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Abstract 
This report studies cost-effectiveness of water protection measures in agriculture and possible 
benefits that can be gained from improved water quality. The setting in the studied case is such that 
the water protection problem in the Lake Pyhäjärvi is caused by agriculture in the catchment area of 
River Yläneenjoki, while the benefits of water protection are experienced at a Lake Pyhäjärvi where 
the river discharges. We studied costs, effects and benefits in two different time horizons: until 2015 
and until 2027. 
 
The lake is presently in Good water status, but very close to the threshold between Good and 
Moderate. This means that the status is only Moderate during half of the years, and problems occur 
related to eutrophication. The protection objective in this study is to ensure the likelihood for the 
lake to remain in the good status. In this study the measures are applied by farmers in the 
catchment area where, in a sense, the costs of protection are thus borne. The farmers are 
compensated for conducting mitigation measures, which makes the state and the tax payers the 
actual cost-bearer.  

The research reported here is based on a transdisciplinary approach, in which economic analysis for 
costs and benefits and catchment modelling to study effectiveness of protection measures are 
supplemented by input received from local stakeholders. Two stakeholder workshops discussed 
possible mitigation measures and potential benefits of water protection, respectively. The study 
utilises also various previous studies on water protection in agriculture and on benefits of water 
protection pertaining to fresh water in Finland.  
 
We estimate cost-effectiveness of several combinations of mitigation measures, since none of the 
individual measures alone can be implemented to the extent which would achieve the set target.  
Three different types of farming practices to increase winter time vegetation coverage were 
considered in the case study. The actual CEA studied costs and effects of different combinations of 
these: 

1) Increasing the amount of winter cereals 
2) Changing from cultivator tillage to direct sowing 
3) Increasing the amount of nature management fields 

 
The analysis of costs and effects of mitigation measures showed that there are cost-effective 
combinations of measures to reduce nutrient load. Some of the combinations could even reduce the 
costs of farming. In comparison to economic results of the farms the combinations would lead to 
modest decrease or modest increase of economic result on a farm level. Only the most costly 
combinations of measures would mean a significant increase of costs of farming. It can be concluded 
that on the other hand affordability should not form an obstacle for applying the methods, but on 
the other hand the possible, modest reduction of costs of farming is not a strong incentive for 
adopting them. Choices that farmers make are strongly influenced by agri-environmental scheme of 
the EU’s Common Agriculture Policy. Future agri-environmental schemes should be targeted for 
creating incentives for farmers to adopt more effective measures, but especially such that do not 
lead to unnecessary increase of costs, since there are cost-effective alternatives. 

The benefits are experienced in a lake, into which the river discharges. There are approximately 
27 500 persons (permanent and leisure time dwellers) in vicinity of the lake who can potentially 
benefit from the lake.  A stakeholder workshop was organised to identify the types of benefits that 
can be gained by use of water and water areas of the Lake Pyhäjärvi. Five groups of main uses were 
identified: i) water as a resource, ii) recreational use by the local people, iii) professional fishing, iv) 
tourism and v) significance of good water quality for the reputation and living conditions in the area. 
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A benefit transfer method was used to quantify the potential benefits that can be gained from 
reaching the set protection target.  

The study shows that the lake’s Good water status is precarious and increased water protection 
measures are needed to ensure that the status remains. The lake is unique in its size and high water 
quality in South West Finland, which gives the lake a high value for inhabitants and recreational 
users. The analysis of potential benefits suggests that considerable benefits can be gained from 
meeting the protection goal. There is thus a social need to continue protection of the lake and high 
benefits to be gained. Comparison of costs of protection and potential benefits to be gained 
indicates that benefits are clearly higher than the costs.  
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General introduction 
In this report we study cost-effectiveness of water protection measures and possible benefits that 
can be gained from improved water quality. The studied demonstration site consists of a catchment 
(River Yläneenjoki) where the protection measures are applied, and a lake (Lake Pyhäjärvi) where 
the benefits can be gained (Figure 1). The water protection issue is the load of phosphorous into the 
lake. The Yläneenjoki catchment is responsible for over 60 % of the external nutrient loading into 
Lake Pyhäjärvi – most of it coming from agriculture (Ekholm et al. 1997; Varjopuro et al. 2010).   

 

Figure 1. Lake Pyhäjärvi and its three tributary catchments. This report focuses on mitigation 
measures to be conducted in the River Yläneenjoki catchment and benefits experienced at the lake.  

The demonstration site is located in the region where agriculture has traditionally been intensive in 
comparison to the whole of country, both in terms of number of active farms and in the importance 
of agriculture for regional economy. Intensity of agriculture can be clearly seen in spatial variability 
of nutrient loading from agriculture, i.e. the flagship site Yläneenjoki river basin is nationally located 
in the hot-spot area. 

As agriculture is the main source of nutrients, control of this source is in the main focus in terms of 
water protection measures and their costs. The lake is unique in its size and in the extent of use in 
South-West Finland. In other words, the benefits of protection measures are mainly gained in the 
lake and on its shores. This is especially true because the River Yläneenjoki is quite narrow and 
naturally turbid due to the prominent soil types in the catchment, which limits the use of river water 
and also the recreational value of the river.  

The setting is thus rather typical in water protection: costs of protection measures are born 
upstream, in this case in the river catchment, and the benefits are enjoyed downstream, in the lake. 
The main protection measures considered in this case study are increasing winter time vegetation 
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coverage with the help of Agri-Environmental Scheme (AES). The geographically uneven distribution 
of costs and benefits alone justifies a disproportionality analysis. In terms of cost benefit ratio, it is 
expected that achieving of the EU Water Framework Directive (WFD) target will not significantly 
improve water quality. As the following (Figure 2) shows, tot-P concentration in the lake is slightly 
over 18 µg/l what is the threshold between good and moderate water status in WFD terminology. 
The lake is presently in ‘good’ water status, but only slightly over the threshold between ‘good’ and 
‘moderate’. The protection objective in this study is to ensure the likelihood for the lake to remain 
in the good status.  The change in water quality is small.  

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Long-term water quality of the lake Pyhäjärvi as indicated by tot-P concentration. Threshold 
between good and moderate quality status is 18 µg/l. (Ventelä et al 2007).  

The studies reported in this deliverable are based on a transdisciplinary work. REFRESH WP6 
analyses utilise economic analysis and hydrological modelling, but takes also input from stakeholder 
participation for supporting identification of the water protection measures and types of benefits to 
be gained from protection.  In addition to new analysis, this report utilises work conducted earlier in 
REFRESH workpackages 5 and 6:  

- To support methodological approaches WP6 has prepared internal reports for cost-
effectiveness analysis (Balana 2011) and for disproportionality analysis (Skuras et al 2011 
and Martin-Ortega and Skuras 2012). 

- WP6 has conducted catchment specific background analysis (Varjopuro et al 2010 and Slee 
2011).  

- WP5 work on modelling has been used for analysis of effectiveness of mitigation measures 
(Lepistö et al. 2013) 

- Two stakeholder workshops were organised during the project. The first one discussed 
possible mitigation measures (Slee et al. 2012) and the second focussed on benefits 
(Deliverable 6.17). 
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PART I: Cost effectiveness 

1 General CEA approach  
In the case of Lake Pyhäjärvi the collaboration between WP6 and WP5 has been very close. The 
effectiveness estimates of water protection measures are based on modelling done by WP5 team at 
SYKE. The mitigation measures have been defined based on together with WP6 and WP5 teams to 
ensure coordination between modelling and CEA. The mitigation measures were discussed also with 
the stakeholders to ensure their relevance for the local people (see Slee et al 2012). 

The aim of our cost-effectiveness analysis (CEA) is to identify and quantify the costs and 
effectiveness of a set of suitable mitigation measures and the combinations of these measures in 
order to find the least-cost way to reduce phosphorus loading from the catchment of Yläneenjoki 
into Lake Pyhäjärvi. Since the area studied here is relatively small (233 km2) and the analysis focuses 
on a set of measures defined in the Agri-Environmental scheme (AES) that can be implemented on 
all arable land of the catchment (71.6 km2), it is not reasonable to differentiate between the sub-
catchments. We handle the river Yläneenjoki catchment as one area in the CEA.  
 
We estimate cost-effectiveness of several combinations of mitigation measures, since none of the 
individual measures alone can be implemented to the extent which would achieve the set target. By 
measure combinations we simulate more realistic strategies for reaching the target of keeping the 
lake in a Good Ecological Status (GES), and showcase the range in costs of implementing different 
measures and how this variation influences the ranking of the least cost options.  
 
CEA provides useful information for evaluation of the trade-offs between different measures and 
which measure or a combination of measures maximizes environmental benefits or effectiveness 
with a given budget constraint. The CEA approach adopted in this case study follows the general 
instruction prepared for the REFRESH WP6 (Balana 2011). In our analysis, the effectiveness of 
different combinations of mitigation measures (CM) is quantified as total kilograms of phosphorus 
loading, reduced in one year from the whole catchment. This is used as a proxy for reaching the WFD 
objective. The costs of implementing the different mitigation options are measured in a per hectare 
scale and then multiplied by the hectare targets specified for each measure in the measure 
combination. We calculate then the cost-effect ratio for each type of CM for which data is available. 
For the study of costs of measures we had detailed information of present (baseline) agriculture 
practices from only four sub-catchments of the River Yläneenjoki. Area of agriculture land is 33 km2. 
Therefore we extrapolate the costs to correspond modelling of effectiveness to reduce P loading, 
which was done for a larger area of 72 km2. Agriculture is practiced in relatively uniform ways in the 
whole catchment as well as in the smaller area that was studied (see chapter 2.2.1). Therefore, 
extrapolation does not distort the results.  
 
In this report we follow the steps (table 1) defined by Balana (2011) in REFRESH Guidance Note on 
Approaches to Implement CEA at the Demonstration Sub-catchments.  
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Table 1. Nine steps of implementing CEA described by Balana (2011).  

Step 1 Identify the major pressures  Phosphorus loading 

Step 2 Identify sources  Main source: Agriculture  

Step 3 Environmental target  To remain the water quality of on a good status 
(as defined in the EU WFD) 
- Baseline year is 2008 

Step 4 Identify measures  Water protection measures in agriculture. 
Increasing winter time vegetation coverage 
 

Step 5 Scale issues (unit of analysis)  Regarding water protection measures the report 
will focus on agriculture in the River Yläneenjoki 
catchment. The unit of costs and effectiveness 
are measured in € per kilogram of total P per 
year. 

Step 6 Assessment of the (likely) effectiveness of 
various measures  

The effectiveness estimates of water protection 
measures are based on modeling of 
effectiveness of different agriculture measures 
for reduction of phosphorous loading. The 
modelling is done by WP5 team at SYKE. 

Step 7 Cost estimates of the various measures Data about costs of implementing measures are 
gathered from a variety of sources and they are 
compared to the cultivation of spring wheat, 
oats and malting barley (and feed barley in the 
case of direct sowing), which are the most 
widely grown spring cereals in Yläneenjoki 
catchment.  

Step 8 Combine cost and effectiveness data  CEA method is applied to calculate the cost-
effect ratio. 

Step 9 Rank measures  The cost-effectiveness ratio determines the 
ranking of the least cost way to achieve the 
environmental target.  

  

2 Estimation of effectiveness and costs  
 

2.1 Methodology of effectiveness estimates  
The ecological response of Lake Pyhäjärvi - due to climate and land use changes – has been 
evaluated by chaining watershed, river and lake models as described in more details by Lepistö et 
(2013). Responses to total phosphorus and Chlorophyll -a concentrations are simulated to detect if 
the changes in air temperature and precipitation due to climate change will enhance the algae 
growth in lakes. In contrast, the planned changes in the mitigation measures are hypothesized to 
decrease the algae concentrations. By the reductions in nutrient loading through different 
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management actions, the WFD compliance and better water quality might be able to reach, together 
with a number of benefits for use of the lake such as recreation, fishing etc.   

The ecological response of Lake Pyhäjärvi - due to climate and land use changes – has been 
evaluated by applying chained watershed, river and lake models to the system. Within the model 
chain, hydrological watershed model WSFS (Watershed Simulation and Forecasting System, Finnish 
Environment Institute, SYKE) provides boundary conditions to INCA-P and INCA-N catchment 
models, whilst INCA output time series serve as input data to LLR lake model. MyLake model is used 
for further understanding of the dynamics of the lake (Figure 3).  

 

Figure 3. Catchment models WSFS, INCA-P and INCA-N and lake models LLR and MyLake, chained in 
the application (Lepistö et al, 2013). 

Watershed Simulation and Forecasting System (WSFS) of SYKE (Vehviläinen, 1994) simulates 
hydrology and water quality for all river basins in Finland (www.environment.fi/waterforecast). The 
basic component of a catchment model is a conceptual hydrological model which simulates runoff 
using precipitation, potential evaporation and temperature as inputs. The model output variables in 
a daily time step include HER (Hydrologically Effective Rainfall), SMD (Soil Moisture Deficit), together 
with meteorological variables. These output variables are fed as input into the INCA-P model. 

INCA-P is a dynamic, semi-distributed, process-based model which predicts discharge and 
concentrations of suspended sediment, soluble reactive phosphorus (SRP) and TP concentrations in 
stream water by tracking discharge and phosphorus through the soil and groundwater to the main 
channel. The model also simulates the following processes: bed sediment resuspension, suspended 
sediment deposition, the growth effect of phosphorus on macrophytes and epiphytes, and the 
feedback of the growth on phosphorus concentrations in the stream water (Wade et al., 2007).  

The INCA-P model consists of three components: 

• A land-phase hydrological model: this calculates discharge through different pathways 
(direct, soil and groundwater) and their stores. Discharge and phosphorus is controlled 
through this component. 
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• A land-phase phosphorus model: this component deals with the various phosphorus stores 
in soil and groundwater, and phosphorus transformations. 

• An in-stream phosphorus model: this component simulates the phosphorus processes 
operating once it reaches the stream—dilution and transformations, as well as the 
concomitant algal, epiphyte and macrophyte growth responses. 

INCA-P is based on a simple mixing model approach, whereby conceptually the water (and any 
phosphorus being transported) is mixed from the different land uses (up to six user-defined classes) 
within each reach and then routed along the main stream. The in-stream model is based on the 
Kennet model (Wade et al. 2001) which simulates in-stream phosphorus and macrophyte/epiphyte 
dynamics (Wade et al. 2002a). Phosphorus sources can include fertiliser, plant residue, slurry, animal 
waste and wastewater. Here, the most recent INCA-P model with erosion based P leaching and 
suspended solids processes, is being used. The modelling approach is described in more details in 
WP5 Interim report on the biophysical catchment-scale modelling of Yläneenjoki –Pyhäjärvi 
demonstration site (Lepistö et al, 2013).   

INCA-N is a process-based model that uses a mass-balance approach to track mineral nitrogen in a 
watershed (Whitehead et al. 1998; Wade et al. 2002b). The model is semi-distributed and 
incorporates point sources, non-point source, hydrology, land-based nitrogen processes and 
instream nitrogen processes to simulate the daily flow, NO3-N and NH4-N concentrations in 
catchment streams. Our CEA study focuses on phosphorous. Therefore, INCA-P results from the 
second step of the model-chain are used to model the effects of measures.  

The Lake Load Response (LLR) model (Malve 2007) is a steady-state probabilistic model that 
estimates maximum nutrient loads that are allowed for a good water quality. Chlorophyll a 
concentration, a surrogate for algal biomass, is used as an ecological metric. LLR consists of three 
component models. First, the N and P nutrient retention models (Vollenweider 1968 and Chapra 
1975) allow the calculation of the lake N and P concentrations given the loads.  Then, the 
hierarchical linear regression model for chlorophyll a (Malve 2007) predicts the chlorophyll a 
concentration given the calculated N and P concentrations. In contrast to the Vollenweider’s 
phosphorus retention model, the LLR retention model has been further re-parameterized by adding 
an internal load term to the model. This improves the model performance and reduces the model 
error especially for eutrophying lakes with considerable internal loading (such as Lake Pyhäjärvi).  

In LLR, both the retention model and the targets are probabilistic (e.g. 50% probability that the 
target Chl-a is at least achieved). In order to get probabilistic assessments of the in-lake 
concentrations, the inference is done in the Bayesian modelling framework. In the Bayesian 
framework, the unknown model parameters are first assigned a prior distribution, and with the help 
of the input data, the prior knowledge is then updated to calculate posterior distribution. Using 
Bayesian inference with Markov Chain Monte Carlo (MCMC) simulation methods, the predictions of 
both water quality and the model error can be made on a statistical basis. 

In the modelling chain the LLR model thus converts N and P loads from process-based catchment 
models (INCA-N/P) into probability distributions of total P and chlorophyll-a concentrations in the 
present state and in the future, using climate and land use change scenarios.    

2.2 Cost estimates of measures 
The approach to evaluating costs of implementing water protection measures in agriculture and 
from which sources the cost estimates are derived is presented here . First we describe shortly the 
baseline situation in Yläneenjoki catchment (section 2.2.1). This is followed by an introduction of 
individual mitigation measures and the related implementation costs. The mitigation measures 
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increase the area of arable land that is covered by vegetation during winters, i.e. increase of 
cultivation of winter cereals relative to spring cereals, use of direct sowing or increase the area of 
nature management fields). These are presented in sections 2.2.2. In the actual CEA we estimate 
the cost-effectiveness of mitigation measure combinations, since none of the individual measure 
alone (i.e. applying only one faming practice or farming only one crop) can be realistically 
implemented to the extent, which would achieve the set target for water quality. By measure 
combinations we intend to simulate more realistic strategies for reaching the target of keeping the 
lake in a good water quality status. Detailed costs calculations of combinations of measures are 
presented in annex 1.  

2.2.1 Baseline cultivation situation in Yläneenjoki catchment  

The catchment area is 233 km2 of which agricultural land covers 30.7% i.e. 71.6 km2. For the cost 
estimate, we have gathered information from a smaller area that represents the whole catchment. 
The total area used for cultivation in the studied area is 3295 ha, of which three thirds are used for 
spring cereal cultivation, one fifth for grass and approximately one tenth for winter cereals (table 2).   

Table 2. Cultivation of spring and winter cereals, grass and special crops in the studied area in the 
baseline year 2008.  

 Ha Percentage 

Spring cereals  2432 74 % 

Winter cereals  227 7 % 

Grass 590 18 % 

Special crops 46 1 % 

Total 3295 100 % 

 

The studied area from which detailed agriculture information is available represents well the whole 
catchment. In the whole catchment, the respective proportions of different types of cultivated crops 
are presented in table 3. We will extrapolate the results from the studied area to the whole 
catchment. 

Table 3. Cultivation of spring and winter cereals, grass and special crops in Yläneenjoki  
catchment in the baseline year 2008.  

  Percentage 

Spring cereals   70.6 % 

Winter cereals   6.2 % 

Grass  20.1 % 

Special crops  3.1 % 

Total  100 % 

 

 

2.2.2 Mitigation measures to increase winter vegetation and their costs 

Winter time vegetation coverage, the amount of grass and winter cereal fields, is 25% in the baseline 
situation. Three different mitigation measures (and the combinations of these measures) of 
increasing winter time vegetation coverage were considered in the case study: 

1) Increasing the amount of winter cereals (WW) 
2) Changing from cultivator tillage to direct sowing (DS) 
3) Increasing the amount of nature management fields (NMF) 
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In options 1 and 3, the implementation of these mitigation measures will result in a decrease in the 
amount of spring cereals that are cultivated in the Yläneenjoki catchment. Especially in option 1, 
increasing the amount of winter cereals can lead to a decrease in the diversity of crops that are 
cultivated in the area. This depends on the variety of winter cereals that are suitable for cultivation 
in the south-western parts of Finland. According to the results of Peltonen-Sainio et al. (2009), in 
addition to the cultivation of the two winter cereals, winter wheat and winter rye, by 2025 triticale 
and by 2055 winter barley and winter rape can also be sown in southern Finland. In the more distant 
future of 2085 winter oats and winter turnip rape will complement the range of suitable winter 
cereals. It is a likely assumption that in a decade or two, winter cereals will naturally replace spring 
cereal cultivation and this development will not decrease the variety of cultivated cereals.  

The spring cereals considered in the cost-effectiveness analysis (CEA) are spring wheat, oats, malting 
barley, rape and turnip rape. In the case of direct sowing, also feed barley is included in the CEA 
(table 4). Feed barley is cultivated for the purpose of feeding animals and therefore it is not a 
realistic assumption that feed barley cultivation would be replaced with winter cereal cultivation 
without also assuming that the number of animal farms would reduce as a result. We assume that 
there is no change in the number of animal farms or in the size of these farms (i.e. the number of 
animals per farm) due to increased implementation of winter time vegetation coverage mitigation 
measures and therefore the area used for feed barley cultivation will stay unchanged.  

Table 4. Most commonly cultivated spring cereals in Yläneenjoki catchment in the baseline year 2008. 

Cereal  Total cultivated area (ha) 

Spring wheat 556.23 

Oats 498.52 

Malting barley 424.13 

Feed barley 868.93 

Rape and turnip rape  108.96 

 

The aim of the case study is to increase the likelihood that Lake Pyhäjärvi will be in Good Ecological 
Status (GES) in the years to come. GES is defined for all freshwater systems in the Water framework 
Directive. In the baseline situation, the likelihood that lake Pyhäjärvi is in good condition is 50%. We 
have set a twofold target for increasing the likelihood by measures pertaining to winter time 
vegetation coverage: 

1) to increase the likelihood of lake Pyhäjärvi to be in GES every year from 50% to 70% will 
require a 40% increase in winter time vegetation cover (VC) (Option A in table 5)  

2)  to increase the likelihood of lake Pyhäjärvi to be in GES every year to 85% will require a 
70% increase in winter time vegetation cover (VC) (B) (Option B in table 5) 

 

Table 5. Cultivated area in Yläneenjoki and winter time vegetation coverage (VC) targets  

Winter time vegetation cover Hectares (ha) 
Total cultivated  area in Yläneenjoki 3295 
Baseline vegetation coverage (VC): 25 % 817 
A) 40 % increase in VC  2142 
GAP (Target 1 - Baseline) 1325 
B) 70 % increase in VC 3130 
GAP (Target 2 - Baseline) 2313 
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Information about private costs, i.e. cost of implementing measures, possible establishment costs, 
changes in inputs and outputs, has been gathered from a variety of different sources detailed in next 
three chapters. When cost information was not available, we have interviewed researchers who are 
working in the same field as well as a few key farmers from the case study area who have in-depth 
knowledge about the area and farming practices. In the following section we present a more 
detailed description of the implementation of the three different mitigation measures and the 
information sources from which the different cost elements are collected.  
 
Costs of increasing the amount of winter cereals (WW) 

The cultivation costs and revenues of spring and winter cereals are based on profit margin 
calculations done by an agriculture adviser company ProAgria (https://www.proagria.fi/). The 
calculations were modified to fit the case study area using a five year (2007-2011) average crop yield 
for south-west Finland (Yearbook of Farm Statistics 2009 and 2010). ProAgria profit margin 
calculations are available for all the spring cereals considered in the CEA. For winter cereals, profit 
margin calculations are available for winter wheat and winter rye. These are used as a high yield and 
lower yield example of cultivating winter cereals in south-western Finland.  

Average crop yield information was available for spring wheat, oats, rape and turnip rape, winter 
wheat and winter rye in the Yearbook of Farm Statistics (2009 and 2010). Average crop yields for 
malting and feed barley were not specified separately for both crops in the statistics, so we used a 
5000 kg/ha yield, which was used in the ProAgria profit margin calculation for both of these crops.     

ProAgria input prices represent those of the year 2012. Only the value of the crop yield (€/kg) is 
taken into account as a source of income in the cost calculation as well as the variable costs related 
to cultivation (seed, fertilizer, liming, weed and pesticide control, tractor fuel and oil, drying the 
crops and freight).  

When cultivation of spring cereals are compared to cultivation of winter wheat, only malting barley 
has a greater profit compared to winter wheat and therefore changing it to winter wheat would 
generate a cost increase of 69.74 €/ha (table 6). Changing spring wheat, oats, rape and turnip rape 
cultivation to winter wheat would be profitable to the farmer and generate cost savings of 13.15 
€/ha up to 62.25 €/ha. In comparison to winter wheat, replacing spring cereals with winter rye 
cultivation would generate income losses to the farmers in all of the cases presented in table 6. This 
is due to the lower average yield of winter rye in south-western Finland, which would decrease the 
farmers’ revenues compared to spring cereal cultivation.  
  
 

Table 6. Change in costs when spring cereals are replaced with winter wheat and winter rye 

Change in costs compared to*: Winter wheat όϵκƘŀύ Winter rye  
όϵκƘŀύ 

Spring wheat + 62.25 - 58.56 
Oats + 13.35 - 107.46 
Malting barley  - 69.74 - 190.55 
Rape and turnip rape + 12.44 - 108.37 

* A negative sign indicates a cost increase and a positive sign indicates a cost saving 

The possibility to substitute spring cereals with winter cereals is mostly dependent on the weather 
conditions for cultivation in autumn time. If it rains too much during the beginning of autumn (which 
was the case in autumn 2012), it is not possible to cultivate winter cereals at all. With climate 
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change, the variety of winter cereals that could be cultivated in south-west Finland is expected to 
increase (Peltonen-Sainio et al., 2009), which gives farmers more variety to choose from.  

Costs of changing from cultivator tillage to direct sowing (DS) 
 
The cost and revenue figures related to changing from cultivator tillage to direct sowing is based on 
cultivation costs presented in ProAgria calculations, a five year (2007-2011) average crop yield for 
south-western Finland (Yearbook of Farm Statistics 2009 and 2010), a thesis dealing with the 
economic impacts of direct sowing practices for the farm by Nikula (2003)1 and interview 
information from an expert farmer2. Even though more farmers are using direct sowing in 
Yläneenjoki, cultivator tillage is still the most commonly used tillage practice. Jointly owning the farm 
equipment with other nearby farmers is also becoming more and more common in Yläneenjoki as 
well as in other parts of Finland. The acquisition cost of a new direct sowing machine is not included 
in the cost calculation; rather it is assumed that in time direct sowing machines will supersede the 
more traditional cultivators in Finnish agriculture.   
 
The following assumptions are used as the basis of the direct sowing cost calculation: 

¶ Impact on the crop yield: 
o direct sowing will result in a 20 % decrease in the crop yield2 
o there is no change in the crop yield due to direct sowing2 

¶ Pesticide use will increase (one additional pesticide treatment)2 

¶ The cost of drying the cereal crop will increase by 15 %  due to the later 
harvest date2 

¶ Costs of direct sowing are compared to the costs of using a cultivator tillage1 
 
The comparison of direct sowing and cultivator tillage costs and revenues was calculated for oats, 
malting barley, feed barley, rape and turnip rape and spring wheat (Table 7).  Direct sowing of rape 
and turnip rape has the lowest income loss associated with it, when a 20% decrease in the cereal 
yield is assumed (A) and the highest income saving if no change in the yield size is assumed (B). 
Malting barley has the largest income loss estimate due to changing to direct sowing (A). If no 
change in the size of the cereal crop yield is assumed (B), which is likely if the field parcel soil is in 
good condition and the farmer is experienced in direct sowing, it would benefit the farmer to use 
direct sowing on all cereals presented in table 7.   

Table 7. Change in costs when changing from cultivator tillage to direct sowing 

Change in costs of direct 
sowing compared to cultivator 
tillage*: 

if a 20 % decrease in the crop 
yield is assumed (A) 
όϵκƘŀύ  

if no change in the crop yield 
due to direct sowing is 
ŀǎǎǳƳŜŘ ό.ύ όϵκƘŀύ 

Spring wheat - 67.44 + 75.28 
Oats - 69.81 + 76.49 
Malting barley  - 103.77 + 73.23 
Feed barley - 93.77 + 73.23 
Rape and turnip rape - 29.25 + 108.80 

* A negative sign indicates a cost increase and a positive sign indicates a cost saving 

  
Costs of increasing the amount of nature management fields (NMF) 
The costs of establishing and managing a nature management field are collected from a variety of 
sources. The cost of minimal fertilizing was taken from the ProAgria calculation. The average 2008 
contracting costs were used to evaluate the costs of individual work phases, e.g. the cost of 
cultivator tillage, direct sowing and mowing (TTS:n tiedote 2011). The government decree about 
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acceptable maximum costs for AES measures was used as a source for the cost of collecting and 
transporting mowing waste, the economic value of mowing waste as cattle feed, transporting and 
monitoring livestock in a pasture and providing livestock with drinking water (Government Decree 
366/2007). The costs of building a fence for cattle grazing have been collected from a group of ten 
traditional biotope AES applications that south-western farmers have made in the beginning of the 
2000’s. The cost of different types of meadow and game plant seeds were collected from 
riistasiemen.fi/hinnasto.  
 
Four different types of nature management fields were considered in the cost calculations (table 8): 

1. Perennial grassfield 
2. Perennial grassfield and grazing 
3. A nature management field cultivated with plants grown for game feed 
4. A nature management field cultivated with meadow plants 

 

The requirements of the Agri-Environmental scheme (AES) for establishing and management of 
different types of nature management fields were used as a basis for the cost calculation 
(Maatalouden ympäristötuen sitoumusehdot 2012). The requirements for establishing and 
managing the different nature management fields vary to some degree but the main requirements 
are the following: 

¶ Ploughing is allowed only when establishing or terminating the crops  

¶ Minimal fertilization is allowed when sowing the crops  

¶ No pesticide use is allowed  

¶ Mowing is not compulsory (except for perennial grassfields it should be done at 
least every three years) 

¶ The nature management field should be kept on the same field parcel for at least 
two growing seasons (1, 2 and 4) and for one or several growing seasons (3) 

 
 

Table 8. Cost of establishment and management of nature management fields compared to the 
cultivation of oats, malting barley and spring wheat 

Change in costs of establishing and managing a 
nature management field*  

compared to 
Oats 
όϵκƘŀκȅŜŀǊύ 

compared to 
Malting barley 
όϵκƘŀκȅŜŀǊύ 

compared to 
Spring wheat 
όϵκƘŀκȅŜŀǊύ 

1. Perennial grassfield - 297.2 - 380.2 - 187.8 

2. Perennial grassfield and grazing - 649.6 - 732.7 - 540.3 

3. A NMF with plants for game feed - 411.6 - 494.7 - 302.3 

4. A NMF with meadow plants - 440.0 - 523.1 - 330.7 

Average cost 1 (includes options 1, 2 and 4) - 382.9 - 466.0 - 273.6 

Average cost 2 (includes all options 1, 2, 3 and 4) - 449.6 - 532.7 - 340.3 
* A negative sign indicates a cost increase 

 

Building a fence makes perennial grassfields with grazing an expensive mitigation measure to 
implement compared to the other three but from the biodiversity point of view, they provide 
species such as butterflies better suited habitats than the other nature management field types 
(Table 8). The average costs are presented for all types of nature management fields (average cost 2) 
and also with the grazing option excluded (average cost 1).   
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When the amount of nature management fields is increased, it simultaneously reduces the 
cultivation area used for cereal production. The cost figures in table 8 also show that this is a high 
cost option for the farmer compared to increasing the cultivation of winter cereals or changing from 
cultivator tillage to direct sowing.  

3 Results: cost-effectiveness analysis 
Cost-effectiveness analysis is conducted on combinations of measures as was explained above. The 
next section 3.1 presents the combinations. It is followed by a section 3.2 of effectiveness of the 
measure combinations. Section 3.3 presents the results of CEA. 

3.1 Formulation of mitigation measure combinations  
Combining measure to increase winter time vegetation cover in the fields produces several possible 
variations. To be able to achieve a 40% or 70% increase in winter time vegetation coverage 
compared to the baseline situation in Yläneenjoki catchment, implementation of different 
combinations of measures (CM) should be considered in order to find the most cost-effective 
solution. The first four combinations of measures described in table 9 show different ways to 
achieve a 40% increase in winter time vegetation coverage. The remaining combinations of 
measures describe three possibilities to reach the 70% increase in winter time vegetation coverage. 

CM1 and CM2 in table 9 show the cost variation if vegetation coverage is increased with replacing 
spring cereals with either winter wheat, which produces a high yield, or equal shares of winter 
wheat and winter rye, of which winter rye produces a lower yield compared to winter wheat and 
most spring cereals. In CM3, spring wheat is replaced with winter wheat and the rest of the area 
needed for a 40% increase in vegetation coverage is achieved with changing from cultivator tillage to 
direct sowing. The fourth combination CM4 is fairly similar to CM3 but it also takes into 
consideration the possibility to increase the amount of nature management fields. Because of the 
high costs related to replacing spring cereals with nature management fields, we only assume an 
increase of 10% of nature management fields together with increasing the use of winter cereals and 
direct sowing.   

CM5 is essentially the same as CM3, but the winter time vegetation coverage target is higher, 70%. 
Both, CM5 and CM6 consider replacing practically almost all spring cereals with winter cereals. In 
addition to this, CM6 assumes that feed barley will be cultivated with direct sowing. Replacing 10 % 
of spring cereal cultivation with nature management fields is included in the combination of 
measures again in CM7.    
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 Table 9. Different combinations of measures (CM) for increasing winter time vegetation coverage 
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CM1) Increasing winter wheat (WW)  WW_40 

CM2) Increasing winter wheat (WW) and winter rye (WR) (50/50)  WW_WR_40 

CM3) Increasing winter wheat (WW) and direct sowing (DS)  WW_DS_40 

CM4) Increasing winter wheat (WW), direct sowing (DS) and nature 
management fields (NMF)  WW_DS_NMF_40 
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 CM5) Increasing winter wheat (WW) and direct sowing (DS)  WW_DS_70 

CM6) Increasing winter wheat (WW) and winter rye (WR) (50/50) and 
direct sowing (DS) WW_WR_DS_70 

CM7) Increasing winter wheat (WW), direct sowing (DS) and nature 
management fields (NMF)  WW_DS_NMF_70 

 

3.2 The effectiveness of mitigation measures and measure combinations  
The individual mitigation measures to increase winter time vegetation cover in the fields were 
presented in section 2.2.2. We studied effects of increase of winter vegetation first in general, if 
different measures are not modelled separately by using INCA-P model (Lepistö et al, 2013) (see also 
model description in section 2.1).  

 The results of this modelling shows that increase in the winter vegetation cover in arable land 
seems to effectively decrease total P concentration of the Yläneenjoki river (Figure 3). About 80 % of 
winter vegetation cover (present of 25% + 55% of increase) is simulated to be enough to decrease 
average P concentration in the river to the WFD target level of 60 µg/l (Figure 4). 

A 40% increase in the winter vegetation cover would decrease P loads to the Lake Pyhäjärvi from 
70.5 to 61.7 kg/km2/year i.e. 13%, while a 70 % increase would decrease P loads 22%, respectively.  

 

Figure 4 . Decrease of INCA-P simulated tot-P concentration (1981-2010 averages) together with 
increasing winter vegetation cover. Note that present level of winter vegetation cover is 25%. (Lepistö 
et al. 2013) 

These measures were further taken into the LLR model, to simulate their effectiveness in the lake 
itself. Figure 5 shows estimated daily total P and Chla-a concentrations as cumulative distributions in 
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Lake Pyhäjärvi. Particularly increase in winter vegetation seems to decrease Chl-a while decrease in 
P fertilizations seems not to have any clear impact.  Probability of achieving Good status is higher if P 
is the target variable.  With Chl-a as target variable, probabilities are somewhat lower, with higher 
risks to obtain Moderate class during certain years (Figure 5).  

 

Figure 5. Estimated daily total P (left figure) and Chl-a concentrations (right figure) as cumulative 
distributions in Lake Pyhäjärvi. Baseline, with mitigation measures 40 and 70% winter vegetation 
increase, and 100% P fertilizer decrease are shown (Lepistö et al, 2013).  

We conducted also a more differentiated model runs by INCA-P model to study effects of the 
measure combination. These results (table 10 and figure 6) are used in the cost-effectiveness 
analysis as combinations of measures simulate realistic and differentiated mitigation strategies and 
allows comparison between the strategies. The modelling covered the whole catchment of River 
Yläneenjoki where agriculture land covers 72 km2. 
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Table 10. The effectiveness of the different combination of measures to reduce phosphorus loading 
into Lake Pyhäjärvi as expressed in total load per year (kg/a) and in reduction per year (kg/a).   

 
tot-P [kg/a] 

Decrease in tot-P compared to 
baseline situation (kg/a) 

BASELINE 1874  

Combinations of measures (CM)   
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  CM1 Increasing winter wheat (WW)  1614 260 

CM2 Increasing winter wheat (WW) and 
winter rye (WR) (50/50)  

1614 260 

CM3 Increasing winter wheat (WW) and 
direct sowing (DS)  

1718 156 

CM4 Increasing winter wheat (WW), direct 
sowing (DS) and nature management fields 
(NMF)  

1656 219 
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CM5 Increasing winter wheat (WW) and 
direct sowing (DS)  

1201 674 

CM6 Increasing winter wheat (WW) and 
winter rye (WR) (50/50) and direct sowing 
(DS) 

1201 674 

CM7 Increasing winter wheat (WW), direct 
sowing (DS) and nature management fields 
(NMF)  

1153 721 

 

 

Figure 6. The effectiveness of different combinations of measures, detailed in Tables 9 and 10.  Note: 
CM1 and CM2 are handled in modelling as similar measure (i.e. winter crops).   
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3.3 The cost-effectiveness of the measure combinations 
Results of CEA are presented in table 11. Cost information of individual measures were presented in 
sections 2.2.2 and used here to calculate costs of the chosen measure combinations: different 
combinations of increasing winter wheat (WW) and winter rye (WR) cultivation, changing from 
cultivator tillage to direct sowing (DS) and increasing the amount of nature management fields 
(NMF). More detailed cost calculations of different measure combinations are presented in Annex I. 

As was pointed out in section 2.2.2, there are uncertainties in the change in costs pertaining 
especially to effects of direct sowing (DS) on the crop yields.  Mitigation measures may have effects 
on the crop yields, but the literature and different experts interviewed for this study give different 
estimates on the effects. Furthermore, weather conditions, quality of soil in individual field plots as 
well as the skilfulness of farmers were mentioned as factors that have even stronger effects on the 
crop yields. In the cost effectiveness calculation we use two assumptions: a) direct sowing reduces 
the yield by 20% and b) direct sowing does not reduce the yield. For the change in costs of increasing 
of nature management fields (NMF) we have used two alternative average costs (see table 8, above). 

Some measure combinations increase cultivation costs which reduce farmers’ income from farming, 
while some combination can even reduce the costs (depending on the assumptions). These are 
presented in the column “Total cost change” of table 11. If the implementation of the CM leads to a 
cost increase, the figure is presented with a – sign. If instead of a cost increase the CM leads to a 
total cost saving this indicated with a + sign. The effectiveness figures presented in the table 11 
(column “Total effectiveness”) shows the yearly total decrease in total phosphorus loading due to 
implementation of the CM.  

Finally, the total present value costs (PVC) and cost-effectiveness (CE) of different combinations of 
measures are presented in table 12. The yearly total present value costs are discounted first from 
2013 to 2015 and then to 2027 with a 4% discount rate (sensitivity to different rates - rates 2 and 6% 
- are presented in the Annex II. Modelling for effectiveness of measure combinations (chapter 3.2) 
was done for all agriculture land (72 km2) in the catchment. Detailed information for cost estimates 
(chapter 2.2) pertained to four sub-catchments where agriculture covers 33 km2. Here we 
extrapolate the cost information to correspond the whole agriculture land. The CE-figures shows the 
cost (or cost saving) per each kilogram of phosphorous that is reduced. When interpreting the 
results of tables 11 and 12, all assumptions described in chapter 2.2.2 (such as the impact of direct 
sowing to the size of the cereal yield) should be kept in mind because they significantly affect the 
ranking of the most cost-effective CMs.  

In our study we have used two levels of increase of winter time vegetation coverage – 40% and 70%. 
These are indicated in table 11 and 12 as well in description of the measure combinations. The 
combinations of measures CM3 and CM5 are similar except for the spatial extensions (40% and 
70%). The same applies to combinations of measures CM4 and CM7. One must note the type of 
measure CM1 is only considered in spatial extension of 40% and similarly CM6 is only in the 
extension of 70%.     
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Table 11. Costs and effectiveness of different combinations of measures. The change in total costs 
(€/a) is scaled by a factor of 2.17, in order to be comparable with the effectiveness figures (table 10), 
which are based on the whole Yläneenjoki catchment area.  

 

Combination of 
measures (CM)  Description 

Total cost change  
όϵκŀύ 

Total effectiveness  
(kg of TOTP/a) 
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CM1  WW_40 + 50 123 260.25 

CM2  WW_WR_40 - 50 723 260.25 

CM3A  WW_DS_40 a - 38 764 156.08 

CM3B  WW_DS_40 b   + 210  784 156.08 

CM4A  WW_DS_NMF_40 a+c  - 157 083 218.84 

CM4B WW_DS_NMF_40 a+d  - 185 839 218.84 

CM4C  WW_DS_NMF_40 b+c   + 58 648 218.84 

CM4D WW_DS_NMF_40 b+d   + 39 448 218.84 
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CM5A  WW_DS_70 a - 397 112 673.81 

CM5B  WW_DS_70 b  + 213 304 673.81 

CM6A  WW_WR_DS_70 a - 239 253 673.81 

CM6B WW_WR_DS_70 b  + 75 983 673.81 

CM7A WW_DS_NMF_70 a+c  - 413 730 721.43 

CM7B WW_DS_NMF_70 a+d  - 447 241 721.43 

CM7C WW_DS_NMF_70 b+c   + 115 443 721.43 

CM7D WW_DS_NMF_70 b+d   + 81 931 721.43 
Explanation of abbreviations used in column “Description”: WW = winter wheat; WR = winter rye; DS = direct 
sowing; NMF = nature management field; 40 = 40% increase in winter vegetation cover; 70 = 70% increase in 
winter vegetation cover. Different assumptions for costs: 

a
 (20 % decrease in the size of crops due to DS), 

b
 (NO 

CHANGE in the size of crops due to DS), 
c
 (AVERAGE COST 1 (NMF)), 

 d
 (AVERAGE COST 2 (NMF)), 

a+c
 (20% 

decrease in the size of crops (DS) and AVERAGE COST 1 (NMF)), 
b+c

 (NO CHANGE in the size of crops (DS) and 
AVERAGE COST 1 (NMF)), 

a+d
 (AVERAGE COST 2 (NMF) and 20% decrease in the size of crops (DS)), 

b+d
 (AVERAGE 

COST 2 (NMF) and NO CHANGE in the size of crops (DS)) 

 
Let us first consider the first target of increasing winter time vegetation coverage by 40 %. The 
effectiveness figures in table 11 show that CM1 and CM2 (increasing either winter wheat cultivation 
or a combination of winter wheat and winter rye cultivation) will lead to the greatest decrease in 
phosphorus loading (260.25 kg/a decrease in TOTP). If we consider the cost changes of measures, 
the combinations CM4B (winter wheat, direct sowing, nature management field) leads to highest 
increase of costs, while the combination CM3B (winter wheat + direct sowing without loss in crop 
yield) would in fact result in a considerable saving of costs. CM3A and CM3B both include a 
combination of winter wheat cultivation and direct sowing, but the assumption about how direct 
sowing affects the cereal yield is different. 
    
If we then consider the 70% target, CM7 (a combination of winter wheat cultivation, direct sowing 
and nature management fields) will lead to the greatest decrease in phosphorus loading (721,43 
kg/a decrease in TOTP). The highest cost increase is associated with CM7B (a combination of winter 
wheat, direct sowing and nature management field) and the greatest cost saving with CM5B (a 
combination of winter wheat cultivation and direct sowing).  
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Table 12. Cost-effectiveness of different combinations of measures. The total present value costs are 
discounted first from 2013 to 2015 and then to 2027 with a 4% discount rate.  The change in total costs (€/a) is 
scaled to the total agricultural area of Yläneenjoki catchment.   

 
Combination 
of measures 
(CM)  Description 

PVC 2015  
with  

r = 4% 

CE 2015  
 with  

r = 4% 

PVC 2027  
with  

r = 4% 

CE 2027  
 with  

r = 4%  
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CM1  WW_40 + 139 097 + 178.16 + 557 291 + 142.76 

CM2  WW_WR_40 W WW_WR_40 - 140 761 - 180.29 - 563 957 - 144.47 

CM3A  WW_DS_40 a - 107 574 - 229.74 - 430 993 - 184.09 

CM3B  WW_DS_40 b  + 584 945 + 1249.24 + 2 343 579 + 1001.02 

CM4A  WW_DS_NMF_40 a+c  - 435 919 - 663.98 - 1 746 507 - 532.05 

CM4B WW_DS_NMF_40 a+d  - 515 719 - 785.53 - 2 066 226 - 629.45 

CM4C  WW_DS_NMF_40 b+c  + 162 753 + 247.90 + 652 069 + 198.64 

CM4D WW_DS_NMF_40 b+d  + 109 473 + 166.75 + 438 601 + 133.61 
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CM5A  WW_DS_70 a - 1 102 021 - 545.17 - 4 415 240 - 436.84 

CM5B  WW_DS_70 b + 591 938 + 292.83 + 2 371 597 + 234.65 

CM6A  WW_WR_DS_70 a - 663 949 - 328.46 - 2 660 109 - 263.19 

CM6B WW_WR_DS_70 b + 210 861 + 104.31 + 844 813 + 83.59 

CM7A WW_DS_NMF_70 a+c  - 1 148 139 - 530.49 - 4 600 013 - 425.08 

CM7B WW_DS_NMF_70 a+d  - 1 241 136 - 573.46 - 4 972 603 - 459.51 

CM7C WW_DS_NMF_70 b+c  + 320 364 + 148.02 + 1 280 869 + 118.36 

CM7D WW_DS_NMF_70 b+d  + 227 367 + 105.05 + 910 945 + 84.18 
Explanation for the abbreviations used in table 12: CE = PVC / Total effectiveness = € / (kg of TOTP/a), 
PVC = Total present value costs, r = Discount rate. Explanation of codes in column “Description”: WW=winter 
wheat; WR=winter rye; DS=direct sowing; NMF=nature management field; 40=40% increase in winter vegetation 
cover; 70=70% increase in winter vegetation cover. Different assumptions for costs: 

a
 (20 % decrease in the size 

of crops due to DS), 
b
 (NO CHANGE in the size of crops due to DS), 

c
 (AVERAGE COST 1 (NMF)), 

 d
 (AVERAGE COST 

2 (NMF)), 
a+c

 (20% decrease in the size of crops (DS) and AVERAGE COST 1 (NMF)), 
b+c

 (NO CHANGE in the size of 
crops (DS) and AVERAGE COST 1 (NMF)), 

a+d
 (AVERAGE COST 2 (NMF) and 20% decrease in the size of crops (DS)), 

b+d
 (AVERAGE COST 2 (NMF) and NO CHANGE in the size of crops (DS)).  

 
 



Page 22 of 55 

 

 

 
Figure 7. CE-results of CM1-CM4D discounted first from 2013 to 2015 with a 4% discount rate.   

 

 
Figure 8. CE-results of CM5A-CM7D discounted from 2013 to 2015 with a 4% discount rate.   

 
Table 12 presents the total present value costs (PVC) and cost-effectiveness (CE) (figure 7 and 8) that 
are discounted with a 4% discount rate recommended by the DG Environment (CEC 2008) first from 
2013 to 2015 and then to 2027, which are the two target years defined in the Water Framework 
Directive. Let us again first consider the first target of increasing winter time vegetation coverage by 
40 %. According to the results, CM3B (a combination of winter wheat cultivation and direct sowing) 
would be most cost-effective, while the combination CM4B is the least cost-effective of the options. 
This combination includes implementation of nature management fields as a part of the measure 
combinations. This is the maximum cost CM alternative, presenting a situation in which the 
implementation of direct sowing would be quite costly due to the decrease in cereal yield. Also a 
higher average cost of establishing and managing nature management fields is used in the 
calculation of CM4B.  
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CM5A - CM7D in table 12 show the CEA results of the combinations of measures designed to reach 
the ambitious target of a 70% increase in winter time vegetation coverage. CM5B – a combination of 
increasing winter wheat cultivation and direct sowing –will reduce phosphorus loading more cost-
effectively compared to the other CMs. Again a combination of winter wheat with direct sowing 
(assuming loss of yield) and nature management field would lead to the least cost-effective measure 
CM7B.  
 
Comparison of similar combinations of measures between 40% and 70% increase in vegetation 
coverage shows that the more realistic extent of 40% increase leads to more cost-effective solutions. 
The combinations CM3 and CM5 are similar with the only difference being the extent of increase. 
The same applies to combinations CM4 and CM7. In both of these pairs the combination with 
highest cost-effectiveness are reached with 40% increase. Similarly the least cost-effective measures 
are those that have 70% increase in winter-time vegetation coverage.      
 

Table 13. Comparison of how policy recommendations change if effectiveness, change in costs or 
cost-effectiveness information is used as a basis for decision making.  

 
Combination of 
measures (CM)  Most effective  

Least 
effective 

Most cost-
effective  
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CM1  X   

CM2  X   

CM3A   X  

CM3B   X X 

CM4A     

CM4B    

CM4C    X 

CM4D    
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CM5A   X1 
 

CM5B   X X 

CM6A   X1 
 

CM6B  X  

CM7A X1   

CM7B X   

CM7C X  X 

CM7D X   
1
 Note: difference of effectiveness of CM5, CM6 and CM 7 are not very big 

  

The results of table 11 and 12 show how much the results can vary depending on the assumptions 
that the researchers and decision makers use in the evaluation of the different options (e.g. how 
direct sowing affects cereal yields and what average cost is used to calculate the cost of establishing 
and managing a nature management field). It is informative to compare how looking at just costs, 
effectiveness or cost-effectiveness will lead to a very different policy recommendation (table 13). If 
we only consider how effective the combinations of measures are in reducing phosphorus loading, 
the best options would be CM1, CM2 (40% target) and CM7 (70% target). When we incorporate the 
effectiveness and cost change information and take two of the most cost-effective combinations 
from the 40% and 70% groups, CM3B and CM4C (40% target) and CM5B and CM7C (70% target) 
should be implemented. It is important to notice that except for the CM7C the most cost effective 
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measures (CM3B for 40% increase and CM5B for 70% increase) are not those with the highest 
effectiveness, because in our case the costs of combinations of measures seem to define which are 
the most and the least cost-effective measures. 
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PART II: Disproportionality Analysis 

4 Application of methodological approach 

4.1 Justification of disproportionality analysis 
The structure of the catchment in the Finnish case study justifies the disproportionality analysis. The 
study area consists of a catchment area (River Yläneenjoki) and a lake (Lake Pyhäjärvi), while the 
water protection issue is the load of nutrients received by the lake. The Yläneenjoki catchment is 
responsible for over 60 % of the external nutrient loading into Lake Pyhäjärvi (Ekholm et al. 1997). 
Controlling of this source of nutrients is the main focus of the study in terms of water protection 
measures and their costs. The lake is unique in its size and the extent of its use in South West 
Finland. In other words, the benefits of protection measures are mainly gained in the lake and on its 
shores. This is especially true because the River Yläneenjoki is quite narrow and naturally turbid due 
to the prominent soil types in the catchment, and this limits the use of river water and also the 
recreational value of the river.  

The setting is thus rather typical in water protection: costs of protection measures are borne 
upstream, in this case in the catchment of the lake, and the benefits are enjoyed downstream, in the 
lake. Seen from another angle, the setting is such that there are few anthropogenic sources of 
pollutants that affect the wellbeing of a large amount of people. The geographically uneven 
distribution of costs and benefits alone justifies a disproportionality analysis. In terms of cost benefit 
ration it is expected that meeting the WFD target will not significantly improve water quality but it 
would be good in most years, whereas the costs of achieving the goal may either increase or 
decrease depending on which combinations of measures are applied (Table 11). This is the second 
justification for a disproportionality analysis.  

REFRESH WP6 approach to disproportionality analysis (Skuras et al. 2011) pointed out that in 
Finland, discussion of economic analysis and disproportionality of costs has been carried out in 
connection of environmental permit procedure and Best Available Technology (BAT), but in another 
connections, e.g. Environmental Impact Assessment (EIA) or agri-environmental schemes, no official 
approach of assessing the economic disproportionality is defined yet. This is also an argument for 
dis/proportionality consideration in the context of water protection in agriculture. 

4.2 Methodological approach to the identification of main benefits and 
beneficiaries 

The benefits from water protection were identified in a local stakeholder workshop that took place 
on December 4th 2012 in Pyhäjärvi Institute, Kauttua, Finland. Participants represented water 
protection expertise, farmers, nature conservation and broader economic aspects (a municipality 
business developer), based on principles reported by Slee et al (2012). The workshop was reported 
in Finnish in Pelkonen et al (2013).  

The workshop started by identification of the most important effects that water protection can 
produce in aquatic ecosystems of Lake Pyhäjärvi and River Yläneenjoki. These changes in the 
ecosystems can actualise as benefits for users. The outcome was an identification of those effects 
(the orange boxes in figure 9 below) which are the most relevant for the users 
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Figure 9. Cognitive map of the most significant impacts mechanisms and effects of water protection at 
river Yläneenjoki catchment in Lake Pyhäjärvi 

The next step of the workshop identified the most important uses of aquatic environments in River 
Yläneenjoki and Lake Pyhäjärvi. The participants were first given a broad list of examples from 
literature for discussion that resulted as a list of the main uses and user groups of the lake and 
benefits gained.  These results are the basis for analysis of benefits and discussed in more details in 
the chapter 6. 

4.3 Identification of cost-bearers and beneficiaries 
The setting in the studied case is such that the water protection problem in the Lake Pyhäjärvi is 
caused by agriculture in the catchment area of River Yläneenjoki. As the catchment description 
report (Varjopuro et al. 2010) showed, agriculture in the River Yläneenjoki catchment is the biggest 
source of nutrients into the lake, but not the only one. Agriculture in smaller catchments as well as 
dispersed housing are one of the sources, but this report focuses on the most important source.  

In this study the measures are applied by farmers in the catchment area where, in a sense, the costs 
of protection are thus borne. The benefits are experienced in a lake, into which the river discharges. 
There is thus differentiation between the ones who bear the costs and who gain the benefits with 
some possible overlaps as some of the farmers in the catchment area may also benefit from the 
lake.  Below (chapter 6.1) we describe the users, i.e. the beneficiaries, of the Lake Pyhäjärvi in more 
detail.  
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Farmers are taken here as the cost-bearers for the sake of simplicity. In reality, many of the 
protection measures are compensated to the farmers through the agri-environmental contracts, 
which makes the state (i.e. the tax payers) the actual bearer of most of the costs. Further, many of 
the water protection measures in the catchment have been financed by local associations such as 
Pyhäjärvi Institute, based on contributions from public sector, communes, and private companies of 
the area as was described in Varjopuro et al. (2010). 

4.4 Identification of spatial and temporal scales for disproportionality analysis 
In this disproportionality analysis the cost-bearers and beneficiaries are spatially differentiated. The 
Yläneenjoki catchment is responsible for over 60 % of the external nutrient loading into the Lake 
Pyhäjärvi. Therefore, we focus on the catchment as area where water protection measures are 
taken, while regarding the benefits the focus is on the lake. This is based on reasoning by the major 
stakeholders, who point out that the lake has a high recreational value, while the river Yläneenjoki 
has less value in this sense. 

Regarding the costs that are used for disproportionality analysis we focus on water protection 
measures borne in agriculture areas of River Yläneenjoki catchment (see chapter 7.1). 

The beneficiaries are those who use the lake Pyhäjärvi or its water. Distinctions between the lake as 
an area, as a landscape or as a source of water are discussed below in section 5.1.1. We do not know 
the exact numbers of users of the lake, but data on industrial and municipal facilities, inhabitants 
and permanent and leisure houses can be used to assess numbers of users. We also rely here on the 
information gained from the stakeholders in REFRESH workshops (see e.g. Skuras et al. 2012) and on 
published literature of use of freshwater in Finland (e.g. Nieminen 2010; Lankia and Pouta 2011; 
Ahtiainen 2008; Lehtoranta 2013). Assessment of the benefits was done within three different 
distances from the lake (400, 1500 and 4000 metres) to study ranges of benefits that can be gained 
by achieving the water protection targets.   

Temporal scale for the study follows the principle adopted in the REFRESH project. We will apply 
target years set in the WFD. The first target year is 2015 when ‘good ecological status’ should be 
reached as a general rule. However, that target year is overly close to expect an improvement in 
water quality. We decided that in REFRESH we will take another target year – 2027 – to estimate 
change in the water quality. The year 2027 is especially relevant for our case, since that is also the 
official target year for meeting the WFD goal in River Yläneenjoki. The WFD allows postponing the 
target year if 2015 is unrealistic due to environmental conditions or technical difficulties, which is 
the case in River Yläneenjoki. 

4.5 Data sources 
Data sources for DA consist of the information collected during the workshop and from published 
information related to the benefits that the workshop participants identified. Information is 
gathered from local municipalities and from national studies on use of lake areas (e.g. Nieminen 
2010; Lankia and Pouta 2011).  The sources are specified below in their proper contexts. 

Information on the numbers of inhabitants and recreational houses is from the national data-base 
on urban and settlement structures – “Monitoring system of urban form and spatial structure” (YKR 
2013). The data base is collected by SYKE.  

For benefit transfer we use earlier willingness to pay studies that have been conducted in Finland. 
These are introduced in chapter 5.1.2.  
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5 Economic efficiency assessment 
 

5.1 Benefit assessment 
Benefits from reaching of the protection goal are here discussed first on the basis of workshop 
results. We also make a benefit transfer exercise based on comparable studies conducted in Finland 
to give some quantitative estimates of the range of economic benefits.   

5.1.1 Benefits gained through use of the Lake Pyhäjärvi  

The stakeholder workshop identified the main uses of water of the Lake Pyhäjärvi. These were 
categorised in five groups: i) water as a resource, ii) recreational use by the local people, iii) 
professional fishing, iv) tourism and as v) significance of good water quality for the reputation and 
living conditions in the area. Importance of these uses is based on criteria like economic importance, 
dependency and commonality of the use. We did not employ any formalised methods such as 
quantitative multi-criteria analysis to assess the importance. Discussion screened also possible 
magnitudes of the benefits.   

In 2011, there were 10 500 inhabitants within 400 metres distance from the lake, while within 4 km 
distance the number of inhabitants was 13 500. In the same year, there were 1305 leisure houses 
within 400 metres distance from the lake. According to a national average (Nieminen 2010), a leisure 
house in Finland has four frequent users and 11 occasional users. By a conservative estimate we can 
estimate there are 14 000 leisure house visitors around the lake. There are thus 27 500 persons in 
vicinity of the lake who can potentially benefit from the lake. The lake Pyhäjärvi is an exceptional 
lake in south west Finland by its size and water quality. Therefore it can be conceived as an attractive 
target for potential recreational users in a larger area. For instance, in 50 kilometres distance from 
the lake there were 430 800 inhabitants in 2011.    

Water as a resource 

Drinking water. The lake water is used to produce drinking water to the municipality of Eura by an 
artificial ground water method. According to a municipal water services plan from 2010 (Eura 2010) 
Eura has three ground water sources, of which the biggest that provides 85% of Eura’s drinking 
water uses the lake’s water.  Drinking water is used by local habitants, leisure home owners and 
visitors to the area. In Eura the drinking water is used also by three factories. They use approx. one 
fourth of the water.  

Benefit from reduced nutrient load comes through improved purification effectiveness and reduced 
risk of cyanobacteria blooms. Reduced need of water purification affects consumer prices, as well.   

According to the water service plan there are 9 055 inhabitants in Eura that use the drinking water.  
As the water distribution system which in 2010 reached 72% of the inhabitants, will expand in the 
future, it is expected that in 2030 11 400 inhabitants will use the municipal drinking water. In 
addition to the inhabitants, visitors benefit from the good quality drinking water.   

Process and cooling water for industry. Two local paper mills use lake water in their processes and 
also as cooling water. In addition, the food industry uses lake water in the first rinse of vegetables. 
Improved water quality in the lake does not affect the cooling water function of lake water but it is 
very important for its use in industrial processes.  

Benefits of improving water quality are produced through improved process water quality.  

Irrigation water. There are few, but large vegetable farms close to the lake, that use lake water for 
irrigation. Benefits to be gained from the improvement of water quality materialise for instance as a 
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reduced risk of algae blooms.  Algae blooms can consist of cyanobacteria species that make the 
blooms toxic (Sivonen et al. 1990).   

Water use by households. Some of the permanent residents and a larger proportion of leisure 
house owners use surface waters for instance for bathing in the sauna. Higher water quality 
naturally improves this opportunity.  

Exact number of households and leisure houses around the lake that are not connected to the water 
services network is not available, but it is possible to give a coarse estimate of the permanent and 
leisure houses that use drinking water. In 2011, there were 1305 leisure houses within 400 metres 
distance from the lake.  

According to municipal water services plans of Eura (Eura 2010), Pöytyä (Pöytyä 2010) and Säkylä 
(Säkylä 2010) drinking water distribution system covers approximately one third of shore areas of 
the lake Pyhäjärvi.     

Recreation by local people 

Local people here refer both to people who live in the area and those who have leisure houses 
nearby. The latter visit the lake frequently and use the lake for recreational purposes in many ways 
similarly to local inhabitants.  

As explained above there are approximately 13 500 inhabitants within 4 km distance from the lake 
and some 14 000 leisure time visitors around the lake.  If we estimate that all of the leisure house 
visitors and 2/3 of the permanent residents near the lake (400 m) and 1/3 of the residents within 4 
km distance use the lake for recreation in one way or another there are  22 000 recreational users.  

Recreational house owners bring money to the region. According to a study “Free-time Residence 
Barometer” (Nieminen 2010) summer house owners used on average 2000 euros per year for 
building and repairing of buildings on average in Finland, but a range of sums used per year varies 
substantially. Equal amount of money was used in groceries per year. The amount spent for different 
services in the area close to the summer house was 300 euros per year. With these figures and 
assuming that grocery expenses are used in the Lake Pyhäjärvi region summer the 1 300 summer 
houses would bring as much as 5.7 million euros per year to the region. 

Kayaking and boating are practiced in the summer time in the lake and in the lower part of River 
Yläneenjoki. Practitioners of these activities benefit from improving water quality, because clean and 
clear water makes the experience more convenient.      

The workshop participants estimated that there are some tens of people every summer to do 
kayaking. 

Swimming is a common summertime activity practiced by the local people and visitors especially in 
the summer time. A large share of the swimmers use their own beaches (leisure house and 
permanent residents), but there are also public beaches. The workshop participants estimated that 
there is 10 such beaches.  

In comparison to boating, swimming is more sensitive to water quality. The benefits stem from the 
improvement of water quality as an improved swimming experience.  

According to Lankia and Pouta (2011), average distance to go swimming to natural waters in 
Western Finland is 1.5 km. If we apply this result to the context of Pyhäjärvi there are 10 700 
inhabitants within that distance. If we assume that 1/3 of these and 2/3 of the leisure house visitor 
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swim at least once a year, the number of swimmers would be 12 800 persons per year. As all of the 
permanent residents do not have an access to beaches (unlike most of the leisure house visitors) the 
persons who actually go swimming at least once a year is smaller than 12 800.   

Recreational fishing (including ice fishing) is a popular hobby involving hundreds of people every 
year according to an estimate by the workshop participants. Especially winter time fishing is very 
popular. Pyhäjärvi Instituutti (the lake Pyhäjärvi protection organisation) has collected information 
on fishing at the lake. According to them the number of recreational fishers in 2011 was 488. The 
figure has gradually decreased by almost 300 since 2004. This follows a national trend of declining 
number of recreational fishers due to changes in recreational habits. Average age of recreational 
fishers has increased at the same time (Moilanen 2011).  Fishing would not benefit significantly from 
the small improvement of water quality but avoiding degradation of water quality is of high 
importance. The status of the lake varies between Good and Moderate. 

Hunting of water birds was also mentioned in the workshop as one of the recreational activities at 
the lake. However, number of hunters is very low – some tens of persons – and has been diminishing 
in recent years. Water bird population would, in fact benefit from lower water quality as it would 
enhance growth of vegetation in shallow areas.  

A few other recreational uses were mentioned as well during the workshop discussions. These were, 
for instance, skiing on ice and boating, that involve thousands of people every year. These activities 
are not very sensitive to changes in water quality. 
 

Professional fishing 

Lake Pyhäjärvi is one of the few lakes in southern Finland where commercial fishing is practiced.  

According to Pyhäjärvi Institute (the protection organisation of the lake), there were 22 professional 

fishermen and almost 40 part-time fishermen and 500 recreational fishermen in 2011 (Table 14). 

Table 14. Fishermen at the Lake Pyhäjärvi (source: Pyhäjärvi Instituutti)   

Type of fishermen Amount of fishermen in 2011  

Professional  22 

Part-time  38 

Recreational  488 

 
Total fish catch was 666 tonnes (in 2011) giving approximately 716 000 euros as value of the catch of 
fish by regional average fish producer prices. In recent years fishing of crayfish has become an 
important part of fishers’ income. In 2011 fishermen caught half a million crayfish, the value of 
which was approximately 724 000 euros (by a national average producer price of a grey fish). 

Pyhäjärvi has been the object of intensive biomanipulation for decades, carried out by commercial 
fishermen, whose annual harvest rate approaches the total production of vendace (Coregonus 
albula), the main planktivore in Pyhäjärvi. The restoration fishing project has also subsidized the 
harvest of commercially unwanted fish since 1995 (Ventelä et al. 2007). Without continuous 
biomanipulation and harvest of fish, the removal of P from the lake would be lower, as well as the 
probability to reach Good status of water quality in the future.  If the restoration fishing would be 
continued on the present levels then fishing would not benefit much from reduction of nutrient 
discharges from agriculture in the River Yläneenjoki catchment, because presently the target fish 
stocks are not suffering from the water quality. Without the restoration fishing and efforts to limit 
nutrient discharges to the lake, the stocks of valuable commercial species would be most likely 
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suffer, while less valuable cyprinids would become more common. An interesting aspect of 
commercial fishing is that, fishing is a restoration measure that has a positive impact on the water 
quality.  

Tourism  
Two types of tourism were mentioned in the workshop: fishing tourism and renting of cottages.  

Fishing tourism brings tens of tourists to the lake every year. The workshop participants could name 
three entrepreneurs who operate in the business. As pointed out above, benefits to fishing depend 
on continuance of restoration fishing.  

Renting of cottages for recreational users is a common in the lake Pyhäjärvi. According to the 
workshop participants at least 10 companies.  Renting of cottages is all year round and brings thus 
hundreds of people to the lake.  

Reputation and living conditions 
The last of the categories of benefits that the workshop resulted was the importance of water 
quality to the regions reputation and living conditions. This was brought up in the sense that a lake 
with a good reputation could attract more inhabitants to the region. However, the participants were 
not able to give any estimates of how strongly this might affect peoples’ decision on moving to the 
region.  

The lake Pyhäjärvi is an attractive place to have leisure houses, but the workshop participants were 
of opinion that there is no more space to build new ones on the shore. Leisure houses by the lake 
Pyhäjärvi are expensive in comparison to prices in a broader area.    

5.1.2 Benefit transfer 

The previous chapter describes and explains different benefits that can be gained by using the Lake 
Pyhäjärvi. The description indicates that the lake provides benefits of high value to the region and to 
the people who can enjoy the lake. The previous chapter describes present uses and the types of 
benefits that can be gained by water protection. It gives also an indication of monetary values of 
some of the uses, but for quantifying the monetary value of an expected change in quality of water 
in Lake Pyhäjärvi we need an alternative approach.  

Even though a valuation of a small environmental change is a challenging task, here we estimate the 
monetary value of the range of economic benefits to be gained from reaching the protection goal. 
The methodological approach in REFRESH as described in a guidance document for 
disproportionality analysis (Martin-Ortega and Skuras 2012) is to rely on existing estimates from the 
literature, i.e. benefit transfer method, since there is no budget in REFRESH for an empirical 
valuation study (e.g. contingent valuation study). This process requires the identification of an 
appropriate existing study from which estimates can be reasonably transferred to the study site.  

For benefit transfer we have identified some existing relevant studies from Finland conducted by 
Ahtiainen (2008), Mäntymaa (1993) and Lehtoranta (2013). All of them are willingness to pay studies 
that focus on water quality of relatively large lakes. Two of the lakes are not, however, similar to the 
Lake Pyhäjärvi in the sense that symptoms of eutrophication are more severe in them. In these 
studies the protection goal was to reach a significant improvement in the water quality (Ahtiainen 
2008; Lehtoranta 2013). The third lake – Lake Oulujärvi – is similarly in good status as the Lake 
Pyhäjärvi. The protection goal addressed in the study by Mantymaa (1993) is somewhat similar to 
our case: to avoid deterioration of the water quality, but the question posed to the survey 
respondents presented a hypothetical situation of avoiding the lake from deteriorating from a 
moderate status to poor (Lehtoranta 2013). In spite of this, the study at the lake Oulujärvi is the 
most analogical that can be found.  
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Earlier willingness to pay studies on water quality of lakes in Finland have found the willingness to 
pay to achieve an improvement to vary between 12-172 € per year per household (Ahtiainen 2008; 
Lehtoranta 2013).  The study by Mäntymaa (1993) found a WTP of 124€ per year for improved 
status, which falls into the range of the two other studies. The WTP for the case that the status does 
not degrade in Lake Oulujärvi was slightly higher 179 €, but still close to the range of other studies 
(Lehtoranta 2013).  The studies have focussed on people that live close to the lakes or have leisure 
houses by the studied lakes.  

 In 2011 there was 10 500 inhabitants within 400 metres distance from the Lake Pyhäjärvi, while 
within 4 km distance the number of inhabitants was 13 500. In the same year there were 1305 
leisure houses within 400 metres distance from the lake, while in the 4 km distance there was 1759. 
In that year on an average 2.07 persons lived in a household in Finland (Statistics Finland 2013). By 
using the national average and counting a leisure house as one household we come with the 
following numbers of households (Table 15).  

Table 15. Numbers of households in 400 metres and 1,5 and 4 km distances from Lake Pyhäjärvi. 

 N:o of households 
within 400 m distance 

N:o of households 
within 1,5 km distance 

N:o of households 
within 4 km distance 

Permanent residents 5 072 5 169 6 521 

Summer houses 1 305 1 442 1 759 

Sum 6 377 6 611 8 280 

 

Using the numbers of households in table 34 and the existing valuation studies we can estimate 
range of willingness to pay in the Lake Pyhäjärvi region (Table 16). 

Table 16. Sum of willingness to pay (€/a) to achieve an improvement and to avoid degradation for 
households within distances of 400 m, 1.5 km and 4 km from Lake Pyhäjärvi (based on studies by 
Ahtiainen 2008; Lehtoranta 2013 and Mäntymaa 1993).    

 Within 400 m distance Within 1.5 km distance Within 4 km distance 

To achieve 
improvement (12-172 
€/a/household) 76 524 - 1 096 844 79 332 - 1 137 092 99 360 - 1 424 160 

To avoid degradation 
(179 €/a/household) 1 141 483 1 183 369 1 482 120 

 

Of the existing studies the scenario “avoid degradation” presented in the contingent valuation 
survey of Mäntymaa (1993) is closest to the one in our case, in which the goal is to keep the lake in 
the present good sate. Using that study as a reference for our study at the Lake Pyhäjärvi would give 
aggregated potential benefits in a range from 1.14 to 1.48 million euros per year. Studies have 
shown that willingness to pay changes with the distance (Ahtiainen 2008 50). According to Lankia 
and Pouta (2011) on an average a distance to go swimming to natural waters in Western Finland is 
1.5 km. This distance could be taken as a proxy to WTP of those households who have a relatively 
easy access to enjoy the lake. Assuming that the WTP and number of households would remain 
constant over the years the WTP would thus be by 2015 (including the year 2013) 3.3 million euros 
and 13.6 million euros by 2027 (values are discounted with 3.5% rate). As we lack an exactly 
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analogical study as a source for benefit transfer and due to general uncertainties pertaining to the 
method the figures for benefits needs to be taken as indicating the magnitude of benefits, instead of 
an exact amount of benefits.  

5.2 Comparison of benefits with costs  
Our CEA (section 3) for the case of Lake Pyhäjärvi focused on alternative – and partly hypothetical – 
combinations of measures to reduce nutrient loads in agriculture. The study compared costs and 
effects of the alternative farming practices giving ranges of possible costs. It is noteworthy, that 
some of the possible combinations of measures could result also in reduction of costs of farming by 
replacing the presently common practices with new ones. It must be noted that the CEA focused 
purposefully on possible alternative measures.  

For the comparison of benefits and costs we cannot thus use only one figure for the costs. Instead, 
we compare the benefits to those combinations of mitigation measures that can result in highest 
costs and to those with highest savings of costs in the more realistic 40% vegetation coverage (see 
table 10).  Both benefits and costs are considered for two different time periods: 2013-2015 and 
2013-2027. The present values are discounted by using a rate 4% for the costs and 3.5% for the 
benefits. The comparison is presented in Table 17. 

Table 17. Comparison of costs and benefits for two time periods and for the highest costs and for the 
highest saving of costs.  

Year A: Aggregated 
cumulative 
benefits (within 
1.5 km 
distance) 

B: Aggregated 
cumulative 
costs 
(maximum 
costs = CM4B) 

C: Aggregated 
cumulative cost 
savings 
(maximum 
savings = 
CM3B) 

Minimum net 
present value 
(Benefits ɀ 
costs; A+B)  

Maximum net 
present value 
(Benefits + 
cost savings; 
A+C) 

2015 3 315 400 -515 700 584 900 + 2 799 700 + 3 900 300 

2027 13 629 300 -2 066 200 2 343 600 +11 563 100 +15 972 900 

 

The comparison shows that the benefits are clearly higher than even the highest costs. On an 
average the aggregated cumulative costs are 25 400 euros for the year 2015 and 102 000 for the 
year 2027, which are considerably lower than the potential benefits.   

If the winter time vegetation cover would increase by 70% the highest costs (in present value) would 
be 1.2 million euros for the shorter time period (2015) and 5.0 million euros for the longer period. 
Still the comparison to the benefits would indicate that more benefits would be gained than costs 
borne.  

This report focuses only water protection measures in agriculture in one of the catchments that 
discharge to the Lake Pyhäjärvi. There are also other catchments that discharge to the lake and 
other anthropogenic sources of phosphorous. Measures to reduce phosphorous loads from the 
other catchments and human activities could also contribute to reaching of the protection goal. It 
would relief some of the pressure to apply mitigation in agriculture. However, agriculture in the 
catchment of River Yläneenjoki is the biggest source of nutrients, which justifies focusing on it. 
Furthermore, there are protection targets set in WFD river basin management plan for the River 
Yläneenjoki. Meeting that goal would require a considerable 45% reduction in phosphorous load in 
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the catchment. In practice this can be met only by applying all possible mitigation measures in 
agriculture.  

6 Distributional effects 
6.1 Methods and sources of information 

Distributional effects are here studied as comparison between the farmers who would apply the 
mitigation measures and the beneficiaries. The setting in the studied case is such that the water 
protection measures are done by farmers in a river catchment area where the costs of protection 
are thus borne. In this study we focus only on protection measures in agriculture of the river 
catchment. It must be noted that the question of who are the actual cost bearers is not a simple 
one. The farmers do apply the measures, but they are compensated through the agri-environmental 
scheme of the EU’s Common Agricultural Policy. Therefore, the farmers are not the real cost-
bearers, but for simplicity we take farms here are the units representing cost-bearers. The benefits 
are experienced in a lake, in which the river discharges. There is thus differentiation between those 
who bear the costs and those who gain the benefits with some possible overlaps as some of the 
farmers may also benefit from the lake.  

The stakeholder workshop gave valuable information on users of the lake and the river area. For the 
quantitative assessment of the benefits sources of information are, however, mainly the ones 
describing the numbers of possible beneficiaries in terms of households which is a comparable unit 
to numbers of farms in the catchment area. Numbers of farms is counted from the material received 
from Finnish Agency of Rural Affairs. It must be noted that numbers of farms are from the year 2008, 
while numbers of leisure houses and inhabitants are from 2011. However, changes between 2011 
and 2008 in the latter figures are small.  For the farm economic information we used a recent study 
on agriculture subsidies and economics in Finland (Voutilainen et al. 2009).  

6.2 Distributional effects and equity 
The studied case is a rather typical example of equity issues related to water protection. Polluters 
upstream cause damage to users of water areas downstream and, correspondingly, when water 
protection measures are put in place, it often requires that actors upstream change their behaviour. 
This will generate costs to actors upstream and if the measures are effective, benefits are gained by 
people downstream.    

In the studied case it could be argued that the situation is not very equal, because the ones who 
would implement the protection measures are small in numbers in comparison to beneficiaries at 
the lake.  

As was described in more details in chapter 5.1.1 according to a conservative estimate there was    
27 500 persons in 2011 who could be thought of benefitting from the lake. In comparison to 
numbers of cost-bearers (i.e. number of farms) we use here instead numbers of household that are 
more similar unit than individual persons. If we operate again with the 1.5 km distance as was done 
in the benefit transfer the number of households close to the lake is 6 611. 

A number of farms that have fields in the catchment is a comparable unit to households of the 
beneficiaries. Based on information gained from Finnish Agency of Rural Affairs there are 
approximately 273 farms in the studied area. The figure is based on information on the farms and 
farm-owners home addresses. Therefore, a few farms that are owned by persons not living in the 
farms may be missing, but these cases are few. The number of farms represents here the cost-
bearers, although as was pointed out earlier the farmers are those who apply the mitigation 
measures, but they are mostly compensated for the costs by the agri-environmental scheme. There 
are thus approximately 300 cost-bearers whose actions bring benefits to the 6 611 households and 
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leisure houses that are located within 1.5 distance from the lake. Since the lake is an exceptional in 
southwest Finland context due to its size and good water quality it attracts visitors from large area. 
There are, for instance, 430 000 potential beneficiaries (number of inhabitants) within 50 kilometres 
distance from the lake. 

The CEA study (section 3) showed that there is also a potential for reducing the costs of farming. This 
change the comparison between cost-bearers and beneficiaries to some extent as there are 
possibilities for win-win situations. However, our examples of possible combinations of mitigation 
are somewhat hypothetical. They represent measures that have gained interest recently, but 
application of them is not very wide-spread.     

6.3 Considerations of affordability 
The costs of implementing the alternative combinations of measures vary considerably from high 
increase of cost of farming to lower costs (see section 2 and chapter 3.3, Table 11). If we consider 
increasing winter-time vegetation coverage by 40% that is the more realistic one than the 70% 
increase the costs varies between 185 800 € increase of costs per year for the whole catchment area 
and 210 800 € decrease of costs depending on the combination of measures.  On an average the 
increase of costs would be 9 176 € per year. 

There are approximately 273 farms in the studied catchment area. If the change in costs would be 
distributed evenly among the farms the highest increase of cost per farm would be 680 € per year 
while the highest saving of costs would be 770 €. In 2011 an average economic result of farms was 
17 199 € in the municipality of Pöytyä where the River Yläneenjoki catchment is located (Statistics 
Finland 2013).  In comparison to farm level economic result the potential increase or decrease of 
costs are not very significant – from 4% increase to 4.5% decrease of costs.   

With the 70% increase of vegetation cover in winter the highest increase of cost would be 1 600 € 
per farm per year, while the highest reduction of costs would be 780 €. In comparison to the average 
economic result, 70% increase would mean 9% increase of costs or 4.5% decrease of costs of 
farming. The highest increase of cost would thus mean almost 10% loss of income. 

It thus seems that – given the limitations of using hypothetical mitigations measures as a basis of 
calculations as we did in the CEA – that affordability should not be an obstacle for applying the 
measures that would reduce the amount of phosphorous discharges. Only the most costly 
combinations of measures if applied to the extent of 70% increase in vegetation cover would mean a 
significant increase of costs. On the other hand, the calculations show that very strong economic 
incentives are not expected due to reduction of costs of farming. Furthermore, it must be 
understood that agri-environmental schemes of CAP and other farm subsidies influence strongly the 
economic reasoning of farmers and also limit the practical options they have. 
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PART III: Conclusions and Policy Implications 

7 Discussion and conclusion on CEA and DA findings 
This report studied cost effectiveness of water protection measures in agriculture and the potential 
benefits to be gained if the protection goal will be reached. We took two different target years for 
reaching the goal. The closer target year 2015 is the general target year for reaching the goals set by 
Water Framework Directive. The other target year for this study was 2027. This is a more realistic 
target and the one that was approved as a target year for the studied catchment.  

We studied here in detail one mitigation measure, increase of winter-vegetation coverage in 
agricultural lands, with different combined options (Table 9). The study focused on the catchment of 
River Yläneenjoki. Agriculture in that catchment was chosen, because it is the biggest source of 
phosphorus (> 60%) to the Lake Pyhäjärvi and because  modelling done in WP5 showed that 
increasing winter-time vegetation is the most effective measure, for instance in comparison to 
reduction of fertilisation (Lepistö et al. 2013). It is also obvious that increase of winter-vegetation 
coverage decreases erosion most effectively in those areas with most problems: in slope fields 
located close to the watercourses. In the analysis we studied costs and effects of combinations of 
several alternative ways to increase vegetation cover: increase winter crops, increase direct sowing 
and increase nature management fields (i.e. set-aside fields).  These were studied in two different 
scenarios: to increase the vegetation cover by 40% or by 70%. There are also other minor sources of 
nutrients to the Lake Pyhäjärvi, but we decided to focus on the biggest source. 

The analysis showed that in agriculture there are cost-effective measure combinations to reduce 
nutrient load. Some of the combinations could even reduce the costs of farming. In comparison to 
economic results of the farms the combinations would lead from 4% increase of costs to 4.5% 
decrease of costs if the increase of vegetation cover would be 40%. In the case of 70% increase the 
respective changes in costs of farming would from 9% increase to 4.5% decrease. It thus seems – 
given the limitations of using hypothetical mitigations measures as a basis of calculations as we did 
in the CEA – that affordability should not be an obstacle for applying the measures that would 
reduce the amount of phosphorous discharges. Only the most costly combinations of measures, if 
applied to the extent of 70% increase in vegetation cover, would mean a significant increase of costs.  

A combination of winter wheat cultivation and direct sowing proved to be the most cost-effective in 
the 40% increase, while a combination that include increase of nature management field (assuming 
a high cost of establishing) and increase of direct sowing and assuming that direct sowing would lead 
to decrease of crop yield was the least cost-effective.  Regarding the target of a 70% increase in 
winter time vegetation coverage the most-cost effective combination included increase of direct 
sowing and increasing winter wheat and winter rye cultivation. Again a combination of winter wheat 
with direct sowing (assuming loss of yield) and nature management field would lead to the least 
cost-effective measure. 

Comparison of similar combinations of measures between 40% and 70% increase in vegetation 
coverage shows that the 40% increase leads to more cost-effective solutions.   

Table 13 (in chapter 3.3.) compares effectiveness, change of costs and cost-effectiveness of different 
combinations of measures. It shows that in the studied case the effectiveness did not determine 
cost-effectiveness as much as the costs of measures.  

The protection goal in this study to was to increase the probability that the Lake Pyhäjärvi will stay in 
the Good ecological status. Presently the probability is about 50% (Lepistö et al. 2013), which means 
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that in half of the years, the status is Moderate and problems occur related to eutrophication. The 
goal was not needed to be extremely ambitious because the status of the lake is still relatively good:  
the goal can be met with several combinations of measures, even with the measures with lower 
effectiveness (see Table 10).  In practice this would mean a small improvement in water quality. 
Valuation of a small change is difficult. The DA analysis above describes the main benefits and 
beneficiaries from reaching of the protection goal. We utilised a benefit transfer from a relatively 
analogical earlier study in Finland. In that study, a survey asked respondents WTP for ensuring that 
the studied lake’s water quality status does not deteriorate. For assessment of benefits we 
calculated the amount of households and recreational houses nearby the lake as potential 
beneficiaries. We took into account households and leisure houses within a 1.5 km distance from the 
lake. The households within that distance have a relatively easy access to enjoy the lake. We 
calculated that the potential aggregated benefits would be 3.3 million euros by 2015 (including the 
year 2013) and 13.6 million euros by 2027. In comparison to costs of protection – even to the most 
costly combination of measures – the benefits are higher than the costs (see chapter 5.2). 

The studied case is a rather typical example of equity issues related to water protection. Polluters 
upstream cause damage and their actions can also help to avoid the damage. Users downstream are 
affected by pollution and they benefit from mitigation measures. It could be argued that the 
situation is not very equal, because the ones who would implement the protection measures are 
small in numbers in comparison to beneficiaries at the lake.  There are approximately 273 farms in 
the studied catchment area and some 6 600 households and leisure houses with a 1.5 km distance 
from the lake. However, as farmers are compensated for conducting water protection measures 
they are bearing the cost only to a very limited extent in cases, if the costs are not fully 
compensated.  

The study has certain methodological limitations, because of which the results should be taken as 
indicative. The future research on the topic should deal focus on these limitations. One limitation is 
the focus on agriculture measures in the biggest catchment that discharges to the Lake Pyhäjärvi. 
Agriculture in that catchment is the biggest single source of nutrients, but there are also smaller one: 
agriculture in smaller catchments around the lake and dispersed housing in all catchments. The focus 
on the biggest source is justifiable, since even with the measures conducted in River Yläneenjoki can 
produce the chosen protection goal. Another limitation is that there are a lot of small scale 
variations in agriculture practices and agriculture land that influence cost of measures. Therefore we 
had to rely on generalising assumptions. Results can obviously vary depending on the assumptions 
that the researchers and decision makers use in the evaluation of the different options (e.g. how 
direct sowing affects cereal yields and what average cost is used to calculate the cost of establishing 
and managing a nature management field). Also the exact number of beneficiaries in the Lake 
Pyhäjärvi is impossible to determine, due to partly intangible nature of the studied phenomenon. 
We relied here on results of other studies on use of lake areas in Finland. Finally, the issue of 
valuation of a small improvement in the quality of water is a difficult. Most of the related valuation 
studies have much stronger differences in the valued scenarios. One can ask, though, are such strong 
changes in water quality realistic assumptions.   

8 Policy implications and recommendations 
The study shows that the lake’s Good water status is precarious and increased water protection 
measures are needed to ensure that the status remains. The lake is unique in its size and high water 
quality in South West Finland, which gives the lake a high value for inhabitants and recreational 
users. There is thus a social need to continue protection of the lake and high benefits to be gained. 
Assessment of effectiveness of measures indicates that preserving the quality of the Lake Pyhäjärvi is 
possible even though it requires application of the measures for a long time.  
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The study shows further that there are cost-effective measure combinations to increase winter 
vegetation on the fields are available. Even reduction of the costs is possible, while application of 
even the most costly combination of measures to increase vegetation cover would not cause a very 
significant increase in costs of farming in comparison to farm incomes. Only the most expensive 
measure if applied to the extent that a 70% increase in vegetation cover would be achieved can be 
considered to be beyond affordability. However, the scenario of 70% vegetation cover increase 
would in practice mean an almost complete vegetation cover during winters. In this respect the 
scenario should be seen as hypothetical. On the other hand, the possible reduction of costs of 
farming is not very significant, either. Therefore, they do not create a positive incentive for farmers 
to apply them. Choices that farmers make are strongly influenced by agri-environmental scheme of 
CAP. Future agri-environmental schemes should be targeted for creating incentives for farmers to 
adopt more effective measures, but especially such measures that do not lead to unnecessary 
increase of costs, since there are cost-effective alternatives.  

A cost-effectiveness analysis that was conducted showed that the most effective measures are not 
usually the most cost-effective ones. In the studied case it was the large differences of costs of 
measures that determined the cost effectiveness. The study focussed on different ways of increasing 
vegetation cover during winters. Presently the level of compensation paid by the agri-environmental 
scheme as applied in Finland does not separate very strongly between different agriculture practices 
that increase vegetation in winters. The level of compensation depends, on the one hand, on a 
region where it is applied and, on the other hand, on how large share of fields are covered by 
vegetation. The compensation in the 2013 instructions is 11, 27 or 30 €/ha. Our study showed that 
there are big differences in costs (or reductions of costs) of different farming practices (e.g. between 
different crops) ranging from 533€ increase of costs per hectare to 108 € decrease of costs (on an 
average 150 €/ha). Therefore, a clear recommendation is that the future agri-environmental 
schemes should create strong incentives for applying the most effective measures thus ensuring 
cost-effectiveness of the most effective measures from the farmers’ point of view.  Another 
recommendation is that the compensation levels should differentiate better between different 
farming practices of increasing winter time vegetation.  According to the results of this study the 
present compensation levels can be significantly below or above the actual costs.   
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ANNEX I. Cost calculations of mitigation measure combinations 

The costs and assumptions related to the different combinations of measures CM1-CM7 that where 
used in CEA calculations (chapter 3.3) are presented here in more detail. This will provide more in-
depth information about the assumptions used in the calculation of costs and to what degree the 
measures would be implemented in the sub-catchments of Yläneenjoki and how this would change 
the variety of crops that are cultivated in the area as well as the cultivation practices.   

 
Table 1. Different combinations of measures (CM) for increasing winter time vegetation coverage 

CM1) Increasing winter wheat (WW)  WW_40 

CM2) Increasing winter wheat (WW) and winter rye (WR) (50/50)  WW_WR_40 

CM3) Increasing winter wheat (WW) and direct sowing (DS)  WW_DS_40 
CM4) Increasing winter wheat (WW), direct sowing (DS) and nature 
management fields (NMF)  WW_DS_NMF_40 

CM5) Increasing winter wheat (WW) and direct sowing (DS)  WW_DS_70 
CM6) Increasing winter wheat (WW) and winter rye (WR) (50/50) and direct 
sowing (DS) WW_WR_DS_70 
CM7) Increasing winter wheat (WW), direct sowing (DS) and nature 
management fields (NMF)  WW_DS_NMF_70 

 

Combination of measures 1 and 2: WW_40 and WW_WR_40 

The first combination of measures focuses on increasing winter time vegetation coverage with 
replacing spring cereals with winter cereals. First we look at winter wheat (CM1, WW_40), the 
implementation of which would lead to a cost saving for the farmer when it’s compared to 
cultivation of spring wheat and oats (table 2). For the case of malting barley, it will lead to cost 
increase of 70 €/ha. When the total change in costs is calculated for all three spring cereals and the 
1324,7 hectares needed to achieve the 40% increase, it leads to a cost saving of 23 073 €/year.  

This result shows that in some cases positive cost savings and a win-win situation for improving 
water quality simultaneously with increasing farmer revenues is possible. While this is true, CM1 
would lead to a significant decrease in the variety of crops cultivated in Yläneenjoki catchment. 
Spring wheat and oats would not be cultivated in Yläneenjoki anymore. Only a total of 154 ha of 
malting barley would stay unchanged. We are not assuming that CM1 would actually be 
implemented as it is in the future, but we use this as an example of a future situation, where a group 
of winter cereals with a higher yield would replace spring cereals.   
 
Table 2. Change in costs due to CM1: WW_40 

WW_40 Area (ha) 
Change in costs  

όϵκƘŀύ 
Total change in costs 

όϵκмонпΣт Ƙŀύ  

Spring wheat  566,2 + 62,25 + 35247,8 

Oats  498,5 + 13,35 + 6655,2 

Malting barley   270 - 69,74 - 18829,8 

  
TOTAL  23073,3 

(+ sign indicates a cost saving and - sign indicates a cost increase)  
 
Next we will look at a more realistic situation CM2, where a group of winter cereals, some of which 
produce a high yield and some produce a lower yield compared to current spring cereals, would be 
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used to increase winter time vegetation coverage (table 3). We use winter wheat and winter rye to 
showcase the change in costs and revenues in this situation. We assume that the areas of oats and 
malting barley, which are needed to achieve to 40% target, will be replaced with equal amounts of 
winter wheat and winter rye (WW_WR_40). The total area of spring wheat will be replaced with 
winter wheat. This combination of measures would lead to a cost increase of 23 349 €/year.  
 
Table 3. Change in costs due to CM2: WW_WR_40 

WW_WR_ 
40 Area (ha) 

Change in costs 
Winter wheat 
ό!ύ όϵκƘŀύ 

Total costs 
(A) 

Change in 
costs Winter 
ǊȅŜ ό.ύ όϵκƘŀύ  

Total costs 
(B) A + B 

Spring wheat  566,23 + 62,25 + 35247,8 - 58,56 0 + 35247,8 

Oats   498,52 + 13,35 + 3327,6 - 107,46 - 26785,5 - 23457,9 

Malting barley   270 - 69,74 - 9414,9 - 190,55 - 25724,25 - 35139,15 

     
TOTAL - 23349,2 

(+ sign indicates a cost saving and - sign indicates a cost increase)  
 
Combination of measures 3: WW_DS_40 
 
Next we consider a situation, in which both the cultivation of winter wheat and changing from 
cultivator tillage to direct sowing are used to meet the winter time vegetation target of 40% (CM3, 
WW_DS_40). CM3 would not lead to a decrease in the variety of cultivated cereals compared to the 
baseline situation, because only the total area of spring wheat would be changed to winter wheat. In 
addition to this, a total of 768,5 hectares of oats, malting barley, feed barley rape and turnip rape 
would be changed to direct sowing. We also take into account two possible assumptions about how 
direct sowing can affect the size of the field in the cost calculation: 

¶ A) 20 % decrease in the size of crop due to direct sowing 

¶ B) no change in the size of the crop due to direct sowing 
 
 

Table 4. Ranking of cereals, which have the smallest costs related to changing to direct sowing 

Direct sowing compared to 
cultivator tillage  
όϵκƘŀύ 

/ƻǎǘǎ όϵκƘŀύ ƻŦ 
assumption A (20 % 
decrease in the size of 
the cereal yield) 

/ƻǎǘ ǎŀǾƛƴƎǎ όϵκƘŀύ ƻŦ 
assumption B (No change 
in the size of the yield) 

Ranking of 
the options  

Rape and turnip rape   - 29,25 + 108,80 1 

Oats - 69,81 + 76,49 2 

Feed barley  - 93,77 + 73,23 3 

Malting barley  - 103,77 + 73,23 4 

(+ sign indicates a cost saving and - sign indicates a cost increase)  

 
Table 4 shows that the cultivation of rape and turnip rape has the lowest income loss related to it if a 
20% decrease in the size of the cereal yield is assumed. It is also possible that the farmer would 
suffer no decrease in the cereal yield due to direct sowing. In this case, rape and turnip rape would 
generate the greatest cost saving to the farmer compared to the cultivation of other spring cereals. 
The income losses of changing from cultivator tillage to direct sowing are greatest for malting barley. 
This ranking will be used to achieve the smallest cost possible in the cost calculation CM3A and 
CM3B.  
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The results of CM3A in table 5 show that increasing the cultivation of winter wheat together with 
replacing cultivator tillage with direct sowing combined with the assumption that direct sowing 
would decrease the size of the cereal yield by 20% would lead to a cost increase of 17 844 €/year for 
the total area.    
 
Table 5. Change in costs due to CM3A: WW_DS_40 

  Area (ha) 
Change in costs 

 όϵκƘŀύ 
Total change 

 ƛƴ Ŏƻǎǘǎ όϵκȅŜŀǊύ 

Changing spring wheat to winter wheat (WW) 

Spring wheat 566,23 + 62,25 + 35247,8 

Changing from cultivator tillage to direct sowing (DS) 
20 % decrease in the size of crop due to direct sowing 
Rape and turnip rape 108,96 - 29,25 - 3186,99 

Oats 498,52 - 69,81 - 34804,07 

Feed barley 161,04 - 93,77 - 15100,72 

Malting barley 0 - 103,8 0 

  TOTAL COST DS - 53091,8 

TOTAL COST OF CM3A  - 17844,0 

(+ sign indicates a cost saving and - sign indicates a cost increase)  

 

Next we will do the same cost calculation for the same combination of measures with the 
assumption that direct sowing would produce the same yield as cultivator tillage (CM3B). This would 
lead to a cost saving of + 97 029 €/year (table 6).  
 
Table 6. Change in costs due to CM3B: WW_DS_40 

  Area (ha) 
Change in costs 

 όϵκƘŀύ 
Total change 

 ƛƴ Ŏƻǎǘǎ όϵκȅŜŀǊύ 

Changing spring wheat to winter wheat (WW) 

Spring wheat 566,23 + 62,25 + 35247,8 

Changing from cultivator tillage to direct sowing (DS) 
No change in the size of the crop due to direct sowing 
Rape and turnip rape 108,96 + 108,80 + 11854,41 

Oats 498,52 + 76,49 + 38133,79 

Feed barley 161,04 + 73,23 + 11792,96 

Malting barley 0 + 73,23 0 

  TOTAL COST DS + 61781,2 

TOTAL COST OF CM3A  + 97029,0 

(+ sign indicates a cost saving and - sign indicates a cost increase)  
 
The combination of measures CM3A and CM3B show how different assumptions will lead to very 
different end results. The actual change in costs and revenues can be found somewhere in between 
the total cost of 17 844 €/year related to CM3A and the total cost saving of 97 029 €/year related to 
CM3B. For some farmers with fields that are in good soil condition and who have experience with 
the cultivation method, direct sowing would generate time saving and increased revenues and 
others would face the opposite situation.   
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Combination of measures 4: WW_DS_NMF_40 
The fourth CM takes into consideration the possibility to increase the amount of nature 
management fields as well as increasing winter cereal cultivation and direct sowing. Because of the 
high costs related to replacing spring cereal cultivation with nature management fields, we only 
assume an increase of 10% of nature management fields. The total areas of spring cereals that 
would be changed to winter cereals, nature management fields and direct sowing are described in 
table 7.   
 
Table 7. The total area needed for the different measures considered in CM4 (WW_DS_NMF_40) 

CM4   
Total area  

(ha) 
Winter wheat  

(ha) 
10 % NMF  

(ha) 
Direct sowing 

 (ha) 

Spring wheat 556,2 556,2 0 0 

Oats 498,5 0 66,3 432,2 

Malting barley  270 0 66,2 203,8 

TOTAL  HA 1324,75 556,2 132,5 636,02 

 

There are two key assumptions which form the four different cost calculations in CM4:  

1) The average cost of establishment and management a nature management field  

¶ AVERAGE COST 1 (1,2 and 4) 

¶ AVERAGE COST 2 (1,2,3 and 4)  
2) Changing from cultivator tillage to direct sowing:  

¶ will result to a 20% decrease in the size of cereal yield 

¶ will not affect the size of cereal yield  
 

In the first CM4A we use average cost 1 for implementing nature management fields and assume a 
20% decrease in the size of crop due to direct sowing (table 8). CM4A will lead to a cost increase of 
72 309 €/year.  

Table 8. Change in costs due to CM4A: WW_DS_NMF_40 

  Area (ha) 
Change in costs 

 όϵκƘŀύ 
Total change 

 ƛƴ Ŏƻǎǘǎ όϵκȅŜŀǊύ 

Changing spring wheat to winter wheat (WW) 

Spring wheat 566,23 + 62,25 + 35247,8 

Changing from cultivator tillage to direct sowing (DS)  
assuming a 20% decrease in the size of crop due to direct sowing 

Oats 432,2 - 69,81 - 30173,3 

Malting barley 203,8 - 103,77 - 21148,3 

TOTAL COST INCREASE RELATED TO DS - 51321,6 

10 % Increase of nature management fields       
assuming average cost 1         

Oats  66,3 - 382,9 - 25386,3 

Malting barley 66,2 - 466 - 30849,2 

TOTAL COST INCREASE RELATED TO NMF - 56235,5 

TOTAL COST INCREASE OF CM4A  - 72309,3 

(+ sign indicates a cost saving and - sign indicates a cost increase)  
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CM4B is otherwise the same as CM4A expect for the fact that we use average cost 2 for 
implementing nature management fields (table 9). CM4B will lead to a cost increase of 85 546 
€/year.  

Table 9. Change in costs due to CM4B: WW_DS_NMF_40 

  Area (ha) 
Change in costs 

 όϵκƘŀύ 
Total change 

 ƛƴ Ŏƻǎǘǎ όϵκȅŜŀǊύ 

Changing spring wheat to winter wheat (WW) 

Spring wheat 566,23 + 62,25 + 35247,8 

Changing from cultivator tillage to direct sowing (DS)  
assuming a 20% decrease in the size of crop due to direct sowing 

Oats 432,2 - 69,81 - 30173,3 

Malting barley 203,8 - 103,77 - 21148,3 

TOTAL COST INCREASE RELATED TO DS - 51321,6 

10 % Increase of nature management fields   
assuming average cost 2              

Oats  66,3 - 449,6 29808,5 

Malting barley 66,2 - 532,7 35264,7 

TOTAL COST INCREASE RELATED TO NMF - 65073,2 

TOTAL COST INCREASE OF CM4B  - 85545,6 

(+ sign indicates a cost saving and - sign indicates a cost increase)  

 

In CM4C we again employ average cost 1 for implementing nature management fields (table 10). 
Compared to the two previous calculations we assume that there will be no change in the size of 
crop due to direct sowing. CM4C will lead to a cost saving of 26997 €/year.  

Table 10. Change in costs due to CM4C: WW_DS_NMF_40 

  Area (ha) 
Change in costs 

 όϵκƘŀύ 
Total change 

 ƛƴ Ŏƻǎǘǎ όϵκȅŜŀǊύ 

Changing spring wheat to winter wheat (WW) 

Spring wheat 566,23 + 62,25 + 35247,8 

Changing from cultivator tillage to direct sowing (DS)  
assuming NO CHANGE in the size of crop due to direct sowing 

Oats 432,2  + 76,49 33060,5 

Malting barley 203,8 + 73,23 14924,3 

TOTAL COST SAVING RELATED TO DS + 47984,8 

10 % Increase of nature management fields   
assuming average cost 1        

Oats  66,3 - 382,9 - 25386,3 

Malting barley 66,2 - 466 - 30849,2 

TOTAL COST INCREASE RELATED TO NMF - 56235,5 

TOTAL COST SAVING OF CM4C  + 26997,1 

(+ sign indicates a cost saving and - sign indicates a cost increase)  
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CM4D is otherwise the same as CM4C expect for the fact that we use average cost 2 for 
implementing nature management fields (table 11). CM4D will lead to a cost saving of 18159 €/year.  

Table 11. Change in costs due to CM4D: WW_DS_NMF_40 

  Area (ha) 
Change in costs 

 όϵκƘŀύ 
Total change 

 ƛƴ Ŏƻǎǘǎ όϵκȅŜŀǊύ 

Changing spring wheat to winter wheat (WW) 

Spring wheat 566,23 + 62,25 + 35247,8 

Changing from cultivator tillage to direct sowing (DS)  
assuming NO CHANGE in the size of crop due to direct sowing 

Oats 432,2  + 76,49 33060,5 

Malting barley 203,8 + 73,23 14924,3 

TOTAL COST SAVING RELATED TO DS + 47984,8 

10 % Increase of nature management fields          
assuming average cost 2       

Oats  66,3 - 449,6 29808,5 

Malting barley 66,2 - 532,7 35264,7 

TOTAL COST INCREASE RELATED TO NMF - 65073,2 

TOTAL COST SAVING OF CM4D  + 18159,4 

(+ sign indicates a cost saving and - sign indicates a cost increase)  

The implementation costs of scenario 4 vary from 72 олф ϵκȅŜŀǊ to 85 рпс ϵκȅŜŀǊ for the total area 
of 1324,75 ha depending on the average cost of implementation of nature management fields and  
assuming that direct sowing causes a 20% decrease in the size of the crop compared to cultivator 
tillage. If it is assumed that there is no change in the size of the crop due to direct sowing, then 
scenario 4 leads to a cost saving that varies from 18 мрф ϵκȅŜŀǊ to 26 ффт ϵκȅŜŀǊ for the total area of 
1324,75 ha.  

The following three combinations of measures have been formulated for the aim of increasing 
winter time vegetation cover by 70%.  

Combination of measures 5: WW_DS_ 70 

CM5 takes into consideration both the cultivation of winter wheat and changing from cultivator 
tillage to direct sowing. The total area of spring wheat will be changed to winter wheat and the 
remaining 1747,02 ha will be changed from cultivator tillage to direct sowing. Cereals considered in 
the direct sowing cost calculation are rape and turnip rape, oats, feed and malting barley. The same 
assumptions about how direct sowing can affect cereal yield size are applied also in this calculation. 
Also, the income losses of changing from cultivator tillage to direct sowing are the smallest for rape 
and turnip rape and the greatest malting barley (the same as in CM3, table 5). This ranking will be 
used to achieve smallest cost possible in the cost calculation.    

It is noteworthy that the diversity of the cultivated crops will not decrease compared to the baseline 
situation. The total costs of spring cereals that would be changed to winter cereals and direct sowing 
are described in table 12. CM5A will lead to a cost increase of 182 800 €/year. 
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Table 12. Change in costs due to CM5A: WW_DS_70 

  Area (ha) 
Change in costs 

 όϵκƘŀύ 
Total change 

 ƛƴ Ŏƻǎǘǎ όϵκȅŜŀǊύ 

Changing spring wheat to winter wheat (WW) 

Spring wheat 566,23 + 62,25 + 35247,8 

Changing from cultivator tillage to direct sowing (DS)  
Assumption: 20 % decrease in the size of crop due to direct sowing 

Rape and turnip rape 108,96 - 29,25 - 3186,99 

Oats 498,52 - 69,81 - 34804,07 

Feed barley 868,93 - 93,77 - 81479,57 

Malting barley 270,61 - 103,8 - 28081,20 

TOTAL COST INCREASE RELATED TO DS - 147551,8 

TOTAL COST INCREASE OF CM5A  - 182 799,6 

(+ sign indicates a cost saving and - sign indicates a cost increase)  
 

CM5B is otherwise the same as CM5A expect for the fact that we assume no change in the size of 
the crop due to direct sowing (table 13). CM5B will lead to a cost saving of 98 189 €/year.  
 
Table 13. Change in costs due to CM5B: WW_DS_70 

  Area (ha) 
Change in costs 

 όϵκƘŀύ 
Total change 

 ƛƴ Ŏƻǎǘǎ όϵκȅŜŀǊύ 

Changing spring wheat to winter wheat (WW) 

Spring wheat 566,23 + 62,25 + 35247,8 

Changing from cultivator tillage to direct sowing (DS)  
Assumption: no change in the size of the crop due to direct sowing 

Rape and turnip rape 108,96 + 108,80 + 11854,41 

Oats 498,52 + 76,49 + 38133,79 

Feed barley 868,93 + 73,23 + 63631,74 

Malting barley 270,61 + 73,2 + 19816,77 

TOTAL COST SAVING RELATED TO DS + 133436,7 

TOTAL COST SAVING OF CM5B  + 98 188,9 

(+ sign indicates a cost saving and - sign indicates a cost increase)  
 

CM5 can lead to a cost increase of 182 800 €/year or a cost saving of 98 189 €/year depending on 
the assumption about how direct sowing can affect the cereal yield.  

Combination of measures 6: WW_WR_DS_70 

In CM6 the total area of spring wheat will be changed to winter wheat and the total area of oats and 
rape and turnip rape and 270,61 ha of malting barley will be changed to equal amounts of winter 
wheat and winter rye (50 / 50). In addition to this, the cultivation of feed barley will be changed 
from cultivator tillage to direct sowing:  

• A) assuming 20% decrease in the size of crop due to direct sowing 
• B) assuming NO CHANGE in the size of crop due to direct sowing 
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It is noteworthy that CM6 will lead to a significant decrease in the variety of cereals that will be 
cultivated in the Yläneenjoki catchment. Oats, malting barley and rape and turnip rape will not be 
cultivated in Yläneenjoki anymore. Only 154,13 ha of malting barley will stay unchanged.  
 
Table 14. Change in costs due to CM6A: WW_WR_DS_70 

  Area (ha) 
Change in costs 

 όϵκƘŀύ 
Total change 

 ƛƴ Ŏƻǎǘǎ όϵκȅŜŀǊύ 

Changing spring wheat to winter wheat (WW) 

Spring wheat 566,23 + 62,25 + 35247,8 

50 % of rape and turnip rape, oats and malting barley will be changed to winter wheat  

Rape and turnip rape 54,48 + 12,44 + 677,7 

Oats 249,26 + 13,35 + 3327,6 

Malting barley 135,305 - 69,74 - 9436,2 

50 % of rape and turnip rape, oats and malting barley will be changed to winter rye 

Rape and turnip rape 54,48 - 108,37 - 5904,0 

Oats 249,26 - 107,46 - 26785,5 

Malting barley 135,305 - 190,55 - 25782,4 

TOTAL COST INCREASE RELATED TO WW AND WR - 63902,7 

Changing from cultivator tillage to direct sowing (DS)  
Assumption: 20 % decrease in the size of crop due to direct sowing 

Feed barley  868,93 - 93,77 - 81479,6 

TOTAL COST INCREASE OF CM6A  - 110 134 

(+ sign indicates a cost saving and - sign indicates a cost increase)  
 

CM6A will lead to a cost increase of 110 134 €/year (table 22). In CM6B is the same as CM6A expect 
for the assumption that there will be no change in the size of crop due to direct sowing. CM6B will 
lead to a cost saving of 34 977 €/year (table 15).  
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Table 15. Change in costs due to CM6B: WW_WR_DS_70 

  Area (ha) 
Change in costs 

 όϵκƘŀύ 
Total change 

 ƛƴ Ŏƻǎǘǎ όϵκȅŜŀǊύ 

Changing spring wheat to winter wheat (WW) 

Spring wheat 566,23 + 62,25 + 35247,8 

50 % of rape and turnip rape, oats and malting barley will be changed to winter wheat  

Rape and turnip rape 54,48 + 12,44 + 677,7 

Oats 249,26 + 13,35 + 3327,6 

Malting barley 135,305 - 69,74 - 9436,2 

50 % of rape and turnip rape, oats and malting barley will be changed to winter rye 

Rape and turnip rape 54,48 - 108,37 - 5904,0 

Oats 249,26 - 107,46 - 26785,5 

Malting barley 135,305 - 190,55 - 25782,4 

TOTAL COST INCREASE RELATED TO WW AND WR - 63902,7 

Changing from cultivator tillage to direct sowing (DS)  
Assumption: there will be no change in the size of crop due to direct sowing 

Feed barley  868,93 + 73,23 + 63631,7 

TOTAL COST SAVING OF CM6A  + 34 976,9 

(+ sign indicates a cost saving and - sign indicates a cost increase)  
 

Combination of measures 7: WW_DS_NMF_70  

In CM7, the implementation of nature management fields will be re-introduced to the cost 
calculation in addition to increasing winter wheat cultivation and direct sowing. First again the total 
area of spring wheat will be changed to winter wheat (566,23 ha). A total of 115,7 ha oats and 115,7 
ha malting barley will be changed to nature managent fields, which equals a 10% increase in NMF. 
Two assumptions about the average cost of NMF will be applied again:  

a. average cost 1 (without grassfield + grazing) 
b. average cost 2 (grassfield + grazing included)  

The rest of the required area (868,93 ha of feed barley, the rest of oats (382,9 ha), 108,96 ha of rape 
and turnip rape and 154,9 ha of malting barley) will be changed from cultivator tillage to direct 
sowing with the following assumptions:  

c. assuming 20% decrease in the size of crop due to direct sowing 
d. assuming NO CHANGE in the size of crop due to direct sowing 
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Table 16. Change in costs due to CM7A: WW_DS_NMF_70 

  Area (ha) 
Change in costs 

 όϵκƘŀύ 
Total change 

 ƛƴ Ŏƻǎǘǎ όϵκȅŜŀǊύ 

Changing spring wheat to winter wheat (WW) 

Spring wheat 566,23 + 62,25 + 35247,8 

Changing from cultivator tillage to direct sowing (DS)  
Assumption:  20% decrease in the size of crop due to direct sowing 

Feed barley  868,93 - 93,77 - 81479,6 

Rape and turnip rape 108,96 - 29,25 - 3187,1 

Oats 382,8 - 69,81 - 26727,3 

Malting barley 154,9 - 103,77 - 16078,9 

TOTAL COST INCREASE RELATED TO DS - 127472,8 

10 % Increase of nature management fields          
Assumption:  average cost 1       

Oats  115,7 - 382,9 - 44305,8 

Malting barley 115,7 - 466,0 - 53919,3 

TOTAL COST INCREASE RELATED TO NMF - 98225,1 

TOTAL COST INCREASE OF CM7A  - 190450,1 

(+ sign indicates a cost saving and - sign indicates a cost increase)  
 
CM7A will lead to a cost increase of 190 450 €/year (table 16). In CM7B is the same as CM7A expect 
for the fact that average cost 2 will be used for the implementation of nature management fields. 
CM7B will lead to a cost increase of 205 876 €/year.  

 
Table 17. Change in costs due to CM7B: WW_DS_NMF_70 

  Area (ha) 
Change in costs 

 όϵκƘŀύ 
Total change 

 ƛƴ Ŏƻǎǘǎ όϵκȅŜŀǊύ 

Changing spring wheat to winter wheat (WW) 

Spring wheat 566,23 + 62,25 + 35247,8 

Changing from cultivator tillage to direct sowing (DS)  
Assumption:  20% decrease in the size of crop due to direct sowing 

Feed barley  868,93 - 93,77 - 81479,6 

Rape and turnip rape 108,96 - 29,25 - 3187,1 

Oats 382,8 - 69,81 - 26727,3 

Malting barley 154,9 - 103,77 - 16078,9 

TOTAL COST INCREASE RELATED TO DS - 127472,8 

10 % Increase of nature management fields          
Assumption:  average cost 2       

Oats  115,7 - 449,6 - 52018,7 

Malting barley 115,7 - 532,7 - 61632,2 

TOTAL COST INCREASE RELATED TO NMF - 113651,0 

TOTAL COST INCREASE OF CM7A  - 205 876 

(+ sign indicates a cost saving and - sign indicates a cost increase)  
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Table 18. Change in costs due to CM7C: WW_DS_NMF_70 

  Area (ha) 
Change in costs 

 όϵκƘŀύ 
Total change 

 ƛƴ Ŏƻǎǘǎ όϵκȅŜŀǊύ 

Changing spring wheat to winter wheat (WW) 

Spring wheat 566,23 + 62,25 + 35247,8 

Changing from cultivator tillage to direct sowing (DS)  
Assumption: no change in the size of crop due to direct sowing. 

Feed barley  868,93 + 73,23 + 63631,7 

Rape and turnip rape 108,96 + 108,8 + 11854,8 

Oats 382,8 + 76,49 + 29284,8 

Malting barley 154,9 + 73,23 + 11346,8 

TOTAL COST SAVING RELATED TO DS + 116118,2 

10 % Increase of nature management fields          
Assumption:  average cost 1       

Oats  115,7 - 382,9 - 44305,8 

Malting barley 115,7 - 466,0 - 53919,3 

TOTAL COST INCREASE RELATED TO NMF - 98225,1 

TOTAL COST SAVING OF CM7C  + 53140,9 

(+ sign indicates a cost saving and - sign indicates a cost increase)  
 
In CM7C (table 18) is the same as CM7A expect for the assumption that there will be no change in 
the size of crop due to direct sowing. In CM7D (table 19), average cost 2 will be used for the 
implementation of nature management fields. CM7C will lead to a cost saving of 53 141 €/year and 
CM7D to a cost increase of 37 715 €/year.  
 
Table 19. Change in costs due to CM7D: WW_DS_NMF_70 

  Area (ha) 
Change in costs 

 όϵκƘŀύ 
Total change 

 ƛƴ Ŏƻǎǘǎ όϵκȅŜŀǊύ 

Changing spring wheat to winter wheat (WW) 

Spring wheat 566,23 + 62,25 + 35247,8 

Changing from cultivator tillage to direct sowing (DS)  
Assumption: no change in the size of crop due to direct sowing. 

Feed barley  868,93 + 73,23 + 63631,7 

Rape and turnip rape 108,96 + 108,8 + 11854,8 

Oats 382,8 + 76,49 + 29284,8 

Malting barley 154,9 + 73,23 + 11346,8 

TOTAL COST SAVING RELATED TO DS + 116118,2 

10 % Increase of nature management fields          
Assumption:  average cost 2       

Oats  115,7 - 449,6 - 52018,7 

Malting barley 115,7 - 532,7 - 61632,2 

TOTAL COST INCREASE RELATED TO NMF - 113651,0 

TOTAL COST SAVING OF CM7A  37715,0 

(+ sign indicates a cost saving and - sign indicates a cost increase)  
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The implementation costs of scenario 7 vary from мфл прл ϵκȅŜŀǊ to нлр утс ϵκȅŜŀǊ for the total 
area of 2313,3 ha assuming that direct sowing causes a 20% decrease in the size of the crop 
compared to cultivator tillage. If it is assumed that there is no change in the size of the crop due to 
direct sowing, then scenario 7 leads to a cost saving that varies from от тмр ϵκȅŜŀǊ to ро мпм ϵκȅŜŀǊ 
for the total area of 2313,3 ha.  
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Annex II. Sensibility of discounting to different interest rates   

Table 1. Sensitivity analysis of the cost-effectiveness of different combinations of measures 
discounted from 2013 to 2015 with a discount rate of 2% and 6%. The change in total 
present value costs (€/a) is multiplied by a factor of 2.17 in order for the costs to be 
comparable with the effectiveness figures, which include all sub-catchments. 

  Discounted from 2013 to 2015 
 

Combination of measures (CM)  

PVC  
with  

r = 2% 

CE   
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CM1  + 144 550 + 185,14 + 133 980 + 171,60 

CM2  - 146 279 - 187,36 - 135 583 - 173,66 

CM3A  - 111 791 - 238,75 - 103 617 - 221,29 

CM3B  + 607 877 + 1298,22 + 563 428 + 1203,29 

CM4A  - 480 648 - 732,11 - 419 884 - 639,56 

CM4B - 535 937 - 816,33 - 496 749 - 756,64 

CM4C  + 169 133 + 257,62 + 156 766 + 238,78 

CM4D + 113 764 + 173,28 + 105 446 + 160,61 
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CM5A  - 1 145 223 - 556,54 - 1 061 484 - 525,12 

CM5B  + 615 144 + 304,31 + 570 164 + 282,06 

CM6A  - 689 978 - 341,33 - 639 527 - 316,37 

CM6B + 219 127 + 108,40 + 203 105 + 100,48 

CM7A - 1 193 150 - 551,29 - 1 105 906 - 510,98 

CM7B - 1 289 792 - 595,94 - 1 195 482 - 552,37 

CM7C + 332 923 + 153,83 + 308 579 + 142,58 

CM7D + 236 281 + 109,17 + 219 004 + 101,19 

CE = PVC / Total effectiveness = € / (kg of TOTP/a) 
PVC= Total present value costs, r = Discount rate 
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Table 2. Sensitivity analysis of the cost-effectiveness of different combinations of measures 
discounted from 2013 to 2027 with a discount rate of 2% and 6%. The change in total 
present value costs (€/a) is multiplied by a factor of 2.17 in order for the costs to be 
comparable with the effectiveness figures, which include all sub-catchments. 

  PVC discounted from 2013 to 2027 
 

Combination of measures (CM)  
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with  
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r = 6% 

CE   
with  

r = 6% 

4
0

%
 in

cr
ea

se
 in

 w
in

te
r 

ve
ge

ta
ti

o
n

 c
o

ve
ra

ge
 

CM1  + 644 049 + 164,98 + 486 811 + 124,70 

CM2  - 651 753 - 166,96 - 492 634 - 126,20 

CM3A  - 498 089 - 212,75 - 376 486 - 160,81 

CM3B  + 2 708 420 + 1156,85 + 2 047 188 + 874,42 

CM4A  - 2 046 037 - 623,30 - 1 525 627 - 464,76 

CM4B - 2 387 889 - 727,44 - 1 804 911 - 549,84 

CM4C  + 754 453 + 229,83 + 569 602 + 173,52 

CM4D + 506 881 + 154,41 + 383 132 + 116,72 
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CM5A  - 5 102 590 - 504,85 - 3 856 846 - 381,60 

CM5B  + 2 740 800 + 271,17 + 2 071 662 + 204,97 

CM6A  - 3 074 227 - 304,16 - 2 323 686 - 229,91 

CM6B + 976 331 + 96,60 + 814 517 + 80,59 

CM7A - 5 316 129 - 491,26 - 4 018 251 - 371,32 

CM7B - 5 746 723 - 531,05 - 4 343 720 - 401,40 

CM7C + 1 483 352 + 137,08 + 1 121 207 + 103,61 

CM7D + 1 052 758 + 97,28 + 795 738 + 73,53 

CE = PVC / Total effectiveness = € / (kg of TOTP/a) 
PVC= Total present value costs, r = Discount rate 

 

 

 


