fens are peatlands with a substantial layer of 
peat. When this layer is very thin, the wetland is called 
a mire, nonetheless still colonised by hydrophilic veg-
etation. The type of plants, and consequently the type of 
peat that is formed, is linked to the supplied water qual-
ity. Fens in mineral soils with a high nutrient content will 
be rich while those in poor environments, poor fens, are 
even poorer than bogs. Bogs are by hydrological defini-
tion furnished with precipitation water only, which is low 
in nutrients. 

The Many Functions of Wetlands
Wetlands are not wastelands, even if this attitude has been 
and still is common. Wetlands have great value. In their 
natural states, wetlands – marshes, swamps, bogs and fens 
– constitute essential life-providing systems. They are rec-
ognised as coastal lands, lakes, ponds, rice fields and peat-
lands. Wetlands can be used in several different ways and 
are often of great interest. About two-thirds of the world’s 
population depend on wetlands for their existence.

Wetlands constitute an ecotone – a border area - be-
tween terrestrial and aquatic environments. They have 
even been described as “the kidneys of the landscape” 
(Mitsch & Gosselink, 1993). As such, wetlands function 
for the immobilisation of contaminants, as nutrient sinks, 
sources of chemical substances and turnover of gases. 
Wetlands are crucial for the turnover of water and chemi-
cal elements such as metals. In this way they protect 
downstream water as they store nutrients and contribute 
to the self-cleaning of water. Phosphorus is stored in the 
sediments while considerable amounts of the nitrogen 
may be released to the air by denitrification. 

Wetlands act as carbon sinks thus reducing climatic 
change. The energy input to the wetland comes mostly 
from sunlight as photosynthesis, even if some may be add-
ed with organic substances from surrounding. As wetlands 
in this way grow carbon is stored in the biomass. Globally 
400-500 gigatonnes of carbon (Immirzi & Maltby, 1992) 
is stored in wetlands, roughly corresponding to the amount 

of carbon in the atmosphere. Compared to other soils, 20% 
of all stored carbon is found in peatlands. When a wetland 
is drained its organic material is decomposed by bacte-
ria as oxygen from air enters, and then carbon dioxide is 
released to the atmosphere, adding to the greenhouse ef-
fect. On the other hand, in natural conditions, methane is 
released instead. Methane is 25 times stronger as a green-
house gas. The release of methane is strongly mitigated 
by drainage. In addition, emissions of nitrous oxide (N2O) 
are limited by drainage. N2O has a greenhouse effect that 
is 250 times greater than that of CO2.

Water to a wetland comes from precipitation, surface 
water inflow, groundwater discharge and inundation from 
rivers and the sea. In these ways wetlands store water 
and reduce the consequences of large rainfall and inun-
dations. One of the reasons of serious consequences of 
recent floods in the Baltic Sea region, as well as in other 
parts of the world, is the transformation of wetland areas 
to other functions such as agriculture. 

Wetlands are key biotopes for biodiversity protection. 
They form habitats for a large number of plants and soil-
living fauna and as such often act as refuges for individu-
als and as pathways in spreading to other areas. In some 
cases, often involving bogs, certain specialised types 
find a niche where there is little competition. In other 
rich habitats, very demanding species manage to survive. 
Wetlands constitute a key biotope for many bird species. 
This was early recognised when one of the first global 
conventions for the protection of biodiversity, the Ramsar 
Convention, was signed already in 1973. Several protect-
ed wetlands are so called Ramsar sites. Also amphibians, 
another threatened animal group, find life space in wet-
lands. In case of forest fire, wetlands can also provide 
protection for many species. 

Rivers and Streams

Rivers and River Basins
A river is a system comprised of the main river channel 
with all its tributaries and the area that the river system 
drains, called the catchment or the drainage basin. The 
climatic conditions influence the water input to the catch-
ment, while characteristics such as topography, bedrock 
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geology, soil type and land use determine the catchment 
response to rainfall. 

Human activity affects river systems in numerous 
ways, for example, through urbanisation, agricultural de-
velopment, land drainage, pollutant discharge and flow 
regulation (dams, canalisation, etc.). The lakes, reservoirs 
and wetlands in a river system act as storage elements, at-
tenuate the natural fluctuation in discharge, and serve as 
settling tanks for material transported by the rivers.

The rivers of Scandinavia and the North European 
Plain have been shaped since the Pleistocene epoch. 
On the East European Plain, catchments are relatively 
large and rivers are long. In western, central and east-
ern Europe, rivers are largely ‘mature,’ i.e. their valleys 
are graded and their streams are navigable. Northern and 
southern Europe’s rivers are still ‘youthful,’ with ill-grad-
ed profiles and are thus more useful for hydroelectricity 
than for waterways. 

The main rivers to discharge into the Baltic Sea are 
the Neva, the Vistula, the Oder, the Daugava (Dvina 
in Belarus and Russia), the Neman, the Kemijoki and 
Luleälven Rivers. With minimum tidal influences, deltas 
(Neva River) and spits (Vistula River) have been created. 
Countries with long coastlines relative to their area, espe-
cially Sweden and Finland, are characterised by a large 
number of relatively small river catchments and short riv-
ers in addition to some main and majestic water courses. 

The river runoff volume and temporal discharge dis-
tribution from the rivers of the Baltic Sea region are gov-
erned by factors that include local conditions of rainfall, 
snowmelt and retention capacity. The river flow regimes 
of large catchments can be different from those of small 
catchments. Large rivers are much less variable because 
they integrate runoff over a large area, with different cli-
mate and physiographic conditions. The average annual 
runoff follows very closely the pattern of average annual 
rainfall and topography. Annual runoff is greater than 
4,500 mm in western Norway decreasing to less than 250 
mm in large regions of Ukraine and the southern part of 
the Russian Federation. 

The rivers in the western area have higher discharges 
in the winter season and lower in the summer.

The rivers of mountainous and continental climates 
are fed by snowmelt, being highest in the spring and early 
summer. 

Changing and Controlling Rivers
Water is probably the most regulated natural resource in 
the world. The flow of most of the running water in our 
countries is regulated, especially in the large watercours-
es. And there are reasons for it: Unregulated watercourses 
have very irregular water flow. A natural river might even 
run dry during late summer and become flooded dur-
ing spring when snow melts. In addition to this seasonal 
variation there is an inter-annual variation that might be 
considerable with large floods in wet years. In addition, 
water might be lacking where it is needed and too plenti-
ful in other places. Thus the wish to control both the time 
and place of water supply is the background for the ef-
forts to harness and domesticate this most basic of natural 
resources.

Rivers typically have many historical arrangements for 
regulation of its water levels. However, the large expan-
sion of efforts to regulate water occurred during the 19th 
and early 20th centuries. Then, lakes were lowered all over 
the region, especially in Sweden, in order to create more 
agricultural land and many lakes were completely extin-

Figure 4.6. Akkats Hydro power plant by Lule Älv river outside the 
small city Jokkmokk in Northern Sweden. The mural paitings entitled 
Uvssat davás in the Sami language (Doors to the West) are made by 
Bengt Lindström och Lars Pirak. Photo:  Hans Blomberg/Vattenfall.
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guished. Some 2,000 lakes drainage projects were carried 
out in Sweden up to about 1950. The agricultural area of 
the country increased by more than one million ha, but 
there were also serious environmental consequences of 
this. Wetland biotopes nearly disappeared, and biodiver-
sity of course decreased. Draining of forests and swamps 
has caused much faster decomposition and outflow of nu-
trients and organic material. This may favour some spe-
cies, but is a disadvantage to many more others.

Since the beginning of the 20th century many of the 
larger rivers in the northern Baltic Sea region, especially 
in Norway and Sweden but also Finland, have been ex-
tensively regulated mostly in connection with the con-
struction of large hydroelectric power plants with dams 
and reservoirs. Reservoirs usually have a relatively short 
water residence time – sometimes just a few days – so 
they can be regarded as a hybrid between a river and a 
lake. Today only a few streams and rivers flow naturally 
with waterfall and falls. Therefore, it is of utmost impor-
tance to preserve what remains of these waters. Reservoir 
construction in Europe seems to be stagnant, mainly due 
to the lack of suitable sites and growing public opinion 
against the construction of dams and reservoirs.

Most lakes and streams are affected by regulations 
of some sort. Historically, waterpower was used to pro-
pel mills and saws and to refine iron. These early dams 
are now a part of our heritage, and have shaped the wa-
ter landscape. A river basin often has hundreds of smaller 
dams or constructions to control water. Smaller dams, once 
built by individual farmers or other landowners, are often 
quite old and have not necessarily been legalized through 
a court process. There are often clear conflicts of interest 
in many water regulation projects, e.g. between industry 
(high water levels) and agriculture (low water levels). 

Water regulation has an important impact on biology 
in or close to the water. When the annual rhythm of water 
flow changes, so does the condition for biological life. 
Calm-water species are different from those living in and 
by streaming water. Smaller or larger obstacles along the 
streams, such as mills and similar constructions, hinder 
salmon, trout and other fish that migrate, from continuing 
upstream. The most serious obstacles are the large hy-
dropower dams. If the problems are too great an entire 
population or genetic variant of trout may disappear. On 
the other hand, ponds and reservoirs may become impor-

tant water mirrors for ducks and other birds dependent on 
calm water.

In the agricultural landscape ditches, canals and pipe-
lines are used to drain areas of water. Thus thousands of 
kilometres of drainage canals or ditches exist in the re-
gion, often being earlier streams and rivers now straight-
ened and channelized. A major disadvantage with such 
drainage canals is that the water receives less efficient pu-
rification processes, such as denitrification. From water 
quality point of view it would be far better if the drainage 
canal ended in a natural creek, watercourse or wetland, 
rather than straight into the Baltic Sea. River regulation 
has been undertaken in many catchments of western and 
southern Europe. In e.g. Denmark, 85 to 98% of the total 
river network has been straightened. In contrast, in coun-
tries such as Poland, Estonia and Norway, many rivers 
still have 70 to 100% of their reaches in a natural state. 

River Pollution and Restoration
The pollution of rivers is similar to the pollution of lakes, 
already described. Here only a few additional comments 
will be given. 

The most important sources of river pollution are or-
ganic waste fed from domestic and industrial sewage. 
The decomposition and breakdown of organic matter is 
carried out by microorganisms and takes place mainly at 
the surface of the sediment and vegetation in smaller riv-
ers and in the water column in larger rivers. Immediately 
downstream of a sewage effluent, organic matter decom-
position reduces the oxygen content of the water and re-
sults in the release of ammonium. Further downstream, 
the concentration of organic matter decreases as a result 
of dilution and continuing decomposition. As the dis-
tance from the effluent increases, bacteria oxidise the 
ammonium to nitrate, and oxygen enters the water via 
the water surface, thereby increasing its oxygen content. 
Eventually the levels of organic matter, oxygen and am-
monium reach those present immediately upstream of the 
sewage effluent. This process of recovery is called self-
purification. Organic pollution is still a serious problem 
in many European rivers and will continue to be so for 
as long as large amounts of sewage water are discharged 
into the rivers without being treated. 

Human settlement and associated clearance of forest, 
agricultural development and urbanisation greatly ac-
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celerate the runoff of materials and nutrients into rivers 
and lakes. This stimulates the growth of phytoplankton 
and other aquatic plants and in turn the growth of organ-
isms higher up the aquatic food chain. The great varia-
tion found in extensively populated areas is attributable 
mainly to variation in the extent of wastewater treatment; 
well-functioning treatment plants can decompose up to 
90% of the organic matter in the wastewater. In Norway, 
Sweden and Finland organic matter content is measured 
only as COD (COD=Chemical Oxygen Demand). In 
these countries discharge into rivers of organic waste de-
rived from human activity is negligible and COD levels 
therefore are generally low.

The capacity of rivers to purify itself depends on the 
residence time of the water. This is greatly reduced by 
channelization, and thus the control and straightening 
of rivers and streams are linked to river pollution. Quite 
many projects to restore rivers to a more natural state are 
ongoing in the region, both to reduce eutrophication and 
improve fishing, as well as to improve the beauty and 
landscape values of the waterscape. 

The Baltic Sea

The Sea
The Baltic Sea accounts for almost a quarter of the Baltic 
Sea basin, and is of decisive importance to all the coun-
tries along its coasts. It is special in many ways. The 
Baltic Sea is lying on a continent, and its average depth 
is only about 55 meters. It is more or less cut off from 
the oceans, and has only one narrow connection with the 
Atlantic through the Danish belts. As a result the Baltic 
Sea is a brackish water body, meaning that it is neither 
fresh water nor fully marine water, but with a salt con-
centration in between. In fact the Baltic Sea is one of 
the largest brackish water bodies in the world. Brackish 
waters are rather unusual on Earth, and few animals and 
plants are adapted to live in them. The Baltic Sea biodi-
versity is thus low.

The Baltic is also severely polluted by excess nutri-
ents, it is nutrient-rich, eutrophic. As the drainage area is 
densely populated (85 million people) new nutrient is con-
stantly added with runoff from agricultural land and efflu-
ents from cites and towns. This causes frequent large algal 
blooms and dead bottoms, as oxygen is consumed by the 
large amounts of sediment. The once very fish-rich Baltic 
Sea has today a shortage of fish both due to eutrophication 
and over fishing. The restricted water exchange with the 
Atlantic Ocean makes the pollutants stay long.

As a whole, the Baltic Sea basin receives 450 km3 of 
rain and snow per year. This corresponds to 40 cm of wa-
ter, if spread out evenly over the entire region, or 1.2 m 
on the Baltic Sea itself. Precipitation does not hit the re-
gion 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 differenc-
es. Most of the fresh water entering the Baltic Sea ema-
nates from river input. 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 ac-
count 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 

Figure 4.7. A sandy beach at Curzon Spit outside Kaliningrad. Photo: 
Lars Rydén.
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in both the water staying brackish, and a slow dilution of 
pollutants.

The water cycle of the Baltic basin ends with an ex-
change of water with the seas that pass through the 
Danish Sounds. This is a critical factor for the concentra-
tion of oxygen and salinity and thus for the whole eco-
logical system of the Baltic Sea. This exchange is a much 
more irregular process than inflow via rivers. The flow 
goes back and forth under the influence of climatological 
and oceanographic conditions. Typical flow rates may be 
in the order of ten times the average annual fresh-water 
inflow. Major inflows of highly saline water to the Baltic 
Sea have an episodic character. These events may occur 
about every ten years (Schinke & Matthäus, 1998) but 
are still of utmost importance for the salinity and oxygen 
conditions of the Baltic Sea. This is, however, normally 
only a temporary improvement due to the increased pol-
lution load on the water body. The mean depths of the 
Danish Sound and the Belts are only 14.3 m, which is a 
most important obstacle for a free water exchange across 
the Danish straits. 

Coasts and Islands
The Baltic Sea may be saluted for many positive aspects. 
Its short geological history of only a few thousand years 
after the last glaciation is the main reason why it has so 
many dramatic and beautiful types of scenery. This in-
cludes the largest archipelago in the world with more than 
25,000 islands (some say 50,000 or more depending on 
how the concept “island” is defined) between Sweden 
and Finland, and many special coastal types. 

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 very high bio-production.

There are great differences between the different coast-
al regions in the Baltic Sea. In the south, sandy coasts pre-
vail, and in the north, rocky coasts. The archipelagos dom-
inate 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. 

There are seven large islands in the Baltic Sea and 
very many smaller ones. The Baltic islands, especially 
Gotland, Öland and Rügen, have turned into summer fa-
vourite landscapes for those who can afford. Tourist busi-
ness is the main economic activity on these islands. 

Threats Against the Baltic Sea
The Baltic Sea is the final recipient of pollutants from 
the entire basin and is of special concern in efforts to im-
prove our environment. There are many reasons for being 
concerned. Due to its semi-enclosed character the Baltic 
Sea is very vulnerable to pollution. The water body is af-
fected by contributions of fresh water and nutrients from 
rivers, pollution from industries, municipalities and ship-
ping and by direct atmospheric deposition. The inflow of 
water with high salinity and oxygen concentrations via 
the Danish Sounds is another critical factor for the eco-
system of the Baltic Sea. The environmental problems 
of the Baltic drainage basin and the Baltic Sea are very 
complex. The Baltic Sea is sometimes described as one of 
the most polluted seas in the world. While eutrophication 
continues to be serious and worsening, the chemical pol-
lutants, e.g. PCB, are decreasing since several years. 

The Baltic Sea was the object of the first environmental 
convention agreed on in the Cold War period in 1974, and 
ratified in 1980. The most important result was the estab-
lishment of Helcom, the organisation, which coordinates 
activities and collects data on the Sea. The Convention on 
the Protection of the Baltic Sea was rewritten into a much 
stronger text in 1992. A number of rescue programs have 
been established to improve the situation of the Sea, but 
so far results have been meagre. Recently the Baltic Sea 
action programme, which now enters into force, severely 
limits the amounts of Nitrogen and Phosphorus which 
surrounding countries are allowed to let into the Baltic 
Sea. It remains to be seen if the coastal states are able to 
implement these requirements.
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