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Abstract	
  
In this study, an analysis of cost-effectiveness (CEA) and disproportionality (DA) of
measures to combat eutrophication in the Norwegian case study, Morsa (VansjøHobøl), has been carried out. The analysis is based on a combination of findings from
a wide range of former studies, interactions with stakeholders through interviews and
workshops, as well as some inputs from REFRESH WP5. The analysis has focused on
the reduction of total phosphorus, which is associated with eutrophication problems
and the most cost-effective combination of measures included (ranked in order, with
the most cost-effective measure first and the least last):
§
§
§
§
§

Buffer zones with vegetation along creeks and rivers
Sedimentation ponds
Reduced tillage practices (leaving the fields in stubble during winter)
Reduction of sewage from scattered dwellings (stand-alone systems)
Transfer of sewage to MSTP1s outside the catchment.

Caution needs to be taken when using these results in practice. Managers should for
example not only consider the cost-effectiveness of the removal of total phosphorus,
but also other concerns, such as the bioavailability of phosphorus from different
sources, and risks of bacteria from sewage pollution. It must also be stressed that the
cost-effectiveness figures for measures aiming to tackle diffuse runoff from
agriculture are uncertain, and it may take several years before the effects of such
measures are detectable in the river waters. Through stakeholder interactions, this
analysis also identified a large range of wider benefits from these measures, ranging
from improved cooperation across administrative borders to increased well-being of
the local population. It is believed that such benefits may contribute to the continued
motivation for implementing mitigation measures.
The disproportionality analysis showed that the reduction of phosphorus in the case
study catchment was proportionate and economically justified, but distributional
effects and affordability considerations should be taken into account. Payment for
ecosystem services, where beneficiaries contribute as well as polluters, may therefore
be considered.

1

Municipal sewage treatment plants
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Abbreviations	
  
The most important abbreviations used in this report include:
§

CEA: Cost-Effectiveness Analysis

§

DA: Disproportionality analysis

§

GES: Good Ecological Status

§

MSTP: Municipal sewage treatment plant

§

TP and P: Both are abbreviations for total phosphorus

§

WFD: EU Water Framework Directive

§

WP: Work Package (of the REFRESH Project)

§

WTP: Willingness to pay

General	
  introduction	
  
The REFRESH Project (http://www.REFRESH.ucl.ac.uk/) is a four year (2009-2013),
large-scale, integrated project funded under the European Union Seventh Framework
Programme, Theme 6 (Environment including Climate Change). The key objective of
the REFRESH Project is to develop a framework that will enable water managers to
design cost-effective restoration programmes for freshwater ecosystems. In Norway,
this will account for the expected future impacts of climate change and land-use
change in the context of the EU Water Framework Directive (WFD).
Within this project, Work Package (WP) 6 has performed cost-effectiveness analysis
(CEA) of measures needed to achieve Good Ecological Status (GES) in six selected
sub-catchments located in Finland, England and Scotland, Czech Republic, Greece,
and Norway.
In the Norwegian case study, the main catchment is the Morsa (Vansjø-Hobøl)
Catchment in South-Eastern Norway, and the sub-catchments are the Hobøl River, the
western part of Lake Vansjø and the Skuterud Creek. CEA analyses have been carried
out for two of these sub-catchments, i.e. the Hobøl River and the Skuterud Creek. The
analysis of disproportionate costs has been carried out with a basis in Hobøl River,
since the benefits of improving the water quality in this river will extend to the entire
catchment, and beyond. The reason for this is that River Hobølelva is the main
tributary and the main source of phosphorus to the lake.
The Morsa catchment has been a pilot catchment for the implementation of the EU
Water Framework Directive in Norway. For this reason, there have been numerous
activities involving stakeholders, including workshops, interviews, seminars, and
5

conferences – to mention some. For this reason, it was necessary to give due attention
to the term “stakeholder fatigue” in this case. Discussions with local and regional
management officials concluded with the need to keep workshops to a minimum, and
ensure that the issues to be raised in workshops were of high interest for the
stakeholders. As a result of this, the final workshop of REFRESH was postponed
untill October 2013. This was done in agreement with local management, so that the
workshop could be organised as a joint workshop with REFRESH and the
municipality of Moss, the Morsa Water District Organisation, and the County Council
of Østfold. The workshop discussed the present conditions in the lake, the possible
future conditions seen in light both of the modelling done by WP5 and experiences
from WP3 (held by Danish partners in REFRESH), as well as which wider benefits
the implemented measures have had.
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PART	
  I:	
  Cost	
  effectiveness	
  
1 General	
  CEA	
  approach	
  	
  
1.1 The	
  CEA	
  approach	
  adopted	
  and	
  WP5-‐WP6	
  integration	
  
The WFD sets environmental objectives for water bodies and then maps the "gap" to
achieve these objectives. All measures that are relevant to contribute to the
achievement of the objectives should be implemented through the cost-effectiveness
criterion. The measures with the highest output per investment will be implemented
first, and the assessment of cost-effectiveness should be made across sectors and
organizational boundaries in the catchment area. If measures are rooted in other
legislation, they are still part of the measures required by the WFD.
The CEA approach presented in this report of the Norwegian case study is based on:
§

Stakeholder interactions and workshops, both REFRESH-based and prior to
REFRESH, where measures for the area have been outlined and agreed upon;

§

The CEA steps as agreed in the REFRESH project, and outlined in chapter
1.2, below;

§

The use of existing data for effects and costs of measures, as outlined in
Chapter 2 and 3;

§

Co-operation with Norwegian scientists in REFRESH WP5, where there has
been a continuous assessment of whether or not modelled effects of measures
could be used.

As to the latter, we have decided that prior field measurements of effects of different
measures are more reliable than results from the WP5 model in our case, and have,
hence, used the results from experiments rather than models in the following. This
decision is strengthened by the fact that the results of these field measurements are
used as a basis for Norwegian models prepared exclusively to predict effects of
measures (i.e., the AGRICAT Model; Borch et al, 2010). The WP5 modelling results
are, however, of great interest when assessing the effects of land use changes and
climate change on the future runoff, including the assessment of the need for new and
“stronger” measures.

1.2 The	
  CEA	
  steps	
  –	
  description	
  and	
  implementation	
  
	
  
The methodology in this report is based on Balana (2011) and outlined below:
7

1. Identify the major pressures: What are the key water quality compromising
pressures in each sub-catchment? This question is answered in Chapter 3 for each
sub-catchment.
2. Identify sources (where is the main pollution deriving from?). Sources may be
diffuse or point sources (arable land, livestock, forestry, septic tanks, urban runoff,
aquaculture, etc). This task was based on interaction with main stakeholders and
former reports, as outlined in Chapter 3.
3. Identify the environmental goal(s)? This task was done by using the targets set out
in the EU WFD, and the results are given in section 3.
4. Identify measures (what available measures can we use to tackle the problems)?
Since the work to improve water quality in our case study has already been on-going
for several years, most measures had already been identified through stakeholder
interaction. However, some remaining measures needed more thorough consideration,
in particular those related to the water level regulations of the lake, and a workshop
was held with a wide range of stakeholders to ensure thorough discussions on this
issue. A separate report has been given from this task (Deliverable 6.8).
5. Scale issues (unit of analysis): Our approach has been to use the catchment of
Morsa (Vansjø-Hobøl), with sub-catchments. Two sub-catchments were selected for
the CEA. An analysis of disproportionate costs (DA) has been carried out with a basis
in Hobøl River, where the benefits extend to the entire catchment, and beyond.
6. Assess the (likely) effectiveness estimates of various measures/actions: This work
was mainly done based on results from prior studies, but scaled and adjusted for the
local conditions and to the year 2000/2001.
7. Obtain cost estimates of the various measures/actions: As in the case of
effectiveness estimates, this work was done based on results from prior studies, but
scaled and adjusted for the local conditions.
8. Combine (integrate) cost and effectiveness data: Various approaches can be
pursued to integrate economic and effectiveness data. In this report, a simple
spreadsheet method was used; cf. Chapter 2.2.
9. Rank measures: Measures have been ranked in order to find the least costly way to
reach the environmental objectives. It is, however, important to note that the costeffectiveness analysis presented here is based on the cost of removing total
phosphorus, hence some considerations have also been listed relative to the fact that
measures can give other effects than those primarily intended, both positive and
negative.
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1.3 Characteristics	
  of	
  the	
  sub-‐catchments	
  
Below is a short overview of the main physical characteristics of the sub-catchments,
and the availability of data in these. An identification of the main eutrophication
pressures in the catchments is given in Chapter 3.

1.3.1 Characteristics	
  of	
  Sub-‐catchment	
  1:	
  The	
  Hobøl	
  River	
  
The Hobøl River is the main tributary to Lake Vansjø and the largest river in the
Morsa (Vansjø-Hobøl) Catchment. Its total catchment area is about 333 km2. Former
works (Solheim et al. 2001; Blankenberg et al. 2008 and Øygarden et al. 2010) have
divided the catchment of Hobøl River into several sub-catchments. In the last report
(Øygarden et al. 2010), the area of the sub-catchments were re-calculated using GIS,
based on an improved map basis, cf. Table 1.
The river’s mean water discharge is about 144 million m3/year or 4.5 m3/s (averages
for 1977-2011), as measured at the hydrological station at Høgfoss, just upstream of
the river’s main monitoring station at Kure.
In this CEA analysis, the main area of interest is Hobøl River downstream of Lake
Mjær, including the tributary Kråkstadelva, which joins the main river some 12 km
downstream of Lake Mjær (Figure 1). This is because the waters draining into the
river from Lake Mjær are relatively clean; the main pollution sources and, hence,
need for measures, are therefore located downstream of Lake Mjær. Downstream
Lake Mjær the catchment covers about 186 km2, including the tributary Kråkstadelva
River.

Table 1. The Hobøl sub-catchment, including the proportion of agricultural land
(source: Øygarden et al. 2010).
Sub-catchment

Total area
km2

Agricultural %
area km2

CEA analysis catchment core area

186

58

31

Entire river catchment

333

66

20

9

Inlet Lake Våg

Outlet Lake Mjær

River
Kråkstadelva

River Hobølelva
(upper part)

Høgfoss
Kure

River Hobølelva
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¯ˉ
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Vansjø

0
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Figure 1. The catchment area of Hobøl River used in this CEA is divided into three
sub-catchments: Hobøl River (upper part pink, lower part yellow) and Kråkstadelva
River (green).

Availability of data and information in Hobøl River
Hydrological data for the river has been collected since 1976. The hydrological
station is located at Høgfoss (Figure 1), from where reliable water discharge data can
be derived. Since 1985, water samples have been collected for water quality analyses
in a waterfall just downstream of Høgfoss, at Kure. Data has been analysed for
nutrients (TP, TN, PO4-P), colour, TOC, and SPM. Frequency of sampling has varied.
The area downstream of the sampling station a Kure is assumed to add no additional
nutrients to Lake Vansjø. This assumption is based on the theory that any additional
nutrients introduced to the catchment from agricultural fields/sewage will be
deposited in the slow flowing stretches in the lower parts of the catchment, including
the small Lake Bjørnerødvann, just upstream of the outlet to Lake Vansjø. Whether
this assumption will change with changing climate or land uses is not considered in
this study.
In addition to existing data, several reports have been written on the abatement
measures and their effects in the Morsa catchment. These include the first abatement
plan developed by a team of researchers from amongst others NIVA and Bioforsk
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(Solheim et al. 2001); an assessment of the number and effect of agricultural measures
carried out between 2000 and 2006 (Blankenberg et al. 2008); and a further
assessment of agricultural measures, including scenarios for land management of the
fields with grain production (Øygarden et al. 2010).
1.3.2 Characteristics	
  of	
  sub-‐catchment	
  2:	
  the	
  Skuterud	
  Creek	
  	
  
The Skuterud catchment is located in the municipalities of Ås and Ski, approximately
30 km south-east of Oslo. The catchment is located just outside the Vansjø-Hobøl
Catchment and draining into a different catchment and river basin district. The reason
for selecting this catchment is further elaborated in REFRESH deliverable 6.3, but
involves, amongst others, its considerable data coverage. The catchment is modelled
in WP5.
The total area of the catchment is approximately 450 ha. There are no lakes, but a
small sedimentation pond was built at the outlet in 2000 (Blankenberg et al. 2010). A
measurement station (water quantity and quality) has been installed at the outlet and
been in operation since January 1994; and is part of a larger monitoring programme
on small agricultural catchments in Norway, called the JOVA Programme (Bechmann
and Deelstra, 2013).
Of the total catchment of about 4.5 km2 or 450 ha, 272 ha is under agriculture and 129
ha forest. The rest includes neighbourhood of houses, some farms and roads, and the
wetland in the headwaters of the stream (Table 2, Figure 2). Grain crops constitute
about 80 - 90 % of the arable land. No industries are located within the catchment.

Table 2. Land use in the Skuterud Catchment (source: Deelstra et al. 2005)
Land use

Area ( ha)

Arable land

272

Forest area

129

Other (settlements,
wetland, etc.)

49

Total area

450
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Figure 2. Land cover of the Skuterud Catchment (modified from Deelstra et al. 2005).

Availability of data and information in Skuterud
Two sampling stations have been used in this study; they are located at the outlet
(operated since 1994) and just upstream of the constructed wetland (in operation since
2000).
Water samples are taken on a volume proportional basis. Each time a predetermined
volume of water has past the monitoring station, a small water sample is taken. The
resulting composite samples are collected approximately every fortnight and analysed
for, amongst others, TP, TN, phosphate, nitrate, suspended solids and pesticides. It
should be noted that these composite samples represent the average concentration of
the runoff water over the sampling period. This gives a mean concentration that will
be different from the mean concentration of regular grab-samples. It is, therefore,
better to use loads in the work with this creek.
Discharges are measured using a Crump-weir at the outlet of the catchment. Water
levels are recorded automatically and discharges are calculated on the basis of the
existing head-discharge relation (Deelstra & Øygarden 1998, Deelstra et al., 1998).
Each year the farmers are providing field specific information related to land
cultivation practices, crops grown including sowing and harvesting dates, timing and
amount of fertiliser, including manure, and pesticides applied, yield levels and soil
tillage.
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1.4 Starting	
  year	
  for	
  the	
  CEAs:	
  2000/2001	
  
Initially, a decision needed to be made on the baseline year for the CEA. This is the
year where the sub-catchment is in its initial state, and for which all subsequent
mitigation efforts are measured. Within the REFRESH Project, each national partner
could choose this year freely. In the Vansjø-Hobøl sub-catchment, several mitigation
measures were carried out in the 2000s. In 2001, the first river basin abatement plan
was made for the Vansjø-Hobøl sub-catchment, and this abatement plan had major
influences on the subsequent management of the basin. In the Skuterud Creek, an
artificial wetland was constructed near the outlet in 2000. This wetland is believed to
be the single most important measure against agricultural pollution from the creek.
It was therefore decided to choose 2000/2001 as the starting point for both subcatchments.

1.5 Choice	
  of	
  main	
  parameter	
  to	
  assess	
  GES:	
  Total	
  phosphorus	
  
Within the EU Water Framework Directive (WFD) there are three sets of quality
elements (physico-chemical, hydromorphological and biological) that together
determine if a water body is in good ecological condition or not. However, when
performing this CEA, a simplification has been done, and the focus is therefore on
reducing total phosphorus (TP) concentrations and loads. The main advantage of
using TP is that this parameter is the limiting nutrient for eutrophication of most fresh
water bodies (Schindler, 1977), and eutrophication is the main challenge in our case.
Furthermore, TP has been monitored for several years, thus providing a substantial
dataset with good time series.
However, the simplification of only using TP also has some disadvantages. First of
all, phosphorus can be found in many different species that have different degrees of
bioavailability. By only using TP and not the most bioavailable phosphorus species,
information might be lost and the comparison of effects on the water body may
become biased. For example, TP from sewage is generally assumed to be more
readily bioavailable than TP from soil particles. For these reason we have tried to
emphasise the importance of bioavailability in the final results of the CEA. As
mentioned in Chapter 1.2, it is also important to recognise that some measures will
have additional effects, since e.g. the reduction of sewage effluents will also lead to
reduced amounts of faecal bacteria and organic matter in the water bodies.

2 Estimation	
  of	
  effectiveness	
  and	
  costs	
  	
  
2.1 Methodology	
  of	
  effectiveness	
  estimates	
  	
  
The effectiveness of different measures has been calculated as kg TP/ha, that is, as the
kilograms of total phosphorus reduced to the water system per hectare.
13

Information on costs and effects of different methods has been collected from existing
literature, as outlined in Table 3.
Table 3. Overview of former studies used to assess effects of measures.
Type of measure
Reduced tillage

Sedimentation ponds
Vegetation zones
Reduced fertiliser application
Sewage treatment

Literature reference
Refsgaard et al. 2010.
Grønsten et al. 2008.
Lundekvam, 2002, 2007.
Øgaard & Krogstad 1995
Blankenberg et al. 2008.
Braskerud 1995.
Hauge et al. 2008.
Blankenberg et al. 2008, 2013.
Syversen, 2003.
Søvik et al. 2008.
Blankenberg et al. 2008
Refsgaard et al. in press.
Solheim et al. 2001.

As Table 3 shows, most of the measures dealt with in this CEA relate to agricultural
issues. The reason is that the main source for TP is from agriculture, as demonstrated
by Figure 3 for the Morsa catchment as a whole. Agricultural measures are aimed at
diffuse sources, and their effect will therefore depend on where in the catchment they
are implemented and how they work at different times of the year. It is therefore
important to be aware that there is a great deal of uncertainty associated with the
effects of these measures.
Background 10%
MSTP 2%

Sewage scattered
dwellings 7 %

Agriculture 82 %

Figure 3. Proportion of sources of TP per sector, in the entire Morsa Catchment
calculated for year 2000 (Øygarden et al. 2010). (MSTP=municipal sewage treatment
plants; Background = natural runoff).
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Effects of changing the tillage practices
Another very important factor is the erosion risk in the area, since most of the
phosphorus runoff from fields is due to the erosion of phosphorus rich soil. Erosion
risk classes in the Norwegian system are developed by the Norwegian Forest and
Landscape Institute2. The four classes (1-4) range from land with low erosion risk (1);
through moderate erosion risk (2); large erosion risk (3); and to very large erosion risk
(4). Factors determining the erosion class include the slope and length of the field, soil
erodibility, precipitation, vegetation, and snow and frost conditions in the area.
However, the erosion risk map only includes slope and soil erodibility. Table 4 shows
how the effect of measures estimated as reduction in losses of total phosphorus (TP)
for different erosion risk classes in Morsa (from Refsgaard et al. 2010). This table is a
basis for calculating effects of reduced tillage practices in Chapter 3. The table is
showing reductions in P-losses relative to winter wheat, autumn tillage, which is
assumed to be the practice with the highest income for farmers. The table reflects that
the most effective land use for reducing TP-losses in grain fields will be option no. 6,
i.e. to leave the fields in stubble during winter and perform soil tillage and sowing in
spring. However, alternative 2 is also quite effective, but the data on this is rather
scares and therefore less certain. Moreover, alternative no. 4, autumn ploughing with
drilling in spring, gives high TP losses, and is more or less in line with option no. 1
(our point of departure-option).

Table 4: Effect (in g P/ha) for different land use practices as compared to winter
wheat, autumn ploughing (derived from Refsgaard et al. 2010).
Option

1

2

Erosion
class
1
2
3
4

Winter
wheat,
autumn
ploughing*
0
0
0
0

Winter
wheat,
direct
drilling
320
1435
4715
10800

3

4

5
Light
Winter
Autumn
autumn
wheat,
ploughing harrowing
light
(drilling
(drilling in
harrowing in spring) spring)
160
5
160
755
25
755
2560
45
2560
5895
75
5895

6
No autumn
tillage,
spring
ploughing
and drilling
365
1610
5235
11970

* This is the land use practice against which the other land uses are measured.

Effects of buffer zones
Under Norwegian weather conditions, the effects of buffer zones on phosphorus has
been estimated to, on average, more than 50% of the entire phosphorus content in the
surface runoff (Grønsten and Blankenberg, 2008). The highest effect is probably
2

http://www.skogoglandskap.no/artikler/2008/erosjonsrisiko; information available in Norwegian only.
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during winter, if the fields are ploughed. During summer, when the fields are covered
with vegetation, and especially in areas with sub-surface drainage, the effect is
probably considerably smaller.
Effects of sedimentation ponds
The effect of sedimentation ponds with a size 0.1-0.4% of the upstream catchment has
been estimated to 21-44 % of the phosphorus entering the upstream part of the ponds
(Hauge et al. 2008). The effect increases with the size, but for larger dams, the costeffect will be reduced due to the higher costs of building large dams. In the Skuterud
Catchment, only one such dam has been constructed close to the outlet, and here
actual measurement data were used to assess effects.
Reduced effects when more than one measure is implemented
The effects of agricultural measures will necessarily change if more than one measure
is carried out in an area. For example, the net effect of a sedimentation pond is
assumed to be less if upstream areas are not tilled in the autumn (fields in stubble over
the winter). However, the total effect of the two measures will of course further
reduce the total loads from the catchment. Due to the many possible combinations of
measures, and the fact that effects of one single measure is uncertain enough in itself,
a decision has been made to estimate all effects under the assumption that only that
particular measure was carried out.
It can be noted that Bioforsk is working on a cost-effect calculator on measures in
agriculture. The tool became available late autumn 2013 at the site: webgis.no/Peffect.
Effects of sewage measures
The effect of improved treatment of both municipal sewage treatment plants (MSTP)
and from scattered dwellings has been estimated based on methods and figures in
Solheim et al. (2001). Where information was lacking, we have estimated that the
maximum effect of improved treatment of sewage from scattered dwellings is 90% (as
compared to no treatment). This is because the requirements for improving the
sewage treatment from scattered dwellings have nationally been set to 90%.
2.1.1 Measures	
  where	
  effect	
  were	
  not	
  estimated	
  	
  
Protection against river bank erosion
A measure suggested by stakeholders (Gunnarsdottir, pers. comm.) is the protection
of the river banks from erosion. This is relevant for phosphorus losses since the
sediments are rich in phosphorus (Aakerøy et al. 2008). However, such measures are
usually carried out by the authority with the responsibility for river courses and
avalanches (the Norwegian Water Resources and Energy Directorate), and are
prioritised based on the risk for damage on houses (private and industrial/offices)
(www.nve.no). In the Hobøl Catchment, the risk is mainly the erosion of agricultural
fields, and this area will therefore be given low priority as compared to many areas
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under risk for avalanches in the country. Due to repeated requests from the Morsa
River Basin District Organisation, a few meandering stretches of the river have been
protected by stonework, but more as an experiment.
It is rather difficult and costly to assess the proportion of phosphorus losses from bank
erosion as compared to fields (e.g. Walling 2005). A research project carried out by
Bioforsk has started to assess bank erosion in Norwegian agricultural rivers, but no
results are available as yet. Cost-effects of such measures have therefore not been
calculated.

Reduced use of fertilisers or reduced phosphorus in the fertilisers
No estimates of the cost-effect of reduced fertiliser use have yet been performed in
Norway. A project for the Norwegian government, delivered to the Norwegian
government on September 2nd 2013 (Refsgaard et al., in press.) concluded that there
are presently not enough data to calculate effects of reduced fertiliser application. The
effect of reduced P application depend on, amongst others,
§

The soil P status (if high, then it may take many decades before the effect is
shown);
§ Crop uptake of P, and crop yield removed;
§ The amount of phosphorus in runoff from the fields to the water bodies
(connected to other measures on tillage practice, sedimentation ponds and
buffer strips).
The costs will mainly depend on whether or not the reduction in added phosphorus
will lead to a reduction of yield. Additionally, fertilisers with reduced P-levels are
more expensive than those with high P-levels, hence it is more expensive to reduce Pfertilisation than to continue with high P-level fertilisation. In short, therefore, the
total uncertainty of the costs and effects of this measure is so high that a reliable
estimate cannot be made. This should, however, not be a reason for not using this
measure, and since 2008, the phosphorus content in fertilisers has been significantly
reduced. For Norway as a whole, this has resulted in a significant decrease in the trade
of phosphorus in fertilisers, cf. Figure 4.
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Figure 4. Purchased phosphorus for fertilisers in Norway in the period 1985-2011.
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The Morsa River District Organisation has informed us that during 2000-2006,
reduced fertiliser use has not been a targeted measure neither in the case area nor in
the entire basin. It is, however, believed that some farmers may have reduced their
phosphorus fertilising, but there are no records of this. In the 2001 abatement plan
(Solheim et al. 2001), reduced fertiliser use was not assumed to be a cost-effective
measure, and focus was put on reducing losses of soil and nutrients from the fields to
the water bodies.

2.2 Cost	
  estimates	
  of	
  measures	
  
2.2.1 Cost	
  optimisation	
  model	
  
In this approach, a simple cost optimisation model has been used for cost estimates,
e.g. Cardenas et al. (2011). Cost estimates for each of the different measures (for
instance for different farming systems at different spatial locations) are empirically
obtained using data on cost of implementing measures, annualised capital costs,
changes in outputs and inputs. Then the costs and effects data are routinely
manipulated (without optimisation modelling) to derive cost-effectiveness curves and
rank measures on the basis of cost-effectiveness.
2.2.2 Cost	
  estimates	
  
In a cost-effectiveness analysis, the objective is defined. In this context, the objective
is given in the standard environmental objectives for the water bodies as it is defined
in the EU Water Framework Directive (EU 2000). The costs are valued in monetary
terms, and the measures that will reach the given objective with the least costs, will be
chosen. This is the main method for prioritisation of actions to be carried out to reach
the EU Water Framework Directive objectives. In practice, this will be done for each
effect parameter.
In this study, however, we concentrate on the parameter total phosphorus. All costs
are calculated back to 2001 levels by the CPI adjustments.

Prices in the cost-effectiveness analysis as reflected in Norwegian procedures to
the WFD
According to (Magnussen and Holen 2011), the prices in CEAs should encompass the
following:
§
§
§
§

Prices should include the costs and possible cost savings
As a general rule, market prices should be used in the calculations
Labour cost should include salary including tax and payroll tax
For agricultural measures, the product price should be used (including
transfers and subsidies), but funding of special environmental measures in
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agriculture should be subtracted when the costs are assessed.
It is important that both investment costs and operating expenses are included in the
calculation of the costs. Reduced costs as a result of the measures have to be
subtracted from the total costs to come up with the net costs.
Discounting and present value
Costs that arrive at different time-points cannot be added up directly to come up with
the total costs. This is because a cost today is valued higher than the same cost arising
in the future. Theoretically, future costs give us the possibility to use the amount of
money to achieve return today. To make costs comparable over time, they therefore
must be discounted. Then the sum of the costs will constitute a present value. Only
the costs are discounted in a cost-effectiveness analysis. The effect of such as reduced
amount of phosphorus will be the same regardless of when the effect occurs. The
Norwegian Finance Ministry recommend using a 4 % discount rate for governmental
investments attended with normal risk (Finansdepartementet 2005).
2.2.3 Use	
  of	
  existing	
  data	
  on	
  cost-‐effectiveness	
  in	
  the	
  Morsa	
  catchment	
  
The criterion used here is cost per reduced kilogram of phosphorus to the water, and
we look at annual costs against annual treatment effect (€/ kg P).
Cost-effectiveness for farmers and society
Cost-effectiveness of agricultural measures has been calculated by Refsgaard et al.
(2010), mostly based on data from the Morsa catchment. The data and information
has therefore been used in the REFRESH project.
Costs of reduced tillage and buffer zones
Refsgaard et al. (2010) use experimental economics to come up with cost- and crop
data for changed tillage practices. They asked farmers about central factors which are
important to consider and their change when implementing measures. Consultants
were used for quality assurance.
Costs of sedimentation ponds
Hauge et al. (2008) calculated the costs of sedimentation ponds. The costs are
calculated as cost per reduced kilogram of phosphorus to the river, and look at annual
costs against annual treatment effect to get costs/kg P. The costs are divided roughly
into investment costs incurred in year 0 and operating costs that incurring each year
from year 1.
Costs of sewage measures
Solheim et al. (2001) calculated costs of different sewage measures based on
investment costs, expected lifetime and expected treatment effect in the lifetime
period. To compare the different measures, total annual costs are calculated, where
the investments are discounted over the measures lifetime.
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To calculate the investment's annual capital cost, the investment cost is multiplied by
the annuity factor for the lifetime of the project given the discount rate. If we add /
subtract annual operating and maintenance cost / savings, we measure annual costs.
Calculation of the annual costs can be described by:
Annual cost = A * investment costs + annual operating- and maintenance costs
A is the annuity factor defined as: A = r (1+r)t / (1+r)t -1,
where r = the discount rate and t = the economic lifetime of the measures. A discount
rate of 7 % is used. The economic lifetime of improved solutions in sewage from
scattered dwellings is set to 20 years while the lifetime of improvements related to
municipal treatment plants is set to be 40 years
Some public measures will have a higher systematic risk than the level of the normal
discount rate would suggest. In cases with significant systematic risk, a 6 % discount
rate could be an appropriate alternative. If users in specific cases find it appropriate to
use another discount rate than 6 %, at the same time greater than 4 %, the current
guidelines opens for doing this (Finansdepartementet 2005). Based on this, Solheim et
al. use a 7 % discount rate.

2.2.4 Uncertainty	
  in	
  estimating	
  costs	
  and	
  effects	
  	
  	
  
In a cost-effectiveness analysis, it is important to also take into account the
uncertainty of effects of different measures, not least since this uncertainty varies
between the measures.
Cost and effect estimates are both associated with uncertainty. It may be appropriate
to prioritize measures connected with low uncertainty in front of a more uncertain
basis, even with a poorer cost effectiveness ratio. The complexity of implementation
of the measure can also have an impact on the priorities.

Uncertainty related to effects can be due to (amongst others):
§

§

The estimates of effects of agricultural measures are often based on data from
small scale plot experiments. The results become dependent on soil types,
topography, etc. at the experimental site;
Estimates of effects are based on single mitigation measures, and if more than
one type of measure is carried out, then the total effect becomes larger, but the
effect of each abatement measure becomes lower.

Uncertainty related to costs can be due to (amongst others):
Uncertainty can be related to the investment costs, the scope of the operating costs,
the operating lifetime, future technological changes and insufficient data. Uncertainty
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regarding the costs is especially important to consider when it comes to the expensive
and complex measures to be implemented at a large scale.
Using experimental economics as basis for the cost estimates as in Refsgaard (2010)
imply a risk for the farmers not being honest in giving up cost data because of
strategic purposes, e.g. they can give up higher costs in order to achieve larger
subsidies. However, the research institutes who carried out the surveys have large
legitimacy among the farmers, which hopefully made honest answers more probable.
In addition to this, the data is quality ensured by experts.
2.2.5 Scale	
  issue	
  (unit	
  of	
  analysis)	
  
Our analysis will use data at the sub-catchment level. This decision is based on the
available data and a need to match the biophysical and economic data, especially
since biophysical data is also available at the sub-catchment level. Ideally when e.g. a
certain farm practice leads to losses of phosphorus, the data should be collected at the
farm level.

3 Results	
  of	
  cost-‐effectiveness	
  analysis	
  (CEA)	
  
3.1 CEA	
  for	
  Sub-‐catchment	
  1:	
  Hobøl	
  River	
  
3.1.1 Identification	
  of	
  major	
  pressures	
  
Based on stakeholder consultations, general knowledge of the catchment, and the
three river basin abatement plans/reports that have been completed (Solheim et al.
2001; Blankenberg et al. 2008; and Øygarden et al 2010), the main pressure of the
Vansjø-Hobøl Catchment is an overloading of nutrients. This has resulted in excessive
eutrophication of lakes in the catchment, including severe blooms of toxic blue-green
algae, especially in the years following a major flood in 2000.
3.1.2 Identification	
  of	
  sources	
  of	
  phosphorus	
  
An assessment of sources of phosphorus in this catchment was done by Solheim et al.
(2001) based on GIS tools developed by Bioforsk for runoff from agriculture (GIS
Avrenning3) and sewage from scattered dwellings (GIS Avløp4). The main pollution
sources are diffuse and comprise of (Figure 3):
§
§
§

Runoff from agricultural fields
Sewage from scattered dwellings
Natural phosphorus from uncultivated soil (natural P-sources including
apatite-P)

3

http://www.bioforsk.no/ikbViewer/page/fagomrader/fagomrade/omrade/tema/artikkel?p_dimension_id=16471&p_document_id=
45716
4
http://www.bioforsk.no/avlop
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In addition, some point sources exist, especially linked to some municipal sewage
treatment plants (MSTP) in the sub-catchment. In 2001 plans were already underway
to close down some of these and transfer the sewage to other, larger MSTP outside the
catchment.
Finally, erosion along the rivers and creeks should be mentioned. In the focus area of
the CEA, such in-stream erosion is active and is on-going along all major river
stretches. As demonstrated by Aakerøy et al. (2008), the soils and sediments along
Hobøl River are rich in phosphorus.
Grain crops are the main agricultural produce in the Hobøl Catchment. In the entire
catchment of Hobøl River, about 20 % of the land is cultivated. However, in the target
sub-catchment for this CEA, about 31 % of the area is cultivated (Table 1).
3.1.3 Identification	
  of	
  present/baseline	
  (2000)	
  state	
  	
  
Hobøl River has been monitored for water quality at the waterfall at Kure (cf. Figure
1) since 1985. Figure 5 shows the load per year in the river since 1985 (derived from
data in Skarbøvik et al. 2012). The average value is similar for the entire period
(1985-2000) and the period used in the first abatement plan (1997-1999; Solheim et
al. 2001), and amounts to 14.5 tons of total phosphorus per year. This also coincides
with modelled load data (Øygarden et al. 2010). Hence, the present state was set to
14.5 tonnes TP/yr. However, as shown in Figure 5, annual loads may vary
considerable, from 5-25 tons/yr. This variation is mainly explained by water discharge
variations.
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Figure 5. Annual loads of total phosphorus in tons, calculated with the rating curve
method.
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The EU WFD is to a large extent a directive based on biological data. The latest
classification of the river in terms of both biological and chemical data is therefore
also mentioned here. This was prepared in 2011 by Haande et al. (2011), and shows
that Hobøl River at Kure has a moderate status in terms of benthic algae, good status
in terms of invertebrates and poor status in terms of fish. TP concentrations indicate
moderate status. River Kråkstadelva has a moderate status in terms of benthic algae,
good status in terms of invertebrates and very good status in terms of fish. TP
concentrations indicate moderate status. It should be noted that the Norwegian
classification system for fish is rather uncertain in this type of river (lowland with
high clay contents).

3.1.4 Identification	
  of	
  environmental	
  goals	
  
In the first abatement plan (Solheim et al. 2001) the following environmental goals
were set:
1. The waters should be suitable for swimming, recreational fishing and
irrigation.
2. The waters in Lake Vansjø’s eastern basin (Storefjorden) should be suitable
raw water for drinking water (after a full scale cleansing process). This latter
goal was deemed the most important since 60,000 people depend on drinking
water from this site.
3. The requirements of the WFD needed to be reached, including good ecological
and chemical status within 2015.
4. The requirements for reduced nitrogen loadings to the North Sea needed to be
reached (50% reduction by 2005).
Since then, however, work has been carried out in Norway to determine the threshold
between good and moderate environmental status, resulting in a guidance for
classification (Direktoratsgruppa 2009). In this guidance, rivers with marine clay
deposits in the catchment area are given special environmental goals, since the marine
clay is naturally rich in apatite-P. Based on this, Haande et al. (2011) estimated the
environmental goals for the catchments to be 40 µg TP/l. The average water discharge
in Hobøl River during the entire period of water flow measurements (1977-2011) is
4.5 m3/s or 144 mill m3 per year, and we then get a load of 6 tons of TP/yr. In other
words, the goal is that the phosphorus load should be 6 tons/year.
3.1.5 Distance	
  between	
  the	
  environmental	
  state	
  and	
  the	
  goal	
  
The distance between the environmental state in 2000, and the environmental goal is
the target effect for the mitigation measures.
If the environmental state is reflected by about 14.5 tons of total phosphorus per year
in Hobøl River (section 3.3.3) and the goal is about 6 tons a year (Table 3), then the
target reduction is about 8.5 tons of phosphorus a year. This target should be linked to
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years with relatively normal runoff, as the target cannot be expected to be achieved in
years with excessive water discharges.

Environmental state: 14.5 tons TP/yr
Environmental goal: 6 tons TP/yr
Target reduction: 8.5 tons TP/yr

3.1.6 Identification	
  of	
  measures	
  
Previous stakeholder consultations and abatement plans, including Solheim et al.
(2001), have resulted in a series of suggested measures to reduce phosphorus
loadings.

Measures against agricultural runoff
Measures to reduce agricultural runoff can be divided into measures that need to be
implemented each year (reduced tillage, reduced application of fertilisers), and
measures that are of a more technical character, developed once but needing
maintenance (such as sedimentation ponds and buffer strips). The 2001 abatement
plan (Solheim et al. 2001) listed the following possible measures:

Measures on the fields:
§
§
§
§
§
§

Reduced tillage or tillage in the spring instead of during autumn
Grass-covered waterways
Improved drainage systems
Cover crops /catch crops
Improved fertiliser practices
Securing areas that are particularly prone to erosion (also areas with high risk
of flooding)

Measures between the fields and the water bodies
§
§

Sedimentation ponds
Buffer strips

In-stream measures:
§

Protection works against erosion and flooding along the river channels

However, as discussed in Chapter 2, it is not practically possible to calculate costs and
effects for all of these measures, especially since very few data exist on the effects for

24

some of them. Furthermore, cover crops/catch crops proved to have little effect or to
be difficult to implement in practice in our region.
Thus, based on available data as well as discussions with stakeholders and managers
to identify the most relevant measures, cost-effectiveness was calculated for the
following agricultural measures:
§
§
§

Changed tillage practices
Sedimentation ponds
Buffer strips

Measures against sewage from households not connected
The abatement plan from 2001 (Solheim et al. 2001) recommended that new and
improved small-scale sewage treatment devices should replace inadequate solutions.
It was recommended that the new treatment devices should be efficient for
phosphorus and bacteria. In Norway, households can freely choose which type of
treatment they prefer, but there are requirements as to their effect in removing
phosphorus and bacteria. Suggested treatment devices include infiltration systems,
constructed wetlands, or small-scale treatment installations.
Measures to reduce discharges from municipal treatment plants
In Hobøl River, there were several smaller municipal treatment plants (around 2000).
As a result of the implementation of measures in this sub-catchment, many of these
have now been shut down, and households have been connected through new sewage
pipes to larger treatment plants outside of the catchment. Also, households not
connected before 2001 have now been connected to the municipal sewage treatment
networks.
Moreover, at the time of the first abatement plan (Solheim et al 2001), the combined
annual residue discharges from all sewage treatment plants in the entire catchment
were assumed to amount to about 134 kg TP/year, which is rather negligible
compared to the other P sources.
Other measures
Measures to reduce phosphorus levels suggested in the abatement plan of 2001
(Solheim et al. 2001) also included in-stream or in-lake measures, such as:
§

Changing the water levels of Lake Vansjø through a new regulation regime;

§

Biomanipulation in Lake Vansjø (targeted fishing to remove young fish from
the lake);

§

Moving the outlet of Hobøl River from the eastern basin to the western basin
of Lake Vansjø;

§

Protections against river channel erosion.

Of these, the two last ones concern Hobøl River, but only the last one is realistic to
implement in practice. The suggestion to move the outlet of the Hobøl River to the
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western basin would have had major implications for the entire catchment and its
ecosystems. Protection works along the river to reduce bank erosion is, however,
much more realistic and some works have already started the latter years.

3.1.7 Assessments	
  of	
  effects	
  of	
  measures	
  implemented	
  in	
  2000-‐2006	
  
Blankenberg et al. (2008) estimated the number of agricultural measures carried out in
the period 2000-2006, and calculated their relative effects per sub-catchment, see
Table 5.

Table 5. Number of measures carried out in the period 2000-2006 and their estimated
theoretical effects in % of TP reduction Derived from Blankenberg et al. (2008).
Sub-catchment

Hobøl River
Upper
Hobøl River
Lower
Kråkstad River

% TP-reduction % TP-reduction % land draining % land draining
due to improved due to changed to sedimentation to buffer strips
sewage
from tillage practices ponds
scattered
dwellings
49
40
14
10
56

28

12

22

42

38

43
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Øygarden et al (2010) used new information to further develop the findings of
Blankenberg et al. (2008). By using a combination of the information found in these
two studies, we calculated the theoretical reduction of phosphorus losses in tons from
each of the three sub-catchments in Hobøl River, between 2000 and 2006, as
demonstrated in Table 6.

Table 6. Estimated reductions in P-losses from each sub-catchment, calculated from
information found in Blankenberg et al. (2008) and Øygarden et al. (2010).
Phosphorus source

Year

kg TP/year

P-losses from sewage (scattered dwellings)

2000

1105

P-losses from sewage (scattered dwellings)

2006

567

P-losses from agriculture (re-calculated in 2010)

2000

12407

P-losses from agriculture (re-calculated in 2010)

2006

6496

2000-2006

6449

Total reductions (sewage + agriculture)
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Thus, the modelled results show that the measures conducted in the sub-catchment
between 2000 and 2006 have resulted in a reduction in total phosphorus loadings in
Hobøl River (including Kråkstadelva River) of about 6.5 tonnes/year. An important
question then is: can this theoretical estimate of phosphorus load reduction be
detected in the monitored data?
3.1.8 Effect	
  of	
  measures	
  implemented	
  in	
  2000-‐2006	
  as	
  reflected	
  by	
  
monitored	
  data	
  
Table 7 shows that the average water discharge for the two different 3-year-periods
was almost identical. However, also the load of TP was identical. Thus, the monitored
data in the river does not coincide with the model estimates, the latter showing a
marked effect of the measures. The reasons for this are not known. One can, however,
speculate on several possible explanations, such as slower response in the catchment
than what the models predict (e.g. if the soil is saturated with phosphorus then it will
take time to reduce the runoff of this nutrient); or that other processes counteract the
measures, such as increased bank erosion due to large floods in 1999 and 2000. More
research is, however, needed before any conclusions can be drawn on this matter.

Table 7. Calculations of the transport of total phosphorus (TP) loads in Hobøl River
at Kure, based on data from the periods 1997-99 and 2005-07.
Years

Average water
discharge

TP load

106 m3/s

tons/yr

1997-1999

145

14

2005-2007

146

14

* This calculation is based on the rating curve method, which has been shown to give the best results in
this river (Skarbøvik unpublished material). However, the load was also calculated with linear
interpolation and a simpler method (annual mean concentrations divided on flow), and this also gave
relatively similar results.

3.1.9 Cost-‐effect	
  calculations	
  of	
  agricultural	
  measures	
  
A. Changed tillage practices
The effect on phosphorus losses of changed tillage practices varies considerable with
the erodibility of the land in the area, cf. Table 4. Thus, in order to assess the costeffectiveness of different tillage practices, an overview was made of the proportion of
land within the catchment of Hobøl River that falls into different erosion classes.
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Table 8 shows the target area for this CEA divided into different erosion classes. Most
of the land (63%) is in erosion class 2 (moderate erosion risk).

Table 8. Agricultural land in Hobøl River, divided into the four erosion classes.
(Calculated based on the erosion risk map at http://www.skogoglandskap.no)
Erosion
class
1
2
3
4

Area
(ha)
662
3636
1066
445

The agricultural area of the sub-catchment was further divided according to the land
use, based on data from Blankenberg et al. (2008) (see Table 9). The predominant
agricultural land use in the area is grain production, with most farmers choosing to till
the soil and sow the seeds during the spring.

Table 9. The land area of the Hobøl sub-catchment divided into erosion classes and
land use practice (as surveyed in 2006). Land use practices 1-6 are all grain
production. (Source: Blankenberg et al., 2008.)
Option

1

2

3

4

5

Total
area

Winter
wheat
autumn
ploughing

Winter
wheat,
direct
drilling

Winter
wheat
light
autumn
harrowing

Autumn
ploughing
(drilling
in spring)

Light
autumn
harrowing
(drilling
in spring)

ha

ha

ha

ha

ha

ha

ha

ha

1

662

56

1

82

124

37

323

39

2

3636

637

9

520

646

321

1174

329

3

1066

0

0

0

0

4

916

146

4

445

0

0

0

0

0

298

147

Sum

5809

693

10

602

770

362

2711

661

Erosion
class

6

No autumn Others*
tillage,
spring
ploughing
and drilling

*Mainly includes land used for pasture, root vegetables and potatoes.

Wheat sowed in the autumn will give highest income, since the yields are higher and
more protein rich than wheat sowed in spring. Winter wheat with autumn plowing
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(alternative 1 in table 9) was therefore used as a point of departure, and the other land
use practices were measured against this.
Table 10 shows the actual income per hectare of land for different land use practices,
and the consequent loss of income for the farmers if they change their land use
practice. Grain production is the main agricultural land use activity in this catchment
(85% as a mean for all erosion classes) and the other uses (meadow, pasture,
vegetables etc.) have therefore not been calculated.

Table 10. Actual income per hectare of land with grain production for different land
use practices, and the consequent costs for the farmers if they change the land use
practice. All figures in euro/ha, adjusted for 2001 prices. (Calculated from data in
Refsgaard et al., 2010).
Option no

1

2

3

4

5

6

Winter
wheat
autumn
ploughing

Winter
wheat,
direct
drilling

Winter
wheat
light
autumn
harrowing

Autumn
ploughing
(drilling
in spring)

Light
autumn
harrowing
(drilling
in spring)

No
autumn
tillage, spring
ploughing and
drilling

€/ha

€/ha

€/ha

€/ha

€/ha

€/ha

Income

496

298

313

280

265

141

Costs *

-*

198

183

216

231

355

* Costs are measured as loss of income for farmers if the land use is changed from land use option no.1
to land use options no. 2-6.

Next, the effect in grams of phosphorus per hectare and erosion class was adapted to
the case area based on data and information in Refsgaard et al. (2010); see Table 4.
If the information on total land area in each erosion class (as shown in Table 9) is
combined with the effect (g TP/ha) (as shown in Table 4), the maximum potential for
reduction of TP-losses can be calculated for grain fields under different land use
practices in the case area. Table 11 shows this for all options. This is of course based
on an assumption that all land is originally in land use category no.1, i.e. winter wheat
with autumn ploughing. Option 4 has been omitted, since it will not help reduce Plosses to any extent.
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Table 11. Tons of potential P loss if all land that originally is used for grain
production and in land use category 1 is transformed to land use categories 2-6 in the
case study area. Option 4 is omitted since this option will not reduce P-losses to any
significant extent. (Derived from data in tables 4 and 9).
Option
Erosion
class

1
2
3
4
Total

No.
Total area
for grain
production
(ha)
623
3308
921
299
5150

1
Winter
wheat
autumn
ploughing
-

2
Winter
wheat,
direct
drilling
0.2
4.7
4.3
3.2
12.5

3
Winter wheat
light autumn
harrowing
0.1
2.5
2.4
1.8
6.7

5
Light autumn
harrowing
(drilling in
spring)
0.1
2.5
2.4
1.8
6.7

6
No autumn
tillage, spring
ploughing
and drilling
0.2
5.3
4.8
3.6
13.9

Thus, it follows from these calculations that in Hobøl River, a theoretical reduction of
phosphorus loadings of almost 14 tons/year can be achieved if one assumes that all
grain fields are originally ploughed during the autumn, and then transformed into
being left in stubble during the winter and ploughed and drilled during spring (land
use option no. 6). Similarly a theoretical reduction of about 12 tons may be achieved
if the seeds are drilled directly (without ploughing) as in land use option no. 2. As
noted in Chapter 2, however, the figures for option 2 are based on limited data and are
therefore uncertain.
Next, the cost efficiency of each land use option in this sub-catchment can be
calculated, based on Table 10 and Table 11. The result is shown in Table 12.
Table 12. Cost-effect calculated for different land use options on grain fields in Hobøl
River. (Adjusted for 2001 prices.) (Derived from data in tables 10 and 11)
Option no.

Total effect (kg P)
Costs (€/ha)
Total cost in € all
agricultural land
Cost-effect €/kg P)

1
Winter
wheat
autumn
ploughing
0
0

2
Winter
wheat,
direct
drilling
12500
199
1023165

3
Winter
wheat light
autumn
harrowing
6700
183
939510

5
Light autumn
harrowing
(drilling in
spring)
6700
231
1190475

6
No autumn
tillage, spring
ploughing
and drilling
13900
355
1827540

82

140

178

132

0

Thus, theoretical calculations have shown that land use option no. 2, winter wheat
with direct drilling, has the best cost-effect, due to relative low costs and high
potential P-losses. The long term effects of direct drilling of winter wheat has,
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however, not been evaluated in this study. Some of the long term effects include use
of herbicides, increased P content in upper soil layers contributing to increased runoff
of dissolved P and the development of fungis. Furthermore, direct drilling of winter
wheat may not be an option for all farmers, since some farmers may not be as
successful (resulting in low yields) with this method since they have no experiences
with it. Option no’s 3, 5 and 6 must be said to have approximately similar costefficiency due to the huge uncertainties both in cost- and effect assessments.
B. Buffer zones
Blankenberg et al. (2008) estimated the total amount of buffer zones in the subcathment of Hobøl River (Table 13). As of 2007, altogether 149 buffer zones had
been established. There is no information on the length of each buffer zone, but the
width is estimated to 7-8 meter.
Table 13. Number of buffer zones and the proportion of agricultural land draining to
buffer zones per sub-cathment area, as per 2007 (derived from Blankenberg 2008).
No of buffer zones

Total agricultural
area (km2)

149

58

Agricultural area draining
to buffer zones by 2007
(km2)
8.4

Based on information in Solheim et al. (2001), Hauge et al. (2008) estimated the costeffects of buffer zones in this area. Here, these estimates were adjusted to 2001 prices
(Table 14).

Table 14. The estimated effect of buffer strips that were implemented in the period
between 2000 and 2006 in Hobøl River, as well as the cost-effect of this measure in
2001-prices (derived from Hauge et al. 2008 and Solheim et al. 2001).

Buffer zones

Effect TP
reduction*
(kg P/year)
188

Cost/year
(€ )

Cost-effect
(€/kg P, year)

6345
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* in the period 2000-2006, this was the effect per year of this measure in this catchment.

C. Sedimentation ponds
Refsgaard et al. (2010) have estimated cost-effects of sedimentation ponds based on
figures from Hauge et al. (2008). Their figures were adjusted to 2001-prices (Table
15).
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Table 15. Sedimentation ponds – average cost-effect in Euro/kg TP (based on
Refsgaard et al 2010 and Hauge et al 2008).
Sedimentation pond
surface area (ha)

Cost-effect
(€ )

<0.1 ha
0.1-0.3 ha
>0.3 ha
Average cost-effect:

63
40
29
44

Blankenberg et al (2008) estimated the total amount of sedimentation ponds in the
Hobøl River sub-catchment up to 2007, as well as the proportion of agricultural land
draining to such ponds, as shown in Table 16.

Table 16. Number of sedimentation ponds and the proportion of agricultural land
draining to sedimentation ponds as per 2007 (derived from Blankenberg et al. 2008).
Sedimentation ponds

Total
agricultural
area

Agricultural area
draining to
sedimentation
ponds by 2007
km2
14

km2
58

No
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Hauge et al. (2008) estimated the costs and effects of sedimentation ponds, cf. Table
17.

Table 17. The effect of the sedimentation ponds that were implemented in the period
between 2000 and 2006, annual costs and cost-effect (data derived from Blankenberg
et al. 2008, Hauge et al. 2008, costs adjusted to 2001 prices).
Effect (P Cost/year
reduction* (€)
(kg
P/year)
639

28196

Costeffect
(€/kg
year)

P,

44

* in the period 2000-2006, this was the effect per year of this measure in this
catchment.
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3.1.10 Measures	
  to	
  reduce	
  sewage	
  effluents	
  
Solheim et al (2001) estimated the costs and effects of all possible sewage treatment
measures, including improvements of municipal treatment plants (MSTP) and sewage
from scattered dwellings (Table 18).

Table 18. Estimated maximum effects (in kg reduced TP) from sewage effluent
measures (from Solheim et al. 2001).
Improved solutions Improvements
in sewage from related
to Sum, all sewage
scattered dwellings MSTP*
measures
Kg P

Kg P

Kg P

Hobøl River – upper

483

84

567

Kråkstadelva River

144

10

154

Hobøl River - lower

155

14

169

Sum

782

108

890

* MSTP=Municipal sewage treatment plants
The measures related to the MSTPs are several, but Solheim et al. (2001) estimated
costs for two of them, namely, improving pipeline connection errors, and transferring
sewage out of the catchment area to other MSTPs. The first measure is linked to the
fact that there may be errors in the pipeline system with its connection lines, so that
grey water is led into the sewage water, and vice versa. These errors can be rectified
by relatively simple operations. The latter measure is more labour intensive, as it
involves new sewage pipelines, and possibly also improvements of the receiving
MSTP. It also involves closing down old MSTPs within the catchment.

An assumption was made that the proportion of the different point sources are evenly
distributed within the entire catchment. This assumption was made in agreement with
the leader of the Morsa River Basin District Organisation. For the entire catchment,
Solheim et al. (2001) calculated the effect as total loss of 515 tons of TP for all types
of measures linked to MSTPs, whereas for Hobøl River the calculated effect was a
loss of 108 tons (Table 18). These 108 tons comprise about 21% of 515 tons, and we
then used this percentage to calculate the relative proportion of the two types of
measures for Hobøl River. The result is shown in Table 19.
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Table 19. Maximum assessed effects of the two types of measures linked to MSTPs
in the entire Morsa catchment and in the Hobøl River (derived from Solheim et al.
2010).
MSTP
Improving pipeline connection errors
Transfer of sewage to MSTP outside the
catchment
Additional measures related to MSTPs**
Sum MSTP

Effect in the Morsa
Catchment
kg TP/yr
301

Effect in Hobøl
River *
kg TP/yr
63

67
147
515

14
31
108

* including upper and lower parts and Kråkstadelva River.
** these measures include amongst others improvements of existing pipelines, and improve existing
MSTPs in the area.

This exercise gave an overview of costs and effects for the sub-catchment, for three
types of sewage treatment measures, as shown in Table 20.

Table 20. Costs and effects of measures to reduce sewage effluents in Hobøl River.
Measure

662500

Effect in the
sub-catchment
kg P
782

Cost-effect
€/kg P
850

11 800

63

188

91 500

14
859

6500

Annual cost
€

Scattered dwellings:
MSTP:
Improving pipeline connection errors
Transfer of sewage to MSTPs outside
the catchment
Sum

For all measures that deal with sewage, two important additional effects should be
noted: First of all, the phosphorus in sewage is assumed to be readily available for
algae (not strongly adsorbed to clay particles). Secondly, also faecal bacteria are
removed from the water bodies; this will improve the water quality for uses such as
drinking water, swimming/recreation and irrigation. In addition, sewage adds organic
matter to the water bodies.
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3.1.11 Total	
  effect	
  of	
  measures	
  employed	
  between	
  2000	
  and	
  2006	
  	
  
As noted in section 3.4.1, there was a need at ‘year zero’ (2000) to reduce phosphorus
loads in Hobøl River by 8.5 tons/yr. In 2006, the estimated reductions based on
models and calculations in terms of both agricultural and sewage measures amounted
to about 6.5 tons. However, no reductions could be identified from the monitored
data in the river. Whether relying on estimates from models or the monitoring, a
further reduction will nevertheless be needed.

3.1.12 Assessment	
  of	
  the	
  maximum	
  effect	
  of	
  the	
  measures	
  	
  
The maximum effect of land use (tillage practices) of cereal fields was summarised in
Table 11. If option 6 is chosen, the reduction may amount to 13.9 tons of TP.
Maximum effects of buffer zones can be estimated based on available data as follows:
If the 149 buffer strips gave a reduction in TP-loads of 188 kg/year, the remaining
potential may be calculated based on the percentage of agricultural land draining to
buffer zones. A very simplified calculation can be done based on Tables 13 and 14:
The total land area draining to buffer zones in 2007 was 8.4 km2, and this gave a
reduction in TP losses of 188 kg TP. The remaining land that can be equipped with
buffer zones amounts to 49.6 km2, and if a direct calculation is done, an additional
amount of about 1100 kg of TP can be removed. However, it can be assumed that the
first buffer zones have been established in the most erosion prone areas, and we have
therefore reduced the remaining potential with 50%, leaving a maximum potential
reduction in this area of about 550 kg + 188 kg = 738 kg.
The maximum effect of sedimentation ponds can theoretically be calculated in a
similar manner as in the buffer zones. This would yield a remaining potential of about
1956 kg for the remaining 44 km2 of agricultural land that are not draining to such
ponds. However, not all agricultural land can drain to a sedimentation pond, simply
because a suitable site for the pond is needed. Hence, it was assumed that about half
of the remaining land could be suitable for sedimentation ponds, and the maximum
potential was then (1956/2) + 639 kg (from Table 17) = 1618 tons.
For the sewage treatment, the maximum effect has simply been calculated to 90%.
The reason is that the requirements for improving the sewage treatment from scattered
dwellings have nationally been set to 90%, and this is also believed to be a realistic
goal based on the knowledge of treatment methods (Gunnarsdottir pers. com.). In
Table 5, the TP losses from scattered dwellings were calculated to 1105 kg TP/year in
2000. 90 % of this is 994 kg TP/year. For the MSTPs, it is assumed that all losses can
be reduced, this amounts to about 77 kg (Table 19).
Thus, the maximum effect achievable from agricultural and sewage treatment
measures discussed above can be summarised, cf. Table 21. Tilling option no. 2 was
chosen since it is the most cost-effective, even if option no. 6 would have removed
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more phosphorus. It can be argued that this summation is too optimistic. As
mentioned in Chapter 2, a combination of agricultural measures will result in each
measure having less effect, for example if a field is subject to both reduced tilling,
vegetation zones and sedimentation ponds. Also, the realism of using tillage option 2
in all fields is questionable. Nevertheless, this estimated, maximum effect is about
twice as large as needed (17 tons/year against the goal to reduce the load with 8.5
tons/year). Hence, based on this, no further measures needed to be assessed in this
catchment.

Table 21. Maximum effects of selected measures in Hobøl River.
Measure

Assumed
maximum effect

Cost-effect
€/kg TP

Prioritisation*

Total cost**
Euro

Tons TP/year
Tillage option no. 2*

12.5

82

3

1 023 165

Buffer zones

0.7

34

1

6250

Sedimentation ponds

1.6

44

2

25 000

Sewage
scattered
dwellings

1.0

850

4

662 500

MSTPs

0.08

6500

5

8 750

TOTAL

15.9

* The prioritisation is here only based on cost-effect and no other concerns (cf. Table 28).
** These figures are used in the Disproportionality analysis.

3.2 CEA	
  for	
  Sub-‐catchment	
  2:	
  The	
  Skuterud	
  Creek	
  
3.2.1 Identification	
  of	
  major	
  pressures	
  and	
  sources	
  of	
  TP	
  
The major pressure in this sub-catchment is nutrient runoff; the Skuterud Creek drains
into Lake Østensjø, which is eutrophic and has experienced toxic algae blooms. There
are 10 farms within the catchment and the land is used for grain and oil-seed
production (90 %) and grass cultivation (10 %). Potatoes or vegetables are not grown.
Autumn wheat, oats and barley are the dominating grain crops (Hauken and Kværnø
2013).
The average livestock density during the monitoring period is approximately 0.3
LU/ha and covers animals at three farms, mainly pigs (until year 2000) and beef cattle
(whole period) (Hauken and Kværnø 2013).
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The outermost part of the catchment includes a residential area and forest. Sewage
from the settlement is led out of the catchment. Sewage from scattered dwellings was
assessed in 2012 by Buseth Blankenberg (pers. comm.). The total number of standalone systems is 17, and of these, 4 were found to be not acceptable. It was further
calculated that 7.4 kg/yr of TP derived from the sewage from these 17 systems
(Withers et al. in press.).
No municipal water treatment plants or industrial units are located within the
catchment
Hence, the main source of TP is from agricultural runoff.
3.2.2 Identification	
  of	
  present/baseline	
  (2000)	
  state	
  	
  
In 2000, there was a major flood in this part of the country, which gave
uncharacteristically high discharges and loads this year (see Figure 6). The baseline
has therefore been based on the years 1994-2000. The average monthly concentration
in the period 1994-2000 was 250 µg/l, and the average annual load was 774 kg/yr. It
is better to use the load as a target in this case, since the concentrations are dischargerelated.

Figure 6. TP annual loads (upper panel) and monthly concentrations (lower panel) in
Skuterud Creek. Note that the concentrations are discharge-related.
37

3.2.3 Identification	
  of	
  the	
  environmental	
  goal	
  
The environmental goal has been set in accordance to the Norwegian Guideline for
WFD Classification (Direktoratsgruppa, 2009). In this guideline, the limit between
good and moderate status for total phosphorus in catchments with marine clay
depends on the proportion of land with marine clay deposits.
In the Skuterud Catchment, the proportion of clay deposits is around 40-50% and
according to the guidelines, this gives an environmental goal as a TP concentration of
60 µg/l. With 2.5 mill m3 this gives an average phosphorus load of 0.15 tons.

3.2.4 Distance	
  between	
  the	
  environmental	
  state	
  and	
  the	
  goal	
  
The distance between the environmental state in 2000, and the environmental goal is
the target for the mitigation measures.

Environmental state (1994-2000): 0.770 tons TP/yr
Environmental goal: 0.150 tons TP/yr
Target reduction: 0.620 tons TP/yr

3.2.5 Identification	
  of	
  measures	
  against	
  agricultural	
  runoff	
  -‐	
  overview	
  
The Skuterud Catchment is small and dominated by agricultural land. It is, however,
part of a larger catchment (Bunnefjorden including Årungen and Gjersjø Catchments).
A programme of measures was prepared for this catchment in 2009 (Pura 2009).
Improved sewage was one of the measures, and the following measures were listed
for agriculture:
§
§
§
§
§
§

Reduced tillage or tillage in the spring instead of during autumn, for erosion
classes 2, 3 and 4;
Buffer/vegetation strips
Sedimentation ponds/constructed wetlands
Reduced use of fertilisers
Improved drainage systems
Improved storage and distribution of manure

This is, of course, on a much larger scale than the catchment of the Skuterud Creek.
Also, the cost-effect for some of these measures cannot be estimated, as discussed in
Chapter 2. Hence, only the three first agricultural measures have been assessed in this
CEA analysis, in addition to sewage.
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3.2.6 Cost-‐effect	
  calculations	
  of	
  agricultural	
  measures	
  
A. Changed tillage practices
Table 22 shows the area of land within the different erosion classes in the Skuterud
catchment. Most of the land is in erosion class 2 (moderate erosion risk). Furthermore,
the land in erosion classes 1 and 3 are close to erosion class 2, i.e., having erosion
risks relatively close to 500-2000 kg/ha. Hence, for simplicity reasons the calculations
for Skuterud have been done as if all land was in erosion class 2.

Table 22. Agricultural land in Skuterud sub-catchment divided into the four erosion
classes. (Based on the erosion risk map available at http://www.skogoglandskap.no).
Erosion
class

Skuterud
(ha)

1
2
3
4

15.5
249.6
10
0

The proportion of the types of grains varies somewhat from year to year, but it has
been assumed here that all grain-fields are wheat-production. Based on data from the
JOVA5 monitoring programme (Hauken pers. comm.) the land area in the subcatchment can be divided as shown in Table 23.
Table 23. The land area of the Skuterud sub-catchment (hectare) divided into land use
practice (based on a survey by the JOVA programme in 2000).
No.

1

2

3

4

5

6

Erosion
class

Total
area

Winter
wheat
autumn
ploughing

Winter
wheat,
direct
drilling

Winter
wheat
light
autumn
harrowing

Autumn
ploughing
(drilling
in spring)

Light
autumn
harrowing
(drilling
in spring)

No autumn
tillage,
spring
ploughing
and drilling

Meadow

2

276.7

90.3

12.3

27.6

15

18.2

89.6

23.7

Table 24 shows the actual income per hectare of land for different land use practices,
and the consequent loss of farm income that can be attributed to a change in land use
practice.

5

http://www.bioforsk.no/jova
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Table 24. Actual income per hectare of land with grain production for different land
use practices, and the consequent costs for the farmers if they change the land use
practice. All figures in Euro/ha, adjusted for 2001 prices. (Based on data in Refsgaard
et al., 2010).
Land use no

1

2

3

4

5

6

Land use option

Winter
wheat
autumn
ploughing

Winter
wheat,
direct
drilling

Winter
wheat
light
autumn
harrowing

Autumn
ploughing
(drilling
in spring)

Light
autumn
harrowing
(drilling
in spring)

No
autumn
tillage, spring
ploughing and
drilling

Income

496

298

313

280

265

141

Costs *

0

198

183

216

231

355

* Costs are measured as loss of income for farmers if the land use is changed from land use option no.1
to land use options no. 2-6.

Next, the information on total land area in each erosion class (as shown in Table 23)
was combined with the effect (g P/ha) (as shown in Table 4), to give the maximum
potential for reduction of P-losses. Table 25 shows the outcome of this calculation.
Note that option 4 will not make much difference, so this option is therefore omitted
from now on.
Table 25. Tons of potential P loss if all land that originally is used for grain
production and in land use category 1 is transformed to land use categories 2-6 in the
case study area. (Calculated from Tables 4 and 23)
No.

1

2

3

4

5

6

Erosion
class

Total area
for grain
production
(ha)

Winter
wheat
autumn
ploughing

Winter
wheat,
direct
drilling

Winter
wheat
light
autumn
harrowing

Autumn
ploughing
(drilling
in spring)

Light
autumn
harrowing
(drilling
in spring)

No
autumn
tillage,
spring
ploughing
and
drilling

2

277

-

0.397

0.209

0.007

0.209

0.446

Furthermore, the cost efficiency of each land use option in this sub-catchment can be
calculated, based on tables 24 and 25. The result is shown in Table 26.
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Table 26. Cost-effect calculated for different land use options on grain fields in
Skuterud Creek; based on tables 24 and 25. (Adjusted for 2001 prices.) (Based on
tables 24 and 25).
1

2

3

5

6

Winter
wheat
autumn
ploughing

Winter
wheat,
direct
drilling

Winter
wheat light
autumn
harrowing

Light
autumn
harrowing
(drilling in
spring)

No autumn
tillage, spring
ploughing
and drilling

Total effect (kg P)

0

50

26

26

56

Costs (€/ha)

0

199

183

231

355

Total cost in € all land

0

55054

50553

64056

98335

139

242

307

221

Cost-effect €/kg P)

Thus, theoretical calculations have shown that land use option no. 2, winter wheat
with direct drilling has the best cost-effect, due to relative low costs and high potential
P-losses. Option no’s 3, 5 and 6 must be said to have approximately similar costefficiency due to the huge uncertainties both in cost- and effect assessments. The
reason why these cost-effect figures differ slightly from those in Hobøl River is that
the fields in the Skuterud Creek are assumed to all be in erosion class 2.

B. Buffer zones
The first registrations on the use of buffer zones in the Skuterud catchment started in
2011. No data are available before then. It cannot therefore be assessed if the baseline
state (i.e., year 2000) reflects conditions with or without buffer zones. However, there
are very few buffer zones today and the creek is small, hence it is assumed that there
were no buffer zones in 2000.
The effect is estimated to be about 50% of all TP entering the zone through surface
runoff (Syversen, 2003). However, the fields in this catchment are drained by tiles,
and it is assumed that about half of the TP goes through the drainage system (based on
measurements done by Kværnø and Bechmann (2010).
Using the total loads at the outlet in the reference period 1994-2000, which was 770
kg/yr, we then assumed that the effect of the vegetation zones would be the quarter of
this runoff. This amounts to 190 kg TP/yr reduction.
Similar as for the first sub-catchment (Hobøl), we used the calculations of Hauge et
al. (2008) to estimate the cost-effect, which was about 34 €/kg TP.
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C. Sedimentation pond
At the initiative of the landowners, a wetland was constructed in the Skuterud Creek,
immediately upstream of the outlet to Lake Østensjø in 2000. The main objective was
to reduce the soil- and phosphorus losses into the lake. Results indicate a clear
positive effect on the removal of phosphorus, suspended solids and to a lesser extent
nitrogen (Blankenberg et al. 2013).
The water surface in the pond is approximately 2300 m2 and covering about 0.09 % of
the cultivated area and 0.05 % of the total catchment area. Blankenberg et al. (2013)
estimated that the effect of the sedimentation pond was on average 111 kg TP/yr.
Refsgaard et al. (2010) have estimated cost-effects of sedimentation ponds based on
figures from Hauge et al. (2008), similar to those that were used for Hobøl River
(Table 17), i.e. 44 €/kg TP.

3.2.7 Measures	
  against	
  sewage	
  	
  
It has been estimated that 7.4 kg/yr of TP are derived from sewage. If improvements
are done, these will give a reduction of about 4 kg/yr, resulting in a load of 3.54 kg/yr,
or 0.0035 tonnes/yr of TP from sewage. Compared to the total loads, this is negligible.
The figures from the CEA in Hobøl River have been used to assess the costeffectiveness of improving sewage from scattered dwellings. Assuming that the costeffect is 850 €/kg TP, the total costs for this measure will be 850 €/kg x 3.54 kg =
3009 €.
For all measures that deal with sewage, two important additional effects should be
noted: First of all, the phosphorus in sewage is assumed to be readily available for
algae (not strongly adsorbed to clay particles). Secondly, also faecal bacteria are
removed from the water bodies; this will improve the water quality for uses such as
drinking water, swimming/recreation and irrigation. In addition, sewage adds organic
matter to the water bodies.

3.2.8 Assessment	
  of	
  the	
  maximum	
  effect	
  of	
  the	
  measures	
  in	
  Skuterud	
  	
  
The maximum effect of land use (tillage practices) of cereal fields was summarised in
Table 11. If option 6 is chosen, the reduction may amount to 0.45 tons of TP, but
tillage option 2 was more cost-effective and has therefore been chosen.
The maximum effect of sedimentation ponds is assumed to be the measured amount
(111 kg/yr).
Thus, the maximum effect achievable from agricultural and sewage treatment
measures discussed above can be summarised, cf. Table 27. Tillage option no. 2 was
chosen since it had the lowest cost-effect, even if option 6 is more efficient in
42

removing phosphorus. The calculated total effect is about 0.7 tons, whereas the target
reduction was about 0.6 tons, which should indicate that the implementation of all
these measures would be sufficient to meet the environmental goal. As in the case of
Hobøl River, it can be argued that this summation is too optimistic, especially since
some effects will be less given that all measures are implemented. Also, the realism of
using tillage option 2 in all fields is questionable.

Table 27. Maximum effects of selected measures in tons TP/yr, as well as cost-effect
of each measure.
Measure

Assumed
max effect

Cost effect
of measure

Prioritisation*

Tons
TP/year

€ / kg TP

Tillage option no. 2

0.397

242

3

Buffer zones

0,190

34

1

Sedimentation ponds

0.111

44

2

Sewage scattered dwellings

0.004

850

4

TOTAL

0.702

* The prioritisation is here only based on cost-effect and no other concerns (cf. Table
28).

3.3 Conclusions	
  of	
  both	
  CEAs	
  
Of the measures discussed in this CEA, the cost-effect is ranked as follows (the most
cost-effective measure first, then ranked in the order of increasing cost-effect):
§

Buffer zones

§

Sedimentation ponds

§

Reduced tilling, where the best is option 2, and then follows 6, 3, and 5.
However, option 2 may not be realistically carried out on all fields.

§

Sewage from scattered dwellings

§

Transfer of sewage to MSTPs outside the catchment.

Some measures may help to solve several environmental problems, whereas others
may have adverse effects. Such additional effects should be taken into account in the
ranking of measures. This can be done by creating an "additional effect-column" in
the table for effect assessment, with descriptions and quantification of additional
effects, with a “plus” or “minus” to indicate of the effect is deemed positive or
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negative. At this stage we concentrate on additional effects that are relevant to other
objectives in the WFD. Below, therefore, some of the most important additional
effects, positive as well as negative, are listed for the measures discussed in this
report. Table 28 gives an overview.
§

§

§

§

Measures that include reduced tillage in autumn: When fields are left in
stubble during the autumn, fungi may get better conditions. In Norway, the
occurrence of the fungus Fusarium sp. has increased considerable in later
years, and this is believed to be related to the changes in tillage from autumn
to spring ploughing. This, again, leads to increased use of pesticides that again
pollute the water bodies.
Buffer zones: If the buffer zones are planted with trees and bushes, this will
provide shelter for fish and can therefore also have positive effects on the fish
population in rivers and creeks. Buffer zones may also result in less driving
with heavy machinery near the river banks, and thus protect against increased
bank erosion.
Sedimentation ponds: May increase biodiversity since small ponds are in
general disappearing in the agricultural landscape nowadays. These ponds may
therefore provide a habitat for e.g. the red-listed salamander and other rare
plants and animals.
Measures against sewage effluents, both from scattered dwellings and MSTPs:
Whereas the bioavailability of erosion material may be high, the
bioavailability of the phosphorus in sewage is believed to be higher.
Furthermore, reducing sewage effluents will also reduce effluents of
bioavailable nitrogen, faecal bacteria, possible pathogenic bacteria, as well as
organic matter.
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Table 28. An overview of the most important side-effects of the measures discussed
in this report. (÷): negative side-effect; (+): positive side effect.
Measures
Reduced
tillage
Buffer zones
Sedimentation
ponds
Sewage
scattered
dwellings
Transfer of
sewage to
MSTPs
outside the
catchment

Biodiversity

Bank
erosion

Effects
Increased Organic
pesticide
matter
use

Faecal
bacteria

Bioavailable P

+

+

+

+

+

+

÷
+
+

+

Source: Stakeholder and scientists interviews.

4 Scenario	
  analysis	
  	
  	
  
4.1 Scenario	
  setting:	
  land	
  use	
  
Scenarios were developed in a workshop with management representatives and
scientists, held in August 2011. The purpose was to discuss climate and land use
changes in the Morsa Catchment in the future, as well as subsequent needs for
additional mitigation measures. We refer to deliverable 6.8 (“Workshop proceedings
on collaborative scoping of solutions, Vansjø-Hobøl catchment, Norway”) for details
of the workshop.
Four main drivers for land use were suggested by the participants:
A. Need for increased food production
B. Need for more renewable energy
C. Increased population in the catchment area
D. Increased focus on the goals in the EU Water Framework Directive (WFD).
The above drivers were then discussed based on the present climate, and the following
consequences for changed land use of each driver were postulated:
A. Need for increased food production
§ Use of new types of crops
§ Increased use of autumn ploughing and drilling/sowing (since this will give
higher yields)
§ Increased use of fertilisers
§ Increased irrigation
§ More intensive animal husbandry
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§
§
§

Areas presently in fallow are being utilized
New areas under cultivation (e.g. areas that are presently under forest,
wetlands/bogs, etc.)
Less grass production and more crop/vegetable production

B.
§
§
§

Need for more renewable energy
Planting of forest in agricultural areas with high erosion risk
New types of crops (for energy production)
Increased forest production

C. Increased population in the catchment area
§ The consequences of increased population for water quality mainly concerns
sewage solutions, and may go in either of two directions:
§ If the management is good, the sewage will be connected to well-functioning
treatment plants, and there will be no increased eutrophication of the water
bodies;
§ If the management is inadequate, more sewage will enter the water bodies due
to insufficient treatment.
D. Increased focus on the goals in the EU Water Framework Directive (WFD)
§ All possible mitigation measures will be implemented, including
o no tilling in autumn (with subsequently less agricultural yields);
o vegetation/buffer strips (resulting in reduced land for agricultural
production),
o sedimentation ponds,
o suitable sewage treatment solutions.
Based on this discussion, two storylines were developed for 50 years from now.
Initially it was discussed to divide between market-driven and environmentallyfriendly-driven scenarios, but for several reasons it was decided that this would not
give a satisfactory range in scenarios. For example, if a market-driven scenario was
chosen, the result could be that agricultural land was bought up and used for
settlement or industrial developments. If sewage and waste-water treatment solutions
were properly taken care of, the net result of a market driven scenario could be less
pollution of the water bodies than today. Instead, the two story-lines concentrated on
worst- and best-case for the environment:
Ø Storyline 1: Worst-case scenario for the water bodies/the environment
o Increased food production, resulting in more intensive cultivation
practices (more fertilizer use, tilling in autumn, etc.);
o A shift in ownership of land, with agricultural land belonging to fewer
owners, and/or a higher proportion of rented land, could result in more
intensified agriculture and reduced motivation for environmental
measures;
o Increased population but not followed up by adequate sewage
treatment solutions.
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Ø Storyline 2: Best-case scenario for the water bodies/the environment
(environmentally-sound management, including management of agriculture,
settlements, sewage systems, etc.). For this storyline, the participants produced
the following list of possible scenarios:
For agriculture:
o Subsidies or regulations that reduce autumn grain and vegetable
production;
o Increased grass production (extensive agriculture)
o No agricultural production in areas close to water bodies or in steep
slopes
o Wider buffer strips (natural vegetation, trees, bushes)
o Improved drainage systems
o Improved bank protection to reduce channel erosion
o Reduced use of fertilisers and manure
o Increased forestry for energy production
For settlements/industry:
o Efficient sewage treatment systems
o Avoid development of scattered dwellings, and instead focus on
developing clustered settlements with adequate sewage solutions
o Improved management of storm water flow

4.2 Scenarios	
  setting:	
  Climate	
  change	
  
After the discussion on land use scenarios and storylines by the workshop
participants, the climate change scenarios were introduced. The climate change
scenarios that were presented to the workshop participants included:
§
§
§
§

Warmer and wetter winter season;
Warmer and drier summer season;
Larger autumn floods;
More intensive rainfall.

Consequences for both agriculture and water quality as suggested by the participants
included:
§
§
§
§
§
§
§

Milder winters may result in less flooding during springtime, and, hence, less
risks of flooding in this season.
Milder winters may also result in increased frequency of freezing-thawing
episodes, with subsequent increased risk of nutrient runoff.
Warmer summers would allow for other crops, such as corn, beans,
vegetables. Also possibility for more than one yield per year for the most fastgrowing crops.
Changed crops and increased length of season will probably increase the need
for fertilizers and tilling.
Change to perennial grain types.
More rain during autumn may cause problems – heavy machinery cannot be
used and harvest may be lost due to flooding of fields.
Increase in fungi and pests due to warmer and wetter weather.
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Finally, the need for a wider range of mitigation measures was discussed, based on the
climate change scenarios. Most of the suggested measures are related to the
expectation of more, and/or more intense, precipitation:
§
§
§
§
§
§
§

Improved drainage systems with increased capacity
Erosion protection of drains, creeks, river banks
Measures to reduce surface flow (establishment of grass in natural
depressions)
Protection works against floods
Establish smaller dams, e.g. in the border between forest and agricultural land
for reduction of floods (as also natural runoff from forests will increase)
Less drainage of bogs and wetlands
In settlements, the storm water flow will need special attention as this will
increase, with subsequent demands on drainage systems, culverts, bridges, etc.

Some measures will also be needed if the summers are drier, the establishment of
dams, as mentioned above, can be used for irrigation in drier seasons, if large enough.

4.3 Preliminary	
  modelling	
  results	
  based	
  on	
  the	
  scenarios	
  
The modelling from WP5 is on-going and not yet finalised, but some preliminary
results are given here. The results are based on the modelling of the Skuterud
Catchment, but preliminary results from the Hobøl River seem to be in accordance
with these results. For methodology, we refer to the WP5 deliverables.
Climate scenarios
The preliminary results of the INCA modelling have shown that climate change will
not greatly affect the phosphorus loads in these catchments. The main reason for this
is that the climate models used do not predict major increases in precipitation and,
consequently, water discharge in this area. Presenting such results to stakeholders that
have already experienced more floods (cf. former sub-chapter) is probably not wise.
For the Skuterud Catchment we are therefore considering to also make test runs with
climate scenarios generated using the LARS Weather Generator6. This will enable us
to use some of the climate models that are applied in REFRESH, but adjust (finetune) them to local conditions. This is done by statistical evaluation of the locally
measured meteorological data and by using the obtained statistics for “fine-tuning”
the results of the climate models for the area. We believe that such adjustment of the
climate scenarios to local conditions could provide more reliable outcomes for the
future, but this work is time-consuming and not yet finalised.

6

http://www.rothamsted.ac.uk/mas-models/larswg.html
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Land use scenarios
The modelled land use change scenarios consisted of changing 50% of the arable land
into forest (reforestation) or grassland. The modelling results indicated that land use
change would lead to drastic changes in nutrient loads: Total sediment and TP loads
could be reduced by 52% and 60%, respectively, in case of reforestation, and by 26%
and 30% in case of turning 50% of the arable land into grassland.
In the Skuterud Catchment, also different soil management/tillage options have been
modelled. In this case, the total area of arable land remained unchanged. The INCA-P
model was applied for the period 1 September 1993 - 30 April 2008 with the
following soil management practices:
•

Actual soil management practices, as an average of practices carried out during
the study period 1993-2008;

•

Worst case scenario with the following proportions of soil management: Grass:
No autumn tillage: Autumn harrowing: Autumn ploughing = 2:17:1:42 %

•

Best case scenario with the following proportions of soil management: Grass: No
autumn tillage: Autumn harrowing: Autumn ploughing = 3:39:13:6 %

Results predict 26% (sediment) and 31% (TP) increase, as well as 24% (sediment)
and 21% (TP) decrease in total losses in case of “worst” and “best” soil management
scenarios, respectively. The EM values were -0.7% and +12% for sediment and TP
loads, respectively.
The next step will be to run the models with combined climate and land use change
scenarios to be able to evaluate the integrated effect of changes in these main drivers
on nutrient loads.
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PART	
  II:	
  Disproportionality	
  Analysis	
  	
  
5 Application	
  of	
  methodological	
  approach	
  
The WFD require cost-effectiveness analysis of the program of measures for attaining
good ecological status (GES) to be conducted. The environmental objectives can be
lowered (objective derogation) or delayed in time (time derogation) if the costs of
these measures can be shown to be ‘disproportionate’ (Sections 3–7, art. 4 WFD). The
disproportionality analysis will compare costs and benefits to assess efficiency and
examine the equal/unequal distribution of costs and benefits to economic agents and
social groups. The disproportionality analysis of the Hobøl River is based on the first
part of this report, the EUFP6 AQUAMONEY Norwegian case study from the
Østfold and Akershus counties (Barton et al. 2009) as well as interviews with
stakeholders and previous reports addressing benefits of good water quality in the
Morsa area (Magnussen et al. 1995, Barton et al. 2008).
The methodological approach is a four level analysis, which corresponds to the
following four chronological steps (Martin-Ortega and Skuras, 2011):
•

Level 0: Establish clear arguments why a disproportionality analysis is
needed, with particular reference to the economic actors that are affected or
serious objections already expressed by stakeholders (e.g., at stakeholders
meetings or elsewhere).

•

Level 1: Estimation of the Benefits from Compliance (water-related benefits
including private and social benefits and reduced inter-temporal and
contemporaneous costs), and comparing them with costs.

•

Level 2: Distributional Effects

•

Level 3: Wider benefits from compliance (non-water related benefits)

5.1 Justification	
  of	
  disproportionality	
  analysis	
  
As stated in Chapter 5.2, stakeholder interaction and literature surveys have given the
following list of water quality benefits in the Vansjø/Hobøl catchment: Drinking
water supply, recreation, swimming, boating, angling, irrigation, paddling, as well as
being a recipient of wastewater and runoff from agriculture, for industrial water
supply (until April 2012 when the main industry, the paper pulp factory, went
bankrupt) and power generation. This use creates interest conflicts, particularly
between the use of the river for drinking water supply and, partly, recreation,
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swimming, fishing, and irrigation and the use of the basin as recipient of wastewater
and runoff from agriculture.
There has been some discussion in the Vansjø/Hobøl catchment about who should
bear the costs of measures in the watershed. It is well understood that all polluters
have to contribute, but the question is to what extent. The conflict is mainly between
agriculture and private and municipal wastewater treatment. The measures in
agriculture are calculated to be the most cost-effective, however it is emphasized that
it is necessary to implement sewage measures in spite of the high costs. Sewage
brings highly bioavailable phosphorous and nitrogen to the water bodies, in addition
to faecal bacteria, possible pathogenic bacteria as well as organic matter. Solheim et
al. (2001) pointed out that even if measures against sewage were relatively expensive;
their overall effect was almost equal to the agricultural measures if the bioavailability
of the phosphorus was accounted for. They therefore concluded that in the Morsa
catchment, sewage measures needed to be implemented in spite of the high costs.
But, as we can see from Figure 3, agriculture is the absolutely most important source
of phosphorus, which is why agricultural measures are necessary. However, the water
quality conditions in Morsa were so bad that the management in this catchment
decided that a wide range of mitigation measures needed to be implemented. This has
led to some disputes and discussions as to whether or not all of these would be
necessary.
The measures that have caused the largest disputes and that can justify a
disproportionality analysis include both agricultural and sewage treatment measures.
These are described in the following, including material on cost and benefit flows
amongst agents associated with them:
•

Sewage treatment in households not connected to municipal sewage
treatment plants (MSTPs). For this measure there was a discussion amongst
both politicians and the public about disproportionality, as it was seen as a
major investment for one household to ensure proper sewage treatment as
compared to the amount of reduced TP. The costs amount to about 10,000
euro per household. The argument for implementation was that for each
household this would, indeed, only mean a small reduction of TP but when
summed up, this would result in 2-3 tons of TP, which constitutes a major
pressure to the water bodies of this catchment. Moreover, a reduction in
sewage would also mean a reduction in loads to the catchment of organic
material and faecal bacteria. In order to ease the economic burden, a system
with loans from the government Housing Bank was offered to the households,
but only 20 households took advantage of this possibility. Of the 2300
households that had to improve their sewage systems, 2039 have now
implemented this measure.
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•

Closure of local STPs and transfer to larger plants outside the catchment.
There are some smaller sewage treatment plants within the catchment, and two
of these were shut down and the sewage was moved to larger MSTPs outside
the catchment. This was a type of measure that the abatement plan of 2001
(Solheim et al., 2001) advised against, as it was regarded as less cost-effective.
In particular, it was advised to improve the local sewage pipelines before these
measures were carried out, as this was seen as much more cost-effective.
Nevertheless, the measure was implemented, probably as a result of political
decisions/lobbying. The sewage treatment plans that were shut down
discharged to Hobøl River and Lake Mjær. It is interesting that a third STP
that is discharging just upstream of Lake Sæbyvann was not closed down in
this process, even though this lake is highly eutrophic. However, this plant has
recently been closed anyway, due to problems with maintenance.

•

No autumn tillage. In agricultural fields with steep slopes (erosion class 3-4)
and heavy clay soils, the ban of autumn tilling is said to be of high costs for
farmers. The farmers claim that the best way to manage this kind of land is by
ploughing and sowing in the autumn, as this will give much higher yields than
if they wait with sowing until spring. The reduced yield in grain crops has led
to a substantial economic loss, according to the farmers.

•

Reduced land for vegetable production. Vegetable production gives much
higher income than grain crops per hectare and a reduction of the size of the
fields due to wide buffer strips (12 meters) would therefore represent a
significant economic loss to the farmers. The subsidies for environmental
measures are too low to cover for this loss, exemplified with a subsidy for
buffer strips of about 4 €/ha as compared to about 190 €/ha for vegetable
production. It has therefore been difficult to enlist farmers with vegetable
crops to the environmental programs in the catchment.

•

Erosion control. According to the Morsa Management Plan, the need for
flood and erosion measures for over 12.5 million € is required to achieve the
objectives of good ecological status in Lake Vansjø. With today’s
appropriations, the Norwegian Water Resources and Energy Directorate
(NVE) has in total only 2.5 million € for measures to prevent landslides, flood
and erosion, and can only prioritise urgent matters with importance for human
safety and economic losses of buildings. Based on the current limits, it is not
realistic that NVE can fund any measures for flood and erosion control.
However, representatives of the municipalities (water and sewage sector) and
farmers argue that this is not in line with integrated water management and
that they pay for all measures themselves while important state actors cannot
fund necessary relevant environmental measures. There is therefore a claim
among these actors about the need for increasing government funding for
erosion and flooding measures in rivers so that NVE can provide significantly
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more funding and planning assistance. The actors have proposed that it is
necessary to take up a comprehensive national cooperation between the
Ministry of Petroleum and Energy and the Ministry of Agriculture about these
issues, but so far there has been no cooperation.

5.2 Methodological	
  approach	
  to	
  identify	
  main	
  benefits	
  and	
  
beneficiaries	
  	
  	
  framework	
  	
  
The identification of benefits of improved water quality by the measures was
undertaken in the following steps:
•

A first screening of potential benefits was elaborated by the researchers.

•

An in-depth interview was held early on in the project with the leader of the
Morsa Water Districts Organisation.

•

A workshop to scope out the effects of a measure (changing the water
regulation scheme of the Vansjø/Moss Dam) increased our knowledge of
immediate benefits of the lake for different user groups (see REFRESH
Deliverable 6.8).

•

Literature studies of former work in the area, in particular Solheim et al.
(2001).

Finally, in October 2013 the list of benefits and beneficiaries was presented to
stakeholders in the final REFRESH stakeholder workshop, where no additional
information was brought forward.
While the main benefit of the measures is the reduction of phosphorus loadings, some
other benefits have been listed in Table 28. Furthermore, a list of wider benefits was
produced and presented in REFRESH deliverable 6.17. It has, however, not been
possible within the framework of this project to include more benefits than that of
removing phosphorus from the catchments.

5.3 Identification	
  of	
  cost-‐bearers	
  and	
  beneficiaries	
  
Beneficiaries 	
  
The Morsa River Basin is extending across two counties, Akershus and Østfold. The
entire basin covers 690 km2 and includes eight municipalities. The Vansjø Lake, the
basin’s main water body, provides drinking water for more than 60,000 people in and
around Moss, the largest town in the area. The lake is an important outdoor
recreational area for the region and considered of national value to Norway.
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Improving the water quality in Hobøl River will benefit other areas downstream, as
the	
   Lake Vansjø, which are important areas for recreation, angling, and tourism
activities in addition to providing drinking water.
The following main beneficiaries were listed by experts and stakeholders:
•
•

•
•
•

Local anglers (provided the measures have improved the fish population)
Recreational users, including hiking and general outdoor life for both local and
non-local people. The Vansjø/Hobøl watercourse is an important recreational
area both locally and nationally. There are also a lot of cabins built around
these watercourses.
Local business from increased recreational activities (eg. commercial
recreational fishing, local B&Bs, and tourism activities in general).
More secure private water supply due to reduced risks for pathogen bacteria
and other pollution after sewage clean-ups
The general public (local and non-local) in terms of improved quality of life
derived from aquatic habitat improvement and conservation.

	
  

Cost bearers
• Farmers: Increased farm costs, foregone benefits
• Households: Private costs for septic tank management
• Municipal Sewage Treatment Plants (MSTP). There were some smaller
sewage treatment plants within the catchment, and two of these were shut
down and the sewage was moved to larger MSTPs outside the catchment.
• Movar (local water supply and sewage company).
• Tax payers:
o Increased costs of monitoring
o Transferred treatment costs from MSTP to consumers

5.4 Identification	
  of	
  spatial	
  and	
  temporal	
  scales	
  for	
  the	
  
disproportionality	
  analysis	
  
The Hobøl River is the largest river in the Vansjø/Hobøl catchment, and carries the
larges load of phosphorus to Lake Vansjø (e.g., Skarbøvik et al. 2012). Since this
river is the most load-bearing river it is assumed that a reduction in the loads here will
benefit the entire catchment. Therefore, we assume that all inhabitants in the
municipalities that are part of the catchment area will have increased benefits if Hobøl
River will reach “good ecological status”.
However, there are only a few inhabitants responsible for most of the pollution
(scattered settlements without wastewater treatment etc.) We therefore divide between
the beneficiaries – which is everybody getting increased welfare from water quality
improvements and those who re most likely to bear the costs for the mitigation
measures.
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In terms of the temporal scale, we have adapted the time-scale of the Aquamoney
Project and used 2011 as the current year for the land use state.

5.5 Data	
  sources	
  
Prior research
For the estimation of the non-market benefits, the methodological approach
established for REFRESEH is that of using existing estimates from the literature,
since there is no budget in REFRESH for primary valuation studies (Martin-Ortega
and Skuras, 2011). This process requires the identification of an appropriate existing
study from which estimates can be reasonably transferred to the study site.
Willingness-to-pay studies have been carried out in the Morsa area or its vicinities by
Magnussen et al. (1995) and Barton et al. (2008 and 2009). Hence, these studies have
been used in this work.

6 Economic	
  efficiency	
  assessment	
  
6.1 Benefit	
  assessment	
  
Valuation and value transfer issues
Value Transfer (VT) involves transferring an economic value of a public good
estimated from a study site (source site; primary valuation study) to a policy site
(target site). Both benefits and costs can be transferred, and the term “value transfer”
is now most commonly used, while earlier studies often used the term Benefit
Transfer. This section builds on Magnussen and Navrud (1992).
In accordance with the REFRESH methodology, value transfer was used (MartinOrtega and Skuras, 2011). However, value transfer implies increased uncertainty and
potential errors of the value estimates. We need to know how we can test for such
errors, what transfer errors are acceptable, and how they can be reduced. There are
three basic requirements for value transfer: i) Database with primary valuation
studies; ii) Criteria for assessment of the quality of primary valuation studies, and iii)
Methods for Value Transfer.
In this disproportionality analysis, we use the unit value approach as the unit value at
the study site is assumed to be representative for the policy site. Brander et al. (2011)
noted that unit value transfer means that mean unit values estimated at the study site
for an environmental good or service is transferred to the policy site as the “policy site
unit value”. Since unit values are most commonly expressed as values per household
or values per unit of environmental good (e.g. area), the aggregated value measure is
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calculated by multiplying the unit value with the relevant population or the units of
environmental good (e.g. area of the valued ecosystem).
Simple unit value transfer
The recommended units of transfer for use and non-use values are:
a) Use value: Consumer surplus/activity day
b) Non-use value: WTP/household/year
Our data from the Barton et al. (2009) study is WTP/household/year. Adjusted by the
consumer price index 2008-20117, Barton et al. (2009) found that the willingness to
pay for improved water quality from the situation in 2008 to "good ecological status",
was valued at between 140-265 Euro per household per year, for the entire Lake
Vansjø. A conservative estimate of the total annual willingness to pay for
improvements to “good ecological status” is roughly 2,8million Euro /year8 (Barton
et al. 2009). Depending on the valuation method chosen and assumptions used, total
willingness to pay for households affected by lake improvements can be estimated as
high as 159 million Euro/year (Barton et al. 2009). The households’ willingness-topay decreased with distance between residence and the water body with 3-910
Euro/km.
Use frequency and water quality suitability thresholds
Currently, households make an average 49 visits per year to water bodies in ØstfoldAkershus: 1.5 visits/month to rivers, 2.0 visits/month to lakes and 4.2 visits/month to
the seaside during summer months. Valuation studies using the official Norwegian
(Miljødirektoratet, formerly SFT) guidelines for use suitability tend to over-emphasise
the impact water quality improvements may have on suitability for recreational uses.
Barton et al. (2009) observed that household activities such as swimming, boating and
fishing were considerably more tolerant of poor water quality than assumed by
official guidelines.
Willingness to - pay (WTP) per household per year
Barton et al. (2009) estimated WTP for an improvement in Lake Vansjø to “good
ecological status” or better. By using two different valuation methods, willingness to
pay was found to be 130-250 Euro per household per year. In comparison, households
in Østfold County currently pay on average 500 Euro/year per household for water
and sanitation.

7

Consumer price index (2008-2011): 1,058
Consumer price index (2008-2011): 1,058
9
Consumer price index (2008-2011): 1,058
10
Consumer price index (2008-2011): 1,058
8
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Distance decay and spatial extent of willingness to pay
Willingness to pay drops by as much as 9 Euro/km or as little as 3 Euro/km depending
on what valuation method is used (for improvements from current status to good
ecological status or better) (Barton et al. 2009). For the lakes in lower Morsa
catchment this means that the ‘limit’ to how “far away” households are willing to pay
for a lake improvement lies between about 30 km and 60 km depending on the
method. The number of households affected by this magnitude of improvement varies
between roughly 96 000 and 130 000, respectively (Barton et al. 2009).
Total willingness to pay for improving Lake Vansjø
Barton et al. (2009) found that a conservative estimate of the total annual willingness
to pay for improvements to “good ecological status” is roughly 2.6 million Euro/year.
Depending on the valuation method chosen and assumptions used, total willingness to
pay for households affected by lake improvements can be estimated as high as 14
million Euro/year (Barton et al. (2009).
Sensitivity of willingness to pay to the scope of lake improvements
Households’ willingness to pay is sensitive to the number of lakes improved (one
versus two lakes was tested) only in special cases, such as when the lake that is their
favourite recreation location; or when an improvement is promised, but then scaled
down. Recreational values of lakes seem to predominate over non-use values.
Households’ willingness to pay is sensitive to how large the improvement in lake
quality is for certain lakes, especially those in the lower part of the three catchments.
There are nonetheless great differences between willingness to pay for lakes in
adjacent catchments such as Morsa, Glomma and Halden (Barton et al. 2009).

6.2 Comparison	
  of	
  benefits	
  with	
  costs	
  (baseline	
  conditions)	
  
In a socio-economic analysis, projects are profitable if the net present value of the
benefits is at least as large as the net present value of the costs. At first, we analyse at
which level benefits for each household have to exceed the costs assessed in the CEA
of measures to reduce phosphorus in Hobøl River. Year 2000 is the starting point for
this CEA, because this was the starting point of several mitigation measures have
being carried out in the catchment. In year 2000, the first river basin abatement plan
was made for the Vansjø-Hobøl Catchment, and this abatement plan had major
influences on the subsequent management of the basin. In retrospect, it is interesting
to assess the assumed necessary mitigation measures and their effects – and what has
in fact happened in the period 2000-2011.
CEA results show that the total cost for the agricultural sector is estimated to be about
1.06 million Euro per year, while the costs for the wastewater sector is estimated to be
about 0.67 million Euro per year, i.e. a total of almost 1.73 million Euro.
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The measures in agriculture are calculated to be the most cost-effective, however it is
emphasized that it is necessary to implement sewage measures in spite of the high
costs. Solheim et al. (2001) pointed out that even if measures against sewage were
relatively expensive; their overall effect was almost equal to the effects of the
agricultural measures if the bioavailability of the phosphorus was accounted for. They
therefore concluded that in the Morsa catchment, sewage measures needed to be
implemented in spite of the high costs.
Barton et al. 2009 calculated the ‘limit’ to how far away households are willing to pay
for a lake improvement, and found this to lie between about 30 km and 60 km
depending on the method used. The number of households affected is therefore
calculated to be between roughly 96 000 and 130 000, respectively.
Willingness-to-pay values are often stated per household. The willingness-to-pay is
mainly stated as annual willingness-to-pay. We assume the willingness to pay to be
the same in the whole period, and that the real price is the same over the whole
period. The period of analysis and payment period is 12 years (2001-2011).
The net present value methods compile and summarize benefits and costs incurred on
different times.

NPV =

, where

I0 = the investment in year 0,
Ut = benefits – cost in year t (only costs in this calculation)
k = discount rate assumed to be constant for our analysis

The net present value (NPV) of total costs for both the agricultural sector and the
water and sewerage sector is 17.6 million Euro using a 4 % discount rate and a 12
years lifetime:
NPV=14 000 000 NOK * 9.385111=131 million NOK or 16.37 million Euro.
By using 96 000 households, 12 years lifetime for the project and a 4 % discount rate,
we can calculate what the willingness-to-pay have to be in addition to what is paid
today to be at least as large as the costs of measures presented in the CEA.
Willingness to pay per year then has to be at least:
131 mill/9.3851=14 million NOK or 1.75 million Euro.
If 96 000 households are affected, willingness to pay per household per year has to be:
14000000/96000 = 145 NOK per household (about 18 Euro)
11

Annuity factor: If a fixed amount X is to be paid once a year in T years and the discount rate is k, the
present value of the payment is X multiplied by the annuity factor. If T=12 and k=0,04, the annuity
factor is 9.3851.
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If 130 000 households are affected, willingness to pay per household per year has to
be:
14000000/130000 = 115 NOK per household (about 14 Euro)
We then find that the annual willingness to pay has to be approximately 14-18 Euro
per household per year in the project period. The willingness-to-pay values are stated
as a supplement to the current expenses. In comparison, households in Østfold County
currently pay on average 500 Euro/year per household for water and sanitation.
So, does it sound reasonable that the willingness to pay for good ecological status in
the Vansjø/Hobøl areas is 14-18 Euro per household per year? To check this out, a
contingent valuation study could be carried out, but there are not resources in this
project for such a comprehensive study. We therefore look at previous studies to
compare the amount of willingness-to-pay and whether this is realistic. When cost
data are available and primary valuation studies of benefits do not exist, this approach
is useful to evaluate the profitability in terms of benefits and costs. However, it should
thus be noted that this requires that the willingness to pay is about the same in the
source site as in the target site.
Barton et al. (2009) found that the willingness to pay for improved water quality from
2008 conditions to "good ecological status", was valued at 140-265 Euro per
household per year for Lake Vansjø in Østfold. Hobøl River is the main tributary to
Lake Vansjø. Hence the valuation of this study points to a significantly lower
willingness to pay than stated in the Barton et al. (2009) survey and with that a
realistic amount of willingness to pay. Taking into account the WTP obtained by
Barton (2009), we can conclude that the cost of the mitigation measures carried out
seems to be socioeconomically profitable, and not disproportionate. However, the
measures carried out in the Vansjø-Hobøl catchment has not been sufficient to reach
good ecological status, and whether the costs of reaching this level of water quality
will be disproportional cannot be evaluated before we know the costs of reaching this
level. Here, the delay in the recovery process of a lake is important. This is especially
important with agricultural measures, since it takes time to reduce high phosphorus
levels in the soil. Even when measures are implemented to reduce the phosphorus
levels, it may take decades before the soil phosphorus levels are acceptable, and
during this time erosion will inevitable cause continued eutrophication in the water
bodies.

7 Distributional	
  effects	
  
7.1 Methods	
  and	
  sources	
  of	
  information	
  
The analysis of distributional effects is approached by using qualitative analysis at the
sector (e.g. agriculture/industry, etc.) The analysis is based on CEA estimates,
mapping of cost bearers and beneficiaries, consultation with relevant stakeholders, as
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well as the development of a ‘narrative’ of the benefits and costs flows across the
different groups. The stakeholder process is decribed in Holen and Skarbøvik (2013).
At this stage, we focus only on water related costs and benefits and their distribution.

7.2 Considerations	
  on	
  distributional	
  effects	
  	
  
In the stakeholder engagement process to assess views on costs, disproportionality
and benefits of measures, stakeholders expressed the view that, overall, benefits of
improving water quality outweigh costs, although these are difficult to assess in
monetary terms. It was acknowledged that there is an uneven distribution of costs and
benefits: costs were thought to be concentrated in certain sectors, while benefits reach
the general public, even beyond the catchment boundaries. The stakeholders realized
that the costs and benefits might not be borne by the same people, creating a
‘mismatch’ for incentivising water quality improvement measures. This could be one
of the reasons that some of the cost-bearers are ‘blamed’ for their impact on the
water-environment, generating counter-productive rounds of ‘blame-games’.
There has thus been some discussion in the Vansjø/Hobøl catchment about who
should bear the costs of measures in the watershed. It is well understood that all
polluters have to contribute, but the question is to what extent. The conflict has
mainly been between agriculture and private and municipal wastewater treatment.
About 70%-100% of the investment costs of measures in the agricultural sector are
covered by the government. The farmers’ bear the rest of the investment costs in
addition to operating costs, the costs of reduced crops, time costs etc. The municipal
agricultural advisors have also used a lot of time on advisory service and
administration of these programs of measures. Some of the consequences for farmers
is claimed to be increased structural changes in agriculture and adjustment towards
greener and more sustainable agriculture. Indicatively, two thirds of potato growers
have abandoned their farm activities over a few years. The environmental measures as
well as generational shifts could be the reasons behind this outcome.
The strongest objections on behalf of farmers regarding the implementation of these
measures in the Vansjø-Hobøl catchment include economic losses due to reduced
yields as a result of spring ploughing (winter wheat give higher yields than spring
wheat). Full-time farmers were mostly negative towards the measures in the start, but
even the most negative farmers have changed opinions towards a more positive
attitude during the project period. Also, people living in scattered dwellings have
objected to substantial additional costs. Some of these stakeholders claim that local
and state government has been too hesitating in starting appropriate action, which has
limited the motivation among farmers and private households for carrying out the
measures.
There is a common understanding among several stakeholders that the municipal
water and sewage sector had the largest total expenses regarding measures, but it must
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be noted that a lot of these measures might have to be carried out anyway as general
maintenance of the water and sewage system (there has been a backlog of
maintenance in this sector over many years). The actors having the largest relative
cost per unit, are however the farms and residential buildings surrounding the
watershed. The direct economic benefits of these efforts are claimed to be low for
these groups as long as the water quality is acceptable for irrigation, even though
there is an understanding of the importance of good water quality for bathing,
drinking water and fishing.
There was also a consensus that benefits are being shared among the whole society
mainly relate to increased drinking water quality, recreation, tourism and outdoor life.
In addition to this, the buffer zones and sedimentation ponds have been beneficial for
the cultivated landscape as well for biodiversity. Those who benefit directly
financially from an improved water quality are those that directly utilize the VansjøHobøl watercourse for tourism (recreation or personal), fishing and as source for
drinking water.

7.3 Affordability	
  considerations	
  
Besides disproportionality in terms of high costs in relation to benefits, the WFD also
includes disproportionality in relation to the financial ability to meet targets. This
becomes an issue of affordability.
There has also been a lot of discussion about affordability in the agricultural sector,
related to measures like no autumn tillage and reduced land for vegetable production.
The agricultural industry in Norway is highly subsidized and characterized by
relatively small units, in many cases with low profitability due to climate conditions
and geography. Since the 1970s, it has become increasingly common to combine
farming with other kinds of paid work or business activity. Even in areas which are
well suited for agriculture, part-time farming is common, because grain production
cannot provide adequate employment and income for a family. There is however a
political goal to maintain food production in Norway, and farmers claims that in order
to keep the business alive it is neccessary not to increase their economic burden.
In agricultural fields with steep slopes (erosion class 3-4) and heavy clay soils, the
ban against autumn tilling is said to be of high costs for farmers. The reduced yield in
grain crops has led to a substantial economic loss according to the farmers (see
chapter 5). It has therefore been difficult to enlist farmers with vegetable crops to the
environmental programs in the catchment.
Stand-alone sewage solutions in scattered dwellings have cost around 10,000 euro,
which for some families have been a considerable expense. Loans with good
conditions were offered, but only very few households took advantage of these loans.
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7.4 Equity	
  considerations	
  
Of the measures that have caused disputes about equity in the Vansjø-Hobøl
catchment, sewage from scattered dwellings is the most important. House owners
have argued that their contribution to the total phosphorus loads in the catchment is
very limited. Why, then, should they take this significant expense? The counterargument from the water management has been that all families together in the area
have a sewage discharge of 2.3 tons, and this amount makes a very big impact. In
addition, raw sewage also brings organic matter, nitrogen and bacteria to the system,
and therefore also represents a hygiene / health problem.
An argument which has been raised both by farmers and municipal treatment works,
is that the governmental level contributes too little. This claim is related to the need
for erosion and flood protection works, both in River Hobølelva and in the lake
system. Hence, both farmers and municipal treatment works representatives feel that
the local costs are high as compared to the low efforts at the state level.

62

PART	
  III:	
  Conclusions	
  and	
  Policy	
  Implications	
  
8 Policy	
  implications	
  and	
  recommendations	
  	
  
The most cost-effective combination of measures to tackle phosphorous pollution in
our case area included (the most cost-effective measure first, then ranked in the order
of increasing cost-effect): Buffer zones; Sedimentation ponds; Reduced tilling;
Improved treatment of sewage from scattered dwellings; and Transfer of sewage to
MSTPs outside the catchment. Some care should, however, be taken when such a list
is followed up by managers. Our prioritised list is based solely on cost-effectiveness
of reducing loads of total phosphorus. Other concerns, such as bioavailability of
phosphorus and risks of bacteria from sewage pollution, need also to be considered. In
addition, effects of measures to reduce phosphorus from agricultural fields may take
several years, especially if the phosphorus levels in the soil are already high.
Our comparison of costs and benefits clearly suggests that reducing phosphorus and
improving the water quality of the Vansjø-Hobøl catchment would be proportionate
and economically justified, especially taking into consideration the very substantial
non-market benefits that it procures within the sub-catchment and beyond.
Distributional effects and affordability considerations are important in this context.
The costs and benefits might not be borne by the same people, creating a ‘mismatch’
for incentivising the measures for water quality improvement. It may be adviseable to
consider moving from a ‘polluter pays principle’ to more flexible approaches, such as
Payments for Ecosystem Services, in which beneficiaries (e.g. recreational users and
anglers) might contribute to compensate farmers costs. Within this framework, the
participation of local stakeholders in the assessment process and especially in the
definition of what is disproportionate is critical.

9 Methodological	
  challenges	
  ahead	
  	
  
Whereas the methods used in this study have proven sound in terms of giving
valuable results on both cost-effect analyses and disproportionality analyses, there are
some methodological challenges that need to be adressed.
Estimating effects of agricultural measures. The effect of measures designed to tackle
diffuse agricultural runoff are dependent on several catchment-related factors, as
outlined in Chapter 2.1. Results from experiments at plot scale may not always be
reflected at catchment scale, and if phosphorus levels in the soil are high it may take
time before the measures are reflected in the creeks or rivers. Furthermore, there may
be several variations within one type of measure. Buffer zones, for example, may be
strips with natural vegetation along a river, or strips with active grass production; in
the latter case heavy machinery is used to gather the grass, and farmers are also
63

sometimes allowed to use fertilisers to ensure improved yields. In short, therefore,
more research is needed in order to improve effectiveness estimates of agricultural
mitigation measures.
Cost estimates. Another challenge related to the cost-effectiveness analysis is the
uncertainty of the cost figures, the time horizon of the effects, the scale issue, the
choice of discount rate, lifetime of measures, etc. There is a need for interdisciplinary
knowledge exchange and extensive stakeholder involvement to come up with best
possible estimates for the figures, as well as uncertainty analysis of the different
factors. If quantified assessment of effects in e.g. kg TP removed is difficult to come
up with, expert judgments can be used to make semi-quantitative assessments (smallmedium-large effect).
Multiple stressors. In our study, we have focused on phosphorus, but there may be
many other stressors in a catchment, including nitrogen, faecal bacteria, and organic
matter. Methods to account for more than one stressor therefore need to be developed.
Wider effects. Measures to tackle phosphorus runoff can have many other effects, for
example in improving biodiversity, well-being, enhancing tourism and recreation (see
Holen and Skarbøvik (2013) for a full list of wider benefits in the Morsa Catchment).
Presently, the cost-effect methodology cannot account for all of these additional
effects, but it would be advantageous if they could, to some extent, be quantified.
Effects of climate change. Climate change is a factor that needs to be considered when
doing cost-effectiveness analysis of measures in the future. This means that we in the
future are facing another factor that may further increase the uncertainty of the data in
the cost-effectiveness analysis.
Guidance on disproportionality. There is a need to provide and further develop
specific guiding principles on how to actually apply disproportionality, as well as
homogeneous criteria which could be adopted in a pan-European context. Such
guiding principles would help the application of disproportionality assessment and
avoid risks such as non-compliance to specific ecological targets and excessively
unequal distributional effects.

	
  
	
  
	
  
	
  

64

10 References	
  
Balana, B. (2011). A guidance note on approaches to implement CEA at the
demonstration sub-catchments. RFERESH WP6 ‘internal’ technical note.
www.refresh.ucl.ac.uk
Barton, D.N., Navrud, S., Lande, N., Bugge Mills, A. (2009). Assessing Economic
Benefits of Good Ecological Status in Lakes under the EU Water Framework
Directive. Case study report. Norway. NIVA report 5732-2009, Norwegian Institute
for Water Research.
Barton , D.N., T. Saloranta, S.J. Moe, H.O. Eggestad, and S. Kuikka, (2008)
Bayesian belief networks as a meta-modelling tool in integrated river basin
management — Pros and cons in evaluating nutrient abatement decisions under
uncertainty in a Norwegian river basin. Ecological Economics 66, 91–104.
Bechmann, M. & Deelstra, J. 2013. Agriculture and Environment – Long Term
Monitoring in Norway. Akademika Publishing, Trondheim. ISBN: 978-82-3210014-9. 392 s.
Blankenberg, A.-G. B., Turtumøygard, S., Pengerud, A., Borch, H. Skarbøvik, E.,
Øygarden, L., Bechmann, M., Syversen, N., og Vagstad, N.H. 2008.
Tiltaksanalyse for Morsa: Effekter av fosforreduserende tiltak i Morsa 20002006. Bioforsk Rapport 86, Vol.3, 2008, 54 s.
Blankenberg, A.-G. B., Deelstra, J., Øgaard, A.F., Pedersen, R. 2013. Phosphorus and
sediment retention in a constructed wetland. In: Bechmann & Deelstra:
Agriculture and Environment – Long Term Monitoring in Norway. Akademika
Publishing, Trondheim. ISBN: 978-82-321-0014-9. Pp 299-314
Borch, H., Farkas, C., Øgaard, A.F. & Bechmann, M. 2010. The AGRICAT-P Model
– a tool for modelling the mitigation effects of agricultural runoff in Norwegian
catchments. Bioforsk Report Vol. 5 No. 9. 2010.
Brander; L.M., Bräuer, I., Gerdes, H. et al. 2011. Using Meta-Analysis and GIS for
Value Transfer and Scaling Up: Valuing Climate Change Induced Losses of
European Wetlands. Environ Resource Econ. DOI 10.1007/s10640-011-9535-1.
Pp. 50-61.
Braskerud, B. 1995. Fangdammer renser bekkene. Tidsskriftet Vann, Vol 30, Nr 2, s.
286-295.
Cardenas, L.M., Cuttle, S.P., Crabtree, B., Hopkins, A., Shepherd, A., Scholefield, D.,
del Prado, A., 2011. Cost-effectiveness of nitrate leaching mitigation measures

65

for grassland livestock systems at locations in England and Wales. Science of the
Total Environment. 409: 1104–1115.
Deelstra, J. & Øygarden, L. 1998. Measurement of runoff. In: Øygarden, L. &
Botterweg, P. (eds.): Measuring runoff and nutrient loss from agricultural land in
Nordic countries.
Deelstra, J., Vagstad, N. & Øygarden, L. 1998. Sampling technique and strategy. In:
Øygarden, L. & Botterweg, P. (eds.): Measuring runoff and nutrient loss from
agricultural land in Nordic countries. TemaNord, Nordic Council of Ministers. 27–
35 pp.
Deelstra, J. Kværnø, S., Skjevdal, R., Vandsemb, S., Eggestad, H.O., & Ludvigsen,
G.H. 2005. A general description of the Skuterud Catchment. Jordforsk Report no.
61/2005. 45 pp.
Direktoratsgruppa 2009. Klassifisering av miljøtilstand i vann Økologisk og kjemisk
klassifiseringssystem for kystvann, innsjøer og elver i henhold til vannforskriften.
Veileder 01:2009184 pp.
Dumas, C., Schuhmann, P., and Whitehead, J.C. 2004. Measuring the Economic
Benefits of Water Quality Improvement with the Benefit Transfer Method: An
Introduction for Non-Economists. "Working Papers 04-12, Department of
Economics, Appalachian State University.
Feenberg, D. and Mills, E.S. (1980). Measuring the benefits of water pollution
abatement. New York, Academic Press, in Smith, V.K.
Finansdepartementet (2005). Veileder i samfunnsøkonomiske analyser.
Grønsten, H.A., Øygarden, L. og Skjevdal, R. 2007. Jordarbeiding til høstkorn –
effekter på erosjon og avrenning av næringsstoffer. Bioforsk rapport vol 2 nr 60.
2007. ISBN 978-82-17-00231-4. 65pp.
Grønsten and Blankenberg, 2008. Vegetasjonssoner – effektive filtre for jord,
næringsstoffer og plantevernmidler. Bioforsk TEMA Vol.3 Nr. 12.
Hauge, A., Blankenberg, A.-G.B., Hanserud, O.S. 2008. Evaluering av fangdammer
som miljøtiltak i «SMIL». Bioforsk Report (Vol. 3, No. 140).
Holen, S. and Skarbøvik, E. 2013. Results from investigations on wider benefits of
measures in the Vansjø-Hobøl catchment, Norway. REFRESH Interim Report,
October 2013. 8 pp.
Kværnø, S.H. and Bechmann, M., 2010. Strømningsveier for vann, partikler og
næringsstoffer i jord. VANN 45(2), p 177-190.

66

Lundekvam, H. 2002. ERONOR/USLENO - Empirical Erosion Models for
Norwegian Conditions. Report no. 6/2002. ISBN: 82-483-0022-6. pp 40.
Lundekvam, H. 2007. Plot studies and modelling of hydrology and erosion in
southeast Norway. Catena 71, 200-209.
Magnussen, K., Bergland, O., Navrud, S., 1995. Overføring av nytteestimater:status i
Norge og utprøving knyttet til vannkvalitet. Del II Utprøving knyttet til
vannkvalitet, NIVA.
Magnussen, K. og S. Navrud (1992). Verdsetting av redusert forurensning til
Nordsjøen. Norsk institutt for landbruksøkonomisk forskning, rapport B-015-92.
Oslo.
Magnussen, K., D. Barton og E. Romstad (2003): Kostnadsdekning og prising av
vanntjenester – Forprosjekt i forbindelse med EUs rammedirektiv for vann. KM
Miljøutredning, rapport 2003-02.
Magnussen, K. og S. Holen (2011). Økonomiske aspekter ved vanndirektivetErfaringer fra EU og forslag til økonomiske analyser i norsk vannforvaltning.
SWECO rapport 144811-01, Oslo.
Martin-Ortega, J. and Skuras, D. 2011. Methodological approach
Disproportionality Analysis. REFRESH WP6 interim report. 14 pp.

to

Refsgaard, K., Bechmann, M. Blankenberg, A.-G. B. Skøien S. and Veidal A. (2010):
Kostnadseffektivitet for tiltak mot fosfortap fra jordbruksarealer i Østfold og
Akershus. NILF Rapport 2010-2. Norsk institutt for landbruksøkonomisk
forskning og Bioforsk.
Refsgaard, K., Bechmann, M. Blankenberg, A.-G. B., Kvakkestad, V., Kristoffersen,
A.Ø., Veidal, A. in press. Kost-nytte av tiltak mot fosfortap fra jordbruksarealer i
Norge. NILF Report.
Schindler, D.W. 1977. Evolution of phosphorus limitation in lakes. Science 195: 260262.
Skarbøvik, E. & Bechmann M. 2010. Some Characteristics of the Vansjø-Hobøl
(Morsa) Catchment. Bioforsk Rapport 128, Vol 5. 2010. 44 s.
Skarbøvik, E. og Haande, S. 2012. Overvåking Vansjø/Morsa 2010-2011. Resultater
fra overvåkingen i perioden oktober 2010-oktober 2011. Bioforsk rapport 7(44): 121
s.
Solheim, A.L., Vagstad, N., Kraft, P., Løvstad, Ø., Skoglund, S., Turtumøygard, S, og
Selvik, J.R. 2001. Tiltaksanalyse for Morsa (Vansjø-Hobøl-vassdraget) –
Sluttrapport. NIVA Rapp. 4377-2001, 104 s.
67

Syversen, N. 2003. Renere vassdrag med vegetasjonssoner. Published by Jordforsk.
12 pp. http://www.bioforsk.no/ikbViewer/Content/55160/Vegetasjonssoner.pdf
Søvik, A.K., Syversen, N. and Mæhlum, T. 2008. Vegetasjonssoner som rensefilter
for overflateavrenning - effekt av ulik vegetasjon og variasjon i renseeffekt over
tid. Bioforsk Fokus. Vol 3. Nr. 6. 13 pp.
Walling, D.E. 2005. Tracing suspended sediment sources in catchments and river
systems. Sci. Tot. Env. 344 (2005): 159-184.

Øgaard A . F & T. Krogstad 1995. Grunnlag for estimering av fosforavrenning fra
dyrka mark. Institutt for jord- og vannfag. NLH. Rapport nr. 1/95.
Øygarden, L. Borch, H., Skarbøvik, E., Bechmann, M, Øgaard, A.F. 2010. Fornyet
tiltaksanalyse for jordbrukstiltak i Morsa. Bioforsk-rapport 99/2010, 67 s.
Aakerøy, P.A., Skarbøvik, E. og Øgaard, A.F. 2008. Fosforinnhold i sediment i
Hobøl. Resultat fra undersøkelser høsten 2008. Bioforsk Notat 2008. 33 s.

Personal communication
Helga Gunnarsdottir, head of the Morsa River Basin District Organisation 19992012.

68

