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Brian H. Jacobsen, Institute of Food and Resource Economics (IFRO), University of Copenhagen 
 
The River Basin Management Plans (RBMP) from 2016 were based on the preliminary RBMPs from 
December 2014 and the Food and Agricultural Package (FAP) from December 2015. The plans cover 
the period from 2016-2021. This economic analysis covers four parts where the first part deals with the 
economic gain from higher nitrogen norms as part of the FAP.  This is followed by three sections eval-
uating the three major parts of the regulation in RBMP regarding surface water quality. The three parts 
are: 1) Collective measures 2) Environmental Focus Areas and 3) The Targeted Regulation.   
 
8.1 Higher nitrogen norms and economic gains 
As part of the FAP, the requirement regarding 60,000 ha of targeted catch crops was no longer required, 
just as the new Government in 2015 abandoned the requirement regarding riparian zones. Another key 
part of the FAP was to increase the N-quota to the economic optimum. The N-quota was introduced as 
a 10% reduction of the quota in 1998, but the reduction increased over time to 18% reduction in 
2014/2015 due to the decisions regarding the maximum size of the N-quota made over time and other 
changes (e.g. reduction of set a side). 
 
With the FAP, the nitrogen application was increased and so the N-quota was 7% under the optimum 
in 2015/16 and back to the optimal level in 2016/17. The environmental impact of this change was much 
discussed prior to and after the decision regarding the FAP. It was estimated that the N-application in 
total increased by around 60,000 tonnes of N as it was expected that some farms (e.g. organic farms) 
would not increase their application. In total, the average application increased by ca. 20 kg N/ha (14 
%) when the application in 2016 and 2017 is compared with the levels in 2015 (according to the annual 
fertilizer account from all farms). The norms for e.g. winter wheat on clay soils increased by 46 kg N/ha 
or 28 % from 2015 to 2017. The reason for this higher increase was an increase in the value of protein 
in the calculations. The overall increase in the total N-quota has been around 30-35,000 tons N when 
2017 and 2018 are compared with 2015 (Jacobsen and Ørum, 2021;   Blicher-Mathiesen et al., 2019). 
This is lower than the expected prior to the FAP (Børgesen et al., 2015). The lower increase is partly 
due to an increase in the area with spring barley which lowers the average N-quota per ha. Also farmers 
had, in the years before, converted catch crops to higher N-norms and the yearly adjustment made the 
jump to optimal quotas smaller than expected. Analyses made of the fertiliser accounts show that 
roughly around 93-95% of the N-quota has been used throughout the whole period 2013-2019 (Blicher-
Mathiesen et al., 2019; Jacobsen, 2019). Typically, the organic farms do not use the full quota.  
 
Analyses of the yield indicates an increase of 1.9 hkg/ha in winter wheat and 0.6 hkg/ha in spring barley 
when yields in 2016, 2017 and 2019 is compared to 2013-2015 (Eriksen et al., 2020). The yields over 
time are shown in figure 8.1. In 2018, there was a drought and so this year has been left out of the 
comparison above (Eriksen et al., 2020).  
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Figure 8.1. Yield in winter wheat and barley for 2013-2019.  
Source: Danish Statistics (2020) 
 
The change back to optimal quota also gives an opportunity to compare the effect with the predicted 
effect based on trials. The latest analyses have shown that a 10% and 20% reduction of the N-quota in 
winter wheat is expected to reduce yields by 0.6 and 2.3 hkg/ha (Eriksen et al., 2020). The reduction in 
protein content was expected to be 0.4 and 0.9% respectively and the net cost is 59 and 234 DKK/ha. 
For spring barley the yield reduction is 0.5 hkg/ha and 1.6 hkg/ha and the net costs are 30 and 120 
DKK/ha. Here the reduction from a 10% and 20% decrease in the N-quota on the protein content is 
expected to be 0.3% and 0.6% units (Eriksen et al., 2020). In other words, the models seem to predict 
a change which is similar to the observed change in yields until now. With more years, a more precise 
estimate can be seen of the ex-post yield increase. In genera,l the trials will have a higher yield impact 
than the average of the national yields. The long term yield reductions are predicted to be lower than 
in previous analyses, and the losses are estimated to be 6-18 and 23-73 DKK/ha for winter wheat 
depending on the time horizon used (3 or 100 years) (Eriksen et al., 2020).  
 
The economic value of a higher N-quota due to the FAP was estimated to be around 1200-1800 million 
DKK per year based on a preliminary assessment of the yield losses with a 21% reduction in the N-
quota (6-8 hkg/ha) (Jacobsen, 2016; Jacobsen and Ørum, 2016). The updated estimate of the yield 
effects are lower and so the economic gain from higher quota is lower than expected in FAP. The 
calculations would indicate an economic gain from a higher N-quota of around 400 - 600 million DKK 
(54 - 80 million €/year) or around 150 – 230 DKK/ha (See Jacobsen, 2016; Jacobsen, 2020).  
 
 
8.2 Collective measures  
The collective measures include wetlands, mini-wetlands, afforestation and set-a-side of low-lying ar-
eas. For the wetlands, the target was close to 14,500 ha for 5 years which is high compared to around 
5,000 ha which has been achieved for the previous 5 years (see table 8.1). It is expected to get gradu-
ally more difficult to establish these sites as wetlands have been a part of the planning for 20 years. 
Mini wetlands was a new measure and an ambitious target of 100,000 ha catchment to the mini wet-
lands was set as the target in FAP (Graversgaard et al., 2021).  
 
Wetlands often include more farmers, whereas the mini wetlands are decided and created by one 
farmer. The measures are partly aimed at the same farmers. The measures are perceived as collective 
measures in that farmers implementing this on one’s own farm for the benefit of the catchment, but 
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there is no direct reward such as lower requirements regarding targeted regulation on your own farm 
which could offer a carrot for participation.  
 
Table 8.1. Expected implementation of collective measures (2016-2021)  

 
 
 
 
 
 
 
 

Note: Mini wetlands would be 1% of the catchment. A typical catchment related to one mini wetland 
(one ha) is expected to be 100 ha. Due to reduction in the effects per ha, the catchment area involved 
has been increased from 100,000 ha to 138,500 ha.  
Source: Jacobsen, 2016 
 
As shown in Table 8.2, the targets regarding mini wetlands have been difficult to reach by 2021. Affor-
estation and set-a-side have reached 54 and 85% respectively of the target. With respect to afforesta-
tion the uptake is larger than expected considering that some of the forest is established without subsidy 
as they are located outside the areas where afforestation is promoted. In general the implementation 
of the collective measures has been promoted intensively with the use of local catchment officers from 
the Agricultural Advisory Service (SEGES).  
 
Table 8.2. Ajusted assessment of collective measures and expectations towards 2021 

Source: MFVM, 2020 
 
Table 8.3 shows the costs and the cost effectiveness of the measures at the outset. With the lower 
effect of the mini-wetlands, the costs per kg N increase from 55 to 76 DKK/kg N (in the sea).    
 
Table 8.3. Collective measures and costs per ha and per kg N (2016-2021) 

*) For Mini wetlands, a time span of 15 years has been used. The effect has since been reduced to 
6.5 kg N/ha which changes the cost effectiveness to 76 DKK/kg N.  
Source: Jacobsen, 2016 
 
 

 Area 
(ha) 

Reduced N-loss to the sea 
(tonne N/year) 

Total cost  
(mio. DKK)  

Wetlands  14,572 1,253 1,705 
Mini wetlands  1,002 900 550 
Afforestation 5,000 150 175 
Set a side (low areas)  2,955 150 325 
Total 20,574 2,452 2,755 

 Ajusted effect  
(kg N/ha) 

Ajusted total effect  
(tons N) 

Ajusted area (ha) Fulfillment (%) 

Wetlands  130 977 7.513 78 
Mini wetlands  6,5 332 51.031 37 
Afforestation 30 81 2.688 54 
Set a side (low areas)  40 128 3.197 85 
Total   1.517  62 
Reductions still to be achieved    936   

 Efficiency 
(ton N) 

Efficiency  
(kg N/ha) 

Investment  
(DKK pr. ha) 

Yearly cost pr ha 
based on 20 years  
(DKK pr. ha) 

Cost efficiency  
(based on 20 years) 
(DKK/kg N)  

Wetlands  1,253 90 123,000 7,860 87 
Mini wetlands  900 9 550,000 49,362 *) 55*) 
Private afforestation  150 30 35,000 2,352 78 
Set a side (low laying fields) 150 40 110,000 7,391 146 
I alt 2,453    81 
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8.3 Measures related to Greening and the CAP 
As part of the FAP, the preliminary plans from 2014 regarding targeted catch crops and 25,000 ha of 
riparian zones along the streams were removed. So in order to fulfil the requirement regarding 5% 
Environmental Focus Areas (EFA) farms had to choose more catch crops instead of the riparian zones 
which farmers disliked (Jacobsen et al., 2017). Due to the exchange rate used in relation to greening 
one ha of riparian zones requires 5 ha of catch crops. The net effect is a reduction in N-losses as 5 ha 
catch crops replaced 1 ha riparian zone. As shown in table 8.4 this gave a larger positive environmental 
effect without direct costs. It also shows that farmers are not keen to use riparian zones as a measure 
(Jacobsen et al., 2017).   
 
The target for more catch crops was after discussions with the EU commission, set at 145.100 ha in 
2017 and 121.600 ha in 2018. This was done in order to to ensure that there was no negative effect of 
the higher N-quota on especially groundwater and mainly in the southern part of Jutland) (see figure 
8.2). This measure was in principle similar to the 123,000 ha targeted catch crops in the draft plans 
which was removed in 2014. The area involved was very different as it was no longer the northern part 
of Jutland.  
 
Table 8.4. Measures related to Greening (2016-2021) 

Note: The effect from EFA comes as it replaces 25,000 ha of riparian zones.  
Source: Jacobsen, 2016  
 
The increased targeting was based on some new approaches. Firstly, the areas where more catch 
crops were required were based on the new id15 maps where the retention is given for an area of 1500 
ha and for the whole catchment (see figure 8.2). This allowed the measures to be more targeted than 
the regulation at the catchment level. As the requirements also related to groundwater, an implemen-
tation at the catchment level would have been covering far more area than was now the case. Secondly, 
there was a requirement for each area (id/catchment) not per farm, which meant that some farmers 
could implement more catch crops than required. This flexibility allowed farmers with more room in their 
crop rotation to implement more and so farmers with less options could implement less. In total, this 
reduced the overall costs for the farmers. Furthermore, the application was divided into three rounds to 
ensure that the area which required the catch crops the most came first. The compensation given was 
financed using Danish funds (not EU funding) and the compensation was set at 700 DKK/ha.   
 
This approach was very much the front-runner for the approach adopted two years later regarding 
targeted regulation (see next section). In the first year with targeted catch crops, the full requirement 
was almost achieved, but in the second year around 10,000 ha was not achieved in the voluntary round, 
which led to some farms having an obligatory requirement (without compensation) in the catchments 
where the target was not reached (e.g. northern part of Jutland).  
 

 Efficiency  
(kg N pr. ha) 

Compensation  
(kr. pr. ha) 

Costs  
(mio. kr.)  

Effect (tons N)  Cost -eff. DKK/kg N  

Environmental Focus Areas  
(2016-2021) 

  0 5.532 0 

Targeted catch crops  
(2017-2018) 

9,6 700 180 
 

2.467 73 

Sum   180 7.999 22 
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Figure 8.2. Targeted catch crops in 2018  
Source: LBST, 2018 
 
8.4 Targeted regulation  
Targeted regulation was introduced in 2019 with the aim of reducing N-losses further. The precise 
nature of the regulation was not clear in the FAP.  In the FAP, the implementation was intended to 
happen over three years where 1/3 of the final target would be reached in 2019, 2/3 in 2020 and full 
implementation in 2021. It was later changed so full implementation was implemented in 2020. The full 
requirement was around 380,000 ha of catch crops in 2020 (MFVM, 2019). In 2019, the requirement 
was 1.167 tonnes N or approximately 120,000 ha catch crops and the compensation was 529 kr. pr. ha 
(Ørum et al., 2018).  
 
As part of the FAP analyses an analysis was carried out in order estimate which measures would be 
required to reach the target (Jacobsen, 2016). Again catch crops was a key measure (replacing the 
targeted catch crops in 2017 and 2018). Furthermore, the model suggested using lower N-quota and 
early sowing as the cheapest measures in the 90 catchments which were included in the analysis. As 
mentioned earlier, the remaining 6,200 tonne N was moved to the next planning period (2021-2027). 
The overall assessment in 2016 can be found in Table 8.5. The costs of targeted regulation were cal-
culated to be around 305 million DKK per year (41 mio. €).  
 
Table 8.5. Measures regarding targeted regulation in order to reach a reduction of 3.640 tons N 
in 2020. 

 Area   
(ha) 

Efficiency   
(kg N/ha)  

Effect  
(tons N) 

Costs  
(1000 DKK)  

Costs 
(DKK/ha) 

Cost effi-
ciency 
(DKK//kg 
N) 

Catch crops  155.582 9 1.426 37.783 243 26 
N-quota reduction 7 %  1.272.354 1 814 85.248 67 105 
N-quota reduction (+3 %)  113.041 0 38 9.043 80 239 
N-quota reduction (+4 %) 62 0 0 11 173 1.657 
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Source: Jacobsen, 2016 
 
The basic concept is a flexible implementation at the farm level so that farmers can chose the measures 
which fit their farm the best. There is a national given exchange rate using the area with catch crops as 
exchange. Using the same exchange rate across the country meant that the variation in effects of the 
measures were not as targeted as it could have been. As an example the effect of catch crops on sandy 
soils and clay soils are very different (12 vs. 45 kg N/ha in the root zone). However, it allowed for an 
implementation that was understandable and yet flexible. With more detailed levels, the data require-
ments would have been even greater. The compensation of 529 DKK/ha covers the costs for the aver-
age farmer linked to the Rural Development Program, but especially pig farmers might have higher 
costs as they need the high yields from winter wheat and so there is limited room for catch crops. 
However, some farms have included more spring crops in the crop rotation as mentioned earlier. The 
exchange rate in catch crops between the different measures is shown in Table 8.6. This shows that 4 
ha of early sowing or 2 ha of in between crops replaces one 1 ha of catch crop.     
 
Looking back at the actual 2019 implementation in Table 8.6, we can see that most of the 350,000 ha 
catch crops units have been achieved using catch crops (79%). N-quota reductions have been limited 
and this might be the case if the crop rotation or climate does allow for so many catch crops. There will 
be some variation in the use of early sowing as this varies with the weather conditions. Many of the 
other options have not been selected in more than 5% of the cases and so it can be concluded that 
riparian zones are still not popular!   
 
Table 8.6. Targeted regulation assessment regarding implementation in 2019  

Source: MFVM, 2020 and own calculations    
 
8.5 Conclusion  
The higher N-quota has increased income and N-losses, but in both cases less so than expected. The 
increased income is likely to be around 400-600 million DKK. The increased use of nitrogen has been 
around 30-35.000 tones N.   
 
The period from 2015 to 2019 has seen a transition towards more targeted measures and this has 
insured that the implementation has become more flexible and cheaper to implement. At the same time, 
it has only been a first step towards targeting as the variation in the measures efficiency across soils 

Set-a-side (rotation)  11.661 16 186 44.311 3.800 238 
In between crops  175.348 3 600 63.125 360 105 
Early seeding  142.630 2 295 0 0 0 
Narrow riparian zones  575 12 7 1.669 2.904 249 
Broad riparian zones  273 5 1 1.039 3.800 831 
Set a side  16.654 16 273 63.284 3.800 232 
Sum /average   3.640 305.514  84 

 Area 
 (ha) 

Conversion factor  Units of catch crops  
(ha) 

Share (%) 

Catch crops  274.469 1 274.469 79 
Reduction of N-quota (average) 
Under 80 kg N/ha  
Over 80 kg N/ha  

113.665 122 kg N 
93 kg N  
150 kg N 

15.839 
 
 

5 

Riparian zones  820 1 820 0 
Set a side  1.767 1 1.767 1 
Early sowing  194.336 0,25 48.584 14 
In between crops  14.340 0,5 7.170 2 
Energy crops  608 1,25 759 0 
Sum  600.004  349.406 100 
Environmental effect (ton N)    3.459  
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and the nitrogen retention map has not been fully used in the targeting. The increased flexibility was a 
process that was already started before 2016 allowing farmers to replace catch crops with other 
measures if the measures had the same environmental effect. The targets regarding collective 
measures have been ambitious and especially the creation of mini wet lands, which in 2015 was a new 
measure. It is not uncommon that new measures are faced with implementation challenges, which also 
happened in this case despite a large effort to get farmers on board 
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