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Introduction 

 

The problem of eutrophication has directed the attention of scientists and decision makers to 

non point source pollution, especially nutrients. The damages resulting from intensification of 

agricultural production are noticeable. One of the effects of the intensified crop production 

has been wetlands’ loss. This contributed to higher erosion, worse retention and increased 

input of nutrients into the water bodies, finally causing eutrophication.  

 

The specific conditions of wetlands make them a perfect environment for such processes as 

denitrification, which permanently removes nitrogen from the ecosystem. That is why 

scientists and decision makers have become interested in wetlands for water treatment. Apart 

from nutrient removal, wetlands perform other functions, like storagewater, cycling of 

elements, habitats for plants and animals. These functions provide benefits for human 

economy: flood control, erosion mitigation, recreation, hunting, and finally water treatment. 

(Lemly, after Richardson, 1996).  

 

In this thesis I will focus on wetlands’ ability for nitrogen reduction. The main issue is non–

point sources of nitrogen, as these are the most difficult to treat and control (Higgins et al., in 

Moshiri, 1993, Byström et al., 2000). The land-use pattern determines the nutrient outflow 

from the basin. First, I will focus on suitable locations for wetland construction. After 

considering the geographical features, promoting suitable wetland locations, the possible sites 

will be examined in order to check how they relate to the sources of nitrogen in the basin, i.e. 

whether the geographically suitable locations also are the ones where the load of nitrogen is 

high.  Another goal is to find out what resolution of land use data that is needed to estimate 

the nitrogen inflow into potential treatment wetlands. Does the average land use for larger 

sub-basins give sufficiently accurate estimations or is it necessary to look at the land use 

pattern at a higher resolution, i.e. for the locations where the wetlands likely would be 

situated? If the former is enough it allows avoiding lots of work. If not – the approximation 

can cause false (under – or overestimated) predictions about the nitrogen inflow.  

 

The study area, Lake Ringsjön catchment, is located in the agricultural area of southern 

Sweden. Intensive cultivation, with a high application of chemical fertilizers has caused 

serious problems with nutrient leakage to surface and ground waters, and wetlands are one of 

the means implemented to reduce the loads to the lake.  
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The purposes of the thesis work are summarized below: 

 

1. identification of the possible sites for wetlands, which includes literature review and 

the survey of land use, topography, and hydrology of the basin; 

2. delineation of sub basins, and estimation of the wetland area needed (on the base of 

daily discharge) and area available for wetlands; 

3. analyzing of the resolution of the land use data in order to estimate the nutrient input 

into the wetland.  

 

The method to achieve these goals is based on Geographical Information System. The 

software applied is Arc.View 3.x.  

 

The problem of eutrophication in agricultural areas of Southern Sweden 

 

The problem of eutrophication of the Baltic Sea obliged all the Baltic States to undertake 

measures in order to improve the quality of run–off flowing into the sea. The common truth is 

that the contaminant load in the river flow reflects all the activities in its basin and also the 

geographical conditions in the watershed, like climate, soils, biogeochemical processes. 

Stålnacke (1996) state that 49% of the nitrogen emissions to the Baltic Sea, come from 

agricultural practices. The results cited in Arheimer et al. (2004, after Sanden and Rahm, 

1993), showed that the N concentration in the Baltic Sea has increased during the period of 

the last twenty years. The investigations helped to find out that 45% of total N load in 

Southern Sweden stems from agriculture (Arheimer et al., 2002). The easier measure, point–

sources treatment, is not sufficient to achieve the improvement needed. Examples of such 

measures are municipal or household water treatment plants, built since 1960s. (Hansson et 

al., 1999). They were not enough to reduce the N load to the Baltic Sea to 50 %, which was 

the goal of the Swedish government (In the middle of 1980s they signed the HELCOM 

convention). (Arheimer and Brandt, 2000, Fleisher et al., 1994, Trepel and Palmeri, 2002).  

 

Diffuse pollution sources are storm water run–off from urban, agricultural and mining areas. 

Dzikiewicz (2000) states that the typical diffuse sources of agricultural pollution are:  

− leaching of nutrients (N and P) from arable land; 

− leaching of nutrients caused by improper manure storage; 



 7 

− inappropriate ammonia storage and field application, which results in atmospheric 

emissions; 

− leaching of pesticides; 

− lack of infrastructure in rural areas, causing inadequate wastewater treatment. 

 

Since the mid-1990´s lots of effort and money from the Swedish government and European 

Union has been invested in creating wetlands in agricultural watersheds. Wetlands have been 

constructed in many basins in Skåne. The purpose of those investments has been both 

management of diffuse pollution and nature conservation (Söderqvist, 2002). However, 

according to Arheimer et al. (2004), the effect of constructed wetlands in reducing N 

concentration in the river flow has often been overestimated. Management scenarios to reduce 

nitrogen load to the sea suggested that wetland construction resulted in only 5% reduction, 

while agricultural best management practices (for example timing of fertilization, changed 

crop cultivation) – resulted in about 30% reduction.  

 

A comparison of the N input from the Swedish coast to the Baltic Sea in 1985 and 1994 has 

been made.  Although the goal of 50% reduction has not been achieved, the diffuse loss from 

arable land has been reduced by 20% (Arheimer and Brandt, 2000). This improvement has 

been caused by changes in cultivation, e.g. more grass ley is cultivated, which cause lower 

nitrogen leakage than cereals. Another reason is that nitrogen use efficiency has increased 

during this period. Reduction of N concentration from sources other than agriculture has not 

affected the changes in emissions. 

Hence, best management practices should be combined with treatment wetland establishment 

in order to achieve the best cost-efficiency. Such new policy of catchment based management 

plans for farmers have been suggested by the Swedish Environmental Ministry (Arheimer et 

al., 2004).  

 

The estimation of the nutrient load to the Baltic Sea from Sweden was based on HBV–N and 

HBV–P model. They simulate nutrient losses, residence, transport in surface and ground – 

waters, and the nutrient’s transformations on a daily time–step in a catchment scale. 

(Arheimer and Wittgren, 2002, Andersson et al., 2003, Arheimer et al., 2004).  

 

The initiatives and programmes undertaken to improve the situation include simulation 

models, which help to predict the possible scenarios of changes proposed. Often physical 
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models are combined with role-plays. The role-plays may help of the stakeholders in order to 

facilitate implementation of the needed changes. Such an approach relates to the Agenda 21, 

which calls for global thinking and local acting. An attempt to delineate important factors for 

a realistic management plan based on a model and public participation has been made in 

Southern Sweden, in the Genevadsån catchment (Arheimer, et al., 2004).  

 

The role of treatment wetlands for nitrogen reduction 

 

Many times the authors point out the great ability of wetlands to reduce water contamination 

(for example Phipps and Crumpton, 1994). Wetlands are often considered for nutrient 

pollution reduction, but this is not all. It is known that there is also a possibility to decrease 

suspended solids, pathogens, or trace metal loads in water. (Sobolewski, 1995, Hammer, 

1992, Woltemade, 2000). Much of the transformations of nutrients occur due to a high 

biological activity in wetlands, which is proved by high biomass production. Examples of 

highly productive rooted emergent are macrophytes, like Typha sp. or Phragmites sp., which 

have a high productivity rate in various climatic zones. (Brix, in Moshiri, 1993, Romero, et 

al., 1999). The overall pollutants removal in constructed and natural wetlands is a result of 

physical, chemical and biological processes, which will be described in more details below.  

 

Nitrogen fluxes within a wetland include precipitation and litterfall, particulate settling 

(sedimentation) and resuspension, diffusion in water solution of dissolved forms of nitrogen. 

Plant uptake occurs when the nitrogen input to the wetland is very high. The importance of 

this process is usually seasonal, because the amount of nitrogen assimilated by plants equals 

more or less the amount released in decomposition. (Tanner, 2001, cited in Kallner Bastviken, 

2002). After that nitrogen compounds are translocated in the plant’s cells and tissues. Other 

physical processes are sorption of soluble nitrogen compounds on substrates, seed release and 

organisms’ migrations. Ammonia volatilisation is a process of transforming and transporting 

ammonium into a gas phase. (Kadlec and Knight, 1996).  

 

The biochemical transformation and translocation of nitrogen include ammonification 

(mineralization from organic forms into simple inorganic compounds - ammonium); nitrogen 

fixation by bacteria (transformation from dinitrogen gas to ammonium); nitrogen assimilation, 

which performs in cells and tissues of plants, and means the process of transformation from 

inorganic to organic form of nitrogen; and finally nitrification and denitrification, which are 
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said to be the most important natural processes of nitrogen removal. (Kadlec and Knight, 

1996, Kallner Bastviken, 2002, Spieles and Mitsch, 1998). The importance of plant uptake for 

removal of nitrogen from water is usually seasonal, because the amount of nitrogen 

assimilated by plants equals more or less the amount released in decomposition. The 

importance of plant uptake for removal of nitrogen from water is usually seasonal, because 

the amount of nitrogen assimilated by plants equals more or less the amount released in 

decomposition. (Tanner, 2001, cited in Kallner Bastviken, 2002).  

 

The significance of wetlands as a suitable environment for denitrification stems from its 

anaerobic conditions and a big source of organic carbon in the form of decomposing plant 

litter (Crumpton et al., 1993, Phipps and Crumptorn, 1994). Since the processes of 

decomposition, nitrification and denitrification are microbial, there is a need for sufficient 

surfaces for attachment for microorganisms. Plant stems and litter can significantly enhance 

the amount of available attachment areas and thus play an important role for the nitrogen 

removal capacity. Temperature is a factor of great importance in case of denitrification. 

Lower N – concentrations in summer proves that higher temperatures accelerate the microbial 

activity, and increase the rate of nitrification and denitrification (Arheimer and Wittgren, 

2002). Denitrification is also controlled by pH of the surrounding water (6-8.5). Carbon 

availability and nitrate concentration limit the rate of denitrification (Kallner Bastviken, 2002, 

Trepel and Palmeri, 2002). Hammer (1992) points out the importance of vegetation, microbial 

population, and substrate. As mentioned, vegetation provides additional surfaces for 

microorganisms but another role of the vegetation is to slow down the velocity of water, and 

to increase residence time for uptake of nutrients (Raisin and Mitchell, 1995).   

 

The efficiency of nitrogen removal in natural wetlands and constructed wetlands varies. The 

results cited by Woltemade (2000) range even from 3 to 98 % efficiency of nitrogen removal. 

Other authors present results from 50 to 99%. (Woltemade, 2000, after Verhoeven et al., 

1990). However, we have to remember that these numbers highly depend on how big is the 

load. As Rzepecki concluded in his study (2002), the higher the input to the wetland, the 

higher the rate of nitrogen reduction. Romero et al. (1999) found out that the efficiency of the 

wetland increases with the load for all of the nitrogen forms (assuming that wetlands have a 

limited capacity to remove N). The treatment wetland performance is influenced by the 

characteristics of the catchment as well as the nature of the wetland itself. This means that the 

efficiency of nutrient removal depends on soil type, slope, or land use and land cover in the 
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catchment. The morphology of the wetland is also important since it influences how 

efficiently the wetland area is used (Raisin and Mitchell, 1995). The variables, which are 

often mentioned by many authors discussing nitrogen removal in wetlands, are hydraulic load 

and retention time. Hydraulic load is defined as a volume of water applied to a land area per 

time (Kadlec and Knight, 1996). Retention time is a period, when water stays in a wetland. 

Woltemade (2000) presents case studies, which show the dependency of nitrogen removal 

efficiency on the retention time. Special hydrologic conditions produce low flows, which 

results in even 70 – 80 % nitrate – nitrogen reduction on coastal plain in eastern Maryland. 

The author reports that short retention times during some large flow events give much lower 

efficiency in nutrient retention (in % of load). This case was confirmed by the study 

conducted in Illinois in the Embarras River basin. During low flows the nitrate removal 

efficiency was much higher than the average value of 36 % (Woltemade, 2000, after Kovacic, 

1998).  

 

Another way of expressing the same principle suggested by Woltemade (2000) is wetland to 

watershed area ratio. This ratio also affects the retention time of water in the wetland. A lower 

wetland to watershed area ratio results in a lower retention time provided the runoff rate is the 

same, and hence the treatment is not that efficient. This statement is confirmed by Raisin and 

Mitchell (1995). They found out that a small-sized wetland is likely to be overloaded by the 

run – off from the catchment. That is why some authors advice to possibly decrease the inflow 

of clean water from forests etc. (Woltemade, 2000). The study conducted by Fleisher et al. 

(1994) showed that ratios smaller than 1:333 give minimal improvement of the quality of 

water.  

 

The location of restored or created wetlands is also very important. Woltemade (2000) states 

that a wetland should be situated to catch a large enough percentage of water passing through 

a watershed. This statement is confirmed by numbers: the wetlands located downstream in the 

watershed were able to remove 45 % of the annual nitrate load, while those which captured 

about 4 % of a watershed runoff removed only 4% of annual nitrate load (after Crumpton, 

1995).  

 

Hammer (1992) points out the importance of vegetation, microbial population, and substrate. 

As already mentioned, vegetation provides the additional surface for microorganisms. 
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Another role of vegetation is to slow down the velocity of water, and to increase residence 

time for uptake of nutrients. (Raisin and Mitchell, 1995).   

 

Braskerud (2002) was investigating factors affecting nitrogen retention in small constructed 

wetlands treating diffuse pollution from agriculture. As the authors cited previously, he found 

the relationship between nitrogen retention and hydraulic load. Another factor that decreased 

nitrogen retention was low water temperature. Braskerud’s research showed also that the 

nitrogen retention decreased with the age of the wetland. In the explanation the author 

assumes that the organic nitrogen is converted to inorganic forms and after that exported from 

wetlands. Braskerud states that sedimentation of nitrogen caught in organic particles seemed 

to be the most important retention process.  

 

Criteria for constructed wetland location – literature review.  

 

How to determine where to locate wetlands is interesting for many reasons. These may be 

non-point nitrogen control, sediment or phosphorus traps, and flood protection, but also 

biodiversity. 

Wetland is a specific type of ecosystem, which develops only under specific circumstances 

like sufficient rainfall, close enough distance to the river, or shallow groundwater level. 

Thanks to such hydrological conditions specific type of soil develops, which creates an 

appropriate habitat for plants. That is why not every location is proper to locate a wetland. 

Another important factor to consider is the availability of the land and its ownership.  

While planning the wetland location one should consider the following factors (Mitsch and 

Gosselink, 2000): 

- the presence of historical wetlands, which make you sure that this is an appropriate 

site 

- the present and future land use of the surrounding areas  

- the hydrology of the site 

- the possibility of a frequent, natural inundation 

- the soils, present at the site: their permeability, texture, stratigraphy 

- the chemistry of the soils, groundwater, surface flows, flooding streams, rivers, and 

tides, that may have an influence on the site water quality 

- the on – site and nearby seed banks 

- the ownership of the land and the law regulations valid in that area 
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- whether the wetland lies along the ecological corridors 

- plus all the practical matters like the availability of fill material, seeds, infrastructure. 

 

The criteria described by Hammer in “Creating freshwater wetlands” (1992) are in some 

way similar to those considered by Mitsch and Gosselink. The additional, important 

factors are: 

- topography of the land, like elevation differences, spatial relationships  

- geology – the depth of the bedrock  

- soil: here the author considers the class, composition, distribution and depth of the soil 

- climate and weather, which determine the pattern of the runoff and the length of the 

growing season 

      

 There are also practical approaches concerning the wetland location problem. One of them 

was presented by a European group of researchers, who tested a method for predicting the 

best wetlands locations across a range of climatic, geological, and topographic conditions. 

They use a climato-topographic index, which was derived from the topographic index. 

Topography was the first variable taken into account, since it forces water movement.  This 

method includes an effective rainfall in addition to topographic conditions. It is assumed that 

potential saturation of soil increases with the value of topographic index. The climatic data are 

important because of various rainfall depths for different catchments. Such an approach 

allows predicting the wetland occurrence for locations at various rainfall rates (Merot et al., 

2003).  

 

In the present study I use Land Score System, which is based on the land use, soil type, 

topography, and elevation plus population density and cattle breeding intensity. This method 

neglects such issues as climate, groundwater, specific vegetation type, or land ownership. 

However, it is a fast and clear method, which helps to find the potential sites for wetlands and 

the approximate area necessary for efficient functioning. It does not need a sophisticated 

database, and includes information about both: natural and human environment. Moreover, it 

gives a good start point for decision-making and detailed survey. The description of the Land 

Score System comes in the next sections.   
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Methodology 

Study site 

General description of the study area  

Lake Ringsjön is situated in the southern part of Sweden, in Skåne (Scania) (Fig.1A.). It 

consists of three sub–basins: Sätofta Basin, Eastern Basin and Western Basin. The first two 

have a contact between each other trough a sound, and the last two – through a canal. The 

total basin area is about 396 km2 (according to Report SMHI Hydrologi, 1994). The lake 

surface area is about 40 km2. Lake Ringsjön has 14 tributaries in total.  

The lake is drained through Rönneå River. It runs to the west from Western Basin and empties 

into in the Baltic Sea (Kattegatt). The lake is not deep and the mean depth is about 4.7 m.  

A maximum depth of 17.5 m occurs in Sätofta Basin; however the deepest basin is Eastern 

Basin with a mean depth of 6.1 m and a maximum depth of 16.4 m. The location Lake 

Ringjsön in its basin shows Figure 1B.  

 

1 A.  

 

 

 

 

 

 

 

 

 
                                                                         1 B.  

Figure 1. A. The stripped area indicates the province of Scania (Skåne) in Southern Sweden. B. Lake Ringsjön 

and its catchment contour. The stripped area is the lake three basins (After Hanson et al., 1999) 
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The most severe problems with eutrophication of Lake Ringsjön occurred, as in many other 

agricultural areas, in 1960’s and 1970’s. However, the agricultural activities have a long 

history in this region, and hence, the problems mentioned above, showed up quite early. 

Intensive agriculture needed changes in the hydrological pattern in order to achieve higher 

production. Practices like pipe drainage, straightening of watercourses, or lowering the lake, 

which had been done in Ringsjön basin, are not typical for our times. They started in XIX 

century (Arheimer and Wittgren, 2002). Such actions were common not only in Sweden. 

Kokiaho et al. (2003) report that lowering or even draining of the lakes occurred many times 

in XIX century agricultural regions of Finland. The first records of such activities in the study 

area are from 1880’s and 1890’s. (Hansson et al., 1999). The earliest actions to improve the 

eutrophication situation started in 1970’s with the construction of wastewater treatment plants 

for the biggest municipalities (Höör and Hörby). In 1980 the regional authorities and the main 

stakeholders formed the “Ringsjö committee”. Forming the “Lex Ringsjö” they stated this 

area as especially pollution sensitive. As Hansson et al. (1999) cite after the “Ringsjö 

committee”, the main goal of this law was to reduce nutrient leakage from point sources, such 

as tributaries and farms, and from non–point sources - by improving agricultural methods. 

This nutrient reduction programme helped to reduce the external input of nutrients to the lake. 

The initial phosphorus loadings exceeded 30 tons per year, and as a result of the measures 

decreased it to around 10 tons per year (Cronberg et al., 1999).  

In late 1980’s and early 1990’s cyprinid removal (biomanipulation) was performed. It resulted 

in increasing transparency and decreased nutrient concentration and algae blooms. Also a 

higher quantity of submerged vegetation was observed (Bergman et al.,1999).  

 

Such results are important because of the regional significance of the lake. Since it is situated 

in the neighborhood of cities (Landskrona, Malmö, Lund, and smaller: Höör and Hörby), it 

has been a popular recreational area for years now. Many recreation activities have been 

performed in the lake (swimming, boating, and fishing). All of them were threatened by the 

eutrophication. Thanks to high fish production the lake got a status of a “nationally interesting 

lake”. Commercial fishing has a long tradition in this region. It also used to be a source of 

drinking water for some of the cities. In 1987, the bad water quality in the lake turned it into 

just a reserve for drinking water (Hansson, et al., 1999, Cronberg, et al., 1999). 
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As the conclusion, Bergman (1999) distinguishes three main causes of the lake 

eutrophication: 

 

1. a number of people living in the basin doubled during the 1950s; 

2. an agricultural production was intensified; 

3. the water level regulation in the lake (1960s). 

 

The following sections describe the study area in more details.  

 

Geology 

Lake Ringsjön basin is situated at the fault between the north-eastern Scandinavian primary 

rock and south – western sedimentary rock. A usually thin earth layer (about 10 m) sometimes 

reaches 40 – 50 m. The north-eastern part of the basin is covered with moraine sand, which is 

nutrient poor. In the eastern part of the catchment area peat and bogs occur. The middle parts 

are quite fertile because of a band of nutrient – rich clayed moraine running from north to 

south of the basin.  

 

Climate  

Southern Sweden is usually cold, windy, and humid during winters. Summers are warm and 

humid. The mean annual temperature for the area is 7.0 ºC. The mean annual precipitation is 

about 700 mm.  Since the north – eastern part of the catchment is situated at higher altitudes 

than the part in the south – east, the climate there is cooler and more humid (Hansson et al., 

1999, after Nihlgård & Martinsson, 1976).  

 

Population  

In 1990, the total human population in the Lake Ringsjön basin was estimated to be  

about 21 000. 15 000 of this amount lived in urban areas. Earlier this was a high input of 

nutrients to the lake, but new wastewater treatments helped to reduce it.  

 

Land use 

As mentioned above, more fertile soils and more suitable climate dominate the southern part 

of the catchment. That is why agriculture has been the most important activity in this area 

since centuries. The northern part is dominated by forestry due to more nutrient poor soils. 

Forestry covers about 40 % of the catchment area. Agriculture has contributed a lot to the lake 
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eutrophization, especially till late 1970’s. During that period the agriculture was more and 

more intensive by using fertilizers and heavy machines. After realizing the impact on water 

quality and its consequences, fertilizers were tried to be used less, and the application 

methods were being improved so as the leakage was decreased (Hansson, et al., 1999).  

The surface area of various types of land use/ land cover in the catchment is shown in Table 1.  

 

Table 1. The areas of the land use/land cover types in Lake Ringjsön basin (after Hansson et al., 1999) 

 

Land cover/land use Area (km2)  Total basin area (km2) 
  347.7 (+40 km2 of lake surface) 
Forests  134.8  
Agriculture 130.3  
Wetland  9.2  
Lakes  1.0  
Urban areas 4.2  
Others  67.2  
 

Sub basin division in Lake Ringsjön basin  

According to the information from Swedish Meteorological and Hydrological Institute there 

are nine sub basins delineated in the study area (Fig. 2.). All the cropland and wetland 

calculations done by SMHI research team were based on this division.  
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Fig. 2. Sub basins in Lake Ringjsön basin. (source: Swedish Meteorological and Hydrological Institute, 
Norköpping)  
 
 
 
Data gathering  

 

The data were collected from the following sources: 

- Land use map and elevation map come from the National Land Survey of Sweden 

(LMV) 

- The crop map comes from the Swedish Board of Agriculture (Jordbruksverket). 

- The soil map was produced by the Swedish Geological Survey (SGU),  and obtained 

from the County council of Skåne  

- The livestock and population data come from Statistics Sweden (SCB) 

- The area of wetlands estimated for the two scenarios and the area of various crops 

types in the sub basins in Lake Ringsjön basin was available thanks to Swedish 

Meteorological Institute in Norköpping.  

 

The resolution of the data was 50 m.  
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Siting by using the set of criteria to find the CW location in the landscape 

 

Land Score System is based on Geographical Information System (GIS). As the ESRI’s 

dictionary says, GIS is “an arrangement of computer hardware, software, and geographic 

data.” These components interatcts to analyze and visualize the data. It helps to identify 

relationships, patterns, and trends in order to find solutions to specific problems. GIS is 

usually used to present maps as data layers. The layers can in turn be used to perform 

analyses. (http://support.esri.com/index.cfm?fa=knowledgebase.gisDictionary.gateway).  

 

The general idea for creating a siting land score system is to calculate for each of the 

information layers a spatially distributed land attribute (like soils, or land use) (Trepel et al., 

2000). First, one has to evaluate the suitability of each of the cells in all the layers for the 

wetland restoration. To do it they are given the values from the interval (0;1). In order to do 

this one has to divide each of the layers into classes according to their variability. The least 

suitable gets the value of 0, and the most suitable – the value of 1. The score for each layer 

can be adapted to a specific regional situation and the choice of weighting coefficients is 

arbitrary and depends on the personal experience.  

 

There are two ways to calculate a land score layer. The one applied in the case of the Adige-

Bacchiglione watershed in Italy (Palmeri and Trepel, 2002) is calculated for every cell from a 

set of all the layers using a weighted average: 

 

                                                 

                                                           nl         nl 
                                                   S =  �  wL /  �  w,  Eq.1 
                                                         i=1        i=1    
 

  

where nl is the number of attribute layers, w is a weighting factor, L is the particular layer, and 

S is the final score value. (Palmeri and Trepel, 2002).  

In the case of the Neuwührener Au watershed in Germany, the authors used the average score 

value applying the following formula: 

                                                      n 
                                               S = �  li / n, Eq.2 
                                                    i=1   
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where n means a number of data layers and li is a score value of the data layer.  

 

In the case study (Ringsjön basin in southern Sweden) I used the way of calculation applied in 

the German study. The reason for is that the basin’s size is more similar to the Ringsjön basin, 

and it is simpler, and more general, which, I think, is important at this level of planning. Each 

layer was classified according to its suitability for wetland restoration. The attributes were 

given various values, where 0 means the least suitable and 1 – the most suitable. The 

classification is presented in Table 2. 

 

The land score value for each cell was calculated by using a Map Calculator in Spatial 

Analyst extension for ArcView 3.x. Map Calculator helps to create an expression to produce 

an output map. This expression can be based on a single or multiple input grid themes.  

 

Since such a map is rather unclear (because of a big range of values indicating the suitability 

of each cell), land score values are finally grouped into six classes, so each cell in the final 

layer will contain integer values from 0 to 5, where 0 is the least suitable and 5 the most 

suitable.  

 

This part of the methodology will help to estimate the area available for wetlands in Lake 

Ringsjön basin, that is the total amount of land, which is suitable for converting into wetlands 

according to the criteria chosen.  

 

The description in the next sections will motivate the score values given to the attributes.  

 

Land use and land cover 

Most of the issues related to land use and its availability were presented above in the literature 

review.  

The data on land use types in Ringsjön basin were divided in (Fig. 3.): coniferous forest, leafy 

forest, mixed forest, cut forest clearing, arable land, open areas, surface waters, urban areas, 

industry areas. All types of forests were combined into one category. The same was done with 

cut forest clearing and open areas. The arable land was divided into pastures and crops.  
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River distance 

In this paper I will consider distance to river stream (Fig. 4). This influences the probability of 

inundation and hence – the abiotic and biotic components of the wetland. The purpose of 

establishing wetlands in Ringsjön is water treatment, and that is why it is important to locate 

them reasonably close to the stream.  

 

Soils 

Apart from being the support for vegetation, soil is the medium for chemical and physical 

transformations and is a reservoir for minerals and nutrients. Therefore soil highly affects the 

vegetation composition in the wetland (Hammer, 1992). According to Trepel and Palmeri 

(2002) the most important properties of wetland soils are organic matter content (organic 

carbon) and clay. Organic soils and soils with high clay content do not allow water to pass 

through rapidly and generally they hold more water than mineral soils (Mitsch and 

Gossenlink, 2000). That is why they are considered as more suitable than the sandy soils, 

which get low score values (table 2.)  

It is worth mentioning that the soil type and the bedrock influence the costs of constructing 

wetlands, for instance glacial till is more difficult to excavate than sand or gravel. Fig. 5. 

presents the spatial variation of soils in Lake Ringsjön basin.  

 

Population  

The population density in The Lake Ringsjön basin varies from 0 to 1003 people in rural 

areas. In two urban municipalities the population is about 7000 – 8000 people (Fig. 6). The 

procedure of wetland location demands low population, which gets the highest values. In this 

approach the population per hectare is used.  

 

Acceptability  

According to Trepel (2002), acceptability is the index used in areas where livestock plays a 

significant role in the region. In such a case population density does not seem to be a serious 

obstacle in the procedure of wetland location. In this paper the acceptability index (Fig. 7) is 

used to find out how big hindrance is the livestock in wetland siting.  

 

Elevation 

The preferable locations for wetlands are in the downstream parts of the catchment, hence the 

lower elevations are given higher score values.  
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Relief features and slope 

The relief affects the movement of surface and ground waters. Wetlands are ecosystems 

created thanks to water excess. That is why flat areas and mainly depressions are favorable for 

surface flow wetlands. Although it is possible that wetlands develop in steep terrain as a result 

of groundwater discharge (Mitsch and Gossenling, 2000b) in this paper the steep slope is 

considered as the least favorable for wetland location. Slope features are presented on Fig. 9.  
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Table 2: Classification of the attribute layers, Ringsjön basin in southern Sweden. The score value indicates the 

suitability for wetlands (1 -  the most suitable, 0 – the least suitable). (Adapted from Trepel and Palmeri, 2002). 

 
Attribute layer Score value 
Land use/Land cover 
Surface water 
Open area 
Forest 
Pastures 
Build up areas 
Industry 
Fields 

 
1.0 
0.8 
0.5 
0.5 
0.2 
0.2 
0.5 

Distance to river/streams (m) 
0-50  
50-150 
150-300 
300-600 
600< 

 
1.0 
0.9 
0.6 
0.3 
0.1 

Soils substrate 
Water 
Peat 
Clay and silt 
Sand 
Others 

 
        1.0 

1.0 
0.7 
0.3 
0.0 

Population (per ha) 
0 
2 
12 

 
1.0 
0.6 
0.1 

Acceptability (cattle/person) 
0-1 
2 
3-4 
4< 

 
1.0 
0.9 
0.6 
0.1 

Elevation (m above sea level) 
<30 
30-40 
40-50 
50-60 
60< 

 
1.0 
0.9 
0.6 
0.3 
0.1 

Slope (%) 
0.0-0.01 
0.01-0.3 
0.3-0.5 
0.5-1 
1-3 

 
1.0 
0.9 
0.6 
0.3 
0.1 
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Fig.3. Land use pattern in Lake Ringsjön basin (see the score values in Table 2.).  

 

 

 
 

Fig.4. Distance to watercourse in Lake Ringsjön basin. (1: 0-50 m, 2: 50-150 m, 3: 150-300 m, 4: 300-600 m, 5: 

600<m).  
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Fig.5. Spatial variation of soils in Lake Ringsjön basin. 

 

 

Fig.6. Population density in nine sub-basins delineated in Lake Ringsjön basin.  
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Fig. 7. Acceptability index in Lake Ringsjön basin. 

 
 

Fig. 9. Slope variability in Lake Ringsjön basin (in %).  
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Sizing 

The purpose of this part of the methodology is to find the area of wetlands required for 

nitrogen treatment in each watershed. The surface area of the wetland is derived from Digital 

Elevation Model and some theoretical assumptions, which relate to hydraulic retention time, 

required getting a significant abatement of the substance in interest, and to typical wetland 

depths.  

The calculation used in estimating the wetland size shows equation 3.  

 

A = Qk*T / d, [m3],                                                                                               Eq.3.  

 

where A is the wetland surface area, Qk is the discharge into cell k, T is the retention time, and 

d is the mean wetland depth. (Palmeri and Trepel, 2002). This equation is derived from the T 

definition (T=V/Q, where V is the wetland volume).  

The values of T and d are adapted from the literature (Kadlec and Knight, 1996). Kadlec and 

Knight say that 5 days is the average period of time long enough to perform denitrification 

and sedimentation. The value of depth taken to the calculation is 0.5 m. Other authors 

typically take this value to such calculations (Trepel and Palmeri, 2002). Campbell and Ogden 

(1999) state that deeper wetlands of the smaller surface area are more cost effective, since the 

expenses for plants, fencing, and liner are less. It is truth, but the studies presented in Kadlec 

and Knight (1996) indicates that longer detention time caused by depth does not mean a better 

nutrient removal. On the contrary, increased wetland area covered by vegetation provides 

both, longer detention time and better contact between biotic material and water, resulting in 

more efficient N treatment.  

 

Qk is a discharge into a cell k per day. This value is obtained from the watershed model and 

the average measured discharge values. The input to the watershed model is DEM of the area 

of concern. A tool for doing it was the HYDRO extension for ESRI ArcView3.x. From DEM 

a flow direction map and a flow accumulation map were derived.  A value of each cell in a 

calculated grid indicated respectively: the direction of the outflow to this cell and a number of 

upstream cells draining into it. The map of a river network can test the accumulation map. 

Both these maps more or less cover each other.  

 

The formula to calculate the discharge into the cell k is given below: 
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Qk = Qha*Acc /365 [m3/day]                                                                                   Eq 4.  

 

Qha is the average discharge per year per hectare unit of the sub basin in question. This value 

is obtained from measurement stations or from literature. Here it was calculated from the 

average discharge value: 3,8 m3/s. It is a mean of 1975-1990 taken from Report SMHI 

Hydrologi (1994). A division by 365 gives the mean daily value. In order to obtain the surface 

area in hectares, the flow accumulation map needs to be multiplied by 0.25 since the cell size 

is 50 m.  

 

The indicator: cropland/wetland area 

  

This quotient helps to compare treatment wetland areas in agricultural landscape proposed in 

various models. There are two scenarios presented by Swedish Meteorological and 

Hydrological Institute (Tonderski et al.,  2004, manuscript). In the first one 0,4% of the total 

agricultural area in the Ronneå river basin is converted into wetlands. This is the realistic 

scenario. In the second one 2% of the cropland area in the Ronneå river basin is converted 

into wetlands. This is the maximum, which is considered to be technically possible in this 

basin. The indicator is also calculated for the area available and required for wetlands, 

estimated in the Land Score analysis. However, here the cropland/wetland area indicator is 

calculated for each single wetland watershed, and next it is scaled with a watershed wetland/ 

sub-basin wetland area ratio. The values for the watersheds are summarized in each sub-basin. 

The wetland areas in each sub basin for two SMHI scenarios were obtained from Swedish 

Meteorological and Hydrological Institute. The input data were from Swedish Board of 

Agriculture (crops area) and the results of the previous steps in the methodology. I assumed 

that the lower is the value of the quotient, the better the estimation of the upstream area 

contributing to the wetland.  
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Results 

 

The methodology of the study involves three parts:   

 

1. identification of the suitable sites for wetlands, which includes the survey of land use, 

topography, and hydrology of the basin; 

2. delineation of watersheds, and estimation of the wetland area needed (on the base of 

daily discharge) and area available for wetlands; 

3. analyzing of the resolution of the land use data in order to estimate the nutrient input 

into the wetland.  

 
Identification of possible sites for wetlands 

 

When comparing the impact of population density and cattle raising (acceptability) in the 

area, it was clear that the more important factor was population density (Fig, 10 and 11).   

When excluding population density from the analysis, quite a large amount of areas were 

available for wetlands (Fig 11). However, the lowest score values (light spots in the southern 

part) are definitely determined by the livestock (compare with Fig. 7.). At the same time, 

other factors also have low values in that part. For the following analysis, the Land Score 

Value map used is Fig. 10., since population density seems to be a more limiting factor than 

acceptability (livestock raising). Only the highest scores (4 and 5) were taken into account 

when estimating the possible area for wetlands. 

 

There is a quite strict division into two parts on Fig. 10. The western part of the basin seems 

to be less suitable for wetland location than the eastern part. At first glance, one may say that 

the limiting factors for wetland construction are housing areas, industry and population 

density (white spots in the southern and north western part occur in the area of two big 

municipalities Höör and Hörby).  

 

On the other hand open areas and water bodies favor wetland sites (compare land use map 

with the land score value map: Fig. 3 and 10 or 11). Soil type seems to be very important to 

find the wetland site. Looking at figure 5 and 10 or 11, one may see that the best locations 

occur on peat or clay soils. Also, lower values in the central part, nearby the lake, are related 

to low score value given to the soil (which does not contain clay). The topography strongly 
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affects the site suitability. The white spots, mentioned above (on the south and north west), 

have low scores given to soils (“others”), distance to river (above 600m), elevation (above 60 

m), and slope (between 0.5-1 degrees). Moreover, population density is about 12 people per 

hectare.  

 
Figure 10. Possible wetlands’ sites in Lake Ringsjön basin with population density as one of the determinants.  
(i.e. all factors excluding the cattle density). 1 indicates the sites with the lowest suitability for wetland location 
and 5 – the highest.  
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Figure 11. Possible wetlands’ sites in Lake Ringsjön basin with cattle denisty as one of the determinants. (i.e. all 
factors excluding the population density). 1 indicates the sites with the lowest suitability for wetland location and 
5 – the highest. 
 
Delineation of watersheds and estimation of wetland area needed  
 

The flow direction map was a base to construct the watershed map. The minimal possible size 

of a watershed is 0.50 ha, but the smallest delineated is 0.75 ha. The outputs were 142 

watersheds in the Lake Ringsjön basin (Fig. 14). For each of them the daily discharge (Eq. 4.) 

and the wetland area needed (Eq. 3.) were calculated. The average discharge for the whole 

Ringsjön basin is 3026.2 m3 / ha*y. The area of the basin calculated from the input maps is 

38395.7 ha.  

The next step was to combine two grids: watersheds and Land Score Values (calculated 

before), in order to compare the needed and the possible wetland areas. There were 7361 ha in 

available for wetlands (that is 19.2 % of the total basin area) in the Lake Ringsjön basin, 

whereas only 320.2 ha were required for wetlands (0.8 %) according to Eq. 4. This, 

respectively, equals 75% and 3.2 % of the cultivated area in the Lake Ringsjön basin. Only 

the highest scores (4 and 5) were taken into account when estimating the possible area for 

wetlands. The final grid represents the wetland sites, which area is equal to or bigger than the 

area needed for efficient water treatment in each of the 142 watersheds shown in Fig. 13.  



 31 

Table 3. shows the wetland area available and required in nine sub basins and how these 

values relate to  SMHI scenarios. Also, 2% of cropland in each of the nine sub-basins was 

calculated, to see how it relates to other scenarios (especially the area required and the 2% 

SMHI scenario).  

 

When grouping the results into the larger watersheds used in the coarser analysis made to 

estimate the effect of wetlands on nitrogen transport, it is clear that the area available to use 

for wetlands according to the Land Score analysis was larger than 2 % of  agricultural land in 

all sub-basins. In some cases the wetland area required, according to the retention time criteria 

(Eq. 3), was more or less equal to 2 % of cropland in each of sub-basins (sub-basins 96-001, 

96-045 and 96-046, 96-047). In the scenarios used for modeling the effects of wetlands on N 

and P transport, transforming an area equal to 2 % of agricultural land into wetlands was 

considered the maximum possible.  

 

 
Figure 12. 142 watersheds in Lake Ringsjön basin delineated on the base of a flow direction map. (in the white 

area on the lest lake Ringsjön is located).  
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Figure 13. Wetland area equal or larger than the area required in Lake Ringsjön basin according to eq. 4. Only 

the highest score values (4 and 5) were taken into account.  

 

 

Table 3. Area possible to transform to wetlands in Lake Ringsjön basin (divided into nine sub basins), according 
to the results of the Land Score analysis (area available and required), and to the SMHI scenarios (0.4% and 2% 
of agricultural area in the river basin converted into wetlands), and  in relation to the area of agricultural land in 
each sub-basin.  
 
 
Sub basin Area 

available 
Area required Scenario 0.4% Scenario 2% 2 % of cropland in 

each sub basin 
96-001 1950,13 47,73 16,4 81,9 48,66 
96-002 1130,38 36,95 3,8 19,2 9,51 
96-003 1258,75 34,22 4,1 20,5 8,67 
96-043 1955,6 65,5 12,6 63,0 30,74 
96-044 2,79 1,13 0,1 0,5 0,03 
96-045 27,9 8,22 1,0 4,8 8,88 
96-046 27,9 8,22 1,8 8,9 8,88 
96-047 921,94 98,05 19,7 98,5 81,52 
96-048 113,47 28,4 4,8 23,9 8,31 
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Analyzing of the resolution of the land use data in order to estimate the nutrient input 

into the wetland.  

 

The nine sub basins differed with respect to the proportion of agricultural areas and the 

dominating crops (table 2 - in the appendix).  Generally, forest and pastures dominate, but 

there is a high percentage of cereals in sub basins 96-047 and 96-001, i.e. in south. 

 

The land use map helps to identify risk areas, which can be sources of nitrogen leakage. As it 

was mentioned before, agriculture is an important branch in southern Sweden and Ringsjön 

basin is not an exception. The diffuse sources – crop cultivations and livestock, have the 

biggest area in the southern part of the Ringsjön basin. Smaller fields are in the western and 

northern part. South of the basin is characterized also by high cattle density, which is a source 

of manure. In addition, sources of nitrogen are the municipalities (with industry), Höör and 

Hörby, and the summerhouses located mostly on the lakeshore and in the forests. 

 

It is interesting to see where the possible wetlands are located in relation to housing (built up) 

or industrial areas in Lake Ringsjön basin. Generally, more suitable locations occur in the 

upper course of the streams; while the municipalities and industry – are in the lower course, 

close to the lake. The exceptions are summerhouses in the forests. But there are also some 

wetlands’ sites downstream Hörby and smaller downstream Höör. The point source “risk 

areas” (due to nitrogen leakage) in relation to watercourse, lake and wetland sites are shown 

on Fig. 14.  

The crop cultivation is concentrated to the southern part of the Ringsjön basin. The 

dominating soil type is likely to be susceptible to nutrient leakage. According to the maps 

there is no high clay content. In addition, the acceptability index is high in a small territory in 

the southern part of the basin, characterized by high acceptability index (Fig. 7). Animal 

production is thought to be a key driver to N overload, because it dominates the N cycle in 

agriculture (Haag, Kaupenjohann, 2001). When looking at the location of possible wetlands, 

there are some possible sites along the watercourses, which is beneficial for diffuse pollution 

controlling (Fig. 15).  However, one may notice that there are not many downstream locations 

for wetlands near the outlet to the lake, which means that there are few possible sites for 

controlling the diffuse leakage in those sub-basins. .  

There is also a small amount of possible wetlands in the south-western part of the basin, 

where land use is dominated by crop cultivation (see Fig. 15 and 16.), so there is a high 
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probability of nitrogen leakage. Many open areas occur on the western lakeshore, which 

increases the risk of nitrogen runoff into the lake. The soils are generally not suitable for 

wetland location. On the contrary, they favor nutrient leakage. The clay soils cover much 

smaller areas.   

 

 

 
 
Figure 14. Point source “hot spots” in Lake Ringsjön basin in relation to wetland sites according to the Land 
Score analysis.  
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Figure 15. Location of agricultural areas in Lake Ringsjön Basin in relation to wetlands according to the Land 
Score analysis.  
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Figure 16. The intensity of crop cultivation in Lake Ringsjön basin. 
 
 
In order to discuss how the detailed analysis of wetland location and sub-basin land-use 

compare with the scenario analysis made of the effect of wetlands on N and P transport, the 

indicator cropland/ wetland area was used. The area of cropped land is a reasonable estimator 

of nitrogen leaching from the land areas. The ratio for each of the 142 sub-basins was scaled 

according to the proportion that basins´ wetland area represented of the total area of each 

respective SMHI-sub-basin. The calculations were made for possible wetland area and 

required wetland area from the Land Score analysis. The results for all the small watersheds 

are gathered in table 1, in the Appendix.  

The area of crops remains the same in both cases.  
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the cropland/wetland area indicator for various scenarios
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Figure 17. The crop/wetland area indicator for the two SMHI scenarios (0.4% and 2% of the cropland area in the 
basin converted into wetlands), and for the wetland area estimated in Land Score analysis (area available and 
required for wetlands in Lake Ringsjön basin).  
 

In the scenarios made for Lake Ringsjön, the majority of wetland areas were required in two 

sub-basins, 96-002, and 96-047, which also in a significant part a covered by the agricultural 

land (Table 2, in the appendix, Fig. 16).  

In the analysis, a higher value of the indicator for a particular sub-basin suggests a larger 

nutrient contribution from the upstream area.  

One may notice that these two sub-basins also have the largest value of the indicator (Fig. 17).  

In other basins, wetlands would receive substantially lower loads, since the ratio cropland per 

wetland area is lower. Limiting the wetland areas to the areas required according to the 

retention time calculation (which was in some cases similar to the 2 % of cropland area) 

resulted in wetland receiving runoff from a larger area of cropland than in the 2 % scenario 

done by SMHI. The deviation was particularly high in the two basins where a high percentage 

of the wetlands in the scenario were located (96-002, and 96-047), suggesting that the 

nitrogen load to those wetlands would be higher than estimated from the mean sub-basin land-

use (SMHI used 2 days retention time also as a criterion for selecting wetland areas and 

locations.) 
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Discussion  

 

Nitrate leaching is the dominant transport process of this element (Haag and Kaupenjohann, 

2001). This is why the ground permeability and landscape diversity is so important in nitrate 

treatment. Wetlands, as corridors and ecotones, make the agricultural landscape more 

variable. They form habitat for many species and mitigate not only N leakage, but also 

erosion, which is connected with phosphorus transport.  

The purpose of the study was to locate wetlands in the basin, and estimate their size, 

according to the average discharge they can get. Another task was to estimate how detailed a 

land-use analysis need to be as a basis for estimating the potential effect of treatment wetlands 

in an agricultural landscape. The bigger the cropland/wetland ratio, the greater the need of 

treatment wetland in a particular area. In addition, a smaller proportion of cropland upstream 

a wetland suggests that the wetland will remove more nitrogen.  

 

The question of the wetland location examined the criteria, which should be considered in the 

“siting” step. Those, which were taken into account, were land use pattern, soils, distance to 

the river, slope, elevation, and population density. According to the Land Score System, the 

area available for wetlands in Lake Ringsjön basin covers almost 20% of the total basin area. 

This seems to be too large to be realistic. However, the area required is equal to the area 

proposed by SMHI as the maximum technically possible, covering 0.8% of the total basin 

area.  

It has been assumed that the wetland size should increase with increasing upstream area 

(Trepel and Plameri, 2002). Since the land availability is one of the biggest obstacles in 

wetland (re)construction (Arheimer and Wittgren, 2002), the planners and decision makers try 

to find the smallest optimal treatment area.  

It seems that more sensitive criteria in the Land Score System could make the analysis more 

accurate. An example of such a criterion could be crop type. Some crops give a higher income 

than others, so none of the farmers would wish to convert them into wetlands. Such 

cultivation type could get a lower score value, to eliminate this site as suitable for a wetland.  

 

One also has to remember about such issues like compensation for land. All the area affected 

by wetland construction should be compensated, and it also includes the waterlogged terrain 

around the wetland (Söderqvist, 1999). The hardest task in wetland creation or restoration is 

to find support from landowners. The compensation of wetland restoration should be at least 
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equal to the benefits from the previous activities. In fact, for many decades there was a strong 

pressure for drainage activities. As a consequence, many, if not most of the wetlands were 

lost, but the agricultural production was intensified and the benefits increased. There was a 

survey among the farmers performed in Kävlinge river basin, which covers part of the biggest 

municipalities in Lake Ringsjön basin (Söderqvist, 1999). The common motive against 

wetland restoration was not enough land or not sufficiently high grants. The farmers also 

noticed the lower benefit and less land cultivated as a big disadvantage. However, the same 

analyses revealed that an improved environment was one of the most important motives for 

the restoration. So if the public environmental benefits are perceived enough by the 

landowners, they may accept even less cost coverage.  

 

The building costs of wetland construction usually include excavation. According to 

Söderqvist (2002) excavation needs the highest expense. However, this can be reduced. 

Excavation may be avoided when a wetland is constructed for example by damming, using 

the natural depressions, or by transforming existing wet areas into nitrogen sinks.  Peat and 

water bodies may indicate the historical location of wetlands (Trepel and Palmeri, 2002). 

Following this assumption, we may say that many of the sites found in the study meet such a 

criterion. 

 

Another criterion, which is important for nutrient removal is vegetation cover, which needs 

field studies or remote sensing analyses. Mat�ji�ek et al. (2003) used aerial photos and 

satellite images to determine land cover, and the human impact on the hydrological changes. 

The Normalized Difference Vegetation Index (NDVI), which was used in Mat�ji�ek’s 

research, shows the productivity of ecosystems and might be one of the determinants of 

possible wetland sites. The LSS (Land Score System) does not include aerial photos in the 

analyses. Here the estimations are limited by the resolution of the input data.  

 

Seasonality in water flow is a quite important factor in wetland planning. Land Score System 

does not include such information. At this level of planning the seasonality of nutrient flow 

requires too detailed information. 

 
There are many studies, where the authors try to find such a wetland to watershed area ratio, 

which would provide the most efficient nutrient removal. Usually they come to the point that 

the higher percentage of wetlands covers a basin, the better the nutrient treatment. Arheimer 
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and Wittgren (1994) examined five different scenarios: 0.1, 0.5, 1, 5 and 10 % of the total 

basin area covered by wetlands. The results they got, proved that at least 5% of wetlands is 

necessary to get 50% nitrogen retention. Another Swedish study showed that 2-3% of 

wetlands guarantee satisfactory nutrient retention in an agricultural area. (Mander et al., after 

Vought and Lacoursiere, 2000). The results obtained by Mitsch (1999, in Mitsch, 2000) does 

not differ that much: 3.4 – 8.8 % of watershed is recommended as a wetland in order to treat 

nitrate-nitrogen pollution. Phosphorus treatment may need 15 % of watershed area covered by 

wetlands (Wang and Mitsch, 1998). The result obtained in my study differs form those ratios 

in the literature. The area necessary for wetlands (7361 ha – 0.8 % of the total basin area) is a 

sum of all 9 sub basins.  

Still, we need to remember that location of the wetland is even more important than the area it 

covers. Fleischer (1994) concluded that wetlands should be located at the sites where the N 

load (and probably other pollutants) is high. We may also assume that it is better to locate a 

treatment facility downstream than upstream the “risk area”. Mander et al. (2001) state that 

only wetlands located downhill or in a close distance to the critical sources perform their 

treatment functions satisfactorily. Another solution is to locate a wetland in a riparian zone. 

Considering this problem the Land Score System performed very well.  

 
The pollutant load has not been taken into account while calculating the required area of 

wetlands. In case of treatment wetlands this should be considered, especially, that in small 

agricultural catchments fertilization is thought to be the most significant factor influencing 

nitrogen run off (Mander et al., 2001). Palmeri and Trepel (2002) confirm this conclusion.  

 

One of the strategies is to find the wetland area needed in a specific catchment as a percentage 

of the cropland area in a particular basin. Such a study has been done in Swedish 

Meteorological and Hydrological Institute. (Tonderski, et al., 2004, manuscript). Another 

example is a study in Genevadsån catchment in southern Sweden (Arheimer and Wittgren, 

2002). In Ronneå basin they examined two scenarios: 0.4 and 2% of cropland in a Ronneå 

River basin (which includes Lake Ringjsön basin) was converted into wetlands. The first one 

related to realistic possibilities and the second one was the maximum technically possible.   

In this case the nutrient input into the treatment wetlands is estimated on the base of the 

cultivation type for the whole river basin.  

My study uses the higher resolution of the data. A percentage of agricultural land was 

calculated for wetlands’ catchments. For the two SMHI scenarios and for the wetland area 
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required and available estimated in my model, the cropland/wetland area indicator was 

calculated. The result of this calculation is a way of demonstrating how large part of the 

wetlands that are located upstream agricultural areas. In two cases (sub-basin 96-002 and 97-

047) the result suggests that the input from upstream areas was underestimated in the SMHI 

scenarios. In other basins the estimation of the land-use type in upstream area relates to the 

more general SMHI scenario (Fig. 15). However, these two sub-basins have also a majority of 

the agricultural land in Lake Ringsjön basin, with a high percentage of rape and potatoes (sub-

basin 96-047), which usually are given the highest amount of fertilizers. These facts indicate 

the need of a higher resolution of the land-use data, when estimating the nutrient inflow into 

the treatment wetlands.  

 

The analysis made in the present study is qualitative, but in the next stages of planning 

process it could be followed by a quantitative estimation of how large difference this would 

make when calculating the nitrogen removal in potential wetlands. This would be a better 

justification for the choice of the wetland locations, than just pointing out the “risk areas”. In 

Sweden the model often used is SOIL-N in combination with HBV-N (e.g. Arheimer and 

Brandt, 2000). SOIL-N provides the soil leakage concentrations in the root zone on the base 

of fertilization rates and crop yield. Some authors propose AGNPS – agricultural non point 

source pollution model, which can be integrated with Geographical Information System 

(Palmeri and Trepel, 2002).  

 

In one of the studies in Lake Ringsjön basin the risk for erosion was investigated (Andersson 

F., 2004). Comparing the risk map with the map of suitable wetland sites one may see that in 

some way they cover each other. This fact indicates that the wetlands may be also used for 

erosion mitigation as well as for phosphorus treatment. However, such a relation does not 

occur in the northern part of the lake. There are many high-risk areas along the stream flowing 

into the Sätofta basin, especially in the lower part, where wetlands’ sites are not common.  

Also, there are many possible sites far from the river outlet, which favor P removal 

(Tonderski, et al., 2004, manuscript).  

 

The model used in this study is good for the first phase of planning of wetland creation or 

restoration. It helps to get a general idea, where it is proper to locate a wetland and to point 

out whether there is enough land for it or not. Geographical Information System makes the 

whole process fast and accurate, and allows testing many points of view. There is a need for a 
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more sensitive criterion for determining a wetland site. In this study I did not distinguish 

between different interests (like economy and ecology), but it is possible, by using weighted 

average and weighting coefficients. The resulting wetland locations are influenced by special 

interests in the study area (Palmeri and Trepel, 2002). Also, a higher resolution of the input 

data could help to make a more accurate estimation of the wetland area available.  

The estimation of the wetland area needed in the sub basin is, again, enough for this phase of 

planning. In the next stages it should be based on the expected nitrogen runoff. This 

concentration should be based on the land use pattern in the sub basin studied. The pattern of 

the whole basin might be under- or overestimation.  
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Appendix 

 
Table 1. The cropland/wetland area indicator for each single watershed in Lake Ringjsön 
basin. (* wtshd – watershed ) 
 
Sub basin 96-001  2 % scenario             Required area 
Tot area [ha] Agric [ha] % agric Wetland area cropland/wetland Wetland area cropland/wetland 

5757 2454,4 42,6     
wtshd133(*)       

180,5 114,81 63,61   1,50 2,41 
wtshd 139       

52,5 8,03 15,30   0,44 0,17 
wtshd 144       

266,5 140,49 52,72   2,21 2,94 
wtshd 137       

68,25 31,31 45,88   0,57 0,66 
wtshd 134       

123,5 82,7 66,96   1,02 1,73 
wtshd 140       

166,25 107,57 64,70   1,38 2,25 
wtshd 145       

555 350,03 63,07   4,60 7,73 
wtshd 126       

89,75 71,23 79,36   0,74 1,49 
wtshd 117       

62,75 23,28 37,10   0,52 0,49 
wtshd 127       

587,5 285,82 48,65   4,87 5,99 
wtshd 135       

378 223,19 59,04   3,13 4,68 
wtshd 141       

157,5 60,2 38,22   1,31 1,26 
wtshd 138       

186,25 85,09 45,69   1,54 1,78 
wtshd 146       

176,75 76,27 43,15   1,47 1,60 
wtshd 148       

146,25 69,04 47,21   1,21 1,45 
wtshd 147       

157,75 49,78 31,56   1,31 1,04 
wtshd 122       

605,25 206,32 34,09   5,02 4,32 
wtshd 129       

216,5 109,18 50,43   1,79 2,29 
 
wtshd 142 

      

364,25 71,45 19,62   3,02 1,50 
wtshd 136       

157,75 40,94 25,95   1,31 0,86 
wtshd 105       

790 141,3 17,89   6,55 2,96 
wtshd 132       

268,25 85,16 31,75   2,22 1,78 
  SUM 81,9 30 47,7 50,98 
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Sub basin 96-002  2 % scenario  Required area 
Tot area [ha]  Agric [ha] % agric wetland area cropland/wetland wetland area cropland/wetland 

4631 475,31 10,26     
wtshd 12       

345,5 34,52 9,99   2,86 11,39 
wtshd 13       

210 19,27 9,18   1,74 5,83 
wtshd 24       

82,75 19,27 23,29   0,69 14,71 
wtshd 22       

42,75 10,44 24,42   0,35 8,51 
wtshd 21       

144,75 17,66 12,20   1,20 7,10 
wtshd 23       

141 1,61 1,14   1,17 0,06 
wtshd 29       

766,5 61,82 8,07   6,36 16,42 
wtshd 53       

239,75 22,48 9,38   1,99 6,94 
wtshd 51       

266,25 31,31 11,76   2,21 12,12 
wtshd 32       

422,5 64,23 15,20   3,50 32,21 
wtshd 30       

233 20,07 8,61   1,93 5,7 
wtshd 28       

354,25 39,34 11,11   2,94 14,39 
wtshd 25       

137,5 24,09 17,52   1,14 13,91 
wtshd 48       

403,5 32,12 7,96   3,35 8,42 
wtshd 41       

124,5 5,62 4,51   1,03 0,84 
wtshd 36       

176,5 21,67 12,28   1,46 8,79 
wtshd 34       

32 15,26 47,69   0,27 23,57 
wtshd 27       

16,5 4,02 24,36   0,14 3,15 
wtshd 56       

491,5 30,51 6,21   2,26 11,26 
  SUM 19,2 23 35,59 205,33 
Sub basin 96-003  2 % scenario  Required area 
Tot area agric[ha] % agric wetland area cropland/wetland wetland area cropland/wetland 

4128 433,74 10,5     
wtshd 20       

231,75 50,68 21,87   1,92 1,48 
wtshd 17       

215 81,89 38,09   1,78 2,39 
wtshd 16       

130,75 86,71 66,32   1,08 2,53 
wtshd 8       

180,75 21,68 11,99   1,50 0,63 
wtshd 2       
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323 35,33 10,94   2,68 1,03 
wtshd 11       

181,75 4,09 2,25   1,51 0,12 
wtshd 9       

85,25 1,61 1,89   0,71 0,05 
wtshd 7       

195,25 9,63 4,93   1,62 0,28 
wtshd 3       

133,75 1,61 1,20   1,11 0,05 
wtshd 5       

327,75 30,51 9,31   2,72 0,89 
wthsd 10       

562 48,17 8,57   4,66 1,41 
wtshd 14       

323,75 13,65 4,22   2,68 0,4 
wtshd 19       

284 7,22 2,54   2,35 0,21 
wtshd 35       

355,75 10,44 2,93   2,95 0,31 
wtshd 46       

14,75 2,41 16,34   0,12 0,07 
wtshd 39       

51 10,44 20,47   0,42 0,31 
wtshd 33       

323,25 15,26 4,72   2,68 0,45 
wtshd 52       

208,5 2,41 1,16   1,73 0,07 
  SUM 20,5 22,2 34,22 12,68 
Sub basin 96-043  2 % scenario  Required area 
Tot area Agric [ha] % agric wetland area cropland/wetland wetland area cropland/wetland 

7902,75 1536,97 19,4     
wtshd 100       

931,75 77,87 8,36   7,73 1,19 
wtshd 110       

128,75 42,55 33,05   1,07 0,65 
wtshd 109       

314,5 110,79 35,23   2,61 1,69 
wtshd 101       

174,25 15,26 8,76   1,44 0,23 
wtshd 119       

159,75 68,24 42,72   1,32 1,04 
wtshd 120       

326,75 193,47 59,21   2,71 2,59 
wtshd 118       

118,25 20,89 17,67   0,98 0,32 
wtshd 103       

280,5 30,51 10,88   2,33 0,47 
wtshd 92       

221 52,18 23,61   1,83 0,8 
wtshd 73       

388,5 79,57 20,48   3,22 1,21 
wtshd 72       

177 25,69 14,51   1,47 0,39 
wtshd 74       
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126 10,44 8,29   1,04 0,16 
wtshd 59       

491,5 83,5 16,99   4,08 1,27 
wtshd 55       

202,25 13,73 6,79   1,68 0,21 
wtshd 58       

297,5 20,96 7,05   2,47 0,32 
wtshd 79       

414,5 41,82 10,09   3,44 0,64 
wtshd 84       

323,5 14,45 4,47   2,68 0,22 
wtshd 85       

465 68,24 14,68   3,86 1,04 
wtshd 81       

147 30,5 20,75   1,22 0,47 
wtshd 80       

38 10,44 27,47   0,32 0,16 
wtshd 78       

10,25 7,23 70,54   0,09 0,11 
wtshd 89       

168,5 51,38 30,49   1,40 0,78 
wtshd 93       

223,5 87,51 39,15   1,85 1,34 
wtshd 108       

117 23,28 19,90   0,97 0,36 
wtshd 104       

155,75 81,89 52,58   1,29 1,25 
wtshd 97       

301,5 84,3 27,96   2,50 1,29 
wtshd 115       

158,25 57,01 36,03   1,31 0,87 
wtshd 112       

72,5 40,95 56,48   0,60 0,62 
wtshd 37       

561,75 69,84 12,43   4,66 1,07 
wtshd 64       

407,5 22,48 5,52   3,38 0,34 
  SUM 63 24,4 

 
65,55 23,45 

Sub basin 96-044  2 % scenario  Required area 
Tot area Agric [ha] % agric wetland area cropland/wetland wetland area cropland/wetland 
wtshd 111       

136 1,61 1,18 0,5 4,8 1,13 1,42 
Sub basins 96-045,046 2 % scenario  Required area 
Tot area Agric [ha] % agric wetland area cropland/wetland wetland area cropland/wetland 
wthsd 113       

991,75 443,95 44,76 13,7 34,2 8,22 54,01 
Sub basin 96-047  2 % scenario  Required area 
Tot area Agric [ha] % agric wetland area cropland/wetland wetland area cropland/wetland 

10131,25 4076,01 40,23     
wtshd 124       

262 179,03 68,33   2,17 1,83 
wtshd 90       

608,25 117,3 19,28   5,04 1,2 
wtshd 125       
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176,25 96,33 54,66   1,46 0,98 
wtshd 121       

27 24,09 89,22   0,22 0,25 
wtshd 123       

176,75 106,78 60,41   1,47 1,09 
wtshd 131       

530,5 308,28 58,11   4,40 3,14 
wtshd 95       

362 40,14 11,09   3,00 0,41 
wtshd 107       

256,75 158,15 61,60   2,13 1,61 
wtshd 130       

530,5 44,15 8,32   0,51 0,45 
wtshd 143       

128,25 85,1 66,35   1,06 0,87 
wtshd 106       

633,5 385,34 60,83   5,25 3,93 
wtshd 96       

476,5 283,39 59,47   3,95 2,89 
wtshd 75       

65,25 7,23 11,08   0,54 0,07 
wtshd 91       

299,75 28,9 9,64   2,49 0,29 
wtshd 94       

85 33,72 39,67   0,70 0,34 
wthsd 86       

270 23,28 8,62   2,24 0,24 
wtshd 68       

438,25 24,09 5,50   4,01 0,25 
wtshd 77       

268 86,71 32,35   2,22 0,88 
wtshd 63       

190,75 20,07 10,52   1,58 0,2 
wtshd 70       

96 32,12 33,46   0,80 0,33 
wtshd 69       

779,75 102,76 13,18   6,46 1,05 
wtshd 88       

293 117,21 40,00   2,43 1,2 
wtshd 83       

1152,5 276,16 23,96   9,56 2,82 
wtshd 87       

103,25 11,24 10,89   0,86 0,11 
wtshd 99       

1057,75 385,34 36,43   8,77 3,93 
wtshd 98       

114,25 89,11 78,00   0,95 0,91 
wtshd 128       

128 89,9 70,23   1,06 0,92 
wtshd 82       

391,25 18,54 4,74   3,24 0,19 
wtshd 52       

208,5 2,41 1,16   1,73 0,02 
wtshd 102       
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21,75 9,63 44,28   0,18 0,1 
  SUM 98,5 33,5 98,05 141,94 
Sub basin 96-048  2 % scenario  Required area 
Tot area Agric [ha] % agric wetland area cropland/wetland wetland area cropland/wetland 

3429,75 415,62 12,1     
wtshd 60       

273,5 144,5 52,83   2,27 5,08 
wtshd 61       

411 48,97 11,91   3,41 1,72 
wtshd 49       

279 45,75 16,40   2,31 1,61 
wtshd 50       

414 42,55 10,28   3,43 1,5 
wtshd 45       

132 19,27 14,60   1,09 0,68 
wtshd 44       

251,75 0,8 0,32   2,09 0,03 
wtshd 31       

189,5 32,71 17,26   1,57 1,15 
wtshd 40       

91,5 6,24 6,82   0,76 0,22 
wtshd 42       

235,5 13,65 5,80   1,95 0,48 
wtshd 47       

435 9,63 2,21   3,61 0,34 
wtshd 43       

361,5 33,72 9,33   3,00 1,19 
wtshd 65       

119,25 1,69 1,42   0,99 0,06 
wtshd 67       

226,25 14,45 6,39   1,88 0,51 
wtshd 38       

10 1,69 16,90   0,08 0,06 
  SUM 23,9 17,7 28,44 14,61 
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Table 2. The crop pattern in the nine sub basins in Lake Ringsjön basin. (area in hectares and percentage in total sub-basin area).  
(pota – potatoes, wrape – winter rape, srape – spring rape, wcereals – winter cereals, scerelas – spring cereals)  
 
BASIN FOREST % PASTURE % FALLOW % POTA % WRAPE % 
96-001 974 16,3 813.4 13.6 57 1 24 0,4 82 1,4 
96-002 2381 57,7 390 9,4 9 0,2 0 0,0 0 0,0 
96-003 2999 55,1 243.3 4.5 20.1 0.4 0 0.0 0 0.0 
96-043 3638 44,5 960 11,7 28.1 0,3 5.6 0,1 7 0,1 
96-044 25 14,4 0 0,0 0 0,0 0 0,0 0 0,0 
96-045 13 3,5 25.7 7 6.4 1.7 7.2 2 5.6 1.5 
96-046 24 3,8 46.6 7,3 48 7.6 36 5.7 5.6 0.9 
96-047 2216 20,6 695.4 6,5 221.6 2.1 270.6 2.5 133.3 1.2 
96-048 831 21,3 115.6 3 18.5 0.5 4 0,1 6.4 0.2 

 
 
 
 

BASIN SRAPE % WCEREALS % SCEREALS % TOTAL CROP 
AREA 

96-001 18 0,3 322 5.4 1138 19.1 2454.5 
96-002 0 0,0 1 0,0 40.4 1 439.4 
96-003 24.9 0.5 39 0.7 127.7 2.3 455 
96-043 0 0,0 85 1 452 5,5 1537.7 
96-044 0 0,0 0 0,0 2.2 1.4 2,2 
96-045 0.8 0.2 21 5.7 88 23,8 109.8 
96-046 1 0,2 68 10.7 118 18.6 323.2 
96-047 18 0,2 688.3 6.4 1272.8 11.8 3300 
96-048 4 0.1 81 2.1 193.5 4.9 423 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



   


