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Net-gains of an Efficient Allocation of Abatement Measures in Improving the Environmental State of Coastal Zones: A study of the nitrogen load to the Stockholm Archipelago
Henrik Scharin
[image: image1.wmf]2

,

1


ABSTRACT
Determining the efficient load by connecting nitrogen abatement costs, within a river basin with the benefits of the improved sight depth is the main objective of this study. The final impact of a nitrogen deposition differs between sources due to different buffering capacity between source and recipient. It is of importance to consider differences in impact when comparing available abatement measures. The study is applied to the Stockholm Archipelago, a coastal area of the Baltic Sea suffering from eutrophication caused by the load of nutrients. Results indicate that in order to achieve cost effectiveness, the major part of nitrogen load reduction to the Archipelago should be done at the wastewater plants and by constructing wetlands; all abating as much that is technologically possible. Net benefits of an efficient load reduction were estimated to be SEK 516 Millions/year.
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Introduction 

The new Water Directive Framework for the European Union in effect year 2000 is a framework for an integrated community policy for water created to secure a ‘good ecological status of water’ within the union. ‘The purpose of the directive is to establish a framework for the protection of inland surface waters, transitional waters, coastal waters and ground water’ (EU Water Directive Framework 2000). Combining emission targets with quality targets should be the way to protect both quality and quantity of surface- and groundwater according to the directive. The purpose of this study is to connect nitrogen emission with its effect on water quality. In it I attempt to establish two targets. In my case, benefits of improved sight depth in the Archipelago are connected with the cost of achieving that improvement. Such abatement costs are estimated taking the impact on recipient into consideration. 

Eutrophication, an increased supply of nutrients stimulating the growth of plants, is one of the major threats to the environment of the Baltic Sea. The nutrient load to the Baltic Sea is caused by the depositions from surrounding countries. Effects on the Baltic Sea include things such as decreased water transparency, increased algal blooms, increased frequency and severity of oxygen deficiency in bottom waters, as well as reduction of bottom fauna (Cederwall and Elmgren, 1990). The amount of nutrients entering the sea must be reduced if the benefits derived from the Baltic Sea are to be preserved. The Stockholm Archipelago is a coastal zone of the Baltic Sea suffering from eutrophication. The major part of the nutrient load to the Archipelago comes from depositions within its river basin.
 This study will concentrate on the importance of water transparency in the Stockholm Archipelago. Since nitrogen is the limiting nutrient of coastal areas of this part of the Baltic (Granéli et al., 1990), phosphorous is excluded from the discussion.
 Reductions of the nitrogen load into Mälaren might, under certain circumstances, despite the fact that it is phosphorous limited affect the primary production of this Lake. The knowledge of such interactions between the two nutrients in Lake Mälaren is still subject to a lot of uncertainty (see e.g Willén, 2001). In the U.S., studies concerning eutrophication in the Chesapeake Bay and Mississippi Delta have addressed the importance of integrating natural and social sciences as well as including spatial concerns when dealing with the problem of eutrophication (se e.g. Rabalais et al., 1996, Boesch, 2001, Mitsch et al., 2001).
A spatial problem is present in the case of water transported nutrients, due to the fact that the impact nutrients have on a recipient does not only depend on the level of emissions but also on the buffering characteristics of the watershed in which they originate. This implies that any kind of uniform policy is inefficient, i.e. the target could be reached at a lower cost. An approach taking this spatial heterogeneity between sources of emissions is therefore necessary in order to achieve an ambient water quality target at least cost.

In his 1964 book, Knesse provided a framework for the problem of water quality management and a theoretical basis on how to solve such problems applying economic instruments. Together with Bower, Kneese (1968) studied cost effective water quality for small regions. Mäler (1974) discussed the theoretical basis for determining effluent charges for ambient water quality targets. Different applications and models for determining cost-effective pollutant reductions have been developed thereafter (see e.g. Russell and Shogren, 1993). For the Chesapeake Bay benefits of water quality policies have been estimated for modeled changes in ambient water quality (Morgan and Owens, 2001). Several studies have also been done in the States looking at efficient ways to deal with nonpoint source pollution from agriculture considering the heterogeneous characteristics of such sources (see e.g. Sharp and Bromley, 1979, Park and Shabman, 1982, Braden et al., 1989, Braden et al., 1991, Helfand and House, 1995, Ribaudo et al., 2001).

Similar studies have examined the cost effective reduction of nutrients while considering the problem of eutrophication in the Baltic Sea (e.g. Gren and Zylicz, 1993, Gren et al., 1995, Elofsson, 1997, Hart and Brady, 2002). Most of these studies were carried out on a large spatial scale aimed at reducing the impact of the Baltic Sea, not considering the coastal zones of the Baltic. Parameters used in estimating the impact of different sources were treated as an average for whole drainage basins covering large geographical areas. This might be justified when dealing with the whole Baltic, but would bias the results when looking at a specific coastal zone.  

One of the main conclusions of these studies is that, in order to reach a cost effective reduction of nutrients, knowledge is required concerning the actual impacts of measures as well as their costs. It is therefore my aim to obtain better estimates of these parameters on the lowest possible geographical scale for this region. For a coastal zone, such as the Archipelago, more precise measurements of the impact on as small scale as possible imply significant cost reductions from an optimal allocation of abatement measures. 

The river basin of the Archipelago has already been studied by Gren (1993) in her paper “Alternative nitrogen reduction policies in the Mälar region” were she estimated and compared abatement costs for agriculture, wastewater treatment plants and atmospheric emissions from traffic and combustion sources. She compared costs of a 50 percent reduction at the source with a 50 percent load reduction to the Archipelago. 

The contribution of this study is to determine the efficient nitrogen load to the Archipelago from its river basin by connecting benefits of improved sight-depth with the costs of nitrogen abatement within the basin. In the theoretical model I consider the flows of nitrogen between the different lake basins of Lake Mälaren before reaching the Archipelago. The different characteristics of these basins influence the cost and allocation of nitrogen abatement measures. For the purpose of this study the river basin is divided into as small sub-basins as available data over significant parameters allow. Estimates of the buffering capabilities in the region have been significantly improved since Gren’s study implying the possibility of obtaining a more precise estimation of the impact different abatement measures have on the final load to the Archipelago. Necessary abatement measures for achieving this efficient load are determined for each sub-basin of the river basin based on their respective cost.
 Location-specific data is represented on a sub-basin level, since available data don’t allow for any further disaggregation. An improvement of abatement costs estimates is another contribution of this study. The actual abatement capacity for some measures has also been updated taken into consideration new information. Due to lack of data there are no measures included in this study of water-borne nitrogen load to the Archipelago originating from sources outside this river basin. 

Presently the exchange between the Archipelago and the open sea is characterized by a net outflow, implying that the impact of water-borne load from other river basin is of little significance. However, it is possible that this exchange flow might reverse if the load reduction from its own river basin is reduced to a certain extent (R. Elmgren, pers. commun.). 

Three different targets of nitrogen reduction are analyzed in this paper. The first target is to obtain an efficient nitrogen load where net benefits are maximized. The second target used is the politically determined 50 percent reduction target for the Baltic Sea applied on the Archipelago. This target is based on the ministerial agreement between the surrounding countries, called the HELCOM declaration (HELCOM, 1988). The third and last target is to reduce the load enough to improve the sight depth in the Archipelago by at least one meter, an improvement for which benefits have been estimated (see Söderqvist and Scharin, 2000). The first target is a social optimum in which an efficient load is reached when social marginal benefits of the load equals its social cost. The two latter targets are based on a cost-effective policy in which costs are minimized for a given regulatory goal.

All targets refer to only one recipient and ignore the impact on the Baltic Sea or upstream lakes and rivers. The main reason for excluding the former is due to the fact that upstream water bodies are phosphorus limited implying that another target aimed at reduction of this nutrient has to be applied for those. The impact on the Baltic Sea is excluded due to the lack of sufficient knowledge concerning the changes in nutrient flow between this coastal zone and the Baltic for different levels of nitrogen concentration. The knowledge concerning the interaction between nitrogen and phosphorus are presently not good enough to allow for a study in which targets can be set up for several recipients limited by different nutrients.

The paper is structured as follows. First a background to the problem is described. In the theoretical part the model connecting depositions with changes of sight depth is described. This model is thereafter used when determining the decision rules for an optimal allocation of abatement measures with regard to the different targets. How to obtain the efficient policies in achieving the decision rules is the subject of the next part. In the empirical part the model is applied on the river basin of the Archipelago. The results, concerning total costs, net benefits and allocation of abatement measures, are thereafter presented and interpreted. A sensitivity analysis is done to determine the robustness of the results. Finally, conclusions are drawn from the results, together with a discussion. 

1.  Background to the problem

The river basin for the Stockholm Archipelago is the geographical area from which the major part of the nitrogen load to this recipient originates (Areas 1 to 6 in Figure 1). Mälaren can be divided into five different lake basins with their respective catchments (1 to 5). Norrström connects Lake Mälaren to Stockholm Archipelago, allowing nitrogen to flow from the lake into this coastal zone. There are also 11 sub-basins from which nitrogen flows directly into the Archipelago. The basin of the Archipelago as well as its catchment area is referred to as 6, (see Figure 1). I further divide these six catchments into 33 different sub-basins, all with their respective sources of nitrogen. It is for these 33 sub-basins and the Archipelago the link between nitrogen flows and sight depth is to be described. Since the Archipelago is the recipient of concern, the environmental impact on Lake Mälaren and other water bodies is disregarded. Only the final nitrogen load from the river basin to the Archipelago is considered, since this is what mainly determines the sight depth in the same.

The major part of the nitrogen load comes from sources such as agriculture, forests, livestock holdings, wastewater treatment plants, and air emissions from traffic and stationary combustion sources. 
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Figure 1: The river basin for the Stockholm Archipelago divided into catchments with regard to the lake basins of Mälaren and the water body of the Archipelago.

The impact sources of nitrogen have on the sight depth of the Stockholm Archipelago is determined by different characteristics of the sub-basin in question as well as in what part of Lake Mälaren it is discharged, if it is not discharged directly into the Archipelago. Data and information concerning all 33 sub-basins and Lake Mälaren are vital to this study vital. They establish a relationship between costs and benefits of a sight-depth improvement.

The region remained under water for a long while after the last ice age and is still rising. Glacial and post-glacial processes therefore dominate its geomorphologic features. The thick layer of clay rich soil (mainly post-glacial and glacial clay) that is to be found in valleys and other low parts of the region is the typical geological feature of the area. These areas of clay rich soil makes a good base for agricultural production, and it is there that most of the farmed land is found.  

Sources and pathways of nitrogen in this area are illustrated in Figure 2. At the top of the figure we have land flow. Examples of sources causing this flow are nitrogen depositions from agriculture, forest management and livestock production. Plants utilize some part of the deposited nitrogen, while a fraction leaks away from the root zone. Leaching of nitrogen from fertilization is a function of crop management, water run-off, soil type and meteorological conditions (Johansson and Hoffman, 1997). Leaching nitrogen from land deposition can thereafter reach a recipient in one or several of the following ways of water transportation. It might be transported with the groundwater flow and discharged into the basin’s stream network, which in turn leads the nitrogen to the recipient. It might also reach the recipient directly with the groundwater flow. Finally it might be transported with the surface water flow to streams or directly into the recipient. Which one of these three that dominates depends on natural conditions and climate. During water transportation, nitrogen is subject to plant assimilation, sedimentation and denitrification, all of which reduce the amount of nitrogen. The retained fraction of nitrogen that does not reach the recipient is referred to as retention. Geohydrology, soil-type, land cover, topography, and climate are some of the factors determining retention. Leaching and retention therefore determine the load to either Lake Mälaren or the Archipelago from land deposited nitrogen.


Direct deposits are either discharged directly into Lake Mälaren or the Archipelago. Examples of direct deposition are municipal and industrial point discharges as well as the atmospheric deposition on the water surface. Nitrogen discharged into Lake Mälaren from indirect land depositions and direct depositions is subject to the nutrient sink capacity of the lake before reaching the Archipelago. In summary the fraction of deposited nitrogen reaching the Archipelago is a function of leaching, retention, and the nutrient sink capacity of concerned lake basins. 

2. The Model

In this theoretical part of the paper it is shown how a planner can use the model in determining the first order conditions for a cost efficient allocation of abatement measures in reaching a goal. The charges and trading ratios generating this allocation are also determined. In the empirical part of this paper this approach is applied for the nitrogen load to the Stockholm Archipelago.

The main objective of this study is to relate abatement cost with benefits of sight depths improvements in order to determine the optimal nutrient load to the Archipelago as well as the cost-effective way to reach it. In doing so it is necessary to have information and knowledge concerning the movements and changes in composition of nitrogen from source to entry into the recipient. The information requirements and the difficulties associated with such data are well described by Shoemaker et al. (1988). This chapter describes the crucial role of nitrogen transportation and how the final nitrogen load affects sight depth. 

Apart from reducing the application of fertilizers,
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, are available to apply in reaching a given target of reduction. They are all aimed at reducing the nitrogen load to the recipient,
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. These measures can be divided into the following sub-groups: changes in land use,
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, aimed at reducing the leaching of nutrients from land application, increasing retention,
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, by constructing wetlands, and finally reducing the discharges of nitrogen from wastewater treatment plants,
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.

Measures differ with regard to reduction capacity, abatement costs, and final impact on the load. Each measure is restricted by an upper limit,
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, due to different capacity characteristics. Reduction capacity at wastewater treatment plants is, for example, determined by the available abatement technology. It is assumed that retention measures,
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, are taken where their effect on the final load is greatest. In cases where this measure is implemented in one of the sub-basins contributing to Lake Mälaren, its impact on the load to the Archipelago will also depend on the nitrogen sink capacity of the lake. 

The abatement cost of each measure is a function of abatement of the measure in question, 
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, i.e. the cost for that specific measure to abate nitrogen. The abatement cost function is assumed to be convex and increasing, implying that marginal cost of abatement increases at an increasing rate. That is 
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 In other words, it becomes successively more expensive for a measure to reduce one more unit of nitrogen. Abatement costs are determined by society’s opportunity cost of the measure taken and does not necessarily equal cost carried by regulated part. Examples of abatement costs are investments in cleaning technology; the value of lost profit caused by a reduction in the application of fertilizers, and opportunity cost of land set aside for wetland construction (often being a function agricultural prices). Abatement costs might differ between sub-basins, due to for example differences in opportunity cost or abatement capacity. 
Sources of nutrient deposition are of both point and non-point type. The relationship between a “non-point source” and the final impact is established by incorporating models of physical science, allowing us to treat each sub-basin as a point source. In this paper I will therefore not use the terms point and non-point sources. Sources are instead separated with regard to whether they are located on land or directly by the water. Each sub-basin is therefore treated as a point source concerning nitrogen emissions of the same type (e.g. fertilizers, forest leakage, wastewater treatment plants).

In the model we have a specific recipient subject to the nitrogen flow it receives from its river basin. The river basin can be divided into catchments,
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The total additions of nitrogen to land in sub-basin 
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. These additions are in the form of artificial fertilizers and manure applications as well as atmospheric deposition. The amount of leaching nitrogen from land,
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The impact of implemented land use measures depends on the nitrogen applied on the land, i.e. 
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. There is also a presence of exogenous leakage of nitrogen from forests,
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, not being subject to any kind of land use measures. The contribution that one unit of leaching nitrogen in sub-basin j makes to the load to a water basin is indicated by the transfer coefficient 
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 This coefficient is altered by taken abatement measures aimed at increasing the retention, 
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. The actual amount of nitrogen from the land of a sub-basin discharged into a basin is therefore given by the following expression 
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A part of the nitrogen is discharged directly into on of the water basins without being subject to any kind of terrestrial retention. Such nitrogen discharge is denoted by
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 stands for abatement measures on these flows. Total nitrogen discharged from adjacent sub-basins into a basin, 
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The flow from sub-basin 
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 is modulated each time it crosses a boundary between lake basins 
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 and 
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 The nitrogen flow from a sub-basin, 
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, reaching the recipient is given by the following equation
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where 
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denotes the product of the nutrient sink capacity of each lake basin that the flow from this specific sub-basin passes through. This value is unity for sub-basins adjacent to the recipient, i.e. sub-basins in catchment 6, since they are not subject to the nutrient sink capacity of Lake Mälaren. 

The total flow
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 to the recipient is equal to the sum of flow from sub-basins, so
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Having established the relation between source and load, next step is to relate this load to the environmental impact, which in this case is represented by a decreased sight depth. The nitrogen concentration in the recipient is a function of the nitrogen load,
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. Sight depth can therefore to be explained as a function of the nitrogen concentration in the Archipelago,
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The relation between nitrogen sources and sight depth has now been established, and we have an expression for the sight depth in the recipient based on the depositions of nitrogen as well as buffering capabilities of each sub-basin. How to obtain a decision rule leading to an optimal abatement level with regard to the different approaches is described in the next chapter. 

3. Decision Rules

All equations and restrictions required in setting a decision rule, which differs depending on the objective, have been established. There are two decision rules derived in this chapter. First conditions for an efficient level of nitrogen load to the Archipelago are determined, which is a marginal analysis were optimum is reached when marginal benefits equal marginal costs for the nitrogen load. This approach requires information regarding the shape of the marginal benefit curve of improved sight depth. Thereafter, the decision rule for cost effectiveness of a particular goal is determined. This decision rule can be applied on two targets. The first target is the politically determined 50 percent reduction of the nitrogen load (HELCOM, 1988), in which the damage function is excluded from the analysis. The other target is the 1-meter sight depth improvement, which is the only change in sight depth for which people’s willingness to pay (WTP) have been estimated (see Söderqvist and Scharin, 2000). This is a total analysis in which the net gain (i.e. benefits minus costs) of achieving a 1-meter sight depth improvement is determined. This target is included since the WTP is a point estimate; therefore not giving any information concerning the shape of a marginal benefit curve of improved sight depth. It is, however, assumed to be constant in the marginal analysis. The choice of environmental target has vital implications for the result, due to its effect on costs and allocation of measures.

The objective for all targets is static efficiency meaning that costs are minimized for a given goal, given the level of technology and location of the sources.

3.1  Efficiency in abatement

The objective of this approach is to determine the optimal amount of nitrogen load by minimizing total costs,
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where the first term on the right-hand-side indicates total lost benefit caused by the nitrogen load due to its impact on the sight-depth. The terms within the bracket denote the total cost of fertilizer reduction, land-use measures, retention measures and finally of nitrogen abatement at wastewater treatment plants.   

This is minimized subject to equations 1 to 5 and the following capacity constraints for the different abatement measures:
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, land-use measures can only reduce the leakage by a certain fraction,


[image: image56.wmf]j

i

j

i

,

,

J

J

£

, retention measures are only capable of reducing a certain amount of the received nitrogen load, and
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 wastewater treatment plants can only reduce a certain fraction using best available technology.

The Lagrangian of the problem will then be
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Solving this problem generates the following first order conditions, where sub-indexes denote partial derivatives: 
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For easier understanding of the solution to the minimization problem first order conditions can be rearranged as follows:
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The numerator on the left-hand side of each equation gives the marginal cost of a measure at the source,
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, plus the shadow value of that specific measure if the capacity constraint is binding, 
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. The term in the denominator indicates the impact on the recipient of that specific measure, being less than or equal to the reduced amount.
 This impact includes the interdependency between measures within a sub-basin. Reduced application of fertilizers, for example, generates less nitrogen to be abated by applied land use and retention measures in the same sub-basin, i.e. 
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. The impact of fertilizer reductions is thereby lower in the presence of retention and land use measures, as well as the impact of land use measures is lower in the presence of retention measures. 
In summary, the left-hand side of the equation gives the marginal cost of a specific measure in reducing the final load to the recipient. This cost is negatively related to the impact on the recipient. In sub-basins adjacent to the Archipelago (catchment 6) marginal cost at the source equals marginal cost at the recipient for wastewater and retention measures, since the impact of these measures on the recipient are unity, that is 
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, reflects the marginal benefit of reducing the nitrogen load to the recipient.

If a measure is to be implemented, that is 
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, it should be so the marginal abatement cost of reducing the nitrogen load equals the marginal benefit of the same, that is, as long as the left-hand side of the equation is less than the right-hand side. As long as the incremental gain of an abatement measure is positive it should be implemented. This follow the equal marginal principle which says that a local maximum can only exist when all the marginal benefit—marginal cost ratios are equal for all control variables. At this point no small changes can be made without increasing the objective (i.e. net gain in this case). 
Using this approach implies that abatement measures should be implemented until the marginal costs of sight depth improvement equal the marginal benefits of the same. At that point costs will exceed benefits for any further reductions of the nitrogen load. This also implies that measures are implemented until they all have the same marginal cost of reducing the final nitrogen load to the Archipelago by one unit. 

3.2  Cost effectiveness

In this approach, the objective is to reach a certain target,
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, at the lowest possible cost. The target can be expressed as either a certain nitrogen load or specific sight depth improvement of the Archipelago. For both targets the problem is expressed as follow:
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Subject to equation 1-4 and the capacity constraints, and in this case a target constraint
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The Lagrangian of the problem is in this case
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The first order conditions generated are similar to the ones in the previous section (12-15) with the exception that marginal benefits are replaced by the shadow price of the target constraint,
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As before the left-hand side of the equation gives the marginal cost of a specific measure in reducing the final load to the recipient. The shadow price of the load restriction at the recipient,
[image: image83.wmf]l

, can be interpreted as the change in total costs of reducing the nitrogen load by one additional unit at the recipient. This marginal cost of reduction at the recipient increases with higher reduction targets. 

All measures is implemented, that is 
[image: image84.wmf]0

,

>

j

i

M

, whose marginal cost for reduction to the recipient is less or equal to the shadow price of the restriction. An optimal allocation of measures is defined by the fact that no further reduction can be made without increasing the costs. In the next section the circumstances are derived in which this optimum is also the market equilibrium.

4. Policies

Knowing the efficient allocation of measures, the next step is to determine the policies that can be applied to generate that specific allocation. A uniform instrument is not optimal in this case since the impact from equal sources varies across different sub-basins. A nonuniform instrument for each abatement measure differing with regard to impact is therefore required in order to reach the social optimal. The Pigouvian tax/subsidy scheme is one tool attempting to sustain such allocation by distorting the individual’s behavior (see Pigou, 1946). To establish a system of tradable permits between the different individuals in the different sub-basins is another instrument that can be used (see Letson et al., 1993, Tietenberg, 1988). Both tools can be derived from the first order conditions. It has been established that charges must be differentiated with regard to the impact of the source in order to achieve optimality in reaching an ambient water quality target (Sibert, 1972, Titenberg, 1979). It must be emphasized that in this study any administrative costs related to these policy instruments are disregarded. 
Charges for each measure in the respective sub-basin,
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, are determined by their impact on the recipient multiplied by the effective charge at the target, which is given by the marginal benefit of nitrogen reduction to the recipient,
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, or the shadow price of our constraint, 
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. Charges differ depending on measure and drainage basin. The smaller the reduction on the load of a certain measure are, the lower the charge is, and vice versa. When the impact is unity, charges equal marginal benefit. The charge,
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 for each measure in a certain sub-basin is determined by the following equations:
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where 
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denotes the impact on the load by a certain measure in a specific sub-basin and represents the denominator of the first order condition. These charges will generate the cost efficient allocation of abatement measures. If the capacity constraint is not binding we have that at the optimal allocation the measure’s marginal cost equals the charge. A measure is implemented as long as charge exceeds marginal cost of reduction at the source or until the capacity constraint goes into effect. For measures aimed at reducing leaching or increasing retention, such as catch-crop cultivation and wetland creation, the charge is negative implying that a subsidy is given for implementing these measures. 

Another way of reaching the optimal allocation is to allow for tradable permits of nitrogen emissions. Such permits would allocate abatement from high cost measures towards low cost measures until costs are equal or the capacity constraint is met. Knowing the efficient allocation of measures, the next step is to determine the charges and trading ratios of permits that can be applied to generate that specific allocation. The trade ratio,
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, between permits for different measures or for the same measure in different sub-basins is determined by the relative impact on the recipient according to
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This implies that a permit allows for larger depositions the less the impact on the recipient is from a specific source compared to a source of greater impact. The trading ratio reflects society’s cost of shifting between two specific abatement measures. For measures having the same impact on the recipient the trading ratio is 1:1. After initial distribution or auctioning of permits, trade can take place.

Charges are determined by the target’s shadow price and by the impact that measure has on the recipient, while trading ratios are determined only by the relative impact on the recipient between two measures. This implies that trading ratios between permits will be the same regardless of reduction target. The targeted nitrogen load will however determine the sum of all permits impact on the Archipelago. 

5. Nitrogen load to the Stockholm Archipelago 

In this part the approach described above is applied to the Stockholm Archipelago and its river basin. It is the nitrogen load from this basin that is the major cause of eutrophication in the Archipelago. The choice to study this specific region is motivated by the availability of information concerning the river basin and the recipient as well as by the fact that the Archipelago is a vital recreational area for many people. Results are available from recent surveys by Söderqvist and Scharin (2000) and Sandström et al. (2000) measuring the value of a reduced eutrophication in the Archipelago. 

First the characteristics of the region are described. Then sources of nitrogen are identified and quantified. Thereafter the retention on land and in water is accounted for. Using this information the final load of nitrogen to the Archipelago from the different sub-basins can be calculated. The relation between this load and the sight depth and its value is thereafter described. Finally, costs and capacity of available abatement measures are described.

5.1  Description of the area

The river basin for the Stockholm Archipelago covers an area of about 26,500 km2 of which Lake Mälaren accounts for a little more than four percent. Sixteen major streams drain this basin, of which five flow directly to the Archipelago and eleven are contributors of Lake Mälaren (Statistical data for drainage areas, 1995). These eleven streams account for 75 percent of the water contribution to Lake Mälaren, while the remaining 25 percent comes from adjacent land (The Council for the Stockholm-Mälar Region, 1993). 

Forest dominates the land, covering 51 percent of the area. Arable land accounts for 17 and pasture for two percent, indicating that application of fertilizers is of greater concern than livestock holding as a nitrogen source. About 2.5 million individuals inhabits the region (Statistics Sweden, 1995), 90 percent of whom live in cities of which the major part in the great Stockholm region.

5.2  Nitrogen emission

Application of nitrogen from fertilizers in the region has been approximated to be about 100 kg/ha (www.scb.se, 2000). The total leaching of nitrogen from farmed land due to this application has been estimated to be 15 kg/ha or 15 percent of the applied amount (www.sjv.se, 1999). This means that the leakage of nitrogen from fertilizers (see Eq. 1) is a fraction of the applied amount in this study. The total amount of nitrogen applied in this region amounts to 37910 tons, generating a leaching of 5686.5 tons. The flow of nitrogen from forest is 15 kg/ha generating a leaching of 1.3 kg per unit applied or a total amount of 2667 ton (Löfgren and Olsson, 1990). 

Atmospheric deposition of nitrogen over water bodies in the region is approximately seven kg per hectare and amounts to 1908 ton in this region (Compilation of the recipient control in Trosaån, Svärtaån and Kilaån 1994-1995, 1996). 80 to 90 percent of this amount comes from sources abroad and to some extent from the south of Sweden, implying that no significant reductions of this load can be achieved by measures within the region (The Council for the Stockholm-Mälar Region, 1993). Such measures are therefore excluded in this study.

There are 63 municipal wastewater treatment plants in the region, managing the wastewater for 2.4 million individuals. Nitrogen discharges from these plants in the year 1998 were 5,144 ton, of which 46.5 percent came from plants discharging directly into the Archipelago. (A. Widell, pers. commun.) 

Industrial discharges of nitrogen directly into water accounts for 887 ton (i.e. 17 percent of all direct discharges) in this region (Persson et al., 1989). Any abatement measures for these sources are excluded due to lack of data concerning costs and abatement capacity.
5.3  Retention and the nutrient sink capacity of Lake Mälaren 

The region is characterized by great variations in retention. The numbers used for retention in the different sub-basins are based on the estimates made by Arheimer and Brandt (1998). These estimates of retention were expressed as ranges (i.e. 20-40 percent) and often differed within the same sub-basin. The use of these ranges is explained by annual variations of retention from 10 to 30 percent within a sub-basin (Arheimer et al., 1997). My approximations in absolute numbers are therefore subject to a large degree of uncertainty, which is addressed in a sensitivity analysis at the end of this study. The relative differences in retention between sub-basins fluctuate much less than annual variation. This is explained by the fact that the hydrological and metrological conditions determining the retention creates similar variations within a relative small river basin like this (Arheimer and Brandt, 1998). For example, if retention is low in a sub-basin one year due to metrological conditions it is likely to be low in all the other sub-basins since these conditions usually exhibits the same patterns for the whole area.
The nitrogen sink capacity of Lake Mälaren is significant in determining the different impacts of the depositions from adjacent sub-basins. This capacity is a function of factors such as spatial variation in temperature, water residence time, variation of hydrography, lake area and volume, and inorganic nitrogen concentrations (Arheimer and Brandt, 1998). The five basins of Lake Mälaren differ with regard to depth, volume and area. These differences are important factors in determining the residence time of water and the nitrogen sink capacity of each basin. The exchange of nitrogen between the lake basins is in one direction, i.e. there are only a flow from upstream to downstream basins and no flow in the opposite direction. Sedimentation and denitrification within the lake cause retention. Denitrification losses account for the major part of retention in all basins as can be seen from the table below. The numbers in the table come from the study of the water quality in Lake Mälaren by Persson et al. (1989). The first column in the table represents the fraction of nitrogen subtracted from the flow at each crossing of a lake basin boundary. The last column stands for the fraction of nitrogen reaching the Archipelago from each catchment, i.e. the term 
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 in Equation 2. The basin of the Archipelago itself is excluded from the table, since there exist no nitrogen outflow from this body of water (R. Elmgren, pers. commun). 

Table 1: Nitrogen sink capacity of the lake basins (%)
	Basin
	Lake basin retention 
	Denitrification 
	Fraction of load reaching the Archipelago 

	1
	5
	5
	32

	2
	24
	21
	35

	3
	42
	33
	44

	4
	31
	26
	53

	5
	23
	19
	77

	Total
	56
	47
	44


Source: Persson et al. 1989.

The fraction of nitrogen that reaches the Archipelago increases when moving from lake basin 1 to 5. While only 32 percent of lake basin 1’s nitrogen load reaches the Archipelago the corresponding number for lake basin 5 is 77 percent. The impact on the final load of measures taken in region 1 is therefore much smaller than those taken in region 5. This is due to the fact that a discharge into lake basin 1 is subject to not only its own nitrogen sink capacity but also the capacity of lake basins 2, 3, and 5. 

5.4  The nitrogen load to the Archipelago

Data concerning depositions, land use, retention and other vital characteristics was used in order to estimate the nitrogen discharges from each catchment. Most of this data was available on a sub-basin level. Catchments 1 to 6 can therefore be divided into 33 smaller sub-basins in the application of the model. The estimates and results are (for the sake of simplicity) presented for the 6 catchments, even though they exist for all 33 sub-basins. Estimations of the nitrogen discharges to Lake Mälaren and the final load to the Archipelago can be made using the information above. These loads and their distributions are presented in the figure below, corresponding to equations 1 and 2 in the theoretical section.
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Figure 3: Nitrogen loads to the Basins and the Archipelago from each catchments.

In the figure above the retention capacity of Mälaren is well illustrated by the differences between each catchment’s nitrogen load into nearest water basin and its final contribution to the Archipelago. 

Due to the nutrient sink capacity of Lake Mälaren, only 58 percent of the total discharge of 12,053 tons reaches the Archipelago. The final load of nitrogen into the coastal zone of the Stockholm Archipelago is 6,937 tons per year. My estimate of the nitrogen inflow from Lake Mälaren to the Archipelago of 3,489 tons per year can be compared to actual measurements of the inflow at Norrström being 3,802 tons in the year 1993 and 4,730 tons in 1997 (Statistics Sweden). My estimates being somewhat lower can be explained by the fact that not all sources are included in my study (e.g. nitrogen emissions from livestock and leisure houses). More than half of the total load to the Archipelago comes from sources within its adjacent catchment area (6). A few large wastewater treatment plants dealing with the sewage from the city of Stockholm cause the direct discharges of nitrogen into the Archipelago from this region. 

The final load to the Archipelago from wastewater treatment plants exceeds the load from agricultural sources in this region even though the deposition of this source is larger, indicating the importance of concentrating on the final impact instead of the deposition. Of the total nitrogen load to water, 66 percent comes from direct discharges from wastewater treatment plants, industry and the atmosphere. For the Archipelago the number is 68 percent of the total load. Most of these direct discharges come from wastewater treatment plants (65 percent) indicating their importance as a source of the eutrophication.

5.5  The nitrogen load’s effect on sight depth 

As was described in the theoretical section the nitrogen load to the Archipelago affects the sight depth in the same through an increased concentration of this nutrient in the water. This nitrogen load entering the Archipelago generates different levels of concentration in different parts of the recipient (Wulff et al., 2001). This is, however, not taken into account in this paper since the loads from sub–basins in cathment 6 are not separated with regard to in which part of the Archipelago they flow out. I will therefore assume one specific load—concentration relationship for the whole Archipelago in this study. 

When natural scientists study water transparency they use the term Secchi-depth as a measure of sight depth.
 Since benefits were estimated for perceived sight–depth, they are in this study assumed to be the same. The following equation holds for determining the Secchi-depth, as a function of nitrogen concentration, in the Archipelago during the summer months (Färlin, 2002). (Summer is the time of year on which most people base their values of the sight depth.) 
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The function implies that it is the lowest sight depth that requires the largest reduction of concentrations since a certain load can generate different concentrations concentration in different recipients and thereby also different sight depths (Wulff et al., 2001). In the Archipelago the minimum Secchi-depth observations are in the range of approximately 1.5 meter (Färlin, 2002). According to the equation, a 1.5-meter Secchi depth gives a nitrogen concentration of 592 mg/m3. An improvement to 2.5 meter implies a reduction of the nitrogen concentration to 426 mg/m3, i.e. by approximately 30 percent. It is therefore clear that in order to improve the sight depth by at least one meter in the whole Archipelago a reduction of the nitrogen concentration of at least 30 percent has to be made.

At present, no studies or research are available linking levels of concentration with loads for the Stockholm Archipelago as a whole. Because of that, I make the assumption that the load—concentration function for the Baltic proper can be applied for the Archipelago. In that case a 40 percent reduction of nitrogen load is required to reduce the concentration by 30 percent (Wulff, 2000). The load to the Archipelago from its river basin has been estimated to be 6,937 tons N/year. A 40 percent reduction of this amount implies a reduction of nitrogen by 2,775 ton/year, lowering the annual load to 4,162 tons.

5.6  Benefits of sight depth improvement

Two survey methods have been applied in determining the gains of sight depth improvement in the Archipelago, the contingent valuation and the travel cost method  (for a description of these methods see for example Bockstael et al., 1987, Bishop and Heberlien, 1990). The contingent study by Söderqvist and Scharin (2000) measured individuals’ willingness to pay (WTP) for an improved water quality in the Archipelago. By using a contingent valuation method survey the authors obtained a monetary estimate of the WTP for an improved sight depth. It will take at least ten years after a 50 percent load reduction before the nitrogen concentration in the Baltic proper reaches its new steady state (Wulff, 2000). Since costs are immediate and benefits are ten years ahead, the value of these benefits was discounted to present value. 

The results indicated a mean annual WTP per person of SEK 436-725. This gives us a population estimate of SEK 500-850 million/year depending on how uncertain respondents were treated (Söderqvist and Scharin, 2000). The travel-cost method (TCM) used the households travel expenditure to the Archipelago as a base for estimating a value for sight depth improvement in the Archipelago. Depending on how travel time was treated, this value ranged between SEK 59-110 millions/year (Soutukorva, 2001). A TCM-survey only measures the user value of the good in question (recreation) and does not include non-use values such as option- and/or existence values. Since the CV approach includes all three values it is more likely to represent the true value of an improved depth sight.

Contingent valuation studies are subject to a lot of criticism concerning their hypothetical way of estimating values, (see Phillips and Zeckhauser, 1989, Diamond and Hausmann, 1994). On the other hand it can be argued that benefits of this survey are likely to be underestimated since the population was limited to the citizens of the two adjacent counties (Stockholm and Uppsala) to the Archipelago (Söderqvist and Scharin, 2000). It is know that the Archipelago has a recreational value to residents in the rest of Sweden (Sandström et al., 2000). I will in this study be conservative and use the lower value of SEK 500/year million as a measure of benefits from an improved sight depth of 1 meter.

6. Capacity and Costs of Abatement Measures in the Region

Apart from the information concerning deposition and load it is also necessary to know the capacity and cost of available abatement measures in order to determine the optimal allocation of these. Several types of abatement measures are available in the region. Reducing application of fertilizers, cultivating catch crops, wetland creation and reducing discharges from wastewater treatment plants are the measures considered in this paper. Measures aimed at traffic emissions are not considered as an option due to very high costs and the fact that most of these sources are located outside our region (Gren et al., 1995). Other land use measures than catch crops are excluded in order to simplify my application and also because of data constraints (Elofsson, 1997). Change in crop mix by farmers is, for example, not possible to include since my estimates of nitrogen from farmed land is based on an average leakage coefficient from farmed land and not for each crop.  Buffer strip as a retention measure is also excluded here since it is mainly a measure for reducing phosphorous, and very ineffective in reducing nitrogen (Elofsson, 1997). Included abatement measures are characterized in the following order:

1. Reduction of nitrogen discharges from wastewater treatment plants.

2. Reduced application of fertilizers.

3. Cultivating catch crops in order to reduce the leaching of nitrogen.

4. Wetland construction to increase retention.

The effect of any kind of payments distorting the costs (such as subsidies or taxes) is in this study ignored. I assume that everything is compensated for in this economy except nitrogen. 

6.1  Abatement at wastewater treatment plants

Reducing nitrogen discharges from wastewater plants is a measure for which present capacity and costs vary greatly between plants, due to differences in reduction methods. Abatement costs are determined by reduction capacity, investment costs, and variable costs. One wastewater treatment plant in the study area (Himmerfjärden’s wastewater treatment plant) reached a 90 percent nitrogen removal rate in 1998 (Elmgren and Larsson, 2001). Their method of fluidized beds has no constraint concerning the required size of wastewater treatment plant in which it can be implemented (Bossander, 2001). This specific measure is characterized by low investment costs in relation to abatement. It is therefore assumed that using this best available technology all wastewater treatment plants in the region are capable of reducing 90 percent of the nitrogen amount they receive. Maximum possible abatement for each wastewater treatment plant is determined by how much more nitrogen a plant can reduce (in percentage of present discharges) using the best available technology.  

The abatement cost, which is determined by the necessary investment and running cost, differs between different wastewater treatment plants. The marginal abatement cost also depends on current abatement, since nitrogen abatement already takes place to some degree in all plants. It is therefore more expensive to reduce additional nitrogen for plants whose current method already allows for a high reduction level, since the marginal improvement of applying this technology is relatively small. 

Yearly variable cost was calculated by multiplying SEK 26/year by the number of people for which the plant has abatement capacity, while investment costs were given by multiplying SEK 150 thousands/year with the same (Håkansson, 1999). Adding these two costs and dividing them by the amount of reduced nitrogen gave the average abatement cost at the source, which in this study is assumed to be the same as the marginal cost based on the experience of this abatement technology at the wastewater treatment pant of Himmerfjärden (Bossander, pers. coomun). A discount rate of 5 percent together with a time preference of 2 percent is used to calculate the yearly cost assuming an expected equipment lifetime of 30 years. The calculated marginal cost for reducing nitrogen from wastewater treatment plants ranges from SEK 5-32/kg N between different plants.

In a report by the Swedish agricultural department (www.sjv.se 2000) the cost of abatement at wastewater treatment plants was estimated to be SEK 50-60/kg N.  A study by the Swedish EPA came up with the number SEK 35/kg N, a mean value for abatement cost at 42 Swedish and 3 Danish wastewater treatment plants (Sources of nitrogen discharges, 1997). In their study for the Baltic Sea, Gren et al., (1995) estimated the marginal cost to range between SEK 24,3/kg N to 40.5/kg N, based on costs at 60 Swedish and 62 Polish wastewater treatment plants. Gren et al., (1998) estimated the cost to be SEK 13/kg N in their study of nitrogen reduction to Himmerfjärden. The cost estimates of this study has and advantage of the estimates above since they’re based on the actual plants in this region and their ability of nitrogen reduction using the best available technology. 
6.2  Reduced application of fertilizers

It is assumed that nitrogen leaching can be reduced by 50 percent by decreasing the application of fertilizers (Gren et al., 1995). The abatement cost of this measure   represents the farmer’s foregone profits when applying a lower quantity of fertilizer. The change in profits consists of the change in revenue when yield changes due to the reduced application of fertilizers. These losses can be estimated, using knowledge of the demand curve for fertilizers, through changes in the farmers’ consumer surplus. A demand function is estimated by using the elasticity
[image: image101.wmf]e

,

, with information concerning price,
[image: image102.wmf]F

P

, and demand of fertilizers,
[image: image103.wmf]F

. The price for fertilizers in 1998, 
[image: image104.wmf]*

F

P

, in which the nitrogen tax of SEK1.80 is included, was SEK 8.19/kg nitrogen (Albertsson, pers. commun). Since data are not available to estimate the price elasticity of fertilizers for each sub-basin other estimates I used of such elasticity. The nitrogen price elasticity
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, for this part of Sweden was estimated by Gren et al. (1995) to be -0.71. In order to apply that elasticity on the demand of this study it is assumed to be constant represented by the following function
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It is also assumed that farmers of this area are price takers on the crop market, implying that the supply curve of fertilizers is flat. The change in consumer surplus from a reduction in the application of fertilizers is determined by assuming a tax on fertilizers leading to a price change, where the revenue of the tax is returned to the farmer lump-sum. The difference in consumer surplus for the farmer between the two price levels gives the social cost,
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For each sub-basin a social cost function,
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, can thereafter be obtained by solving the integral above.
 The cost of reduced application of fertilizers is determined by the following equation:
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which is equal to zero when 
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. This is therefore consistent with the envelope theorem implying that efficient abatement should always involve some reductions in fertilizers from the profit maximizing level (assuming that such a reduction always generates a reduction of leaching nitrogen). The cost of fertilizer reduction ranged from SEK 0-4.94/kg N at the source and SEK 0-553/kg N at the recipient, differing for different sub-basins and different levels of reduction. 

The average cost for an efficient reduction of reducing fertilizer application is SEK 2.97/kg at the source and SEK 56/kg to the recipient. Gren et al., (1995) estimated the mean value of marginal nitrogen reduction cost for fertilizers from the Baltic Proper river basin (of which the Mälar region is a part) to the Baltic Sea to be SEK 20/kg N. For the Mälar region Elofsson (1997) came up with the number SEK 63/kg N to the recipient. These differences of costs can be explained by different assumptions concerning application, leaching, and retention. They, for example, both used one retention coefficient for the whole region and not one for each sub-basin as this study does. 
6.3  Cultivation of catch crop

Land-use measures aimed at reducing the leaching of nitrogen from the root zone are another type of abatement. One example of a land-use measure is the cultivation of catch crops, which are sown at the same time as the ordinary crop but continue to grow after the ordinary crop is harvested, thereby taking up residual nitrogen in the soil, reducing the nitrogen leaching from the root zone. It is assumed that catch crop cultivation in the Mälar region can reduce the amount of leaching by 20 percent (www.sjv.se 1999). This reduction is less than in most other agricultural regions of Sweden. The greatest effect from catch crops is obtained when they can grow over the winter and thereafter be plowed down into the ground just before sowing (M. Larsson, pers. commun.). The low reduction in the Mälar region can thereby be explained by the domination of clay soils, which are not suitable for being plowed in the spring. 

The cost of catch crops for the farmer consists of seed cost, sowing cost and profit loss due to decreased harvest, and is in this region is estimated to be 380/kg ha (A. Olsson, pers. commun.). This implies an abatement cost of SEK 127/kg N for the region. Swedish EPA estimated the cost to be SEK 350/kg ha for catch crops sown in together with spring crop (1997). The cost of abatement by catch crops was estimated to be SEK 147/kg N in a report by the Swedish agricultural department (www.sjv.se, 1999). Elofsson (1997) came up with the cost SEK 99/kg N for the Mälar region, her study differs in that she assumed catch crops are able to reduce the leakage by 50 percent, instead of 20 percent. The lower cost obtained by Elofsson can therefore be explained by the fact that she used an abatement capacity, (50 percent of leakage) of catch crops that was far too optimistic for this region.
6.4  Wetland construction

Restoration or construction of wetlands as an abatement method could increase retention substantially due to various biogeochemical processes, such as denitrification, uptake in biomass and sedimentation. The capacity of a wetland to remove nitrogen is a function of its size and the amount of nitrogen entering the wetland. Taking location into consideration when constructing wetlands for purification reasons is, therefore, important. The best location of a wetland, when it comes to nitrogen reduction, is downstream from the water flow. For a more thorough description of nitrogen abatement capacity of wetlands in Sweden see Leonardsson (1993). 

Based on the study by Arheimer and Wittgren (1994) it is assumed that wetlands in this region have the capacity to reduce 16 percent of the nitrogen flow they receive. Also assuming that each hectare wetland is able to reduce the amount of nitrogen by 150 kg enables us to determine the required hectares of land transformed into wetlands for this purpose. (www.sjv.se, 1999) The inflow of nitrogen to wetlands is often largest in the winter, especially when the snow melts, during which major runoff from agriculture occurs (Syversen, 2001). Due to this, the concentration of nitrogen in the Mälar region exhibits great seasonal variations, with low concentrations in the summer (Arheimer and Wittgren, 1994). Unfortunately the retention capacity of wetlands is highest in the summer due the fact that higher temperatures promote biological activity (www.nynashamn.se, 2001). This explains the fact that the abatement capacity of wetlands is greater in the south of Sweden were these seasonal differences are less.

There is an absence of studies concerning costs and abatement capacity of wetlands in the Mälar region. One reason for this is that authorities did not receive information concerning the construction cost under the old subsidy system. This system was replaced by a new system in the year 2001, in which the authority receives information concerning this cost since part of the subsidy is paid as a fraction of construction costs.
 Since the new subsidy was put in effect recently, only 20 observations are available for estimating construction costs of this measure in the Mälar region. The opportunity cost of the land, for the farmer, is given by the cover subsidy he receives for putting cultivated land into lay and is presently SEK 2,566/ha in this region (www.agriwise.org). Management and administrative costs were not available and can therefore not be included. Dividing the fixed cost with the lifetime expectancy to get an annual fixed cost, and adding the yearly opportunity costs, generated a marginal abatement cost at the source. Cost as a function of wetland area was in this study estimated for the 20 observations obtained in the study area, assuming a life expectancy of 50 years and a time preference rate of two percent together with an interest rate at five percent (see Figure 4 below). This gives an average annual wetland construction cost of SEK 5,022/ha implying abatement cost of SEK 33.5/kg N at the source. This cost can be compared to most southern Sweden, where wetlands can reduce an average of 1,000 kg/ha to a cost of SEK 24/kg N (Kävlingeå-projektet, 2000). A study by the Swedish agricultural agency came up with the number SEK 47/kg N (www.sjv.se, 1999). 
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Figure 4: Annual costs for wetlands as a function of size.

Figure 4 illustrates the result when regressing annual cost of each wetland over their respective size. Two wetlands of extreme values concerning size (60 and 37.7 ha) are excluded from the figure to make it easier to observe the relation. It seems from the figure that the variation in costs decreases with the size of wetlands. This could indicate heteroscedasticity since the disturbance variance is not constant across observations. That would imply that the OLS-estimates are not efficient, which is confirmed by a Breusch-Pagan test.
 This heteroscedasticity can be explained by a presence of economies of scale. Soil type and digging costs have larger effects on total construction costs for smaller wetlands. Grants for constructing larger areas of wetlands might deliberately be granted to areas were these costs are smaller. The regression will therefore take into account this heteroscedasticity by using White’s method. Fixed costs are assumed since the rejection of a subsidy application for wetland construction generates cost, for the administrator as well as for the applicant. A constant is therefore included in my regression below.
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Estimated coefficients and their t-value (in parenthesis) for this function are given below.
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The high explanatory value is explained by the fact that yearly payments for replacing lost production and management obtains a larger weight when taking lifetime expectancy into consideration, and these payments are solely a function of wetland size. The assumption of fixed costs is supported by the t-value of the constant. It has to be emphasized that the low number of observations gives rise to caution when interpreting these results.

Byström (1998a) estimated the cost to be SEK 7,640 year/ha for wetland construction, while Söderqvist (1999) came up with the number SEK 7,300 year/ha. The costs in Söderqvist’s study consisted of construction costs, costs of land, as well as administrative costs, while Byström’s study included investment costs, land costs, and in some cases maintenance costs. Their annual cost is obtained using a discount rate and a time preference at three percent. Using their discount and time preference rates the cost for this study is SEK 5,220 year/ha. This lower cost of wetland construction for the Mälar region, might be explained by the fact that most wetlands in Söderqvist’s and Byström’s studies were of a smaller size giving larger weights to initial digging costs. A major part of the construction cost in Söderqvist’s study consisted of administrative cost. These costs were not available in this study but should not be of the same magnitude since the policy is different (C. Söderäng, pers. commun.). 

In their study for nitrogen reduction to Himmerfjärden (a coastal bay of the Archipelago) Gren et al. (2000) used the figure SEK 3,000/ha wetland. Gren et al., (1995) calculated the cost to be SEK 3,340/ha if discount is four percent and SEK 5,050/ha if discount rate is seven percent. Unlike my estimates these last three cost estimates for wetlands were not based on actual observations within this specific region.

The positive externalities of wetlands have to be mentioned even though this value his not accounted for in this study. Apart from reducing nitrogen, wetlands generate benefits of ecological services, recreation, esthetic etc. Studies like the one by Cravener (1994) have obtained values of these benefits by applying the contingent valuation method. Including benefits would imply a lower abatement cost of this measure.

6.5  Summary over abatement measures

In table 2 below abatement cost for the different measures at the source as well as at the recipient are summarized. The ranges of costs to the recipient are explained by the differences of impact between sub-basins. The marginal abatement cost for a certain measure is as a rule higher in upstream sub-basins. 

Table 2: Abatement costs based on 1998 price data

	Measure
	Marginal cost at source/applied kg
	Marginal cost at recipient

	Fertilizer reduction
	0-4.93 SEK/kg
	0-514 SEK/kg

	Catch crop
	127 SEK/kg
	141-1,984 SEK/kg

	Wetland creation
	 33.5 SEK/kg
	33.5-105 SEK/kg 

	Wastewater plant
	5-32 SEK/kg
	9-38 SEK/kg


It can be seen, when comparing the abatement cost at the source, that for three of the measures (wetlands, fertilizers, and wastewater treatment) they are close, while catch crops is an extremely expensive measure in this region. Differences are even more accentuated when observing the cost of reducing one unit of nitrogen at the recipient, in which the same measure differs in cost between different sub-basins. For fertilizer reduction and catch crop this cost increases in the presence of downstream measures. 

7. Results 

Using the information from the previous section allows for solving the problem of a nitrogen load reduction to the Archipelago. Since this study concentrates on the eutrophication of the Archipelago the objective is to reduce the final load to this recipient, ignoring the impact of nitrogen on Lake Mälaren as well as the Baltic Sea. These results were obtained by using GAMS modeling program (Brooke et al., 1992). Results for the three different approaches are presented in this chapter.

7.1  Total and Marginal Cost Functions

First the minimum total cost for different load reduction targets are presented in Figure 5. It is, due to my assumptions, restrictions and parameter values, impossible to reduce the nitrogen load to the Archipelago by more than 54 percent. Total costs increase rapidly for reductions above 45 percent, due to the limited capacity of low-cost measures. At higher levels of reduction the high-cost measures aimed at the agriculture sector in distant sub-basins have to be implemented. 
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Figure 5: Total costs for different reduction levels.

Reduction by fertilizer as an abatement measure is always included for any given target due to the characteristics if its cost function. Very small reductions of fertilizer application are actually costless due to our assumption of a profit-maximizing farmer, i.e. 
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. Abatement by this measure will therefore take place in all regions for any given level of reduction. Abatement at wastewater treatment plants and reductions of fertilizer application are the only measures taken for reductions under 40 percent, after which wetlands are added as an abatement measure. Catch crops are not cultivated until the reduction level reaches 50 percent.

The marginal cost for a cost-effective nitrogen reduction to the Archipelago can be seen in Figure 6 below. This cost representing the shadow price of the constraint follows the same pattern as total cost, i.e. increasing at an increasing rate for higher targets. The marginal cost is the same for reduction levels between 20-32 percent, which can be explained by the fact that between these values all marginal abatement should be undertaken by one wastewater treatment plant in region 6. 
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Figure 6: Shadow price of the target constraint at different reduction levels.

How different reduction targets affect costs is obvious from the figures above. Small changes in targets might have a large impact on the cost at certain ranges. The final additional five percent reductions cause a doubling of total costs, and a nearly twenty-fold increase in shadow price from SEK 105/kg N to 1,984/kg N (the later number not illustrated in Figure 6). Costs are therefore very sensitive to small changes of targets at certain ranges, which is explained by the functional forms I have chosen for my abatement costs. The shape and magnitude of the total and marginal costs are reflected in the results for the different approaches being presented below. 

7.2  The efficient load

In the efficiency approach optimum is reached when the marginal benefits,
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, of nitrogen deposition equal marginal costs in terms of lost value, which were described in section two. This approach required estimates of the marginal cost and marginal benefit of a certain load. The marginal cost is calculated using the GAMS result and is illustrated in Figure 6 above. Since the WTP estimate is a point estimate for a 1-meter sight depth improvement a constant marginal benefit has to be assumed in order to retrieve a solution for this problem. This marginal benefit has to be derived by connecting the estimated benefits of such a sight depth improvement with the required nitrogen load reduction.

Marginal benefit for a 1-meter sight depth improvement is obtained by dividing the reduced amount of nitrogen (of 2,775 tons) by the benefit of that improvement, being SEK 500 millions. This gives us an estimated marginal benefit of a nitrogen load reduction of SEK 180/kg N. In order to be able to determine an efficient load having a point estimate of the marginal benefit it is assumed that the marginal benefit is constant at SEK 180/kg N regardless of reduction level. To reach the efficient level of nitrogen load, reductions should be made as long as the shadow price of reducing one kilo of nitrogen to the Archipelago is less than SEK 180/kg N. By comparing this marginal benefit of SEK 180/kg N to the marginal cost for the recipient in Table 2 it can be seen that abatement by wastewater treatment plants and wetlands should be applied up to their capacity constraint

Net benefits are maximized by reducing the current load by 50.24 percent, at which the shadow price equals the marginal benefits of SEK 180/kg N, which is illustrated in Figure 6. This implies a load reduction of 3,484 tons N/year at an annual cost of SEK 111 millions. The gain from this reduction is valued at SEK 627 millions/year, generating a net benefit of SEK 516 millions/year. 

Wastewater treatment plants reduce their discharges up to their capacity constraint, or by 80 percent (4,000 tons). That wastewater plants make the largest reduction is logical considering their low cost and high impact and that they account for the largest part of the discharges. Wetlands also reduce up to their full capacity, implying a reduction of the discharge to water by 500 ton. In order to reach this reduction, 3,334 hectares of land are transformed into wetlands, which accounts for approximately one percent of the arable land. Reduction of fertilizers should be done in all sub-basins but to a larger extent by the one close to the recipient. The application of fertilizers is reduced by 30 percent. Catch crops are only cultivated in one of the nine sub-basins of region 6, the one with the lowest retention.

In order to achieve a cost-efficient reduction of the nitrogen load to the coast, sources located downstream of large lake systems are targeted. This implies that measures taken upstream of Lake Mälaren are less efficient, due to their limited impact on the final load, than those in region 6. This can be seen in Figure 7, where each catchment’s nitrogen load to the Archipelago before and after measures is illustrated.
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Figure 7: Nitrogen load to the Archipelago from different catchments with and without regulation.

The distribution of reduction between the regions in Figure 7 is determined by their differences concerning sources, impact, and capacity limits of measures. That region 6 accounts for the largest reductions (40 percent) is explained by the large amount of discharges from wastewater treatment plants from this region as well as the fact that measures in the other regions are subject to the nutrient sink capacity of Lake Mälaren.

Turning from the allocation of measures to the one of cost, it is not surprising to see that it follows the same pattern. The allocation of total cost between regions and measures is presented in Table 3 below. 

Table 3: Allocation of nitrogen reduction costs between measures and regions, in thousands SEK/year.
	Region
	Costs of N-reduction to the Archipelago 
	Total: region

	
	Wastewater
	Fertilizers
	Wetlands
	Catch crops
	

	1
	4 496
	2 346
	4 189
	0
	11 031

	2
	9 160
	4 233
	3 920
	0
	17 313

	3
	1 530
	3 446
	 1 668
	0
	6 644

	4
	4 047
	8 522
	3 416
	0
	15 985

	5
	326
	2 598
	481
	0
	3 405

	6
	38 203
	12 557
	3 068
	2 877
	56 705

	Total: measure
	57 762
	33 702
	16 742
	2 877
	111 083


Reduction at wastewater treatment plants accounts for 52 percent of the total costs. Foregone profits caused by fertilizer reduction accounts for 30 percent and construction of wetlands for 15 percent of total costs, while finally catch crops account for three percent. Not surprisingly, 51 percent of the total cost is taken by region 6.

7.3  Abatement for a 50 percent reduction

Results indicate that a 50 percent reduction of the nitrogen load to the Archipelago can be achieved at a cost of 108 million/SEK/year. The nitrogen load reduction to the Archipelago will in this case be 3,468 tons N/year. In Gren’s study (1993) for this region a 50 percent reduction was reached at a cost of SEK 157 millions/year with an absolute load reduction of 4,390 tons of N, implying a lower cost per kilo reduced nitrogen. The constraint’s shadow price
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 for this level of reduction is SEK 163/kg N. This result suggests that this target is not efficient since at that level the marginal cost of SEK163/kg N is less than the marginal benefit of SEK 180/kg N. Gren et al. (2000) obtained the value of SEK 34/kg N for a 50 percent reduction to Himmerfjärden from its adjacent drainage basin. For a 50 percent reduction to the whole Baltic, Gren et al. (1997) estimated the shadow price to be SEK 576 /kg N. 

As in the efficiency case, wastewater treatment plants and wetlands reduce up to their full capacity. However, since fertilizers are reduced to a less extent and fewer catch crops are cultivated, wetlands will in this case reduce more in absolute terms (507 instead of 500 tons), due to the interdependency between these measures. The application of fertilizers is reduced by 28 percent. Catch crops are cultivated in the same sub-basin of region 6 as in the efficiency case. Catch crops accounts for 0.5 percent of the load reduction.

7.4  Net benefit of a 1-meter sight depth improvement

The efficiency approach above assumes knowledge concerning the shape of the marginal benefit curve. As mentioned before the WTP estimate was a point estimate only providing information concerning the marginal benefit of a 1-meter sight–depth improvement,
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. This approach is therefore expressed as reducing the load enough to enable this specific improvement of sight depth in most parts of the Archipelago. The objective must therefore be to minimize the cost for that specific nitrogen load generating the sight depth improvement for which benefits were revealed. The only change from the problem in the approach above is that the necessary target to reach the improvement replaces the 50 percent reduction target. The net benefit of that target can then be determined. Benefits minus costs of the sight-depth improvement gives the net benefits, which is illustrated in the following equation.
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If the cost to reach this improvement is less than or equal to the willingness to pay, positive net benefits are possible.

In this case it is assumed that the marginal benefit of SEK 180/kg N only holds for a 1-meter sight depth improvement. The required load reduction to obtain this improvement is 2,775 ton/year (i.e. a 40 percent load reduction), which can be reached at a cost of SEK 59 million. This reduction generates net benefit of SEK 441 million, since the value of the sight depth improvement was estimated to be SEK 500 millions/year. In this case it can therefore be beneficial for society to reduce the nitrogen load enough to generate a 1-meter sight—depth improvement. Under this target, wastewater treatment plants, fertilizers, and wetlands account for the total reductions of 91, 8.5 and 0.5 percent respectively, while catch crops should not be implemented as a measure. Wetlands should only be constructed in one sub-basin of region 6. The shadow price of the target constraint is SEK 33/kg N. If marginal benefits were constant as in the efficiency case this shadow price would imply that gains could be made by further load reduction since it is less than the marginal benefit of SEK 180/kg N.

7.5   Summary results

By applying the model on the Stockholm Archipelago an optimal allocation of abatement measures for different targets has been obtained. Results are not surprising, keeping the model and the characteristics of the area in mind. Measures should be applied where they have the greatest capability of reducing the final load to the Archipelago at the lowest cost. The allocation of measures differs depending on the approach taken, as is illustrated in Table 4 below. Costs and benefits of each approach are also accounted for in this table.

Table 4: Summary of results for the different approaches.

	
	Efficiency
	1-meter sight depth improvement
	50 % reduction

	Reduction 
	3484 ton
	2775 ton
	3468 ton

	Wastewater 
	74.5 %
	91 %
	75 %

	Fertilizers 
	17.5 %
	8.5 %
	17 %

	Catch crops
	0.5 %
	0 %
	0.5 %

	Wetlands 
	7.5 %
	0.5 %
	7.5 %

	Total Costs
	111 Millions SEK
	59 Millions SEK
	109 Millions SEK

	Marginal Cost

Total Benefits
	180/SEK kg

627 Millions SEK
	33/SEK kg

500 Millions SEK
	163/SEK kg

624 Millions SEK

	Net-benefits
	516 Millions SEK
	441 Millions SEK 
	515 Millions SEK


As can be seen from the table, several millions can be gained by using the efficiency approach. The marginal cost curve of Figure 6 is reflected in difference in marginal cost between the efficiency target and the 50 percent reduction target despite a relatively small difference in load reduction. It must be emphasized that large uncertainties are present both concerning used parameter values and applied relations, implying that these results should be regarded with great caution. A sensitivity analysis is therefore in order and is also performed later in this paper.

8.  Policy Instruments

The way to achieve the optimal allocation of abatement is by setting the right charges or permit ratios for each measure in each sub-basin. As was shown in the theoretical part, charges are determined by multiplying the marginal benefit, 
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In the efficiency case this marginal benefit of a nitrogen reduction at the recipient is 180 SEK/kg. This is what individuals demand in compensation to offset the reduced benefits of sight depth caused by an increase in the nitrogen load to the Archipelago by one kg. The optimal charge for each measure in each sub-basin is obtained by multiplying this number by the actual impact on the recipient of a deposition. This way each reduced kilo of nitrogen to the Archipelago is given the same weight, in terms of charges or subsidies, implying that each SEK, in terms of either charge or subsidy, generates the same reduction at the recipient. For example, reducing one kilo of leaching nitrogen, by cultivating catch crops in catchment area 5, generates a reduction in the load by 39.6 percent of that amount. By multiplying 180 by 0.396 we get the efficient subsidy for catch crops in this area:
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The efficient subsidy for catch crops in this sub-basin is SEK 71.28/kg N, which is the same as SEK 213,8/ha catch crops. Since the abatement cost of catch crops is SEK 127/kg N (SEK 381/ha) the farmer in region 5 chooses to not apply this measure. The efficient charges for different catchments are displayed in table 5 below. In the case of fertilizers charges are set for each kilo nitrogen applied and not leached which explains the difference compared to catch crops.

Table 5: Charges at nitrogen emission sources for an efficient reduction.

	Region
	Wastewater SEK/kg
	Fertilizers SEK/kg
	Catch crops

SEK/kg
	Wetlands SEK/kg

	1
	58
	1.5-4.4
	9-29
	58

	2
	63
	1.6-4.8
	11-32
	63

	3
	79
	4-6
	27-40
	79

	4
	95
	2.4-7.2
	32-48
	95

	5
	139
	11.4
	76
	139

	6
	180
	13.6-18.1
	91-136
	180


The range of charges on fertilizers and catch crops for all catchment areas except 5 is due to the fact that these regions can be divided into several sub-basins differing with regard to final impact on the Archipelago. Wastewater treatment plants and wetlands in region 6 are subject to the highest charges since they have the largest impact on the target. 

Measures are applied as long as the charge exceeds the marginal cost of reduction at the source (SEK 180) or until their capacity constraint is reached (see the first order conditions, equations 11-14). By comparing these figures with the marginal abatement costs in Table 2 it can be determined what measures will be implemented and in which sub-basins. Wastewater treatment plants reduce their discharge of nitrogen as much as possible since the charge is higher than their abatement cost in all regions. The subsidy for wetland creation exceeds the cost in all regions and should therefore be used as an abatement measure up to its capacity constraint. Measures of reducing fertilizers are not taken in some areas since their cost exceeds the charge. Catch crops are only cultivated in region 6. These charges/subsidies therefore generate a market equilibrium that coincides with the optimal allocation of abatement measures described above. 

Charges will be different for the two other targets due to the differences in shadow price of the constraint. This implies that charges are lower for all measures in all regions for a 50 percent reduction and even less for a 1-meter sight depth improvement.

Another tool to reach the optimal allocation is the use of tradable permits. The theoretical part of this study demonstrated how to determine the optimal number of permits. This permit would in the case of catch crops and wetlands imply an offset. That is, if a farmer creates a wetland he will receive permits for nitrogen deposition according to the reduction on the final load by that wetland. The less impact a source has on the recipient the more nitrogen deposition the permit allows. In table 6 the trading ratios between different abatement measures in different sub-basins are illustrated. Those abatement measures of region 6 not being subject to retention are the numeraires. Since these measures have the largest impact on the load to the Archipelago, the trading ratio against other measures is greater than one.

Table 6: Trading ratios between measures. 

	Region
	Wastewater 
	Fertilizers 
	Catch crops
	Wetlands 

	1
	3.1
	41.4 - 124
	6.2 – 18.6
	3.1

	2
	2.6
	37.8 – 113.4
	5.7 - 17
	2.6

	3
	2.3
	30 - 45.1
	4.5 – 6.7
	2.3

	4
	1.9
	25 - 74.9
	3.7 – 11.2
	1.9

	5
	1.3
	15.9
	2.4
	1.3

	6
	1
	13 - 17.4
	1.3 – 2
	1


Table 6 implies that 1 permit for wastewater in region 6 is worth 3.1 permits in region 1. If a plant in region 1 buys one permit from a plant in region 6 it allows him to discharge 3.1 kilos of nitrogen from his plant. These ratios have a similar function as exchange rates have in determining the values of different countries currency. Trading ratios between permits are the same in all three cases as was concluded in the theoretical part. As in the case of charges/subsidies the trading ratio for fertilizers are with regard to applied amount and not to leakage of nitrogen.

It has hereby been illustrated how the efficient charges described in the theoretical part will generate the optimal allocation of nitrogen abatement in this region. Next a brief description of the current policy instruments is made.

In this region 50 percent of the construction cost of a wetland can be subsidized including a yearly payment of SEK 3,000/ha to the landowner as a compensation for the opportunity cost of the land, while SEK 800 ha/year is given for management of the wetland in the case it is necessary (Söderäng, pers. commun). Since this form of subsidy is relatively new it is yet to early to say what affect it has had on the nitrogen flow in this region. The tax on fertilizers in 1998 was SEK 1.80 kg/N and is uniform for the whole of Sweden (The Natural Environment in Figures 2000, Statistics Sweden). This tax is included in the price of fertilizers used in my calculation of abatement costs for this measure, implying that any charges on fertilizers should be added to the initial price of SEK 8.19/kg N. Based on the cost-functions for fertilizers above, and its underlying assumptions, the application of fertilizers would be approximately 19 percent higher in the absence of this tax. A subsidy on SEK 900/ha for catch-crops cultivation exists for certain parts of Sweden, however not for this region, motivated by the low effect they have on reducing leakage in this part of the country (The Swedish Board of Agriculture 1999). Nitrogen discharges from wastewater treatment plants located by the coast south of Norrtälje are regulated by limited by law. On a yearly average plants connected to over 100 thousands individuals are not allowed to discharge more than 10 mg nitrogen/liter while those connected to less cannot exceed 15 mg nitrogen/liter (www.environ.se). Other plants in the region are only obliged to use some kind of nitrogen abatement. These policies do not create any incentives for plants to further reduce their nitrogen discharges, which might explain their reluctance to invest in better abatement technology.

9. Sensitivity Analysis

In this section I examine how robust the result is against changes in parameters. Mainly parameters with large uncertainties or based on questionable assumptions (such as retention, certain abatement costs and measures capacity) are altered. There are large uncertainties related to the retention parameters. It is therefore of interest to determine the model’s robustness against changes in these parameters. Since our result implies that the major part of reductions should be taken at wastewater plants it is also of interest to investigate the parameters of that specific measure. Assumptions concerning these parameters are therefore likely to have a significant effect on total cost. The reference case, being the efficiency approach, is compared to the following four scenarios. 

1. Decreased retention.

2. Increased retention.

3. Increased wetland abatement.

4. Increased costs at wastewater treatment plants.

5. Reduced marginal benefit values.

By decreasing the retention parameter by 25 percent the effects on costs and allocation of measures can be observed (case 1 in Table 4 below). A lower retention will affect the total cost of the model in two opposite ways. First it generates a higher load to the Archipelago due to increased impact of land depositions, which will require a larger reduction of the nitrogen load in absolute numbers, and thereby a higher cost. Secondly it decreases the marginal cost to the recipient by fertilizer reduction and land use measures since their impact on the final load increases. Total cost in this case is approximately 16 percent higher than in the base case implying that the former of the two effects above is dominating. The same conclusion holds for a reduction in the nitrogen sink capacity of Lake Mälaren with the exception that wastewater treatment plants and wetlands located by the lake are affected as well.

The reverse effect occurs in the scenario of increased retention (case 2), increasing the costs of reductions from land based measures, while at the same time reducing total load to the Archipelago and thereby also the target expressed in tons. At this target, for which the total cost is less than in the base case, wastewater treatment plants accounts for 80 percent of the reduction, while the other measures decreased their share of the load reduction.

Results from studies concerning the wetland have presented a wide range of different numbers with regard to the abatement capacity. It is therefore of interest to determine the effects of a change in this parameter. If wetlands were capable of reducing 50 percent of the received nitrogen load total costs would decrease by a fifth (case 3). This is explained by an allocation from the relatively more expensive abatement measures of fertilizer reduction and catch crop cultivation, to abatement by wetlands.

Table 7: Changes in costs and allocation due to parameter changes. 

	Case
	Cost mil. SEK
	Marginal Cost
	Load reduction by measure (%)

	
	
	
	Wastewater plants
	Fertilizer
	Wetlands
	Catch crop

	Base
	111
	180
	74.5
	17.5
	7.5
	0.5

	1
	129
	190
	70
	21
	8
	1

	2
	91
	137
	80
	13.5
	6.5
	0

	3
	89
	63
	74.5
	10
	15.5
	0

	4
	169
	180
	74.5
	17.5
	7.5
	0.5

	5
	63
	36
	87.5
	8.5
	4
	0


A doubling of the wastewater abatement cost generates a 50 percent increase in total cost, but no changes concerning the allocation between measures (case 4). The allocation of measures is therefore very robust against changes in this parameter.

Looking at the estimated benefits of sight depth we can use the lower results of the TCM study indicating a value around SEK 100 millions/year. Using this exact number gives us a constant marginal benefit of SEK 36/kg N year. Unlike the other cases this one changes the actual target of the decision rule. An efficient reduction is reached at 41.7 percent of the total load to a cost of SEK 63 Millions/year (see case 5). According to our assumptions this reduction would generate a 1-meter sight-depth improvement in the Archipelago. In this case a larger fraction of the reduction can be achieved by wetlands, reducing the share of the others.

The conclusion from the sensitivity analysis is that changes in cost parameters for abatement at wastewater treatment plants and wetlands mainly affect total costs while allocation between measures is to a larger extent affected by changes in the abatement capacity parameters and in the assumptions concerning actual retention. The allocations between measures are more robust against changes than total cost, under the base case. The effect changes in the retention parameter have on total costs is to a larger degree explained by their effect on final load than the effect such changes have on the impact of different abatement measures.

10. Conclusion and Discussion 

In this study costs for nitrogen reductions from the river basin of the Stockholm Archipelago have been calculated and connected to the benefits of an improved water quality in the same. The calculations of the nitrogen load as well as the abatement costs have taken the final impact on the recipient into consideration for each sub-basin. 

Abatement measures included are reduced discharges from wastewater treatment plants, reduced application of fertilizer nitrogen, cultivation of catch crops, and finally construction of wetlands. Marginal abatement costs for the first two of these measures were calculated for the 33 sub-basins of the region, while costs for the later were calculated for the whole region. The impact of leaching nitrogen was calculated for each sub-basin with regard to its retention as well as the nutrient sink capacity of Lake Mälaren. In the studied region direct discharges, mainly by wastewater treatment plants but also by industrial discharges and atmospheric deposition over water, account for the largest part of the load to the Archipelago (68 percent). If an efficient nitrogen load is to be achieved all four measures have to be implemented to various degrees in the different sub-basins. 

Comparing the results of the three different approaches in reducing the nitrogen load to the Stockholm Archipelago gives some insight considering the importance of determining policies with caution. Three policies were specified: (i) an efficiency target in which nitrogen load is reduced until marginal costs equal marginal benefits, (ii) a 50 percent reduction of nitrogen load according to the politically determined target for the Baltic Sea as a whole, and finally (iii) reducing the load enough to generate a 1-meter sight depth improvement in the Archipelago. 

The different targets give different results concerning allocations of abatement measures, mainly due to the fact that they require different levels of load reduction, with the efficiency target (i) requiring the largest amount of reduction. Net benefits are of course largest for this target. The 1-meter sight depth improvement, target (iii), requiring a 40 percent load reduction is the least expensive to achieve but generates lowest net benefit. The differences in total costs between the three targets is explained by the fact that low cost abatement measures reach their capacity constraints at these ranges (40-51 percent, see Figure 6). Allocation of costs and abatement measures in different sub-basins was estimated for all three policies. Abatement by wastewater treatment plants and reduction of fertilizers were shown to be very cost-efficient, followed by wetlands. Catch crop cultivation has been proven more expensive and therefore less attractive. Measures in sub-basins distant from the recipient are less attractive due to their lower impact on the Archipelago. 

Net benefits were positive for all three targets, but largest for the efficiency target, which is in accordance with its definition. The efficiency target required a 50.2 percent load reduction, while a 40 percent reduction was required for a 1-meter sight depth improvement. The politically determined 50 percent reduction target is not so much less than the efficiency target, but implies lower charges due to the 10 percent lower shadow price of the constraint. The results indicate that very similar target levels might differ substantially with regard to marginal cost. This is important to keep in mind when goals are politically determined, and chosen without regard to their costs and benefits.
Previous studies have come to the conclusion that an efficient reduction of nutrients to the Baltic Sea implies that abatement to a large degree is done in Polen (Gren et al., 1995, Gren et al., 1996). These studies focus on the eutrophication of the Baltic Sea and not the state of a specific coastal zone. Many coastal zones around the Baltic exhibit great recreational values. Using the eutrophication level of these areas as a target might indicate that there is a limit on how much of a river basin’s abatement that can be allocated to other areas and countries of the Baltic in order to protect these recreational values. Whether to use the Baltic or the coastal zones as target areas might therefore generate different allocation of abatement between countries and river basins.

Disregarding the differences in impact between the sub-basins and instead treating the impact of all flows equally when determining a reduction policy generates great losses of cost-efficiency. In the efficiency case it would cost SEK 242 millions instead of SEK 111 millions a year when disregarding the differences of impact and just using the average impact for the whole river basin of 57.5 percent. That is, to reach the target would in such case be more expensive. The difference in costs indicates the gains to be made when dividing into a smaller geographical scale.

Which conclusions are most robust? It would demand significant changes in the data and assumptions to create a situation in which no reduction of the nitrogen load would generate net-gains, implying the present level of nitrogen load to the Archipelago is too high. The ranking between different sub-basins impact on the recipient I take as robust since any kind of variations of the retention occurs simultaneously for a region of this scale (see Arheimer et al., 1997). The ranking between measures might not be as robust since many assumptions and questionable data underlie these estimates. It is however clear that the cultivation of catch crop is a very expensive measure in this region due to its low abatement capacity and high cost for the farmer.

The importance of taking the characteristics of different sub-basins into consideration when searching for a way to reduce the nitrogen load in a cost efficient way is one of the main conclusions of this study. The sources should be managed with regard to their impact on the recipient and not their deposition, this impact being a function of the different characteristics of each sub-basin. The interdependency between measures is also important to include when determining the impact of a measure.  

One of the main objectives of economic analysis according to the EU water-directive should be to ‘contain enough information in sufficient detail (taking account of the costs associated with collection of relevant data) in order to make judgments about the most cost effective combination of measures in respect of water uses to be included in the programme of measures under article 11 based on estimates of the potential costs of such measures’. (EU water directive 2000) It is my opinion that this paper has presented such an analysis.

However, this study, like most, is not without its flaws. These shortcomings have to be accounted for, in order to prevent the results being interpreted (and maybe used) in the wrong way. 

One of these shortcomings is caused by the fact that seven of the sub-basins in this study are not directly adjacent to either Lake Mälaren or the Archipelago. This gives rise to some errors regarding the estimates. The problem arises due to the direct discharges of these basins, which accounts for 16 percent of total direct discharges. These discharges are obviously subject to the nutrient sink capacity of the water systems they pass on their way to Mälaren (e.g. the last part of a river or Lake Hjälmaren). There are, however, no data available concerning that sink capacity, which is the reason for me treating them as direct discharges into Mälaren. This implies that the calculated load, and thereby impact and capacity of measures, are to some extent overestimated for these basins. Total load to the Archipelago from direct discharges in these sub-basins would be lower if information was available and incorporated into the model, giving similar effect, but to a less degree, as the case of increased retention in the sensitivity analysis (case 2).

The cost estimates of the abatement measures are based on assumptions of biological, physical and economic character, such as retention, abatement capacity limits and homogeneity of abatement costs at the source. The degree of uncertainties, with regard to these parameters, has to be emphasized. The actual values of estimated results should therefore be considered with caution. That is, the exact amount of measures to be taken in order to reach the goal should be used with caution, while the allocation in between measures can be regarded with less caution.

The deterministic approach assuming a static load of nitrogen to the Archipelago can be misleading if damages are nonlinear in loadings, as is likely for water quality. Not just the mean but also the variance of the distribution of loadings to the recipient is important in such case (See Letson et al., 1993).

It must also be emphasized that estimated nitrogen load in this study excludes atmospheric deposition over the Archipelago’s water body as well as the inflow of nitrogen from other coastal basins. The estimated load only represents nitrogen discharges from sources within its river basin. This might cause an underestimation of required reduction since our nitrogen concentration reduction is expressed as a percentage. Targeted nitrogen load should therefore be expressed in the exact amount of nitrogen load necessary to reduce in order to reach the required concentration level. If these sources were included costs of reaching the different targets would be higher and probably require other, more expensive, abatement measures to be included. 
It is, due to the complexity of nitrogen transportations between different basins of the Baltic Sea, unlikely that the targeted reduction to the Archipelago can be achieved solely by measures within its drainage basin. A reduction of the load from its river basin exceeding 30 percent would probably lead to an inflow of nitrogen to the Archipelago from surrounding coastal- and sea basins of the Baltic (Wulff, pers.  commun.). Therefore, any further reduction has to be taken in other areas around the Baltic in order to reduce the nitrogen inflow to the Archipelago.

Including transaction costs would probably alter the optimal allocation of abatement measures. Transaction costs are implementation costs, administration costs and monitoring costs. Transaction costs differs depending on which pollution source that is targeted as well as the chosen policy (for example, whether taxes or tradable permits are used). It is probably easier to monitor appliance for catch crop cultivation than fertilizer reduction, since farmers apply for catch crops subsidy but taxes on fertilizers are added to the price. To have different taxes on fertilizers in different sub-basins is likely to include great transaction costs. Different subsidies in different sub-basins should not be hard to apply and administrate and only imply small transaction costs. The same goes for transaction costs concerning wetland construction subsidies. In summary, the inclusion of transaction costs would probably work in the favor of abatement by wastewater treatment plants, and to some extent wetlands and catch crops but against reduction of fertilizers.

It has in this paper been assumed that the only imperfection on the market concerns the lack of internalizing the negative externalities caused by the nitrogen load to the Archipelago. Several markets of the studied area in this paper are exhibits significant imperfections. The agricultural market in specific is characterized by an abundance of taxes, subsides, regulations etc. It is hard to tell how the consideration of these imperfections would affect the result. It has been proven that wetlands provide positive external benefits in form of such things as biological diversity, recreation, aesthetic values, hunting opportunities, etc (see e.g. Cravener 1994, Gren and Söderqvist 1994, Söderqvist and Lewan 1998). These benefits have been excluded in the calculation of the abatement cost of wetlands in this study. Including these benefits would reduce the abatement costs of this measure. 
The EU water directive clearly emphasizes the importance of working from a river basin perspective. It states that future water planning should be done from a river basin approach in which the natural border of water flow is followed. River basin districts consisting of one or several drainage basins will be the new administrative unit. River basin agencies are assigned on national level, and are responsible to achieve the given targets concerning water quality. This gives them responsibility for water, from the divider all the way to the coast.
 My study confirms the need to use a river basin perspective when dealing with water pollution issues, in order to obtain maximal environmental gain per invested crown. The success of such management will depend on the availability of data and reliable models of pollutant transportation. Any improvements in the understanding of pollutant transportation will increase the benefits generated by the approach described above. Further research in this area is therefore of great importance.
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 APPENDIX 

Appendix A: Footnotes

Footnote 5: 
Since by definition it must be that
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Appendix B: Cost estimates for reduced application of fertilizers

Using information concerning the demand
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, of fertilizers the following function can be used to derive a price function for fertilizers.
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 From this prices can be calculated as a function of fertilizer demand and elasticity as:
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We can thereafter use this function to determine the prices of fertilizers required to reach the wanted level of demand. We have the current quantity and price of fertilizers,
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. The supply curve of fertilizers is assumed to be flat. The social cost, 
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Solving the integral gives us 
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Substituting in the demand function for 
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This yields us the social cost function
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The price of fertilizers,
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, used is the price of 15.5% calcium nitrate, being Sweden’s most commonly used nitrogen fertilizer. 
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SEK 8.19/kg N in 1998 (Albertsson, pers. commun.) It is in this approach assumed that a reduction in crop production by the farmers in this region does not affect the market price of crops since they are acting on a world market.

Appendix C: Cost estimates for wetlands

Model: OLS
MODEL COMMAND:

REGR; LHS= C; RHS= ONE, HA; RES=E
	Variable
	Coefficient
	Std. Error
	t-ratio
	p-value

	ONE
	5.8822
	1.569
	3.749
	0.0015

	HA
	2.0607
	01853
	11.121
	0.0000


Appendix D: Nitrogen flows between the basins:

Table 1: Coefficient matrix for nitrogen transports in the lake basins of Mälaren and to the Archipelago (%).
	Basin
	1
	2
	3
	4
	5
	6

	
1

	1
	0.95
	0
	0
	0
	0

	2
	0
	1
	0.76
	0
	0
	0

	3
	0
	0
	1
	0
	0.58
	0

	4
	0
	0
	0
	1
	0.69
	0

	5
	0
	0
	0
	0
	1
	0.77

	6
	0
	0
	0
	0
	0
	1


Appendix E: GAMS cost minimization program:

$TITLE NITROGEN REDUCTIONS FOR THE ARCHIPELAGO DRAINAGE BASINS

**************************************************************

* APPLIED MATHEMATICAL PROGRAMMING

**************************************************************

OPTION LIMROW=0;

OPTION LIMCOL=0;

OPTION DECIMALS=3;

OPTION SYSOUT=OFF;

OPTION SOLPRINT=ON;

$onupper

SETS

O DRAINAGE BASINS AND NUTRIENT SOURCES

/ARBOGAN1, ARBOGAN2, HEDSTR, KOPINGAN,

KOLBAN1, KOLBAN2, NAROMRA,

SVARTAN, TALJEAN, ESKILSAN6, ESKILSAN3,

SVARTAAN, SAGAN, NAROMRB,

RACKSTAN, NAROMRC,

ORSUNDAN, FYRISAN1, FYRISAN2, FYRISAN3,

FYRISAN4, OXUNDAN, NAROMRD, NAROMRE,

BROSTR, NORRTAN, COAST2, AKERSTR, COAST3

COAST4, TYRESAN, COAST5, TROSAN/

A(O) CATCHMENT REGION FOR LAKE BASIN A

/ARBOGAN1, ARBOGAN2, HEDSTR, KOPINGAN,

KOLBAN1, KOLBAN2, NAROMRA/

B(O) CATCHMENT REGION FOR LAKE BASIN B

/SVARTAN, TALJEAN, ESKILSAN6, ESKILSAN3,

SVARTAAN, SAGAN, NAROMRB/

C(O) CATCHMENT REGION FOR LAKE BASIN C

/RACKSTAN, NAROMRC/

D(O) CATCHMENT REGION FOR LAKE BASIN D

/ORSUNDAN, FYRISAN1, FYRISAN2, FYRISAN3,

FYRISAN4, OXUNDAN, NAROMRD/

E(O) CATCHMENT REGION FOR LAKE BASIN E

/NAROMRE/

F(O) CATCHMENT REGION FOR ARCHIPELAGO F

/ BROSTR, NORRTAN, COAST2, AKERSTR, COAST3,

 COAST4, TYRESAN, COAST5, TROSAN/

BAS BASINS

/A, B, C, D, E, F/

M LAND USE IN WATERSHEDS

/ARABLE, FOREST, LAKE, OTHERS/;

TABLE MARK(O, M) ALLOCATION OF LAND USE KM2

              ARABLE    FOREST    LAKE      OTHERS

ARBOGAN1       57        738       99        133

ARBOGAN2       258       1750      185       387

HEDSTR         63        747       87        117

KOPINGAN       40        153       14        59

KOLBAN1        33        1596      196       306

KOLBAN2        65        495       77        206

NAROMRA        93        152       61        55

SVARTAN        160       773       92        234

TALJEAN        277       286       3         135

ESKILSAN6      277       824       528       132

ESKILSAN3      31        46                  17

SVARTAAN       118       441       28        118

SAGAN          227       423       7         88

NAROMRB        165       270       306       98

RACKSTAN       31        181       12        19

NAROMRC        360       591       500       215

ORSUNDAN       190       354       10        106

FYRISAN1       193       500       13        116

FYRISAN2       32        190       15        40

FYRISAN3       142       406       11        109

FYRISAN4       20        11        1

OXUNDAN        38        86        17        59

NAROMRD        288       473       94        172

NAROMRE        124       203       135       74

BROSTR         36        120       30        26

NORRTAN        53        189       29        47

COAST2         61        370       35        195

AKERSTR        80        189       9         75

COAST3         19        144       7         233

COAST4         13        49        4         87

TYRESAN        19        75        16        33

COAST5         151       568       31        393

TROSAN         77        284       73        95;

PARAMETERS

DEPN(M) N DEPOSITION PER KM2

/ARABLE 10, FOREST 1.5, LAKE 0, OTHERS 0/

LN(M) N LEACHING PER UNIT DEPOSITION

/ARABLE 0.15, FOREST 0.13, LAKE 0, OTHERS 0/

PARAMETER

RET(O) NITROGEN RETENTION IN REGIONS

/ARBOGAN1 0.80, ARBOGAN2 0.60, HEDSTR 0.40,

KOPINGAN 0.40, KOLBAN1 0.60, KOLBAN2 0.40, NAROMRA 0.50,

SVARTAN 0.80, TALJEAN 0.80, ESKILSAN6 0.80, ESKILSAN3 0.40,

SVARTAAN 0.40, SAGAN 0.40, NAROMRB 0.45,

RACKSTAN 0.60,  NAROMRC 0.40,

ORSUNDAN 0.40, FYRISAN1 0.60, FYRISAN2 0.80, FYRISAN3 0.60,

FYRISAN4 0.40, OXUNDAN 0.40, NAROMRD 0.40, NAROMRE 0.35,

BROSTR 0.40, NORRTAN 0.40, COAST2 0.20, AKERSTR 0.40,

COAST3 0.20, COAST4 0.20, TYRESAN 0.20,

COAST5 0.10, TROSAN 0.20/

AREA(O)  TOTAL AREA OF EACH WATERSHED

/ARBOGAN1 1063, ARBOGAN2 2749, HEDSTR 1047,

KOPINGAN 289, KOLBAN1 2203, KOLBAN2 918, NAROMRA 413,

SVARTAN 1357, TALJEAN 792, ESKILSAN6 1904,

ESKILSAN3 139,  SVARTAAN 771, SAGAN 847, NAROMRB 734,

RACKSTAN 261, NAROMRC 1606,

ORSUNDAN 738, FYRISAN1 898, FYRISAN2 293,

FYRISAN3 736, FYRISAN4 80, OXUNDAN 270, NAROMRD 1285,

NAROMRE 552,

BROSTR 229, NORRTAN 349, COAST2 713, AKERSTR 397, COAST3 594,

COAST4 198, TYRESAN 251, COAST5 1272, TROSAN 573/

DIRN(O)  DIRECT DISCHARGE OF TON N IN WATERS

*(sewage, industry+atm)*

/ARBOGAN1 94.3, ARBOGAN2 294.5, HEDSTR 71.9,

KOPINGAN 329.8, KOLBAN1 137.2, KOLBAN2 368.9, NAROMRA 42.7,

SVARTAN 93.4, TALJEAN 109.1, ESKILSAN6 775.6,

ESKILSAN3 632,  SVARTAAN 438.6, SAGAN 74.9, NAROMRB 214.2,

RACKSTAN 16.4, NAROMRC 818,

ORSUNDAN 11, FYRISAN1 42.1, FYRISAN2 17.5,

FYRISAN3 27.7, FYRISAN4 504.7, OXUNDAN 11.9, NAROMRD 65.9,

NAROMRE 132.5,

BROSTR 21, NORRTAN 99.3, COAST2 96.5, AKERSTR 6.3, COAST3 668.9,

COAST4 1276.8, TYRESAN 11.2, COAST5 362.7, TROSAN 70.1/

WASTEWN(O)  NITROGEN LOAD TO WASTEWATER TREATMENT PLANTS

/ARBOGAN1 40, ARBOGAN2 237, HEDSTR 13,

KOPINGAN 81.5, KOLBAN1 0, KOLBAN2 382, NAROMRA 0,

SVARTAN 52, TALJEAN 178.5, ESKILSAN6 541,

ESKILSAN3 363,  SVARTAAN 674, SAGAN 89,NAROMRB 0,

RACKSTAN 13.5, NAROMRC 299.5,

ORSUNDAN 8, FYRISAN1 65.5, FYRISAN2 9.5, FYRISAN3 34,

FYRISAN4 597, OXUNDAN 0, NAROMRD 0,

NAROMRE 54,

BROSTR 0, NORRTAN 112.5, COAST2 114, AKERSTR 0, COAST3 1945,

COAST4 4249, TYRESAN 0, COAST5 1248, TROSAN 28/

DIRS(O)  DISCHARGE FROM SEWAGE TREATMENT PLANTS OF TON IN WATERS

/ARBOGAN1 25, ARBOGAN2 130, HEDSTR 9,

KOPINGAN 70, KOLBAN1 0, KOLBAN2 265, NAROMRA 0,

SVARTAN 29, TALJEAN 107, ESKILSAN6 406,

ESKILSAN3 312,  SVARTAAN 419, SAGAN 70,NAROMRB 0,

RACKSTAN 8, NAROMRC 238,

ORSUNDAN 4, FYRISAN1 33, FYRISAN2 7, FYRISAN3 20,

FYRISAN4 504, OXUNDAN 0, NAROMRD 0,

NAROMRE 38,

BROSTR 0, NORRTAN 79, COAST2 72, AKERSTR 0, COAST3 664,

COAST4 1274, TYRESAN 0, COAST5 341, TROSAN 19/

WWCOST(O) MINIMUM COST AT EACH WASTEWATERTREATMENT PLANT SEK KGN

*listkarv 98 kostnader

/ARBOGAN1 7, ARBOGAN2 10, HEDSTR 9,

KOPINGAN 8, KOLBAN1 0, KOLBAN2 12, NAROMRA 0,

SVARTAN 6, TALJEAN 9, ESKILSAN6 9,

ESKILSAN3 7,  SVARTAAN 8, SAGAN 5,NAROMRB 0,

RACKSTAN 11, NAROMRC 7,

ORSUNDAN 14, FYRISAN1 9, FYRISAN2 10, FYRISAN3 9,

FYRISAN4 8, OXUNDAN 0, NAROMRD 0,

NAROMRE 10,

BROSTR 0, NORRTAN 9, COAST2 10, AKERSTR 0, COAST3 22,

COAST4 23, TYRESAN 0, COAST5 32, TROSAN 13/

FERT(O)  FERTILISER APPLICATION TON N ON ARABLE

*ARABLE GGR DEPN*

/ARBOGAN1 570, ARBOGAN2 2580, HEDSTR 630,

KOPINGAN 400, KOLBAN1 330, KOLBAN2 650, NAROMRA 930,

SVARTAN 1600, TALJEAN 2770, ESKILSAN6 2770,

ESKILSAN3 310,  SVARTAAN 1180, NAROMRB 1650,

RACKSTAN 310, NAROMRC 3600,

ORSUNDAN 1900, FYRISAN1 1930, FYRISAN2 320,

FYRISAN3 1420, FYRISAN4  200, OXUNDAN 380, NAROMRD 2880,

NAROMRE 1240,

BROSTR 360, NORRTAN 530, COAST2 610, AKERSTR 800, COAST3 190,

SAGAN 2270, COAST4 130, TYRESAN 190, COAST5 1510, TROSAN 770/

BASRET (O) NITROGEN RETENION OF MALAREN

/ARBOGAN1 0.68, ARBOGAN2 0.68, HEDSTR 0.68,

KOPINGAN 0.68, KOLBAN1 0.68, KOLBAN2 0.68, NAROMRA 0.68,

SVARTAN 0.65, TALJEAN 0.65, ESKILSAN6 0.65,

ESKILSAN3 0.65,  SVARTAAN 0.65, SAGAN 0.65,NAROMRB 0.65,

RACKSTAN 0.56, NAROMRC 0.56,

ORSUNDAN 0.47, FYRISAN1 0.47, FYRISAN2 0.47,

FYRISAN3 0.47, FYRISAN4 0.47, OXUNDAN 0.47, NAROMRD 0.47,

NAROMRE 0.23,

BROSTR 0, NORRTAN 0, COAST2 0, AKERSTR 0, COAST3 0,

COAST4 0, TYRESAN 0, COAST5 0, TROSAN 0/;

PARAMETER CONSTANT(O) CONSTANTS IN THE DEMAND FUNCTION;

  CONSTANT(O) = FERT(O)*(8.19**(0.71));

PARAMETER  NLOMARG(O) TOTN LEACHING FROM AGR PER REGION;

     NLOMARG(O) = (FERT(O)*LN("ARABLE" ));

PARAMETER  NLOM(O) TOTN LEACHING PER REGION;

     NLOM(O) = SUM(M, DEPN(M)*LN(M)*MARK(O,M));

PARAMETER  NLOMFOR(O) TOTN LEACHING FROM FOREST PER REGION;

     NLOMFOR(O) = (DEPN("FOREST")*LN("FOREST")*MARK(O,"FOREST"));

PARAMETER PIDL(O) TOTAL N DISCHARGE TO WATER FROM AGRICULTURE PER REGION;

     PIDL(O) = ((1-RET(O))*NLOMARG(O));

PARAMETER TOTNP(O) TOTAL N DISCHARGE TO WATER FROM LAND PER REGION;

     TOTNP(O) = (1-RET(O))*NLOM(O);

PARAMETER TOTN(O) TOTAL N DISCHARGE TO WATER PER REGION;

     TOTN(O) = ((1-RET(O))*NLOM(O)) + DIRN(O);

PARAMETER TOTDIRN TOTAL N DISCHARGE TO WATER FROM DIRECT DISCHARGES;

     TOTDIRN = SUM(O,DIRN(O));

PARAMETER TOTNB(O) TOTAL N DISCHARGE TO THE ARCHIPLAGO;

      TOTNB(O) = (((1-RET(O))*NLOM(O)) + DIRN(O))*(1-BASRET(O));

PARAMETER TOTAGR(O) TOTAL N DISCHARGE TO THE ARCHIPLAGO FROM AGR;

      TOTAGR(O) = ((1-RET(O))*NLOMARG(O)) *(1-BASRET(O))

PARAMETER IMPAGR(O) IMPACT OF AGRICULTURE;

      IMPAGR(O) = TOTAGR(O)/(FERT(O)*LN("ARABLE"));

DISPLAY  NLOM, NLOMARG, NLOMFOR, PIDL, TOTNP, TOTN, TOTNB, TOTAGR,

 TOTDIRN, CONSTANT;

SCALAR RED TARGET IN SOME % OF TOTAL LOAD;

RED = SUM(O,TOTNB(O))*0.497646072

VARIABLES

MIDLR(O)       FERTILIZER TON N DEPOSITION IN DRAINAGE BASINS

LOAGR(O)       LEACHING BEFORE CATCH CROPS BUT AFTER FERT REDUCTION

MIL(O)         TON LEACHING RED OF CATCH CROPS IN DRAIN BASINS

LOA(O)         LEACHING IN DRAINAGE BASINS

INFLOWN(O)     INFLOWING N TO WETLANDS

MISABAT(O)     WETLAND SIZE HA

MIS(O)         TON REDUCTION WETLANDS IN DRAIN BASINS

WALO(O)        LOAD FROM LAND IN DRAINAGE BASINS TO WATER

MIDR(O)        SEWAGE PLANT TON N LOAD REDUCTION FROM DRAINAGE BASINS

LOAT(O)        TOT N LOAD FROM DRAIN BASIN TO THE WATER

WALA(O)        LOAD FROM LAND IN DRAINAGE BASINS TO ARCH

LOATA(O)       TOT N LOAD FROM DRAIN BASIN TO THE ARCH

LOAA           N LOAD INTO BASIN A

LOAB           N LOAD INTO BASIN B

LOAC           N LOAD INTO BASIN C

LOAD           N LOAD INTO BASIN D

LOAE           N LOAD INTO BASIN E

LOAF           N LOAD INTO ARCHIPELAGO F

LOAR           TOTAL N LOAD TO THE ARCH FROM BASIN A

LOBR           TOTAL N LOAD TO THE ARCH FROM BASIN B

LOCR           TOTAL N LOAD TO THE ARCH FROM BASIN C

LODR           TOTAL N LOAD TO THE ARCH FROM BASIN D

LOER           TOTAL N LOAD TO THE ARCH FROM BASIN E

LOFR           TOTAL N LOAD TO THE ARCH FROM BASIN F

TOTLOAD        TOTALT N LOAD TO ARCH

PFERT(O)       PRICE OF FERT UNDER NEW LEVEL

PFERTB(O)      PRICE OF FERT UNDER NEW LEVEL RAISED

FEC(O)         FERT RED COST IN DRAIN BASINS THOUSAND SEK

COSC(O)        CATCH CROP COSTS IN DRAIN BASINS THOUSAND SEK

MISC(O)        WETLAND COSTS IN DRAIN BASINS THOUSAND SEK

COSS(O)        SEWAGE PLANT COSTS THOUSAND SEK

AGRCOS         TOTAL COSTS FOR FERTILIZERS THOUSAND SEK

CATCHCOS       TOTAL COSTS FOR CATCH CROPS THOUSAND SEK

CMISS          TOTAL COSTS FOR WETLANDS THOUSAND SEK

MIDRCOS        TOTAL COSTS FOR SEWAGE PLANTS THOUSAND SEK

TCOS           TOTAL COSTS THOUSAND SEK

POSITIVE VARIABLES

MIDLR, LOAGR, MIL, LOA, INFLOWN, MISABAT, MIS,

WALO, MIDR, LOAT, WALA, LOATA,

LOAA, LOAB, LOAC, LOAD, LOAE, LOAF, LOAR, LOBR,

LOCR, LODR, LOER, LOFR, TOTLOAD, PFERT, PFERTB,

 FEC, COSC,

MISC, CMISS, AGRCOS, CATCHCOS,

MISC, COSS, MIDRCOS;

MIDLR.LO(O) = 0.5*FERT(O);

MIDLR.UP(O) = FERT(O);

MIL.UP(O) = 0.2*(0.15*FERT(O));

MIDR.UP(O) = (DIRS(O)- 0.1*WASTEWN(O));

EQUATIONS

LIDLA(O)      LEAKAGE FROM FARMED LAND AFTER FERTILIZER REDUCTION

MILA(O)       CATCH CROP REDUCTION

LIDL(O)       DRAINAGE BASIN LEACHING FROM FARMED LAND AFTER MEASURES

INFLOW(O)     INFLOW OF NITROGEN TO WETLANDS

MISA(O)       REDUCTION BY WETLANDS 16% OF INFLOW

MISAB(O)      WETLANDSIZE

NIDL(O)       DRAINAGE BASIN LOAD TO THE WATER

DIB(O)        DRAINAGE BASIN TOTAL LOAD TO THE WATER

NIDLA(O)      LOAD FROM AGR IN DRAINAGE BASINS TO ARCH

ANI(O)        TOT N LOAD FROM DRAIN BASIN TO THE ARCH

DIBA          TOTAL N LOAD TO BASIN A

DIBB          TOTAL N LOAD TO BASIN B

DIBC          TOTAL N LOAD TO BASIN C

DIBD          TOTAL N LOAD TO BASIN D

DIBE          TOTAL N LOAD TO BASIN E

DIBF          TOTAL N LOAD TO BASIN F

TOTLOADN       TOTAL N LOAD TO THE ARCH

LOANA          TOTAL N LOAD TO THE ARCH FROM BASIN A

LOANB          TOTAL N LOAD TO THE ARCH FROM BASIN B

LOANC          TOTAL N LOAD TO THE ARCH FROM BASIN C

LOAND          TOTAL N LOAD TO THE ARCH FROM BASIN D

LOANE          TOTAL N LOAD TO THE ARCH FROM BASIN E

LOANF          TOTAL N LOAD TO THE ARCH FROM BASIN F

FERTP(O)        PRICE OF FERTILIZER UNDER THE NEW LEVEL

FERTPA(O)       PRICE OF FERTILIZER UNDER THE NEW LEVEL RAISED

FERTC(O)       FERT N RED COST TOUSAND SEK

COSTC(O)       CATHC CROP COSTS THOUSAND SEK

CMIDR(O)       SEWAGE TREATMENT PLANT COSTS THOUSAND SEK

CMIS(O)        WETLAND COST THOUSAND SEK

AGRICO         TOTAL COSTS FOR FERTILIZERS THOUSAND SEK

CATCCOST       TOTAL COSTS FOR CATCHCROPS THOUSAND SEK

MISTO          TOTAL COSTS FOR WETLANDS THOUSAND SEK

MIDRCO         TOTAL COSTS FOR SEWAGE PLANTS THOUSAND SEK

TOTCOS         TOTAL COSTS THOUSAND SEK;

LIDLA(O)..      (NLOMARG(O)-(LN("ARABLE")*(FERT(O)-MIDLR(O)))) =E= LOAGR(O);

MILA(O)..       0.2*LOAGR(O) =G= MIL(O);

LIDL(O)..       LOAGR(O)-MIL(O) =E= LOA(O);

INFLOW(O)..     (1-RET(O))*((LOA(O)+ NLOMFOR(O))) =E= INFLOWN(O);

MISA(O)..       0.16*INFLOWN(O) =G= MIS(O);

MISAB(O)..    (MIS(O)/0.15) =E= MISABAT(O);

NIDL(O)..     INFLOWN(O)- MIS(O) =E= WALO(O);

DIB(O)..      WALO(O) + DIRN(O) - MIDR(O) =E= LOAT(O);

NIDLA(O)..   WALO(O)*(1-BASRET(O))

               =E= WALA(O);

ANI(O)..     (WALO(O) + DIRN(O) - MIDR(O))*

               (1-BASRET(O)) =E= LOATA(O);

DIBA..        SUM(A, LOAT(A)) =E= LOAA;

DIBB..        SUM(B, LOAT(B)) =E= LOAB;

DIBC..        SUM(C, LOAT(C)) =E= LOAC;

DIBD..        SUM(D, LOAT(D)) =E= LOAD;

DIBE..        SUM(E, LOAT(E)) =E= LOAE;

DIBF..        SUM(F, LOAT(F)) =E= LOAF;

LOANA..           0.32*LOAA =E= LOAR;

LOANB..           0.35*LOAB =E= LOBR;

LOANC..           0.44*LOAC =E= LOCR;

LOAND..           0.53*LOAD =E= LODR;

LOANE..           0.77*LOAE =E= LOER;

LOANF..           1.00*LOAF =E= LOFR;

TOTLOADN..     SUM(O, LOATA(O))=L= RED;

FERTP(O)..     (CONSTANT(O)/(MIDLR(O)))**(1/0.71) =E= PFERT(O);

FERTPA(O)..     (((CONSTANT(O)/(MIDLR(O)))**(1/0.71)))**0.29 =E= PFERTB(O);

FERTC(O)..     (((CONSTANT(O)/0.29)*(PFERTB(O)-(8.19**0.29)))-

               ((PFERT(O)-8.19)*(MIDLR(O)))) =E= FEC(O);

COSTC(O)..     127*MIL(O) =E= COSC(O);

CMIDR(O)..     WWCOST(O)*MIDR(O) =E= COSS(O);

CMIS(O)..       5.022*(MISABAT(O)) =E= MISC(O);

MISTO..        SUM(O, MISC(O)) =E= CMISS;

AGRICO..       SUM(O, FEC(O))  =E= AGRCOS;

CATCCOST..     SUM(O, COSC(O)) =E= CATCHCOS;

MIDRCO..       SUM(O, COSS(O)) =E= MIDRCOS;

TOTCOS..       AGRCOS + CMISS + CATCHCOS + MIDRCOS =E= TCOS;

MODELS DET DETERMINISTIC MODEL/ALL/

SOLVE DET USING NLP MINIMIZING TCOS;
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� “River basin” means the area of land from which all surface run-off flows through a sequence of streams, rivers and, possibly, lakes into the sea at a single river mouth, estuary or delta.


� The limiting nutrient is the one currently determining the level of primary production, no reductions of primary production will occur by reducing the non-limiting nutrient, i.e. phosphorus.


� “Sub-basin” means the area of land from which all surface run-off flows through a series of streams, rivers and, possibly, lakes to a particular point in a water course (normally a lake or a river confluence).


� These transfer coefficients are based on the retention, which is the term for the fraction of nitrogen that is reduced due to the buffering capacity of the sub-basin in question.


� Note that the basins are branched in the empirical model.


� See appendix A for proof


� The Secchi depth is measured using a Secchi disc; a white disc 20 cm in diameter. This is lowered until it is no longer visible, then brought up until its visible. The average of these two measures gives the Secchi depth.


� See appendix B for a more thorough explanation.


� A fraction determined by each county (länsstyrelse).


� Bresch-Pagan chi-squared = 5.8301 being large than the 95 percent critical value of 3.84.


� The t-value is based on the standard error being corrected for heteroscedasticity according to White’s method.


� “Divider” is the border separating the precipitation with regard to which recipient it reaches.
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kostnader

		Våtmark		Typ		anläggn.år		Ha surface		Ha basin		Rening kg/år		constr.cost thousand		Land.cost		Total cost		cost/ha thousand		driftkostnad		Livslängd		Adm klost		cost year ha		cost ha/year 50y		cost/year		kr/kg N

		Ekeby, Eskilstuna		ren.verk		97-99		40		30		620		16,000		1300		20000		500				50				320		10		10.2		0.5079365079

		Alhagen, Nynäshamn		ren.verk		98		35				23000		11,000				11000		314.2857142857		320		50				11420		6.4685714286		6.5979428571		4.9652173913

		Trosa		ren.verk + å

		Örsundsbro, Enköping				98

		Örebro		torvbrytn.

		Lida, Flen		jordbr.m				8.5				1275

		Fladen tierp		f.d.havsbass				30				4500																total cost year

		Jordbruksvåtmark		vall		2001		3.5				525		100						28.5714285714		3		50				12.5		3.5714285714		3.6428571429		6.8027210884

		Jordbruksvåtmark		vall		2001		4				600		350						87.5		3		50				19		4.75		4.845		7.9166666667

		Jordbruksvåtmark		vall		2001		1.8				270		230						127.7777777778		3		50				10		5.5555555556		5.6666666667		20.5761316872

		Jordbruksvåtmark		shaaktat		2001		1.5				225		700						466.6666666667		3		50				18.5		12.3333333333		12.58		54.8148148148

		Jordbruksvåtmark		shacktat		2001		3.1				465		560						180.6451612903		3		50				20.5		6.6129032258		6.7451612903		14.2212972598

		Jordbruksvåtmark				2001		1				150		55						55		3		50				4.1		4.1		4.182		27.3333333333

		Jordbruksvåtmark				2001		60				9000		1275						21.25		3		50				205.5		3.425		3.4935		0.3805555556

		Jordbruksvåtmark				2001		1.15				172.5		58						50.4347826087		3		50				4.61		4.0086956522		4.0888695652		23.2388153749

		Jordbruksvåtmark				2001		1				150		124						124		3		50				5.48		5.48		5.5896		36.5333333333

		Jordbruksvåtmark				2001		2.2				330		350						159.0909090909		3		50				13.6		6.1818181818		6.3054545455		18.7327823691

		Jordbruksvåtmark				2001		1.27				190.5		148						116.5354330709		3		50				6.77		5.3307086614		5.4373228346		27.9827226321

		Jordbruksvåtmark		dämmd		2001		37.7				5655		182						4.8275862069		3		50				116.74		3.0965517241		3.1584827586		0.5475776701

		Jordbruksvåtmark		grävd		2001		2				300		169						84.5		3		50				9.38		4.69		4.7838		15.6333333333

		Jordbruksvåtmark				2001		5				750		82						16.4		3		50				16.64		3.328		3.39456		4.4373333333

		Jordbruksvåtmark				2001		8				1200		198						24.75		3		50				27.96		3.495		3.5649		2.9125

		Jordbruksvåtmark				2001		3.5				525		222						63.4285714286		3		50				14.94		4.2685714286		4.3539428571		8.1306122449

		Jordbruksvåtmark				2001		10				1500		225						22.5		3		50				34.5		3.45		3.519		2.3

		Biologiskmngfvåtmark		mest dämd		2001		1				150		75.5						75.5		3		50				4.51		4.51		4.6002		30.0666666667

		Biologiskmngfvåtmark		Utgrävd		2001		0.5				75		90						180		3		50				3.3		6.6		6.732		88

		Biologiskmngfvåtmark		Mkt schaktn		2001		2.2				330		208						94.5454545455		3		50				10.76		4.8909090909		4.9887272727		14.8209366391

								188.92						5401.5						28.5914672877		3		50						3.5718293458		3.6432659327

																				95.8340589783



Henrik:
Information om Våtmark Alhagen
Jörgen Måhlgren 08-520 735 76, 0708-83 34 71
Lars Hagelin 08-520 68 271, 0708-27 87 54

Henrik:

Henrik:
wrs@swedenviro.com
Om du vill veta mer, ring kommunekologen, Miljö & Stadsbyggnad, telefon 252 46.

Henrik:
håkansson

Henrik:
Kristrer Södergren Länsstyrelsen sthlm
08-7854917

Henrik:
Kristrer Södergren Länsstyrelsen sthlm
08-7854917

Henrik:
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Henrik:
Västmanlands: Sune Mossberg
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Theresedata

		Våtmark		anläggn.år		Ha surface		Rening kg/år		constr.cost thousand		Cost/ha		cost7ha 50 år		cost ha/year		Kr/kg N

		Tynnelsö, strngnäs		92		10		1500		100		10		0.2		3.137254902		20.9150326797

		Berga		92		6		900		72		12		0.24		3.1764705882		21.1764705882

		Äleby		92		1		150		24		24		0.48		3.4117647059		22.7450980392

		Mäsåker		93		3.3		495		30		9.0909090909		0.1818181818		3.11942959		20.7961972668

		Järsta		93		1.5		225		20		13.3333333333		0.2666666667		3.2026143791		21.3507625272

		Lida Lantbruk		93		1		150		20		20		0.4		3.3333333333		22.2222222222

		Björnväd		93		3.1		465		31		10		0.2		3.137254902		20.9150326797

		Herresti		93		1.7		255		20		11.7647058824		0.2352941176		3.1718569781		21.1457131872

		Hista		94		2		300		32		16		0.32		3.2549019608		21.6993464052

		Björkeby		94		2.9		435		36		12.4137931034		0.2482758621		3.1845841785		21.23056119

		Tuna		94		1.5		225		60		40		0.8		3.7254901961		24.8366013072

		Björkeby		94		0.5		75		11		22		0.44		3.3725490196		22.4836601307

		Gesta		95		5		750		57		11.4		0.228		3.1647058824		21.0980392157

		Skirfall Eskilstuna		91		1		150		19		19		0.38		3.3137254902		22.091503268

		Almby		93		3		450		37		12.3333333333		0.2466666667		3.1830065359		21.220043573

		Rotarbo		93		0.5		75		27		54		1.08		4		26.6666666667

		Navsund		93		2		300		20		10		0.2		3.137254902		20.9150326797

		Konungsö		94		2.6		390		37		14.2307692308		0.2846153846		3.2202111614		21.4680744093

		Stora Sunby gård		94		2		300		42		21		0.42		3.3529411765		22.3529411765

		Nybygget		95		5.1		765		55		10.7843137255		0.2156862745		3.1526336025		21.0175573497

		Olofstorp Vingåker		91		1		150		20		20		0.4		3.3333333333		22.2222222222

		Låttra		93		2.5		375		25		10		0.2		3.137254902		20.9150326797

		Båsenberga		95		3		450		30		10		0.2		3.137254902		20.9150326797





diskont

				HA		Cost		cost/ha		discost30år 52		discost50år 52		discost30år 74		discost50år 74		discost5033		5033a		bas5052		3052		3074		5074

				3.5		100		28.5714285714		11.5330133333		9.0652984		9.8022584		6.95844944		6.6054056		1.8872587429		2.5900852571		3.2951466667		2.8006452571		1.9881284114

				4		350		87.5		24.6205866667		18.4774736		22.1533576		15.29475436		12.2675494		3.06688735		4.6193684		6.1551466667		5.5383394		3.82368859

				1.8		230		127.7777777778		14.5979306667		10.81149632		13.33720432		9.140934712		6.97169788		3.8731654889		6.0063868444		8.1099614815		7.4095579556		5.0782970622

				1.5		700		466.6666666667		36.8360533333		26.5147096		34.7304056		23.45146976		15.9855344		10.6570229333		17.6764730667		24.5573688889		23.1536037333		15.6343131733

				3.1		560		180.6451612903		33.0949546667		24.26352944		30.58355344		20.847679504		15.28753096		4.9314616		7.8269449806		10.675791828		9.8656624		6.7250579045

				1		55		55		4.5778133333		3.500188		4.0284596		2.81134934		2.4163043		2.4163043		3.500188		4.5778133333		4.0284596		2.81134934

				60		1275		21.25		176.3888		140.277732		147.63045		105.6044379		104.4419295		1.740698825		2.3379622		2.9398133333		2.4605075		1.760073965

				1.15		58		50.4347826087		5.0096853333		3.84442552		4.38882488		3.069520016		2.67365576		2.3249180522		3.342978713		4.3562481159		3.8163694609		2.66914784

				1		124		124		7.9266133333		5.87629408		7.23405056		4.96062344		3.79754216		3.79754216		5.87629408		7.9266133333		7.23405056		4.96062344

				2.2		350		159.0909090909		21.1853226667		15.58633088		19.50145648		13.318066648		9.89997772		4.4999898727		7.0846958545		9.6296921212		8.8642984		6.0536666582

				1.27		148		116.5354330709		9.6067029333		7.136437168		8.746823888		6.0047001968		4.633108472		3.6481169071		5.6192418646		7.5643330184		6.8872629039		4.7281103912

				37.7		182		4.8275862069		80.7827626667		66.82078832		63.99792256		47.069725768		53.2307386		1.411955931		1.7724347034		2.1427788506		1.6975576276		1.24853384

				2		169		84.5		12.0190933333		9.03211888		10.79793176		7.46048378		6.01366706		3.00683353		4.51605944		6.0095466667		5.39896588		3.73024189

				5		82		16.4		13.5221333333		10.85473024		11.17593488		8.045009		8.21805908		1.643611816		2.170946048		2.7044266667		2.235186976		1.6090018

				8		198		24.75		24.87744		19.66791456		20.98487952		14.95276092		14.48609292		1.810761615		2.45848932		3.10968		2.62310994		1.869095115

				3.5		222		63.4285714286		17.45408		13.26652944		15.47011488		10.75861524		9.04759428		2.5850269371		3.7904369829		4.98688		4.4200328229		3.0738900686

				10		225		22.5		30.0048		23.810076		25.185798		17.9901009		17.6572125		1.76572125		2.3810076		3.00048		2.5185798		1.79901009

				1		75.5		75.5		5.5727466667		4.20613256		4.98084532		3.44990179		2.82667207		2.82667207		4.20613256		5.5727466667		4.98084532		3.44990179

				0.5		90		180		5.32224		3.902364		4.9178448		3.35248092		2.4592734		4.9185468		7.804728		10.64448		9.8356896		6.70496184

				2.2		208		94.5454545455		14.2935893333		10.69637344		12.9044432		8.894922848		7.05743024		3.2079228364		4.8619879273		6.4970860606		5.865656		4.0431467491

		Average		7.521		270.075		99.1961885629		27.46131808		21.3805471224		23.6276279844		16.6717993241		15.2988488151		3.3010209509		5.0221420921		6.7228016849		6.0817190569		4.1880119979

				157.941		5671.575		35.9094535301		723.391704		572.458644324		609.430455018		434.5228532295		422.3837147355

				Min		Tores		Olles

		TKÅregr		15.2988855		24.08023		56.36044

		1.14		5.22009		7.2982		7.6096

		1		4.99896		6.93		6.54

		bascost		15.2988795		29.30796

				5.22009		11.6964
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						10		23.810076		3.1627372
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Basin

Archipelago

tons

2219.75
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3235.39

1132.38

1260.27

554.51

1559.99

826.79

279.13

214.93

3497.31

3497.31



reduct

				ALLOCATION								REDUCTIONS								CHARGES

		BASIN		FERTREDL		MIDREDL		MILREDL		MISREDL		FERTDIFF		MIDRIFF		MISDIFF		MILDIFF		FERTCHAR		MIDRCHAR		MILCHAR		MISCHAR		FERTREDL		MIDREDL		MILREDL		MISREDL		FERTDIFF		MIDRIFF		MISDIFF		MILDIFF		FERTCHAR		MIDRCHAR		MILCHAR		MISCHAR

		ARBOGAN1		0		0.74		0		0.26		0		21		7.34		0		2.29		90.83		9.08		90.83

		ARBOGAN2		0		0.7		0		0.3		0		106.3		46.61		0		4.58		90.83		18.17		90.83

		HEDSTR		0.19		0.21		0		0.6		77.38		7.7		21.94		0		6.87		90.83		27.25		90.83

		KOPINGAN		0.06		0.83		0		0.11		49.13		61.85		7.92		0		6.87		90.83		27.25		90.83

		KOLBAN1		0		0		0		1		0		0		23.09		0		4.58		90.83		18.17		90.83

		KOLBAN2		0.03		0.9		0		0.07		79.83		226.8		17.48		0		6.87		90.83		27.25		90.83

		NAROMRA		0.15		0		0		0.85		31.88		0		13.15		0		5.72		90.83		22.71		90.83

		Total										238.22		423.65		137.53		0

		SVARTAN		0		0.66		0		0.34		0		23.8		12.5		0		2.5		99.34		10.79		99.34

		TALJEAN		0		0.86		0		0.14		0		89.15		15.08		0		2.5		99.34		10.79		99.34

		ESKILSAN6		0		0.95		0		0.05		0		351.9		18.44		0		2.5		99.34		10.79		99.34

		ESKILSAN3		0.02		0.97		0		0.02		52.36		275.7		4.57		0		7.51		99.34		32.36		99.34

		SVARTAAN		0.05		0.9		0		0.06		199.29		351.6		22.38		0		7.51		99.34		32.36		99.34

		SAGAN		0.26		0.47		0		0.27		383.39		61.1		35.09		0		7.51		99.34		32.36		99.34

		NAROMRB		0.41		0		0		0.59		199.29		0		23.78		0		6.88		99.34		29.66		99.34

		TOTAL										834.33		1153.25		131.84		0

		RACKSTAN		0.1		0.51		0		0.39		21.26		6.65		5.03		0		6.29		124.89		31.79		124.89

		NAROMRC		0.28		0.59		0		0.13		1105.58		208.05		46.98		0		9.44		124.89		47.68		124.89

		TOTAL										1126.84		214.7		52.01		0

		ORSUNDAN		0.75		0.03		0		0.22		846.11		3.2		21.8		0		11.37		150.43		63.01		150.43

		FYRISAN 1		0.28		0.4		0		0.33		310.21		26.45		21.79		0		7.58		150.43		42.01		150.43

		FYRISAN 2		0		0.69		0		0.31		0		6.05		2.72		0		3.79		150.43		21		150.43

		FYRISAN 3		0.29		0.35		0		0.35		228.24		16.6		16.51		0		7.58		150.43		42.01		150.43

		FYRISAN 4		0.02		0.98		0		0		89.06		444.3		1.8		0		11.37		150.43		63.01		150.43

		OXUNDAN		0.77		0		0		0.23		169.22		0		4.65		0		11.37		150.43		63.01		150.43

		NAROMRD		0.78		0		0		0.22		1282.52		0		31.86		0		11.37		150.43		63.01		150.43

		TOTAL										2925.36		496.6		101.13		0

		NAROMRE		0.57		0.31		0		0.13		620		32.6		13.79		0		17.9		218.55		112.54		218.55

		BROSTR		0.68		0		0.14		0.18		180		0		4.32		5.4		16.35		283.84		143.05		283.84

		NORRTAN		0.23		0.66		0.05		0.06		265		67.75		6.59		7.95		16.35		283.84		143.05		283.84

		COAST2		0.31		0.51		0.06		0.12		305		60.6		13.92		9.15		21.8		283.84		190.74		283.84

		AKERSTR		0.7		0		0.14		0.16		400		0		8.15		12		16.35		283.84		143.05		283.84

		COAST3		0.02		0.96		0		0.01		95		469.5		5.05		2.85		21.8		283.84		190.74		283.84

		COAST4		0.01		0.99		0		0		65		849.1		2.22		1.95		21.8		283.84		190.74		283.84

		TYRESAN		0.67		0		0.13		0.2		95		0		3.33		2.85		21.8		283.84		190.74		283.84

		COAST5		0.28		0.59		0.06		0.08		755		216.2		29		22.65		24.52		283.84		214.58		283.84

		TROSAN		0.55		0.19		0.11		0.15		385		16.2		13		11.55		21.8		283.84		190.74		283.84

		TOTAL										2545		1679.35		85.58		76.35

		red-N		wastewater		fertilizers		wetlands		catch crops

		A		423.65		238.22		137.53		0

		B		1153.25		834.33		131.84		0

		C		214.7		1126.84		52.01		0

		D		496.6		2925.36		101.13		0

		E		32.6		620		13.79		0

		F		1679.35		2545		85.58		76.35

		Total		4000.15		8289.75		521.88		76.35		12888.13
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measure

				MEASURES REDUCTION TO ARCH																REDUCTION OF LOADS										Costs

		BASIN		FERTARCH		MIDRARCH		MILARCH		MISARCH		MCRL		MCRD		MCL		MCS		LEACHRED		LOADWRED		LOADARED		REDUCED		REDCOST		FEC		COSC		MISC		COSS				FEC		COSC		MISC		COSS

		ARBOGAN1		0		6.72		0		2.35		0		40.63		0		120.83		0.63		0.73		0.2		9.07		556.86		0		0		283.86		273

		ARBOGAN2		0		34.02		0		14.91		0		62.5		0		120.83		0.47		0.58		0.26		48.93		3928.18		0		0		1802.18		2126

		HEDSTR		2.23		2.46		0		7.02		227.96		59.38		0		120.83		0.65		0.47		0.17		11.71		1502.72		508.01		0		848.41		146.3

		KOPINGAN		1.41		19.79		0		2.53		227.96		50		0		120.83		0.41		0.89		0.19		23.74		1618.26		322.55		0		306.11		989.6

		KOLBAN1		0		0		0		7.39		0		0		0		120.83		0.86		0.57		0.08		7.39		892.66		0		0		892.66		0

		KOLBAN2		2.3		72.58		0		5.59		227.96		75		0		120.83		0.56		0.81		0.52		80.47		6643.11		524.14		0		675.77		5443.2

		NAROMRA		0.77		0		0		4.21		247.78		0		0		120.83		0.2		0.46		0.12		4.97		697.98		189.57		0		508.42		0

		TOTAL		6.71		135.57		0		44																186.28		15839.77		1544.27				5317.41		8978.1		15839.78

		SVARTAN		0		8.33		0		4.38		0		31.43		0		110.48		0.39		0.62		0.21		12.71		745.27		0		0		483.47		261.8

		TALJEAN		0		31.2		0		5.28		0		51.43		0		110.48		0.12		0.61		0.51		36.48		2187.82		0		0		583.12		1604.7

		ESKILSAN6		0		123.16		0		6.45		0		51.43		0		110.48		0.28		0.89		0.42		129.62		7047.13		0		0		712.93		6334.2

		ESKILSAN3		1.65		96.49		0		1.6		218.64		37.14		0		110.48		0.3		0.96		0.43		99.74		4121.44		360.59		0		176.75		3584.1

		SVARTAAN		6.28		123.06		0		7.83		218.64		42.86		0		110.48		0.44		0.8		0.66		137.17		7511.84		1372.57		0		865.27		5274

		SAGAN		12.08		21.39		0		12.28		218.64		31.43		0		110.48		0.33		0.44		0.4		45.74		4669.21		2640.46		0		1356.65		672.1

		NAROMRB		5.75		0		0		8.32		226.88		0		0		110.48		0.28		0.67		0.11		14.08		2225.15		1305.55		0		919.59		0

		TOTAL		25.76		403.63		0		46.14																475.54		28507.86		5679.17		0		5097.78		17730.9		28507.85

		RACKSTAN		0.56		2.93		0		2.21		234.33		47.73		0		87.88		0.47		0.46		0.26		5.7		465.71		131.54		0		194.52		139.65

		NAROMRC		43.78		91.54		0		20.67		198.3		31.82		0		87.88		0.43		0.8		0.29		156		13411.29		8681.91		0		1816.68		2912.7

		TOTAL		44.34		94.47		0		22.88																161.7		13877		8813.45		0		2011.2		3052.35

		ORSUNDAN		40.36		1.7		0		11.56		184.87		52.83		0		72.96		0.55		0.49		0.45		53.61		8393.95		7461.31		0		843.05		89.6

		FYRISAN 1		9.86		14.02		0		11.55		214.78		32.08		0		72.96		0.37		0.42		0.34		35.43		3410.96		2118.76		0		842.55		449.65

		FYRISAN 2		0		3.21		0		1.44		0		39.62		0		72.96		0.44		0.59		0.25		4.65		232.29		0		0		105.24		127.05

		FYRISAN 3		7.26		8.8		0		8.75		214.78		35.85		0		72.96		0.39		0.4		0.32		24.81		2512.59		1558.88		0		638.3		315.4

		FYRISAN 4		4.25		235.48		0		0.96		184.87		30.19		0		72.96		0.48		0.98		0.87		240.68		7963.93		785.4		0		69.73		7108.8

		OXUNDAN		8.07		0		0		2.46		184.87		0		0		72.96		0.57		0.57		0.35		10.53		1671.87		1492.26		0		179.61		0

		NAROMRD		61.18		0		0		16.88		184.87		0		0		72.96		0.54		0.56		0.39		78.06		12541.62		11309.77		0		1231.85		0

		TOTAL		130.98		263.21		0		53.6																447.77		36727.21		24726.38		0		3910.33		8090.5		36727.21

		NAROMRE		46.55		25.1		0		10.62		122.55		25.97		0		50.22		0.59		0.74		0.38		82.27		6889.42		5704.25		0		533.17		652		6889.42

		BROSTR		16.2		0		3.24		4.32		102.23		0		211.67		38.67		0.72		0.66		0.35		23.76		2508.91		1656.07		685.8		167.04		0

		NORRTAN		23.85		67.75		4.77		6.59		102.23		19		211.67		38.67		0.73		0.8		0.61		102.96		4989.85		2438.11		1009.65		254.85		1287.25

		COAST2		36.6		60.6		7.32		13.92		76.67		19		158.75		38.67		0.78		0.68		0.52		118.44		5657.81		2806.12		1162.05		538.24		1151.4

		AKERSTR		36		0		7.2		8.15		102.23		0		211.67		38.67		0.69		0.57		0.51		51.35		5519.14		3680.16		1524		314.98		0

		COAST3		11.4		469.5		2.28		5.05		76.67		44		158.75		38.67		0.8		0.96		0.68		488.23		22089.39		874.04		361.95		195.4		20658

		COAST4		7.8		849.1		1.56		2.22		76.67		45		158.75		38.67		0.73		0.99		0.66		860.68		39141.07		598.03		247.65		85.9		38209.5

		TYRESAN		11.4		0		2.28		3.33		76.67		0		158.75		38.67		0.74		0.62		0.37		17.01		1364.79		874.04		361.95		128.81		0

		COAST5		101.93		216.2		20.39		29		68.15		63		141.11		38.67		0.73		0.77		0.55		367.51		24564.62		6946.3		2876.55		1121.17		13620.6

		TROSAN		46.2		16.2		9.24		13		76.67		24		158.75		38.67		0.73		0.67		0.41		84.64		5900.56		3542.15		1466.85		502.75		388.8

		TOTAL		291.38		1679.35		58.28		85.58																2114.58		111736.14		23415.02		9696.45		3309.14		75315.55		111736.16

		Ton

				FERTARCH		MIDRARCH		MILARCH		MISARCH		REDUCED		REDCOST

		BASIN		fertlizers		wastewater		catch crops		wetlands

		A		6.71		135.57		0		44		186.28		15839.77

		B		25.76		403.63		0		46.14		475.54		28507.86

		C		44.34		94.47		0		22.88		161.7		13877

		D		130.98		263.21		0		53.6		447.77		36727.21

		E		46.55		25.1		0		10.62		82.27		6889.42

		F		291.38		1679.35		58.28		85.58		2114.58		111736.14

				545.72		2601.33		58.28		262.82		3468.14		213577.4

				Wastewater		Fertilizers		Wetlands		Catch crops

				2601.33		545.72		262.82		58.28		3468.15

		BASIN		REDUCED		REDCOST		kost/kg

		A		186.28		15839.77		85.0320485291

		B		475.54		28507.86		59.9483955083

		C		161.7		13877		85.8194186766

		D		447.77		36727.21		82.0224892244

		E		82.27		6889.42		83.7415825939

		F		2114.58		111736.14		52.8408194535

		Total		3468.14		213577.4		61.5826927402

		BASIN		FEC		COSC		MISC		COSS

		A		1544		0		5317		8978		15840

		B		5679		0		5098		17731		28508

		C		8813		0		2011		3052		13877

		D		24726		0		3910		8091		36727

		E		5704		0		533		652		6889

		F		23415		9696		3309		75316		111736

		Total		69883		9696		20179		113819		213577

																Kostnad per kg N-reduktion

				wastewater		fertilizers		wetlands		catch crops								fertilizers		wastewater		wetlands		catch crops

		A										0				A		0		0		0		0

		B										0				B		0		0		0		0

		C										0				C		0		0		0		0

		D										0				D		0		0		0		0

		E										0				E		0		0		0		0

		F										0				F		0		0		0		0

		Total		4114.4		1069.32		310.68		5.76		5500.16



Henrik:
total reduction of deposits



measure

		A		A		A		A

		B		B		B		B

		C		C		C		C

		D		D		D		D

		E		E		E		E

		F		F		F		F



wastewater

fertilizers

wetlands

catch crops

region

ton

Reduction of N to archipelago

238.22

423.65

137.53

0

834.33

1153.25

131.84

0

1126.84

214.7

52.01

0

2925.36

496.6

101.13

0

620

32.6

13.79

0

2545

1679.35

85.58

76.35



%red

		0		0		1		0

		0		0				0

		0		0				0

		0		0				0

		0		0				0



FEC

COSC

MISC

COSS



sensitivty

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0



fertlizers

wastewater

catch crops

wetlands

N-reduction to Archipelago



INDATA

		0

		0

		0

		0





														COSTS								NEW LOADS

														COSTS								LEAKAGE AND LOADS

		BASIN		Sew		MIDLR		MIL		MIS		MIDR		FEC		COSC		MISC		COSS		LOA		WALO		LOAT		WALA		LOATA				MIDLR		MIL		MIS		MIDR		FEC		COSC		MISC		COSS		LOA		WALO		LOAT		WALA

		ARBOGAN1		25		570		0		7.34		21		0		0		283.86		273		85.5		38.54		111.84		12.33		35.79

		ARBOGAN2		130		2580		0		46.61		106.3		0		0		1802.18		2126		387		244.69		432.89		78.3		138.53

		HEDSTR		9		552.62		0		21.94		7.7		508.01		0		848.41		146.3		82.89		115.19		179.39		36.86		57.41

		KOPINGAN		70		350.87		0		7.92		61.85		322.55		0		306.11		989.6		52.63		41.56		309.51		13.3		99.04

		KOLBAN1		0		330		0		23.09		0		0		0		892.66		0		49.5		121.2		258.4		38.78		82.69

		KOLBAN2		265		570.17		0		17.48		226.8		524.14		0		675.77		5443.2		85.52		91.75		233.85		29.36		74.83

		NAROMRA		0		898.12		0		13.15		0		189.57		0		508.42		0		134.72		69.03		111.73		22.09		35.75

		SVARTAN		29		1600		0		12.5		23.8		0		0		483.47		261.8		240		65.64		135.24		22.98		47.34

		TALJEAN		107		2770		0		15.08		89.15		0		0		583.12		1604.7		415.5		79.17		99.12		27.71		34.69

		ESKILSAN6		406		2770		0		18.44		351.9		0		0		712.93		6334.2		415.5		96.8		520.5		33.88		182.17

		ESKILSAN3		312		257.64		0		4.57		275.7		360.59		0		176.75		3584.1		38.65		24		380.3		8.4		133.1

		SVARTAAN		419		980.71		0		22.38		351.6		1372.57		0		865.27		5274		147.11		117.48		204.48		41.12		71.57

		SAGAN		70		1886.61		0		35.09		61.1		2640.46		0		1356.65		672.1		282.99		184.2		198		64.47		69.3

		NAROMRB		0		1450.71		0		23.78		0		1305.55		0		919.59		0		217.61		124.86		339.06		43.7		118.67

		RACKSTAN		8		288.74		0		5.03		6.65		131.54		0		194.52		139.65		43.31		26.41		36.16		11.62		15.91

		NAROMRC		238		2494.42		0		46.98		208.05		8681.91		0		1816.68		2912.7		374.16		246.66		856.61		108.53		376.91

		ORSUNDAN		4		1053.89		0		21.8		3.2		7461.31		0		843.05		89.6		158.08		114.47		122.27		60.67		64.8

		FYRISAN 1		33		1619.79		0		21.79		26.45		2118.76		0		842.55		449.65		242.97		114.4		130.05		60.63		68.93

		FYRISAN 2		7		320		0		2.72		6.05		0		0		105.24		127.05		48		14.29		25.74		7.57		13.64

		FYRISAN 3		20		1191.76		0		16.51		16.6		1558.88		0		638.3		315.4		178.76		86.67		97.77		45.93		51.82

		FYRISAN 4		504		110.94		0		1.8		444.3		785.4		0		69.73		7108.8		16.64		9.47		69.87		5.02		37.03

		OXUNDAN		0		210.78		0		4.65		0		1492.26		0		179.61		0		31.62		24.39		36.29		12.93		19.23

		NAROMRD		0		1597.48		0		31.86		0		11309.77		0		1231.85		0		239.62		167.26		233.16		88.65		123.57

		NAROMRE		38		620		0		13.79		32.6		5704.25		0		533.17		652		93		72.39		172.29		55.74		132.66

		BROSTR		0		180		5.4		4.32		0		1656.07		685.8		167.04		0		21.6		22.68		43.68		22.68		43.68

		NORRTAN		79		265		7.95		6.59		67.75		2438.11		1009.65		254.85		1287.25		31.8		34.6		66.15		34.6		66.15

		COAST2		72		305		9.15		13.92		60.6		2806.12		1162.05		538.24		1151.4		36.6		73.08		108.98		73.08		108.98

		AKERSTR		0		400		12		8.15		0		3680.16		1524		314.98		0		48		42.77		49.07		42.77		49.07

		COAST3		664		95		2.85		5.05		469.5		874.04		361.95		195.4		20658		11.4		26.53		225.93		26.53		225.93

		COAST4		1274		65		1.95		2.22		849.1		598.03		247.65		85.9		38209.5		7.8		11.66		439.36		11.66		439.36

		TYRESAN		0		95		2.85		3.33		0		874.04		361.95		128.81		0		11.4		17.49		28.69		17.49		28.69

		COAST5		341		755		22.65		29		216.2		6946.3		2876.55		1121.17		13620.6		90.6		152.23		298.73		152.23		298.73

		TROSAN		19		385		11.55		13		16.2		3542.15		1466.85		502.75		388.8		46.2		68.26		122.16		68.26		122.16

		TOTAL		2449		2545		76.35		85.58		1679.35		23415.02		9696.45		3309.14		75315.55		305.4		449.3		1382.75		449.3		3468.13

																EFTER

				före		efter

		ARBOGAN1		44.86		35.79

		ARBOGAN2		187.46		138.53

		HEDSTR		69.12		57.41

		KOPINGAN		122.78		99.04

		KOLBAN1		90.08		82.69

		KOLBAN2		155.3		74.83

		NAROMRA		40.73		35.75

		Total		710.33		524.04

		SVARTAN		60.04		47.34

		TALJEAN		71.17		34.69

		ESKILSAN6		311.79		182.17

		ESKILSAN3		232.85		133.1

		SVARTAAN		208.74		71.57

		SAGAN		115.04		69.3

		NAROMRB		132.75		118.67

		TOTAL		1132.38		656.84

		RACKSTAN		21.61		15.91

		NAROMRC		532.9		376.91

		TOTAL		554.51		392.82

		ORSUNDAN		118.41		64.8

		FYRISAN 1		104.36		68.93

		FYRISAN 2		18.29		13.64

		FYRISAN 3		76.62		51.82

		FYRISAN 4		277.71		37.03

		OXUNDAN		29.77		19.23

		NAROMRD		201.63		123.57

		TOTAL		826.79		379.02

		NAROMRE		214.93		132.66

		BROSTR		67.44		43.68

		NORRTAN		169.11		66.15

		COAST2		227.42		108.98

		AKERSTR		100.41		49.07

		COAST3		714.16		225.93

		COAST4		1300.04		439.36

		TYRESAN		45.7		28.69

		COAST5		666.23		298.73

		TROSAN		206.8		122.16

		TOTAL		3497.31		1382.75

				FÖRE

				leakage		Nidl		nidl+didl		An						EFTER

				NLOM		TOTNP		TOTN		TOTNB		PIDL				leakage		Nidl		nidl+didl		An		Didl

		A		2011.56		880.46		2219.75		710.33		412.65

		B		2479.8		897.59		3235.39		1132.38		688.73

		C		737.05		425.87		1260.27		554.51		342.6

		D		1748.41		879.19		1559.99		826.79		693

		E		225.59		146.63		279.13		214.93		120.9

		F		1151.18		884.51		3497.31		3497.31		582.75

		Total		8353.59		4114.25		12051.84		6936.25		2840.63

				Before		After		%red

		1		710.33		524.04		0.2622583869		186.29

		2		1132.38		656.84		0.4199473675		475.54

		3		554.51		392.82		0.2915907738		161.69

		4		826.79		379.02		0.5415764584		447.77

		5		214.93		132.66		0.3827757875		82.27

		6		3497.31		1382.75		0.6046246973		2114.56

		Total		6936.25		3468.13		0.4999992791		3468.12



Henrik:
slutgiltiga versionen

Henrik:
slutgiligt



		0		0

		0		0

		0		0

		0		0

		0		0

		0		0



Before

After

ton

0

0

0

0

0

0

0

0

0

0

0

0



		

		Kostnad		0		5		10		15		20		25		30		35		40		45		50		54				Kostnad		0		10		20		30		40		50		54

		Kostnad		0		4.5		10		18		26		34		42		51		65		94		157		319				Kostnad		0		21		51		82		120		214		375

		Shadow		0		15		22		22		23		23		23		32		51		110		284		2139

						10		20		30		40		50		60

				waste		661		1354		1983		2440		2813		2813

				wet		33		33		68		114		115		115

				fert						30		220		539		783

				catch												313

						10		20		30		40		50		60

				wastewater		20480		41983		61678		93336		127550		127550

				wetlands								5052		5169		5169

				fertilizers								14881		65627		167920

				catchcrops										1403		341190

		reduction		0		5		7		9		10		15		20		25		30		31		32		33		35		36		37		38		39		39.5		40		45		47		47.53		48		50		52		53		54

		Kostnad		0		4.5		6.5		9		10		18		26		34		42		43		46		47		51		54		56		59		62		63		65		94		112		118		124		157		202		243		319

		reduction		0		5		7		9		10		15		20		25		30		31		32		33		35		36		37		38		39		39.5		40		45		47		47.53		48		50		52		53		54

		MC		0		15		16		20		22		22		23		23		23		25		26		31		32		32		37		39		39		39		51		110		160		180		191		284		450		699		2139

		MB		180		180		180		180		180		180		180		180		180		180		180		180		180		180		180		180		180		180		180		180		180		180		180		180		180		180		180
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				Basecase		Ret*0.75

				219		294

				Base		1		2		3		4		5		catccost0.5

				1		2		5		4		3		6		7

		Wastewater		114		114		114		114		228		71		114

		Fertililizers		70		113		130		4.6		85		174		73

		Wetlands		20		24		17		44		20		15		20

		Catchc		9.5		0		0		0		0		171		9

		Total		213.5		251		261		162.6		333		431		216

				113820		113820		227640		113820		113820		71521		113820

				85572		113430		85572		4580		129720		174390		72683

				19698		23764		19698		43565		17670		14909		20096

				0		0		0		0		0		170590		8706

				219090		251014		332910		161965		261210		431410		215305

				Base		1		2		3		4

		Wastewater		58		58		58		58		115

		Fertililizers		70		110		93		4.6		70

		Wetlands		20		18		24		44		20

		Catch crops		9.5		12		12		0		10

				157.5		199		189		109.6		219
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Wastewater

Fertililizers

Wetlands
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				NLOM		TOTNP		TOTAGR		TOTN		TOTNB		NLOMARG		PIDL

		ARBOGAN1		229.41		45.88		5.47		140.18		44.86		85.5		17.1

		ARBOGAN2		728.25		291.3		49.54		585.8		187.46		387		154.8

		HEDSTR		240.17		144.1		18.14		216		69.12		94.5		56.7

		KOPINGAN		89.84		53.9		11.52		383.7		122.78		60		36

		KOLBAN1		360.72		144.29		6.34		281.49		90.08		49.5		19.8

		KOLBAN2		194.03		116.42		18.72		485.31		155.3		97.5		58.5

		NAROMRA		169.14		84.57		22.32		127.27		40.73		139.5		69.75

		Total		2011.56		880.46		132.05		2219.75		710.33		913.5		412.65

		SVARTAN		390.74		78.15		16.8		171.55		60.04		240		48

		TALJEAN		471.27		94.25		29.08		203.35		71.17		415.5		83.1

		ESKILSAN6		576.18		115.24		29.08		890.84		311.79		415.5		83.1

		ESKILSAN3		55.47		33.28		9.76		665.28		232.85		46.5		27.9

		SVARTAAN		263		157.8		37.17		596.4		208.74		177		106.2

		SAGAN		422.99		253.79		71.51		328.69		115.04		340.5		204.3

		NAROMRB		300.15		165.08		47.64		379.28		132.75		247.5		136.13

		TOTAL		2479.8		897.59		241.04		3235.39		1132.38		1882.5		688.73

		RACKSTAN		81.8		32.72		8.18		49.12		21.61		46.5		18.6

		NAROMRC		655.25		393.15		142.56		1211.15		532.9		540		324

		TOTAL		737.05		425.87		150.74		1260.27		554.51		586.5		342.6

		ORSUNDAN		354.03		212.42		90.63		223.42		118.41		285		171

		FYRISAN 1		387		154.8		61.37		196.9		104.36		289.5		115.8

		FYRISAN 2		85.05		17.01		5.09		34.51		18.29		48		9.6

		FYRISAN 3		292.17		116.87		45.16		144.57		76.62		213		85.2

		FYRISAN 4		32.15		19.29		9.54		523.99		277.71		30		18

		OXUNDAN		73.77		44.26		18.13		56.16		29.77		57		34.2

		NAROMRD		524.24		314.54		137.38		380.44		201.63		432		259.2

		TOTAL		1748.41		879.19		367.3		1559.99		826.79		1354.5		693

		NAROMRE		225.59		146.63		93.09		279.13		214.93		186		120.9

		BROSTR		77.4		46.44		32.4		67.44		67.44		54		32.4

		NORRTAN		116.36		69.81		47.7		169.11		169.11		79.5		47.7

		COAST2		163.65		130.92		73.2		227.42		227.42		91.5		73.2

		AKERSTR		156.86		94.11		72		100.41		100.41		120		72

		COAST3		56.58		45.26		22.8		714.16		714.16		28.5		22.8

		COAST4		29.06		23.24		15.6		1300.04		1300.04		19.5		15.6

		TYRESAN		43.13		34.5		22.8		45.7		45.7		28.5		22.8

		COAST5		337.26		303.53		203.85		666.23		666.23		226.5		203.85

		TROSAN		170.88		136.7		92.4		206.8		206.8		115.5		92.4

		TOTAL		1151.18		884.51		582.75		3497.31		3497.31		763.5		582.75

				NLOM		TOTNP		TOTAGR		TOTN		TOTNB		NLOMARG		PIDL

		1		2011.56		880.46		132.05		2219.75		710.33		913.5		412.65

		2		2479.8		897.59		241.04		3235.39		1132.38		1882.5		688.73

		3		737.05		425.87		150.74		1260.27		554.51		586.5		342.6

		4		1748.41		879.19		367.3		1559.99		826.79		1354.5		693

		5		225.59		146.63		93.09		279.13		214.93		186		120.9

		6		1151.18		884.51		582.75		3497.31		3497.31		763.5		582.75

		Totalt		8353.59		4114.25		1566.97		12051.84		6936.25		5686.5		2840.63

				Basin		Archipelago

		1		2219.75		710.33

		2		3235.39		1132.38

		3		1260.27		554.51

		4		1559.99		826.79

		5		279.13		214.93

		6		3497.31		3497.31
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