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Abstract

The Vansjø-Hobøl catchment in Norway is located southeast of Oslo in a lowland setting with
forests and agriculture. The Lake Vansjø is a popular recreation site and serves as drinking
water source for the city of Moss. The lake and its tributaries are highly polluted with
chronic blooms of algae, in some years these produce toxins and the water is no longer
suitable for bathing. The algal blooms are caused by too much of the nutrient phosphorus
(P). The phosphorus comes mostly from runoff from agricultural land and household sewage
wastes. The present-day loading of P to the lake is about two-fold that which is deemed
“acceptable”, that is, the amount that the lake can tolerate without developing algal blooms.
Mitigation measures to reduce the P inputs have been implemented at the Vansjø-Hobøl
catchment over the past 10-15 years, and these have reduced the P loading somewhat. But
additional measures are necessary to meet the requirements of the Water Framework
Directive. In addition future climate change can make the problem worse.
In the REFRESH project a set of linked mathematical models (climate, river hydrology, river
water chemistry, lake chemistry and biology) was used to estimate the effect of future
storylines of changed agricultural practices, land use and sewage treatment implementation
alone and in combination with climate change. In general climate change will exacerbate the
problem, but the largest effect will be that of changed land management practices.
The cost-effectiveness of the various measures was also assessed. It appears that there are
sufficient measures available to “solve” the problem, even given future climate change.
Several of the measures in agriculture have low cost per kg P removed, whereas more
effective sewage treatment has a relatively high cost.
But cost is not the only factor affecting the mangers decisions as to which mitigation
measure should be implemented. The measures must be deemed “fair” by the parties
involved. Thus costly measures with high government subsidies may be chosen over low cost
measures for which the costs are borne by individual farmers.
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1. The Vansjø-Hobøl (Morsa) catchment
1.1.

Description

(Reference for this section: Skarbøvik, E. & Bechmann M. 2010. Some Characteristics of the
Vansjø-Hobøl (Morsa) Catchment. Bioforsk Rapport 128, 44 pp.)
The Vansjø-Hobøl (Morsa) catchment (Figure 1) is located in South-Eastern Norway and
drains into the Oslo Fjord, south of the capital Oslo. The catchment covers about 690 km2.
The main lake system is Lake Vansjø (25 m asl), covering an area of about 36 km2. The lake
consists of several sub-basins, the two main basins are called Storefjorden (eastern basin)
and Vanemfjorden (western basin). There are also several smaller lakes in the catchment.
Lake Vansjø is a relatively shallow lake for Norwegian conditions (Table 1). Mean annual air
temperature is 5.6oC and the annual precipitation is about 829 mm.
In total about 15 % of the entire catchment area is covered by agricultural land, about 7 % is
covered by water bodies, and the remaining 78% is mainly covered by forest (Figure 1). The
catchment is one of the most cultivated areas in Norway.

Lake Sætertjern
Lake Bindingsvn
Lake Langen

Lake Våg
Lake Mjær

River
Kråkstadelva

River
Hobølelva

River Veidal
River Mørkelva

River Svinna

Lake
Vansjø

Lake Sæbyvn

Western
basin
Eastern
basin

Figure 1. The Vansjø-Hobøl Catchment with sub-catchments and lakes.
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Table 1. Morphometric data for Lake Vansjø
Lake Vansjø
Mean depth (m)
Maximum depth (m)
Surface area (km2) at 25.5 masl
Volume (106 m3) at 25.5 masl
Water residence time (years)

1.2.

7.0
41.0
35.8
252.2

Vanemfjorden
(Western basin)
3.8
19.0
12.0
46.1
0.21

Storefjorden
(Eastern basin)
8.7
41.0
23.8
206.1
0.85

Water quality issues

The main challenge in this catchment in terms of water quality is eutrophication caused by
excess loading of nutrients. Since the first River Basin Abatement Analysis (Lyche-Solheim et
al. 2001), newer calculations have been done on the sources of total phosphorus in the
catchment (Blankenberg et al. 2008, Øygarden et al. 2010). These are natural runoff (5.1 kg
TP/yr); agriculture (6.3 kg TP/yr); small sewage water treatment facilities (1.0 kg TP/yr); and
Municipal Sewage water treatment plants (0.6 kg TP/yr). This would give a total phosphorus
loading of about 13 tonnes of TP per year (Figure 2).
Municipal
SWTP
Small
SWT

Natural
runoff

Agriculture

Figure 2. Distribution of total phosphorus sources in the catchment (%). Based on data from
Blankenberg et al. 2008.
The main sources of diffuse pollution in the catchment include agricultural runoff from fields
and sewage from scattered dwellings. About 2 300 sewage treatment plants for low density
habitation have been installed (Stokke 2006). Runoff from forestry practices comprise a third
source, but little is known on this.
Diffuse pollution usually increases in years with heavy rains and high water discharges. In the
last years, erosion of clay soils and river banks have contributed significantly to increased
suspended sediments and phosphorus in the river system.
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Sewage treatment plants (4-5 larger) are the main point pollution sources in the catchment.
During the flood in 2000, sewage pumps and pipes overflowed, this is believed to be one of
the reasons for the subsequent years with toxic algae blooms, although it has not been
scientifically proved.

1.3.

DPSIR framework

No thorough DPSIR-analysis has been carried out in the catchment, but based on current
knowledge a temporary analysis has been done:
Drivers
The main drivers in the catchment include






food production, including the results of Norwegian policies regarding agriculture and
remote settlements
economic drivers, including the requirements for sufficient water flow at the outlet of
the lake for various purposes (industry, hydropower)
the requirements for drinking water (eastern basin)
the requirements for water clean enough for swimming and other recreational use
(western basin)
environmental concerns

Pressures
 Water quality pressures: High nutrient and particle loads to the lake from the tributaries
 Hydrological pressures (1): Lake Vansjø is a reservoir and investigations have been done
to assess if the dam can be operated in a better way, i.e. so that water quality issues
may be improved.
 Hydrological pressures (2): Flooding during spring/autumn is a problem and a feasibility
study is being planned to evaluate the construction of a flood tunnel from the lake to
the sea.
 Climate change pressures: Increased frequency of flooding may give increased overflow
of sewage treatment plants, and also increased erosion of river banks.
State
High nutrient and particle concentrations in the lake, e.g. Skarbøvik et al. 2007, 2008, 2009,
2010. Harmful algae blooms in the lake basins.
Impact
Eutrophication, including harmful algae blooms, has lead to a public outcry to better protect
the lake.
Responses to date
Establishment of the Morsa Project, which later became the Morsa River Basin District
Organisation. The Authority has managed to ensure funds to carry out monitoring and
implement measures against pollution.
In the catchment of lake Vansjø, a series of mitigation measures have therefore been
applied, and more are in the pipeline, they include, inter alia:
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Reduced tillage in autumn,
direct drilling,
reduced P application rate,
vegetated buffer sones,
constructed wetlands,
Installing waste water plants at single households with different technologies.

Nutrient application occurs mainly in the end of April and beginning of May. Additional Napplication may occur in June. In the adjoining Skuterud catchment sowing is carried out
between 8 April and 1 May and nutrient application is generally carried out together with
sowing.
Effects of the above mitigation measures have been estimated both by modelling and from
monitored data through studies by Bioforsk (Blankenberg et al. 2008, Øygarden et al. 2010).
In addition, there have been mitigation measures in the lake, including fish catch of large
pike (in order to increase plankton eating fish), as well as changing the regulation of the dam
(followed up by studies on lake water quality).
The investigations on the operation scheme of the dam at Mossefossen has involved new
and temporary operating routines during summer.
Both researchers and managers are concerned that climate change may be masking the
effects of the mitigation measures in the catchment. Flood frequency analyses and drought
frequency analyses have been performed by Bioforsk in the largest tributary to the lake: No
trends were found on the flood frequency analysis – but this may be a result of the
methodology. A downward trend in droughts was found, although not statistically
significant; i.e. fewer drought episodes the latter years.





Several major river bank erosion events have been recorded in recent years, leading to
increased particle loads to the lake.
The increased sediment and P loads will of course affect lake biology, as demonstrated
by NIVA in 2008.
At the same time, warmer summers have lead to higher lake temperature
A major flood in the early 2000s may have been a trigger factor for the harmful algae
blooms.

7

2. Hydrochemical modelling
2.1. Forecasting phosphorus dynamics in the Vansjø-Hobøl Catchment using a
river-lake model network
(Reference for this section: Couture et al. 2014. Environmental Science Processes & Impacts)
Introduction
The biogeochemical modelling used a network of process-based models linking climate,
hydrology, catchment-scale P dynamics and lake processes to support decision-making and
reach good water quality status. The model network was calibrated to data from 1997-2003
and then used to evaluate several storylines of combined climate change and land-use
change.
The model network
The model network links the hydrological model PERSiST with the hydrochemical model
INCA-P to the lake model MyLake (Figure 3). PERSiSt simulates daily runoff and temperature
and produces hydrology inputs for INCA-P. INCA-P integrates catchment processes in river
stretches to produces daily fluxes of P species and suspended solids. MyLake is a 1D
process-based, daily time-step lake model and simulates vertical temperature distribution
and hydrodynamics to give P turnover and phytoplankton growth.
Climate (GCM, RCM)

Vansjø-Høbol Catchment
Land Cover

Catchment hydrology

Urban
Forest
Agriculture
Water

Catchment P dynamic
R1
Mjær

R1
Mjær

R2
Krakstad

R2
Krakstad
R3
Tomter

R3
Tomter
R4
Kure

R4
Kure
R5
Vaaler.
R6
Store.

R7
Vanem.

R5
Vaaler.
R7
Vanem.

R6
Store.

Lakes
L2

L1

Vanemfjorden Storefjorden

L2
L1

Figure 3. Land-use distribution of the Vansjø-Hobøl catchment (right panel) and
corresponding schematic representation of the catchment-lake model network (left panel)
indicating river reaches (R) modelled with INCA-P and lake basins (L) modelled with MyLake.
The hydrological model PERSiST provides input for the catchment model, and the climate
models provide forcing for all models
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Figure 5. Monthly means of the changes in temperature and precipitation imposed by the
climate models HadCM3/HadRM3 (solid line, C1), ECHAM5/RACMO (long dashed line, C2)
and BCM/RCA (short dashed line, C3) for the period of 2030-2052 relative to the present-day
conditions (C0) over the period of 1990-2012, along with monthly means of observed
temperature and precipitation over the same period (grey vertical bars).
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Figure 4. Management and climate scenarios defining the storylines. Storyline 0 represents
the reference management focus and reference climate that were compared to
observations in calibrating the river-lake model network and deriving model performance
metrics.
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Figure 6. Observed (symbols) and simulated (solid line) stream flow at the end of R4 using
the model PERSiST (panel A), as well as observed and simulated stream flow and TP at the
end of R4 using INCA-P (panel B).

10

Figure 7. Calibration performance of MyLake at Storefjorden (L1, left panels) and
Vanemfjorden (L2, right panels) for total phosphorus (TP), chlorophyll (Chl), particulate
phosphorus (PP) and phosphate (PO4) over the calibration period of 2005-2012. The results
are reported as the median (solid line), daily quartile statistics sampled from the parameter
sets of equal likelihood (continuous area) together with the observations (circles).
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Results and conclusions
Changes in land use and management practices have a greater impact on water quality
than climate change. However, modelling in smaller catchments (i.e., Skuterud, Norway)
suggest that extreme episodes can be of importance. Even in the best case, it remains
difficult to reach the WFD target for TP and Chl. Sources of uncertainty:
– Parameter uncertainty (lack of process data)
– Different response times to changes in land use and climate
– Some actions are not well handled by INCA (sedimentation ponds, buffer strips,
tillage, erosion events
Internal P loading and lake system tipping points are not captured by the MyLake model.

2.2. Bayesian uncertainty assessment of a semi-distributed integrated catchment
model of phosphorus transport.
(Reference for this section: Starrfelt and Kaste. 2014. Environmental Science Processes &
Impacts
Process-based models of nutrient transport are often used as tools for management of
eutrophic waters, as decision makers need to judge the potential effects of alternative
remediation measures, under current conditions and with future land use and climate
change. All modelling exercises entail uncertainty arising from various sources, such as the
input data, selection of parameter values and the choice of model itself. Here we perform
Bayesian uncertainty assessment of an integrated catchment model of phosphorus (INCA-P).
We use an auto-calibration procedure and an algorithm for including parametric uncertainty
to simulate phosphorus transport in a Norwegian lowland river basin. Two future scenarios
were defined to exemplify the importance of parametric uncertainty in generating
predictions. While a worst case scenario yielded a robust prediction of increased loading of
phosphorus, a best case scenario only gave rise to a reduction in load with probability 0.78,
highlighting the importance of taking parametric uncertainty into account in process-based
catchment scale modelling of possible remediation scenarios. Estimates of uncertainty can
be included in information provided to decision makers, thus making a stronger scientific
basis for sound decisions to manage water resources.
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Figure 10. Confidence intervals for simulated flow, P and sediment during 1995–1997.
Simulated flow, total P and suspended sediment (log scale) for the burn-in (1995) and
calibration period (1996–1997) for the 4th reach (Kure). The lines represent the daily 2.5, 50
and 97.5 percentiles of the output from the posterior predictive simulations performed with
the converged chains sampled 100 times (i.e. from 4000 simulations). Observations are
represented by dots. Error variance is not included in these plots; so the uncertainty in
predictions arises solely from parameter uncertainty.
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Figure 11. Yearly loading from the Hobøl River. Simulated yearly loading of P (log scale) from
the Hobøl River into Lake Vansjø in metric ton per year, i.e. from the 5th reach. The lines
represent the 2.5, 50 and 97.5 percentiles. The high degree of uncertainty in 1995 is due to
initial conditions that have reduced impact outside the burn-in year. Also note how the
flooding in Autumn 2000 affects both the median and the surrounding uncertainty. The
median loading for the whole period is approximately 12 tons per year.

2.3. Climate change and ecological status of lakes: – a Bayesian Network
modelling approach
(Reference for this section: Moe. 2013. Poster presentation at REFRESH final meeting,
London, 4-7 November 2013.)
Introduction
Key question: how will land-use management in combination with climate change
affect the ecological status of a lake? Water Framework Directive: ecological status is
determined by biological elements. Phytoplankton is the main biological quality element.
Phytoplankton status is determined by yearly maximum biomass of cyanobacteria in
addition to total phytoplankton biomass (chl a). Nutrients etc. are “supporting elements”.
Process-based models predict effects of management and climate change on
hydrology, chemistry and chl a in Lake Vansjø (Couture et al. 2014). How can process-based
model predictions be linked to biological responses (cyanobacteria) and to ecological status?
Bayesian Network (BN) modelling
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A BN can link different types of information (Moe 2010) (Fig. 1) such as scenarios, model
simulations, monitoring data, and expert knowledge. Each variable is a discrete probability
distribution representing uncertainty or natural variation. The variables are linked by
conditional probability tables (CPTs) based on empirical relationships found in data, and on
the WFD national classification system for lakes. The BN model is run by changing probability
of the scenarios and the probabilities are updated throughout the network. REFRESH
scenarios:
– Climate: C0 = current, C1 = HadCM3 model (2030-2052)
– Management: M0 = reference, M1 = “best case” (water-quality focus),
M2 = “worst case” (economic focus)

Results and conclusions
Comparing the BN predictions for phytoplankton (Fig 4) with the MyLake model
predictions (chl a only), the effects of management and climate scenarios on cyanobacteria
are consistent with, but more uncertain than effects on chl a, because the CPT for
cyanobacteria includes much uncertainty. The probability of good status for phytoplankton
(including cyanobacteria) is lower than for chl a only. It is important to include cyanobacteria
in model predictions. The probability of overall good lake status is considerably lower when
also the physico-chemical element is taken into account. It is important to include
combination rules of the WFD classification system in modelling of overall lake status.
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2.4.

Hydrochemical modelling at the Skuterud experimental catchment

(Reference for this section: Farkas and Engebretsen 2013. In: Report on the catchment-scale
modelling of the Vansjø-Hobøl and Skuterud catchments, Norway, REFRESH Deliverable
5.10)
The Skuterud catchment, located in south-eastern Norway approximately 35 km south of
Oslo is one of the study catchments of to the JOVA - the Norwegian Agricultural
Environmental Monitoring – Programme (Deelstra et al., 1998b). The well-studied Skuterud
catchment is often regarded as a reference catchment for the Vansjø-Hobøl watershed,
which is the pilot catchment in the implementation of the EU Water Framework Directive
(WFD) in Norway and the main Norwegian pilot catchment in the REFRESH project. The
model chain, used for the Skuterud case study is the part of the model network applied for
the Vansjø-Hobøl watershed. It consisted of a catchment level hydrological model (PERSiST)
and a catchment model (INCA-P) for phosphorus losses.
Simulated discharge values were evaluated on a daily base and fitted well the observed data
for the calibration and validation periods in case of both the models. The observed and
simulated sediment losses were in relatively good agreement for the calibration period
(Figure 5, Table 6). The land use specific sediment losses fitted well the reference values
given in Table 3. The following land phase parameters played a key role when adjusting land
use specific sediment losses to reference data: IR, direct runoff residence time (T1), soil
water residence time (T2), splash detachment parameters (ES and A) and flow erosion
parameter EF. The most important parameters used for tuning suspended sediment
concentration at the catchment outlet were the velocity- discharge parameters for stream
flow (a and b), the rainfall excess proportion (I), threshold soil zone flow (TSF), the sediment
transport capacity parameter a4 and the constants in the semi-empirical function accounting
for the in-stream sediment sources(a9 and a10).
Concerning the calibration for TP and SRP losses, slightly negative and positive N-S values
were obtained, respectively (Table 6, Figures 6-7). The losses were overestimated by about 8
and 18%. The most important parameters used for adjusting total P losses to measured
values at the catchment outlet were erosion parameters a4 and a10 and groundwater initial
conditions.
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Figure 13. Yearly median discharge (left), suspended sediment (SS - middle) and total P
(right) concentrations predicted by the model INCA-P without (REF, C0_M1 and C0_M2) or
with climate change predictions made by the HadRm3 (C1), the ECHAM5 (C2) or the BCM
models (C3) and their further downscaling, using the LARS-WG - HadRm3_Lars (C4), the
ECHAM5_Lars (C5) or the BCM_LARS (C6) models (as climate forcing) for the river model
network for present land use (C0) and two land management scenarios (M1- M2)

The Skuterud case study demonstrated the ability and limitations of the PERSiST – INCA-P
model network in simulating the runoff, the suspended sediment and TP concentrations at
the catchment outlet under various climate and land management conditions. In the light of
the results of the Vansjø-Hobøl case study (Part 1), the modelling work for the flashy
Skuterud catchment highlighted the strong scale effect on modelling results. Thus, a strong
impact of climate change on water quality at the Skuterud outlet was projected, which
seemingly contradicts the results, obtained in the Vansjø-Hobøl case study. Skuterud, being
a small, fast-reacting catchment, is believed to be more sensitive to extreme events. Future
climate scenarios show increase in the frequency of extreme events, and most probably a
Skuterud-size catchment will react strongly on those. Concerning the much larger Vansjø19
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Hobøl watershed, the climate effects appear to be more smoothed and are not that easy to
catch.
Our results indicate that land use strategies can hardly compensate the possible harmful
consequences of climate change, and that strictly water quality focus land management has
to be introduced to be able to ensure moderate water quality in the future.

3. Socio-economic assessment
3.1.

Criteria for sub-catchment selection (Norway)

(Reference for this section: REFRESH Deliverable 6.3)
The sub-catchments selected for the activities in WP6 include the Hobølelva River, the
Western Vansjø Sub-Catchment and the Skuterud Sub-Catchment. The main reasons for the
selection of these sub-catchments are extensive data sets from monitoring (parameters
linked to eutrophication), recordings of agricultural activities, and former studies on costeffects and cost-benefits of measures. The work in the different sub-basins were distributed
as follows:
•
•
•

3.2.

Scoping up of solutions was done with a focus on the western Lake Vansjø
Cost-effect analyses were performed in River Hobølelva and Skuterud Creek
Disproportionality analyses were done with a focus on River Hobølelva, since this
river is the main source of nutrients to the downstream lake system.

Collaborative scoping of solutions, Vansjø-Hobøl catchment, Norway

(Reference for this section: REFRESH Deliverable 6.8)
In the Vansjø-Hobøl (Morsa) catchment, solutions for improving the water quality have been
discussed and assessed for many years, and several different measures have been
implemented over the course of the last decade. Inviting stakeholders to further discuss
these issues was considered to be counter-productive. This conclusion was reached in
cooperation with key stakeholders, such as the Morsa River Basin District Organisation.
Thus, the main topic of the Morsa workshop was to discuss changing the water level
regulations of the lake; an issue that has been debated for many years. Influential
stakeholder groups have held diverse opinions on this issue, identifying different needs and
a thorough discussion of this topic was therefore deemed highly relevant, both for the
managers and for the project.
The workshop was held in cooperation with the Morsa River Basin District Organisation. A
key objective was to ensure that all relevant stakeholders were invited, and that they were
able to express their needs and concerns freely. An adapted version of the so-called Building
Block Method was used for this purpose, and proved to be successful.
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Altogether 26 stakeholder participants attended the workshop. The main outcome was a
recommendation for a new regulation scheme for the lake. The main elements of this in
comparison with the former scheme were that i) a steady water flow from the lake during
summer should be ensured, ii) water levels during winter should be reduced, and iii) the
maximum permitted water level should be reduced. At a hearing meeting in August 2011
most participants indicated that, although they would have liked to see small adjustments
according to their particular interests, they were, in general, satisfied with the outcome, not
least since they realised that there were many other interests to consider.
With regard to stakeholder engagement in general, several lessons emerge from this
process. It is clear that stakeholders can be encouraged to attend such workshops when the
topic is of personal interest to them as long as relatively few similar meetings on the same
topic have been held. This is supported by the fact that significantly fewer stakeholders
attended a subsequent hearing meeting in August than the discussion meeting in March.
The workshop in March functioned well, not least because the participants were divided into
groups and given clear instructions both before and during the workshop as to the expected
outcome from the group-works. It also appears to have been important that some general
workshop rules were set, (e.g. that no participant could criticize any other participant’s
needs) and that the groups were led by ‘neutral’ persons with no vested interests. Thorough
preparations before the workshop were necessary, including briefing of group leaders,
sending out easily understandable information to participants, and preparing introduction
speeches. Although not done in this instance, it was felt that written evaluation forms of the
workshop would have provided useful information as to how the organisation of such events
could be improved in the future.

3.3.

Cost-effectiveness analysis, Vansjø-Hobøl catchment, Norway

(Reference for this section: Eva Skarbøvik, Silje Holen, Marianne Bechmann REFRESH
Deliverable 6.15)
Introduction
An analysis of cost-effect (CEA) and disproportionality (DA) of measures to combat
eutrophication in the Norwegian case study, Morsa (Vansjø-Hobøl), has been carried out.
The analysis is based on a combination of results from a wide range of former studies,
interactions with stakeholders through interviews and workshops, as well as some inputs
from the hydrochemical modelling in WP5. The analysis has focused on reduction of total
phosphorus to reduce eutrophication problems and the most cost-effective combination of
measures to tackle total phosphorous runoff included (ranked in order, with the most costeffective measure first and the least last):
o
Buffer zones with vegetation along creeks and rivers
o
Sedimentation ponds
o
Reduced tillage practices (leaving the fields in stubble during winter)
o
Reduce sewage from scattered dwellings (stand-alone systems)
o
Transfer of sewage to MSTP s outside the catchment.
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Results cost-effectiveness analysis (CEA)
For the River Hobøl (sub-catchment to the Lake Vansjø) the maximum effect achievable from
agricultural and sewage treatment measures above can be summarised (Table 1). Tilling
option no. 2 was chosen since it is the most cost-effective, even if option no. 6 would have
removed more phosphorus. It can be argued that this summation is too optimistic. 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. Nevertheless, this estimated, maximum effect is about twice as big as needed (17
tons/year against the goal to reduce the load by 8.5 tons/year). Present-day loading is about
14.5 tons TP/yr. Hence, based on this, no further measures needed to be assessed in this
catchment.
Table 3. Maximum effects of selected measures in Hobølelva River.
Measure

Assumed maximum Cost-effect
effect
€/kg TP
Tons TP/year

Prioritisation*

Total cost**
Euro

Tillage option no. 2*
Buffer zones

12.5
0.7

82
34

3
1

1 023 165
6250

Sedimentation ponds 1.6
Sewage
scattered 1.0
dwellings

44
850

2
4

25 000
662 500

MSTPs
TOTAL

6500

5

8 750

0.08
15.9

For Skuterud, the maximum effect achievable from agricultural and sewage treatment
measures is summarised in Table 2. Tillage option no. 2 was chosen since it had the lowest
cost-effect, even if option 6 is more efficient in removing phosphorus. The calculated total
effect is about 0.7 tons, whereas the target reduction was about 0.6 tons. Present-day
loading is about 0.8 tons TP/yr. The implementation of all these measures would be
sufficient to meet the environmental goal. As for River Hobølelva, it can be argued that this
summation is too optimistic, especially since some effects will be less given that all measures
are implemented.

22

Table 4. Skuterud sub-catchment. Maximum effects of selected measures in tons TP/yr, as
well as cost-effect of each measure.
Measure

Assumed max Cost effect of Prioritisation*
effect
measure
Tons TP/year € / kg TP

Tillage option no. 2

0.397

242

3

Buffer zones

0,190

34

1

Sedimentation ponds
Sewage scattered dwellings

0.111
0.004

44
850

2
4

TOTAL

0.702

* The prioritisation is here only based on cost-effect and no other concerns.
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 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 3 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 today. 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 5. An overview of the most important side-effects of the measures discussed in this
report. (÷): negative side-effect; (+): positive side effect.
Measures

Effects
Biodiversity

Reduced tillage
Buffer zones
+
Sedimentation
+
ponds
Sewage
scattered
dwellings
Improving
sewage
pipelines
Transfer
of
sewage
to
MSTPs outside
the catchment

Bank
erosion

Increased
pesticide
use

Organic
matter

Faecal
bacteria

Bioavailable P

+

+

+

+

+

+

+

+

+

÷
+

Caution needs to be taken when using these results in practice. Managers should for
example not only consider the cost-effect of removal of total phosphorus, but should also
consider other concerns, such as the bioavailability of phosphorus from different sources,
and risks of bacteria from sewage pollution. Amongst others for this reason, the most costeffective measure was carried through in this catchment. It must also be stressed that the
cost-effect figures for measures to tackle diffuse runoff from agriculture are uncertain, and it
may take several years before the effect of such measures is visible 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 measures.
Results disproportionality analysis (DA)
Water quality benefits in the Vansjø/Hobøl catchment are 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. These uses create
interest conflicts, particularly between the use of the river for drinking water supply,
recreation, swimming, fishing, irrigation and the use of the basin as recipient of wastewater
and runoff from agriculture. Especially people who want peace and quiet seek this area for
recreational purposes, and a lot of people from the areas around and even from Oslo go for
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paddling or boating in Lake Vansjø. An advantage of the lake as compared to the nearby Oslo
Fjord is that the lake, in general, has less wave activity. 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 costeffective, 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. Lyche-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 agriculture is the absolutely most important source of phosphorus, and this is the reason
for the focus on agricultural measures and environmental programs in agriculture. However,
the water quality conditions in Morsa were so serious that almost all possible mitigation
measures had to be assessed. This has also led to some disputes and discussions as to
whether or not all of these would be necessary. 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. The active engagement of stakeholders
throughout the whole WFD-planning process has been considered as a key factor to ensure
the design of economically efficient and socially acceptable water-quality improvement
action in this catchment.

3.4.

Wider benefits

The analysis of wider benefits of measures (not related directly to reduced phosphorus
loadings) was done through a combination of interviews and workshops.
Changes in farm practices have led to:

Improved soil retention and erosion control.

General knowledge acquisition on impacts of farming practices on water
quality.

The activities in the WFD thematic group for farming practices and increased
knowledge of phosphorus fertilization, led to a reduction in the national standards
for phosphorus fertilization of 30%. In addition, sales of phosphorous fertilization
have been reduced by 50% nationally.

Farmers have received increased recognition and status as they have to a
large extent contributed to the improved water quality.
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Increased cooperation and unity among farmers. Cooperation about
measures and start-up of Morsa grass production, a company selling grass from
farmers' buffer zones.

No autumn tillage has improved the conditions for cross country skiing on
the grain fields, and also improved the visual landscape (fields covered by stubble
instead of exposed black soil).

Flexible field margins and buffer zones have increased the visual amenity.

Improved biodiversity along buffer zones.

Buffer zones allow for more access to the creeks, rivers and lakes by the
general population.
Improved septic tank management and sewage works have led to:

Reduced problems with smells, for instance in local creeks.

Increased capacity for population growth and residential property
development.

Increased cooperation between neighbours, e.g., up to 40 households have
shared one waste water treatment plant.
In terms of changing policy, the process has led to:

Increased awareness of the need to address and manage environmental
problems across municipality boarders.

Strengthened cooperation across municipalities and counties in the area of
water management, but also other areas of work.

New ways of working, including collaboration across sectors, municipalities
and counties.

More efficient use of knowledge and resources.
Measures as a whole:

The raw water quality has improved, and this is of major advantage for the
drinking water company, since this gives reduced expenses to cleanse the drinking
water.

Improved livelihoods and public health, people using their local environment
for different activities, improving the well-being.

Improved recreational possibilities in the catchment.

Improved fish population with positive impacts for both recreational and
commercial fishing.

According to workshop participants, 2013 has been the best year for crayfish
catches in 60 years.

Increased scientific knowledge, with a massive amount of data that can be
used in new research projects.

Increased sharing of knowledge from science to citizens, politicians and
public administration.
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Increased environmental awareness among farmers and households and
improved general environmental behaviour in the communities of the Morsa
Catchment.

Enhanced visual landscape.

Improved general environmental behaviour.

Increased water quality monitoring.

There is an assumption that the improved water quality can give possibilities
for new enterprise and new working places.

Increased potential for commercial tourism activities in the area and
increased interest to highlight the area in terms of tourism and residential qualities.
Amongst others, the venue for the workshop is newly opened as a center for
seminars; this had hardly been possible if there still were harmful algal blooms in the
lake.

Less conflicts between the rural and urban population – more understanding
for each other’s needs.

Morsa has also been used as a case example by politicians and managers of
a lake where combined efforts have led to improved water quality.

The focus on Lake Vansjø and its problems have resulted in increased focus
on the issue of eutrophication amongst managers at a national level. Earlier, the
focus – and funding – was mainly on the effects of acid rain.

The improvements in Lake Vansjø will probably spread to the areas
downstream, i.e. to the Oslo Fjord.

Since the measures in this catchment have been implemented as a result of
demands in an EU Directive (WFD), there is hope that these efforts will last. Hence,
the fear of short-term efforts is less.
It should be noted that some measures also have had adverse effects. For example, reduced
tilling in autumn has led to increased risk for fungi (Fusarium sp.) that again require more
use of pesticides. Some measures may also have had an adverse effect on food production,
i.e. reduced yields.

4. Overview of stakeholder interactions
The following stakeholder interaction activities have been held in this catchment:
a) Scoping up solutions: Workshop on measures in western Lake Vansjø, with focus on
lake water fluctuations. Reported in: Deliverable 6.8 Workshop proceedings on
collaborative scoping of solutions, Vansjø-Hobøl catchment, Norway
b) Scenario developments: Climate and land use changes and the possible responses by
stakeholders. This workshop was used to develop scenarios for WP5 modelling.
Reported in: Deliverable 6.8 Workshop proceedings on collaborative scoping of
solutions, Vansjø-Hobøl catchment, Norway
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c) Interviews with several key stakeholders, with focus on disproportionality and wider
benefits. Reported in: Deliverable 6.15: Cost-effectiveness Analysis report for the
Vansjø-Hobøl catchment, Norway, including analysis of proportionality/
disproportionality.
d) Final workshop, with presentations from WPs 3, 5, 6; group work on measures to
reduce P-loadings, and plenary discussions on wider benefits. Reported in: Skarbøvik
and Wright. 2013. Proceedings of regional stakeholder meeting in Norway and in
Skarbøvik (Ed.) 2013. Hva vet vi om Vansjø i dag – og hva trengs det mer kunnskap
om? Rapport fra workshop om Vansjø, oktober 2013. (Current knowledge and
knowledge gaps on Lake Vansjø: Report from regional workshop October 2013; in
Norwegian). Bioforsk rapp. 188 (8): 40 pp.
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