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Many people are fascinated by the dynamic nature and heterogeneity of streams. 
Nothing is exactly the same from one second to the next and from one stream site 
to another. For scientists, however, the dynamic nature of streams is a constant 
challenge. To study streams and provide an accurate and reproducible descrip-
tion of the physical and chemical environment, and the biological life it supports, 
is a dif“ cult, though rewarding, task. Among all the variability there are regular 
patterns and constraints which are possible to determine and use in practical 
management.

Stream ” ow is a permanent downstream movement … turbulent and unpre-
dictable. A small quiet and slowly ”  owing stream can rapidly turn into a roaring 
river eroding the banks and transporting many tons of sediment following a few 
days of heavy rain. The stream can change direction and location if it is allowed 
to do so or has uncontrollable forces. Streams have this shifting gentle and angry 
face which we appreciate but also a temper we want to be able to predict to pre-
vent unpleasant surprises.

According to ancient Nordic mythology, the troll found a home in the cold 
water of streams when the glaciers melted under him 13,000 years ago. Ever 
since, he has remained the spirit of the stream who from time to time became furi-
ous and takes a toll from the carriages, horses and drivers passing a stream. The 
gods, the prophets and their disciples who later occupied the country have been 
unable to drive him out of his hide in the pool under the bridge. Only here, out of 
sight and out of reach, is he safe, though doomed to stay in the wet element.

We have made a great effort to describe and display important physical proc-
esses and biological creatures along and within the streams. Many people have 
helped us with photos. Fortunately they have never caught the image of the troll, 
which could have raised an omnivorous anger among his many hidden cousins 
distributed in the streams and rivers over the entire Earth. 

In the spirit of the Enlightenment this has become a book on the visible, pre-
dictable and comprehensible nature of Danish streams which can help us attain 
understanding and sensible management. The National Environmental Research 
Institute, Denmark, and director of research Kurt Nielsen have supported us 
with funds for printing and time for exceptional technical assistance from Juana 
Jacobsen and Kathe Møgelvang. We are deeply indebted to photographers, the 
research institution and the three persons above.

We would also like to thank Jon Bass, John Davy-Bowker, Mike Furse, Iwan 
Jones, Martin Neale and Mattie O•Hare of the UK Natural Environment Research 
Council Centre for Ecology and Hydrology for their help in reviewing and 
improving the book.

Hillerød, Silkeborg and Dorchester, April 2006

Kaj Sand-Jensen       Nikolai Friberg       John Murphy 
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9Introduction

This book was in its original Danish version written for Danes with 
a general interest in nature or a speci“  c interest in streams and their 
biology. Whatever background, however, they were all Danes and as 
such familiar with our small country. Now we want to reach an audi-
ence outside our borders and have therefore made this introduction, 
which gives a brief background to Denmark beyond streams, macro-
phytes and macroinvertebrates. 

 Introduction

Running waters focuses on geomor-
phology, hydrology and ecology of 
streams and rivers in Denmark and all 
anthropogenic impacts acting upon 
them. The book was initially published 
for a Danish audience, but when we 
showed it to colleagues in England, 
New Zealand, Estonia and Lithuania 
they asked for an English version. 
They were impressed by the quality 
of illustrations and layout and wished 
to learn more about Danish lowlands; 
knowlegde streams which would be 
applicable to lowland streams in their 
own countries. Moreover, they wanted 
to know more about the Danish policy 
on pollution control of industrial and 
domestic sewage and the initiatives 
taken to bring channelised streams 
in the farmland back to their original 
meandering form.

To meet this interest, we have 
produced an English version and John 
Murphy has kindly helped us editing 
it. However, to fully appreciate the 
book and facilitate its reading, we will 
brie” y introduce you to the basic geol-
ogy and geography of Denmark and 

the typology and public administration 
of Danish water courses.

Denmark is a small, lowland coun-
try (43,000 km2) with more than 403 
islands. Nowhere in Denmark does the 
distance to the coast exceed 50 km and 
the coast line is very long (> 7,300 km). 
The peninsula, Jutland is connected 
to the European continent, while the 
island of Funen and the large island of 
Zealand are interconnected via bridges 
(Figure 1). Zealand is separated from 
Sweden by the narrow strait, Øresund, 
connecting Kattegat and the Baltic Sea. 
Southwest of Zealand are two other 
main islands, Falster and Lolland, 
while the island of Bornholm is located 
far to the Southeast in the Baltic Sea. 

Denmark is a densely populated 
and intensely cultivated country, 
inhabited by about 5.3 million people 
(approx. 125 persons/km 2). The capitol, 
Copenhagen, is located in northeastern 
Zealand, on the Øresund, and about 
2 million people live in the greater 
Copenhagen area. More than 80% 
of Danes live in urban areas and the 
other densely populated regions in the 

Figure 1

Map of Denmark with 

the main regions, 

largest cities and three 

largest rivers. 
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country are mid-Funen around Odense 
and eastern Jutland around Kolding, 
Frederica, Vejle, Horsens and Århus. 
The western and northern parts of 
Jutland have fewer people. 

Denmark is very suitable for 
agriculture as the climate and soils 
are optimal for cultivating crops. The 
climate is temperate Atlantic with fairly 
mild winters (0 ºC), not too hot sum-
mers (17 ºC) and an average annual 
precipitation of 720 mm approximately 
evenly distributed over the year. Only 
the island of Bornholm consists of 
bedrock in some parts, while all other 
parts of Denmark have sandy and 
loamy moraine soils. Therefore, almost 
every part of Denmark has been culti-
vated. Today the dominant land-use is 
agriculture (63%), while forests (mainly 
plantations) cover about 12% and other 
nature areas cover about 10%. Lakes 
and streams cover only about 1% of the 
country. 

There is a long history of landscape 
alteration in Denmark.  Deforestation 
began early; by about 2,000 years ago 
approximately 50% of forest cover was 
lost. At the beginning of the 19th cen-
tury the area covered by forest reached 
a minimum of less than 4% and the 
substantial deforestation resulted in 
increased groundwater levels and 

” ooding. Increased sand erosion in 
coastal areas blocked streams and 
further exacerbated the impacts of 
increased water levels. To counteract 
the effects of increased water levels 
and secure agricultural production, 
meadows were drained and streams 
channelised and culverted. The agri-
cultural area in Denmark peaked in the 
1930s at 76%.

Agricultural production is very 
ef“ cient with dense stocks of pigs and 
dairy cows and intensive use of fertilis-
ers and pesticides. In 2005 there were 
about 13 million pigs in Denmark with 
an annual production of about twice 
that number. The main fertiliser is live-
stock manure, and the main nutrient 
sources of nitrogen (> 80%) and phos-
phorus (approx. 50%) to inland and 
coastal waters derive from agriculture. 
Intensive agriculture and livestock pro-
duction, mostly pigs, are dominating in 
western part of Denmark i.e. in Jutland.

All Danish water courses are small 
and short. Only  River Skjern,   River 
Gudenå and   River Storå in Jutland are 
suf“ ciently large to deserve the predi-
cate river (Box 1). All other Danish 
water courses are small streams, brooks 
and springs. Of the ten largest Danish 
streams, eight are located in Jutland, 
which has the largest surface areas and 

receives the most precipitation, while 
Funen and Zealand hold one large 
stream each.

Over very short distances in their 
upstream parts, a few Danish streams 
may have relatively steep slopes 
(> 100 m/km), but true mountain 
streams do not exist as there are no 
mountains in Denmark. The highest 
point is only 173 m above sea level. The 
majority of streams, therefore, have 
very shallow slopes (< 5 m/km). 

 Denmark•s surface geology 
consists of soft sediments of clay, sand 
and gravel left by the two latest glacia-
tions. During the second last  glaciation, 
the entire country was covered by ice. 
During the last glaciation, ending some 
13,000 years ago, the ice sheet glaciers 
covered all the islands and the north-
ern and eastern parts of Jutland. The 
glaciers stopped in a prominent front, 
whose two parts ran west-east from the 
present North Sea coast to mid-Jutland 
and north-south from mid-Jutland to 
the current German border (Figure 1). 
Only the south-western part of Jutland 
was left un-glaciated. Large rivers 
ran from the glacier front towards the 
south-west between relatively shallow 
sandy hills left over from the former 
glaciation. The glacial rivers left gravel 
and sand in West-Jutland while clay 
was deposited further to the west in 
the central part of the present North 
Sea.

The glacial history, therefore, 
explains the topography and surface 
geology of Denmark, and to some 
extent the distribution of animals and 
plants. West-Jutland is dominated 
by well-leached and carbonate-poor 
deposits of sand and gravel. East-Jut-
land is dominated by poorly-leached 
and more carbonate-rich moraine 
deposits of clay, sand and gravel. The 

Box 1 Danish terms for running waters

•VandløbŽ is both a technical and 

common Danish word for running 

waters of all kinds. To distinguish dif-

ferent sized watercourses in Danish 

we use the words •kildeŽ for spring, 

•kildebækŽ for small brooks, •bækŽ 

for brooks, •åŽ for streams and rivers 

and •”  odŽ for very large rivers. The 

Thames and the Rhine would be 

•”  odŽ to Danes, while the two largest 

rivers, River Skjern and River Gudenå 

are •åŽ to us because they are not 

suf“ ciently big to become a •”  odŽ. 

You may notice that bæk is equivalent 

to beck used in Yorkshire and Scotland 

as a remnant of the in”  uence of Scan-

dinavian settlers in the Viking period. 

Å is used throughout the Nordic coun-

tries, i.e. Sweden, Norway, Iceland and 

the Farao Islands as the common name 

for large streams.
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islands of Funen, Zealand, Lolland and 
Falster are dominated by less-leached 
and carbonate-rich deposits of pre-
dominantly clay. 

Denmark is known for implement-
ing the “ rst Ministry of Environmental 
Protection (1971). Relatively intense 
ecological monitoring of streams also 
started around 1970 and was intensi-
“ ed even further around 1990. Today, 
it is the responsibility of the 14 Danish 
counties covering all Denmark to set 
quality objectives for streams and 
rivers. Each County Council politically 
decides quality objectives, which range 
from stringent objectives in streams of 
speci“ c scienti“ c interest to streams 
with eased objectives i.e. heavily 
impacted streams. It is also the counties 
responsibility to monitor the quality of 
streams in their region to ensure that 
they ful“  ll the objectives set. Monitor-
ing is based on macroinvertebrates 
and the regional network comprises in 
total more than 10,000 sites. In addi-
tion to regional monitoring activities, 
a national monitoring programme for 
the aquatic environment, including 
streams, was launched in 1988 with 
revisions in 1992, 1997 and 2003. The 
programme is jointly undertaken by 
the Danish EPA, the National Envi-
ronmental Research Institute (NERI), 
the Geological Survey of Denmark 
and Greenland (GEUS), the National 
Forest and Nature Agency and the 14 
Danish counties. The counties under-
take stream sampling but data storage, 
analysis and reporting are the respon-
sibility of NERI. Today, the programme 
encompasses more than 800 monitor-
ing stations covering all stream types 
in Denmark and monitoring includes 
three biological quality elements 
(macrophytes, macroinvertebrates 
and “ sh) as well as physico-chemical 

features and hydromorphological ele-
ments. From 2007 the counties will be 
closed as part of a large-scale struc-
tural reform and regional, as well as 
national, monitoring activities will be 
transferred to the state. 

To summarise: Danish landscapes 
are intensely utilised almost every-
where and the historical and con-
temporary agricultural in”  uence on 
the morphology, management and 
ecological quality of streams is very 
strong. Most streams are small, but 
more prominent streams and rivers 
exist in Jutland. Their biodiversity and 
abundance of ” owering plants, mac-
roinvertebrates and “ sh, mainly brown 
trout, can be very high making Danish 
streams very important for sport “  sh-
ing, recreation and overall biological 
quality among European lowland 
streams.
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Giant ice sheets and melt water have formed the landscape and river valleys.
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Danish rivers, their ”  oodplains and 
river valleys 
… formation and characteristics

During the last Ice Age the forces of 
” owing water and  erosion by glaciers 
created the river valleys. The Danish 
islands and eastern and northern parts 
of  Jutland were covered by a gigantic 
ice cap during this Ice Age. Underneath 
the ice, water was ” owing in melt water 
rivers from the base of the ice cap to 
the  glacier fronts. Melt water ”  owed 
in the valleys of the  glaciated land-
scape, thereby enhancing the landscape 
features (i.e. hills and valleys) already 
present. On its way to the  glacier front, 
the fast-” owing melt water eroded deep 
valleys, while the  slower- ”  owing waters 
deposited sand, gravel and stones as 
ridges (hills). The outcome can be seen 
in the Danish landscape today, for 
example in the deep valleys of eastern 
 Jutland where the   River Gudenå and its 
tributaries ”  ow. In addition, the melting 
of large ice blocks, left in the valley fol-
lowing the retreat of the ice cap, created 
lakes such as those in the   River Gudenå 
valley.

At the  glacier front in mid- Jutland, 
the melt water concentrated in several 
large rivers that ” ooded the moraine 
landscape in western parts of  Jutland. 
The glacial melt water created large 
washout plains where sand, gravel 
and stones were deposited. Today 
these washout plains are heath plains 
acting as wide river valleys between 
the old moraine hills. The heath plains 
are river valleys for some of the large 
contemporary rivers in Denmark. The 
river with the greatest  discharge in 
Denmark, the  River Skjern, runs west 
from Nørre-Snede between Skovbjerg 
and Varde moraine hills and enters 
the sea in a large delta in Ringkjøbing 
Fjord.

Since the last Ice Age rivers and 
streams have eroded the pristine 
moraine landscape and have formed 
” oodplains and valleys along the 
rivers and streams (Figure 1.1). On the 
moraine hills exposed during the last 
Ice Age in western  Jutland, the streams 
have had approximately 100,000 years 
to interact with the surrounding land-
scape. This long period explains why 

Present day river valleys and rivers are not as dynamic and 
variable as they used to be. We will here describe the develop-
ment and characteristics of rivers and their valleys and explain 
the background to the physical changes in river networks and 
channel forms from spring to the sea. We seek to answer two 
fundamental questions: How has anthropogenic disturbance of 
rivers changed the fundamental form and physical processes in 
river valleys? Can we use our understanding of ”  uvial patterns 
to restore the dynamic nature of channelised rivers and drained 
” oodplains in river valleys?

1 Lowland river systems … processes, form and function
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the valleys and ” oodplains are wider in 
western  Jutland than in the relatively 
young moraine landscape of eastern 
Denmark.

In northern  Jutland the post-glacial 
rise in sea level (Yoldia Sea) created 
marine deposits near the shores. These 
have subsequently been exposed by 
the tectonic upheaval of the landmass. 
They form the present-day wide river 
valleys, bordered by former sea cliffs 
that now stand out as steep eroded 
hillsides, in this part of the country. 
A good example of this is the  Skals 
Stream, north of Viborg. As a conse-

quence of postglacial landmass move-
ment, land subsidence in the southern 
part of  Jutland has created special con-
ditions where the present-day rivers 
are ” owing in marine deposits and 
continuously adjust their morphology 
to the rising sea level. On the island of 
 Bornholm, the presence of bedrock cre-
ates an in-stream environment different 
from anywhere else in Denmark.

The river valley … intimate inter-
actions between river and ”  oodplain

Rivers are naturally in a dynamic 
equilibrium with their valley and 
 ” oodplain. The stream slope and ” ow-
ing water create the energy needed 
for transporting eroded soil particles 
from stream banks and hillsides in the 
catchment to the sea. Erosion is most 
prevalent in the upper river system, 
where many small streams are in close 
contact with the surrounding land-
scape. Groundwater and  drainage 
water from the catchment also supply 
vast quantities of dissolved substances 
to the streams. These are also subse-
quently transported to the sea.

In the lower part of natural, 
unmodi“  ed river systems,  ” ooding 
of the river valley occurs regularly 
at high-” ow events. During  ” ood-
ing vast quantities of sediment and 
organic debris are deposited on the 
 ” oodplain. Close to the stream bank 
most of the sand is deposited as levees. 
Finer sediment and organic particles 
are deposited further away from the 
stream. The  ” ooding waters, sediment 
and organic material are an important 
renewing source of nutrients to the 
 ” oodplain. In natural systems these 
supplies of nutrients and sediment are 
essential for the growth and develop-
ment of natural  ” oodplain vegetation. 
In this way nature has created a buffer 
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Figure 1.1  The river valleys increase in 

width from the source to the sea … just as 

rivers do. Here is an example from the  Brede 

Stream catchment in southern  Jutland.

A journey along the  River Skjern starts 

at the brook ( Svinebæk Brook at Lake 

Rørbæk) which later grows to a large 

stream (the  River Skjern at Thyregod) 

and ends at the mouth of the river in 

Ringkjøbing Fjord.
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system delaying the loss of nutrients 
and sediment to the sea and enhancing 
the recycling of nutrients within the 
catchment. A substantial proportion of 
the suspended material being carried 
by ” oodwaters can be deposited on the 
 ” oodplain and hence retained within 
the catchment (Figure 1.2).

Streams in undisturbed lowland 
landscapes will naturally wind or 
 meander through the river valley. A 
stream moves from side to side within 
the river valley by eroding sediment on 
the outside of meanders and deposit-
ing the sediment on the inside of mean-
ders further downstream. It is a slow 
physical process, which evolves over 
decades or centuries. In some cases the 
stream erodes at the base of the valley 
sides, thereby slowly widening the 
 ” oodplain. The constant lateral move-
ment of rivers and streams occasionally 

leaves meanders cut off and isolated 
on the  ” oodplain as small oxbow lakes. 
Vegetation and deposited material 
from the stream will eventually “  ll the 
lakes and create small wetlands on 
the  ” oodplain. Oxbow lakes have a 
characteristic mixed vegetation assem-
blage, different from that on the rest of 
the  ” oodplain, and are quite distinct 
features in our natural river valleys.

The structure and composition of 
 ” oodplain soils are highly variable. The 
 Brede Stream valley in southern  Jutland 
has alternating layers of sandy stream 
deposits, peat and organic material on 
its valley ” oor (Figure 1.3). Deposits 
of organic origin generally dominate 
soils in Danish river valleys. Decom-
posed coarse plant material makes up 
peat layers and  “ ne particulate  organic 
matter and diatom shells deposited in 
shallow waters make up the gytja layers. 
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during high ”  ow events can reduce the 

sediment transport to the sea. During two 

9-day ”  ooding events in the lower part of 

the Gjern Stream ( catchment area: 110 km 2)

between 6% and 11% of the transported 
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Figure 1.3 The 

diversity of soil 

types in the river 

valley of the Brede 

Stream is considera-

ble. The channel of 

this 4-km reach was 

re-meandered in 

1994 in an initiative 

by the County of 

Southern  Jutland.

The river valley was 

drained and the 

river was channe-

lised in 1954. Oxida-

tion of the organic 

soil layer has caused 

a 0.5 m subsidence 

of the ”  oodplain 

over the period of 

40 years [2].
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In total, 6,700 km2 (15%) of Denmark•s 
area consist of such poorly drained soils 
rich in organic layers. These soils are 
primarily found in the river valleys and 
on raised seabed deposits in northern 
 Jutland and in the salt marsh areas in 
southern  Jutland. These soils have been 
in high demand because when drained 
they provide excellent nutrient-rich soils 
for  agriculture.

Streams … a network of 
unidirectional ”  ow

River systems form a “ nely branched 
network of many small, headwater 
streams that meet to form fewer and 
larger streams that “ nally merge into 
one large river reaching the sea (Box 
1.1). From upstream brooks to the 
downstream river, water is continu-
ously received from the surrounding 
land. The in” uence of the catchment 

landscape on stream morphology 
depends on soil type, topography, 
terrestrial vegetation and land use. 
Streams therefore form a unique 
 ecosystem because of the linear con-
nections within the network, the unidi-
rectional ” ow and the intimate contact 
with the land. 

Many brooks are formed by springs 
located near the base of steep slopes, 
where water leaves the  groundwater 
reservoir. The con” uence of several 
springs forms a spring  brook, which is 
characterised by stable  discharge and 
water  temperature. Further down-
stream the con” uence of spring brooks 
forms a stream, usually 0.5…2 m wide. 
Streams increase in size as they ” ow 
downstream becoming larger, 2…4 m 
wide. Even further downstream at the 
con” uence of the larger streams, the 
river is formed.

Box 1.1 Stream  order
The systematic pattern of longitu-

dinally connected reaches increas-

ing in size at con”  uences can be 

presented as a hierarchical system 

determined by origin and down-

stream connection … this is known 

as the Stream Order [3].

Stream order according to size
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There is never a long distance to the 
sea from anywhere in Denmark. Rivers, 
in the strictest sense, are therefore not 
very common. Denmark has only two 
large rivers: the   River Gudenå, which is 
the longest river and the  River Skjern, 
which has the highest  discharge (Box 
1.2).

Flow and substrata from spring 
to river

With increasing distance from the 
spring, the stream usually becomes 
wider, deeper and transports more 
water (Figure 1.4 and 1.5). Large rivers 
often originate in mountains, run down 
the mountain slopes and across plains 
towards the sea. Along the course, the 
slope decreases [4]. This is generally 
also the case in the short river systems 
in Denmark, where the steepest slopes 
are usually found in the springs and 
brooks, and the lowest slopes in the 
rivers close to the outlet [5, 6].                How-
ever, on the local scale Danish streams 
follow a more irregular course with 
shifting reaches of steep or low slopes. 
This is primarily due to the presence of 
lakes, which act as hydraulic thresh-
olds and re-set the natural dynamics 
of the ” owing streams. Because of the 
local irregularities reaches with steep 
slopes and high physical stress may 
occur anywhere along the course.

Gravity, acting on the slope of the 
water surface, drives the downstream 
” ow. The mean  current velocity along 
reaches also depends on the resistance 
to ” ow exerted by the streambed, banks 
and plant surfaces. Since upstream 
brooks are shallow and narrow, water 
” ows in intimate contact with the 
streambed and banks. So in spite of a 
steeper slope, the mean current velocity 
is usually lower in small Danish brooks 
than in large rivers [3, 4].

Box 1.2 Danish watercourses: length and location

We have many both naturally and 

arti“  cially created watercourses 

in Denmark. The vast majority of 

watercourses are of 1 st and 2nd order 

… these are called brooks. Medium-

sized watercourses (3 rd to 5 th order)

… the streams … are fewer in num-

bers and we only have a few large 

watercourses. The longest Danish 

watercourse, River Gudenå, is 176 km 

long. Based on physical appearance 

and biotic communities only the River

Gudenå, River Skjern and River Storå 

can be classi“ ed as large rivers.

The map shows the 20 largest watercourses in Denmark measured by catchment 

area.

Konge Stream (17)

Brede Stream (12)

River Storå (3)

River Skjern (2)

Varde Stream (4)

Ribe Stream (6)

Vidå Stream (5)

Sneum Stream (14)

Odense Stream (9)

Tude Stream (16)

Suså Stream (7)

River Gudenå (1)

Grenå Stream (15)

Vejle Stream 
      (20)

Lindenborg Stream (19)

Karup Stream (8)

Skals Stream (10)

Uggerby Stream (18)

Halleby Stream (13)

Rye Stream (11)

Watercourse Total length

Small watercourses
(Width: 0…2.5 m)

48,000 km

Medium-sized watercourses
(Width: 2.5…8.0 m)

14,500 km

Large watercourses
(Width: >8 m)

1,500 km

Total 64,000 km
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Local ” ow conditions above the 
streambed regulate  erosion and sedi-
mentation of particles. Although we 
may intuitively assume that steep head-
waters have coarse gravel and stone 
substrata while large rivers have “ ne-
grained sand and mud, this does not 
apply to Danish lowland streams … nei-
ther in their original unregulated state 
nor in their contemporary regulated 
state. In a nationwide study of 60,000 
plots (25 × 25 cm) in 350 reaches across 
75 streams, we did not observe syste-
matic changes in the main substrata 
along the stream courses. Sand was the 
most common  bottom substratum in 
both small and large streams (approx. 
40% of all plots). In streams less than 2 
m wide, gravel and stones were found 
in 30% of the plots, while 23% of the 
plots in streams more than 8 m wide 
had sediments dominated by gravel 
and stones. Mud was also frequent in 
small (32%) and large streams (23%).

Channel patterns … fundamental 
principles of river morphology

Stream slope, water  discharge, sedi-
ment supply and grain size  distribu-
tion of transported sediment, control 
the channel planform pattern in rivers 
and streams. Since these parameters 
change systematically through the river 
channel system, the same would be 
expected from the channel planform 
pattern. In the following section we 
examine how the link between channel 
form and physical processes generates 
the distinct channel patterns.

Stream channel patterns have 
traditionally been classi“  ed as straight, 
sinuous or meandering [3, 7, 8] (Box 
1.3). The straight and sinuous channels 
are generally found in the upper parts 
of the lowland river systems where the 
channel slope is high and discharge 
is low. These streams are often found 
in the moraine landscape and the 
stream bed substratum is dominated 

Figure 1.4 Idea-

lised graphs illustra-

ting how the large 

number of small 

headwater streams 

gradually merge 

into fewer streams 

of higher order 

(top), and higher 

discharge (bottom).

Figure 1.5 There are systematic changes 

in mean depth and current velocity along 

the river continuum from source to outlet. 

Summer measurements in 350 Danish 

stream reaches illustrate the overall pat-

terns. Different letters mark statistically 

signi“  cant differences.
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Classi“ cation of channel patterns in lowland streams. The 

channel pattern is the result of many processes interact-
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eters (modi“  ed from [5]).
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equally by sand and gravel/stones 
with scattered “ ne sediments. Ero-
sion dominates in this part of the river 
system and material is continuously 
added to the stream from bank  erosion 
and overland ” ow. The combination of 
sandy moraines and addition of mate-
rial ensures also a continuously high 
proportion of sand on the stream bed. 
Stream power is insuf“ cient to remove 
the coarse material, and the stones and 
gravel are left in channel, whereas clay, 
silt and sand are transported further 
downstream as  suspended solids in the 
water. Within the streams, sidebars of 
coarse material are formed, with areas 
of “ ne-grained sediment deposited in 
between. In streams with very steep 
slopes the streambed is made up of a 
series of steps dominated by gravel 
and stones and “ ner sediments in 
pools between the steps. As  discharge 
increases, stream power also increases 
despite the lower slope, and the stream 

can transport a wider range of sedi-
ment sizes, resulting in signi“ cant sedi-
ment transport along the streambed. 
This in turn leads to the development 
of rif”  es and  pools characteristic of the 
sinuous channel. Further downstream, 
with greater stream power, the char-
acteristic lowland meandering chan-
nel is formed. In natural sinuous and 
meandering streams erosional zones 
occur at regular intervals. Along the 
outside of the  meander bends sediment 
is eroded and deposition occurs further 
downstream on the inside of meanders. 
Various sediment sizes can be trans-
ported, depending on the strength of 
stream power. Fine sediments such as 
clay, silt and “ ne sand are transported 
in the water column as  suspended 
solids, whereas coarse sand and gravel 
are transported along the stream bed. 
Coarse sediment is concentrated in the 
rif”  es, where ” ow divergence cause 
stream power to decrease locally, leav-
ing the ” ow incapable of moving coarse 
particles such as gravel and stones. Fine 
sediment can be captured between the 
large particles forming a very com-
pact  rif” e structure typically found in 
lowland streams [8]. The “ ne sediment 
is deposited on the inside of meanders 
where  current velocity decreases … the 
depositional areas on the inside of 
meanders are known as point bars.

The cross section

Channel pattern and cross sectional 
pro“ le change as you travel down 
through the river system. With increas-
ing distance from the source, depth, 
width and current velocity vary as a 
function of discharge (Box 1.4). These 
relationships are known as the hydrau-
lic geometry of the stream and vary 
depending on geological and geomor-
phological conditions in the catchment 

and variations in climatic conditions 
[1]. Since geology affects the ability 
of the soil to be eroded, and climate 
and  groundwater conditions affect 
the amount of water drained through 
the channel, the hydraulic geometry 
relationships can be expected to vary 
signi“ cantly among streams in differ-
ent parts of Denmark.

On the sandy washout plains of 
western  Jutland, streams receive a large 
proportion of  groundwater all year 
round. These streams tend to be deeper 
and less varied in their depth than 

The channelisation of Danish streams 

increased the slope of new straightened 

stretches. Trapezoid weir-like constructions 

were built in many streams, to dissipate 

energy from the increased slope over short 

segments of the stream. Unfortunately 

these constructions also act as obstructi-

ons limiting the free migration of “  sh and 

macroinvertebrates. Today many of these 

obstacles have been transformed into rif”  es 

by local water authorities.
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Figure 1.6 Natural channel geometry as a 

function of catchment area varies between 

different landscape types in Denmark [9]. 

The smaller streams on the sandy wash 

out plain in western and southern  Jutland

are generally deeper and less wide than 

the streams on the loamy moraine soils in 

eastern  Jutland. For streams in catchments 

larger than approx. 100 km 2 the relations-

hips are reversed.
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streams in the moraine landscape, as 
the catchment area increases. Further-
more, moraine streams are generally 
wider for any given catchment area 
(Figure 1.6). These generalities persist 
up to a certain catchment size, after 
which the relationships between catch-
ment area and depth and width are 
shifted.

Such general relationships can be 
used to design channels with natural 
dimensions in Danish river  restoration 

schemes. The hydraulic basis for the 
functioning of different river ecosys-
tems can be compared, using constants 
and coef“ cients from hydraulic geome-
try relationships. These provide a valu-
able tool for assessing the variations 
in overall physical habitat conditions 
at the river system or catchment scale. 
However, if we want to know anything 
about the actual habitat conditions 
within the stream we have to look at 
“ ner scales (Box 1.5).

In-stream habitats 
… predictable and variable

Running water actively forms the physi-
cal habitats within streams. We have 
already shown how substratum com-
position varies through the river system 
from source to sea. Now we take a closer 
look at the variations at a “ ner scale, 
within a given stretch of stream.

In all lowland stream types, from 
straight to meandering, the stream 
habitats alternate between sections 
of high and low  current velocity. In 
areas of high current velocity, coarse 
sediment dominates, whereas “ ne 
sediment dominates in areas of low 
current velocity. The longitudinal 
distance between successive areas of 
high current velocity is approximately 
5…7 times the width of the stream. 
The ultimate development of this 
 habitat variation is the  rif”  e and  pool 
sequence, which is a dominant feature 
of all meandering streams (Box 1.5)

Rif” es and pools are distinctly dif-
ferent habitats with respect to substra-
tum, depth and current velocity (Figure 
1.7). These fundamental physical 
differences are also re” ected in the 
species composition and abundance of 
 macroinvertebrate communities in the 
two habitats [12].

At an even “ ner scale, there are sig-
ni“ cant variations in substratum, depth 
and current velocity within the distinct 
habitats and the varied nature of 
small-scale habitat features underlines 
the heterogeneous nature of lowland 
stream (Box 1.6). However, local habitat 
structure within any stream reach still 
depends in part on large-scale condi-
tions such as ” ow regime, and local 
conditions such as river valley slope, 
meandering and  riparian vegetation 
structure. Variations in these control-
ling factors potentially in”  uence the 

Box 1.4 Hydraulic geometry

Systematic variations in the physical proper-

ties of the channel and ”  ow through the 

river system can be described using a set of 

equations, known as the hydraulic geometry 

relationships [3].

w = aQb d = cQf U = kQm

w = aAb d = cAf U = kAm

Where: w  is the bankfull width, d is the bankfull 

depth and U is the mean current velocity at 

bankfull discharge, Q is the bankfull discharge, 

A is catchment area, a, c, k are constants and 

b, f , m are exponents. Note that for any given 

relationship b + f + m = 1 and a × c × k = 1.

The relationships are indicated as log-log plots 

of the dependent variable width, depth or 

mean current velocity as a function of the dis-

charge (or catchment area). The constants and 

exponents re”  ect properties of the catchment 

from where the stream water is drained. Differ-

ent river systems in different parts of the world 

will thus have different constants and expo-

nents re”  ecting differences in climate, geology 

and geomorphology.

Exponents
b

Reference
f    m

Upland river (Appalachians, USA) 0.55 0.36 0.09 [9]

Great-plains river (Mid-western USA) 0.50 0.40 0.10 [3]

Lowland river Denmark ( River Skjern) 0.48 0.44 0.08 [10]
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habitat structure between any  rif”  e in a 
stream and cause signi“ cant differences 
in the micro-habitat structure both 
within and among rif”  es. These small-
scale differences in habitats clearly 
affect the composition and abundance 
of the local  biotic communities [13].

At “  rst glance lowland streams are 
physically homogenous with consist-
ent and predictable variations in their 
physical features from source to sea. 
Local hydrological, geological and 

landscape conditions in” uence the gen-
eral pattern of channel sinuosity. At the 
channel reach-scale, rif” es and  pools 
alternate, creating different environ-
ments. Within these distinct habitats 
there is considerable “ ne-scale vari-
ability in habitat conditions. And yet 
despite this small-scale  heterogeneity, 
we are capable of predicting general 
patterns in habitat structure and  biotic 
communities throughout the river 
system from source to sea.

Box 1.5 Channel morphology
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Figure 1.7 Substratum, depth and  current 

velocity of rif”  es and pools in a lowland 

stream in Denmark. Pools are deeper areas 

in the streams with low current velocity and 

“ ne substratum. In contrast rif”  es are the 

fast velocity and shallow areas dominated 

by gravel substratum.
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Current velocity, depth and streambed 

substratum vary in a predictable 

manner in natural stream channels. 

The distance between two neighbour-

ing rif”  es in a meandering channel is 

5…7 times the channel width. Straight 

channels exhibit identical alternating 

patterns.

 The channel sinuosity is de“  ned 

as the length between two points 

along the deepest part of the channel 

(known as the thalweg) divided by the 

distance along a straight line between 

the points. Natural straight or sinuous 

channels in the upper parts of the 

river systems have sinuosities between 

1.05 and 1.5 and naturally meander-

ing channels have sinuosities higher 

than 1.5. The sinuosity of the streams 

in Denmark has been used to quantify 

the total length of natural channels 

in all river systems [11]. The total 

estimated length of channels in Den-

mark was found to be approximately 

2,000 km. Almost half of these natural 

streams are found in the western and 

southern part of Denmark.
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Human impacts on Danish rivers, 
” oodplains and valleys

River valleys and streams cut through 
the countryside as corridors connect-
ing the land and sea by supplying a 
green vein for transport of water, sedi-
ment, nutrients, plants and animals. 
Streams, river valleys and ” oodplains 
have been extensively exploited since 
the “ rst humans inhabited Denmark 
after the last Ice Age. In the beginning, 
river valleys acted as ideal places for 
settlements because of the possibility of 
combining  “ shing and hunting. Later, 
streams and rivers became valuable 
sources of energy for water mills. Dams 
that were constructed on many water-
courses now obstruct the free ” ow 
of water from source to sea. Larger 
streams and rivers were important 
means of transport, e.g. barge trans-
port from Silkeborg to Randers on the 
  River Gudenå during the 18th and 19th

century, and are still widely used for 
recreational canoeing today. Fish farms 
were established in many river valleys 
during the 20th century and they used 
the stream as a source of water for 
breeding and rearing  trout.

However  agriculture has caused the 
most radical changes to the rivers and 
” oodplains. For centuries ” oodplains 
were used for cattle and horse graz-
ing and also for haymaking, used for 
winter fodder. Over the past 100 years 

Box 1.6 Small-scale variability in rif”  es
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Variations in substratum, depth and 

current velocity in rif”  es are con-

siderable in lowland streams when 

surveyed in detail, as here from the 

Tange Stream, Denmark. Small-scale 

variations are part of the dynamic 

environment that characterises in-

stream habitats in streams around 

the world. Large-scale characteristics 

of the individual habitats ( rif”  e/ pool)

usually hide considerable variations at 

smaller scales.

Streams are highly variable over small 

scales.
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agricultural practices have intensi“  ed, 
primarily due to increased crop produc-
tion. This has resulted in  drainage and 
construction of ditches in river valleys 
and the straightening and  channelisa-
tion of many streams, to increase drain-
age ef“ ciency. Advanced technology 
increased the development of drainage 
schemes, in particular by means of tile 
drainage throughout eastern parts of 
Denmark. Many small streams in the 
upper river systems were culverted 
in order to ease the use of agricultural 
machinery. Physical changes to the 
river valleys have altered hydrological 
conditions and affected both vegetation 
and animals. As a consequence of the 
drainage schemes carried out during 
the last century, Denmark has now 
almost no pristine streams and river 
valleys. Channelisation and straighten-
ing have physically modi“  ed more than 
90% of the stream network of 64,000 km 
(Box 1.7).

The extensive  ” oodplain drainage 
has caused signi“ cant subsidence of 
river valleys soils. This phenomenon 
is caused by decomposition of the 
peat layers when exposed to atmos-
pheric  oxygen. Subsidence levels of 
0.5 m are very common in many river 
valleys and levels of up to 1 m have 
been measured in the lower part of the 
 River Skjern system, even though this 
area was drained as late as the 1960s 
[15]. As a consequence of the subsid-
ence, the beds of ditches and streams 
have had to be further lowered and tile 
drainage has been renewed.

Large-scale  channelisation and 
straightening of streams has increased 
sediment  erosion and mobilisation. 
In order to maintain drainage capac-
ity in channelised streams, excess 
sediment had to be removed from 
the streambed, causing continuous 

 disturbance to stream conditions. This 
maintenance is currently still required 
in many streams. The recurring need 
for removal of sediment from the 
streambed has profound consequences 
for stream ” ora and fauna. Streams 
have gradually become wider and 
deeper than they would have been 
under natural conditions. At the same 

time straightening of the streams has 
reduced the stream length, which leads 
to an increase in stream bed slope. In 
order to compensate for the increased 
slope weirs were constructed in the 
streams, whereby most of the energy 
was concentrated in a few large weirs. 
These weirs have acted as obstructions 
to the free movement of animals and 

Box 1.7 Habitats in channelised and restored reaches
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In channelised rivers and streams uni-

form cross sections with steep banks 

have replaced the natural irregular 

cross sections. The uniform physical 

conditions have reduced in-stream 

habitat diversity in many Danish 

streams. The dredging activities have 

removed coarse substratum (gravel 

and stones) from the stream and “  sh 

spawning grounds have been lost. 

The combination of these actions has 

reduced the available habitats for 

macroinvertebrates and “  sh.

The habitats are more varied in a 

restored reach of the Gelså Stream 

compared to an upstream channelised 

reach [14].
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plants. Over 140 such obstructions 
were found within a restricted area 
such as Sønderjylland County (3,940 
km2) in the late 1980s.

The repeated disturbances caused 
by dredging helps to increase sediment 
transport both in terms of suspended 
transport and transport along the stre-
ambed. Over a period of 3 months fol-
lowing maintenance work on the  Gelså 
Stream, sediment transport increased 
by 370 tonnes of which 280 tonnes was 
registered as bed-transported material 
[16]. An increase of this magnitude can 
have devastating effects on the stream 
 biota due to sand intrusion into  sal-
monid spawning grounds and general 
habitat degradation for macroinverte-
brates.

What initiatives are needed to 
reverse the physical degradation of 
rivers and ”  oodplains?

Public interest in restoring the natural 
dynamics of streams and ” oodplains 
has been growing over the past 15 
years. The best example of a completed 
project is the  restoration of meanders 
along the  River Skjern and the re-estab-
lishment of wetlands on its  ”  oodplain. 
Prior to these initiatives, vast sums of 
money had been invested in improv-
ing water quality in Danish rivers 
and streams. As water quality has 
improved it has become increasingly 
clear that it is now primarily the physi-
cal degradation of the rivers and ” ood-
plains that limits biological  diversity.

Over the last 20 years hundreds of 
projects have focused on removal of 
obstructions in streams. These projects 
have enhanced the opportunities for 
salmonoid “ sh to reach their upstream 
spawning areas. Unfortunately, these 
efforts have not been supported by 

 restoration of spawning grounds that were lost during the 
period of continuous dredging of stream sediments. The 
effective lack of  restoration of spawning grounds is made 
very dif“  cult by the defeatist attitude towards the excess 
continuous transport of sand into the streams, which causes 
rapid siltation of the gravel beds. It is obviously necessary 
to track down, identify and combat the excess sediment 
delivery and thereby reduce the sediment transport. Actions 
could encompass a more effective enforcement of the exist-
ing compulsory 2 m-wide uncultivated buffer strips along 
streams or the establishment of wider buffer strips, with no 
agricultural production, to prevent sediment reaching the 
channel.

The only possible way to re-establish more natural physi-
cal and biological conditions in the thousands of kilometres 

River Skjern is the 

largest restoration 

project until now.
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of streams is to change maintenance procedures, including 
timing, frequency and intensity of dredging and  weed cut-
ting. Future maintenance must include gentle procedures 
in those parts of the river systems where the potential for 
the development of diverse ” oral and faunal communities 
exists. Over the past 20 years maintenance procedures in 
many streams administered by  municipalities and counties, 
have been changed towards gentle and selective  weed cut-
ting that leaves some vegetation in the channel and on the 
banks, and dredging activities have been reduced. Docu-
mentation detailing the procedures that have the most posi-
tive effect on  biodiversity is, however, still lacking. There is 
an urgent need for experimental studies in different Danish 
stream types to determine which maintenance procedures 
are most successful at sustaining and improving stream 
 biodiversity.

In order to proceed from here, a holistic approach to 
river and  ” oodplain  restoration is required. We need to see 
the river valley, the  ”  oodplain and the stream as one unit 
in a landscape mosaic. Information on the physical  diver-
sity of the river valley and its streams therefore needs to 
be integrated in a system allowing classi“ cation of rivers 
and river valleys according to geomorphology,  hydrology 
and geological setting. The ultimate goal of our  restoration 
efforts should be based on physical and biological data on 
the structure of the few remaining undisturbed streams in 
Denmark.

The river and river valley classi“  cation systems in com-
bination with the established biological reference conditions 
of our streams in different parts of the country will be an 
important tool for future decisions on how and where to 
implement  restoration schemes. We also need to gather both 
short-term and long-term information on how the river and 
 ” oodplain ecosystems respond to the  restoration. The future 
success of our  restoration effort will rest on our ability to 
document  ecosystem responses to past  restoration efforts 
and subsequently to improve our methods based on this 
knowledge.
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Intensive agriculture domintate in Denmark leaving very few meandering streams with wide corridors functioning as buffers for nu trients.
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Pollution history of streams

Less than forty years ago the main pol-
lution problem in Danish streams was 
the  discharge of  organic matter from 
inef“ cient  sewage treatment plants, 
and from industries, freshwater  “  sh 
farms and small settlements without 
treatment facilities. Another pollution 
problem was the spill of liquid manure 
from agricultural farms that could acci-
dentally kill all life in a watercourse. 

Increasing public awareness of 
water pollution problems resulted in 
the establishment of the Danish  Minis-
try of Environment … the “ rst ministry 
of its kind in the world. The Danish 
regional authorities were selected as 
responsible for surveying the chemical 
and biological quality of  groundwater 
and surface water and they were com-
mitted to establish regional plans for 
water quality objectives and to provide 
an overview of the ecological state of 
all streams and lakes every four years. 
Substantial investments in improved 
water pollution control resulted in 
decreased discharges of  organic matter 

to surface water from larger point 
sources (>30 person equivalents) 
during the 1970s and early 1980s in 
most Danish River Basins (Figure 2.1).

Hydrological monitoring of Danish 
streams was initiated already in 1917 
where the “ rst gauging stations for 
daily recordings of water stage were 
installed, which, combined with 
bimonthly discharge measurements 
permits estimates of daily discharge. 
Since then the hydrologic network has 
become denser and currently more 
than 400 hydrological stations are in 
regular operation [1]. Monitoring of 
 water chemistry in Danish streams 
did not begin until the mid-1960s as 
part of the “ rst Hydrological Decade. 
Monthly sampling was initiated in 
four large rivers in different regions of 
Denmark. During the 1970s and early 
1980s, several stations for monitoring 
water quality were established by the 
Danish regional authorities in order to 
measure the state and trend in water 
chemistry, and the main pollution 
sources of nutrients and  organic matter. 

The physical and chemical quality of Danish streams has been entirely altered 
by the dramatic changes in anthropogenic pressures occurring over the last 
150 years. Large-scale drainage schemes for reclamation of agricultural land, 
organic wastes from an increasing urban population, soil and bank erosion 
giving rise to excess sediment transport, leaching of nutrients and organic 
micropollutants are among the suite of anthropogenic pressures affecting 
the streams. The last three decades have been spent on introducing several 
Governmental and Regional Action Plans for combating these pressures and 
improving stream ecology. 

2 Hydrology, sediment transport and water chemistry
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The  distribution of water quality stream stations in Den-
mark were, however, very sparse and not well distributed 
geographically until 1987 when around 50 stations were in 
regular operation.

The Danish Parliament has adopted several plans for 
improving the quality of water bodies since the early 1980s 
(Table 2.1). Following the “ rst Action Plan in 1987 a national 
monitoring network was established covering all water 
bodies. The monitoring network was put into operation 
in 1988. The plan was to regularly monitor  hydrology and 
water chemistry at more than 270 stream stations throughout 
the country (Figure 2.2). The monitoring network enabled 
the Danish regional and national authorities to establish a 
nationwide state of the  hydrology and water chemistry of 
Danish streams and assess the temporal trends and effects of 
the various Environmental Plans adopted [2].

Streams
231 water 
chemistry stations

Figure 2.1 Trends in the concentration of  BOD in the largest Danish 

streams during the period 1978…2004.
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Major implemented measures to diffuse nutrient pollution

1985
€
€

NPO Action Plan
Elimination of direct discharges from farms
Livestock harmony at the farm level

1987
€
€
€

Action Plan on the Aquatic Environment I
9-month storage facility for slurry 
65% winter green “  elds
Crop and fertiliser plans

1991
€
€
€
€

Plan for Sustainable Agricultural Development
Standard nitrogen fertilization values for crops
Standard values for nitrogen in animal manure
Required utilisation of nitrogen in animal manure (30-45%)
Fertiliser accounts at farm level

1998
€

€
€

€

Action Plan on the Aquatic Environment II
Demands for an overall 10% reduction of nitrogen application 
to crops
Demands for catch crops
Demands for transforming 16,000 hectares farmland into 
wetlands
Reiterated demands for utilisation of nitrogen in animal 
manure (40-55%)

2003
€
€

€

Action Plan on the Aquatic Environment III 
Halving of the Danish P surplus before 2015 
Establishement of 50,000 ha buffer zones to reduce P losses 
from agricultural “  elds
Reiterated demands for catch crops and utilisation of N in 
animal manure

Table 2.1 List of Governmental Action Plans implemented in Den-

mark to reduce nutrient losses to the aquatic environment.

Figure 2.2  Map showing the Danish stream monitoring network 

for measuring hydrology and water chemistry according to a regular 

sampling protocol.
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The changing landscape

The Danish landscape has undergone 
major changes during the last 100…150 
years. These changes dramatically 
altered the physical conditions, hydro-
logical regime and  water chemistry 
of the streams. Sewerage systems and 
 sewage treatment plants were installed 
in most Danish towns during the 20 th

century but in the beginning only with 
mechanical treatment and the waste 
water were discharged into the nearest 
water body, typically streams, thereby 
creating excess organic pollution for 
kilometres downstream. The intensi-
“ cation of agricultural production in 

rural areas triggered large scale  drain-
age of most of the Danish land area 
through major drainage schemes that 
led to straightening and  channelisation 
of more than 90% of all Danish streams 
(see chapter 1). Moreover, numerous 
1st  order streams were culverted to 
facilitate easier access to “ elds for farm 
managing. Detailed drainage schemes, 
including excavation of ditches in the 
predominantly sandy riparian areas 
and installation of tile drains in the 
predominantly loamy riparian areas, 
broke the natural interaction between 
 groundwater and surface water in 
riparian areas. Moreover, the intense 

drainage activity created water quality 
problems in streams due to enhanced 
mineralisation of  organic matter releas-
ing excessive  nitrogen and  phosphorus 
to surface waters. Another major eco-
logical problem in Danish streams was 
created by drainage in riparian areas 
with a high content of  pyrite. Here 
soluble  iron was formed in the former 
 anoxic but now oxic soil layers and 
transported to streams giving severe 
problems due to  acidi“ cation and 
 precipitation of  iron oxy-hydroxides, 
 ochre (Box 2.1). Currently more than 
400,000 ha of former wet riparian areas 
have been arti“ cially drained and are 

Box 2.1 Draining of agricultural land

Large amounts of ammonium, dissolved 

reactive phosphorus, sulphate and iron

are leached from former wetland areas 

when these are drained for agricultural 

purposes. Leaching of substances is high-

est just after draining and declines during 

the following years when mineralisation 

rates decline and the soil level shrinks.

The two examples show reclamation of 

agricultural land on the ”  oodplains of the 

large River Skjern, which was straight-

ened and channelised in the early 1960s.

Net leaching of ammonium, iron, sul-

phate and dissolved reactive phosphorus 

from a newly tile-drained wetland area 

along the large River Skjern.

Following drainage work along the main 

river channel the concentration of total 

and dissolved iron increased dramati-

cally in the arti“  cial, excavated drainage 

channel that received pumped water 

from the reclaimed ”  oodplain rich in 

pyrite. The elevated concentrations of 

iron decreased slowly during the post 

drained period.

Before 
draining

After
draining

Ammonium
(NH4-N)
(kg N/ha)

0.06 114

Total  iron
(Fe)
(kg/ha)

… 536

Sulphate
(SO4-S)
(kg S/ha)

28 1,875 

Orthophosphate
(PO4-P)
(kg P/ha)

0.04 0.20 
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Approxymately 50% of the agricultural land 

in Denmark is drained and on loamy soils 

with tile drains.
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