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EXECUTIVE SUMMARY 
In 2017, the percentage contribution of agriculture to world GHG emissions in CO2eq from all human 
activities was 20 percent. This included a contribution of 11 percent from crop and livestock activities 
within the farm gate and an additional 9 percent from related land use (FAO, 2020). Milk production 
account for about 20 to 25% to this. In the Netherlands the share of milk production in GHG emission 
from agriculture is quite a bit higher, as agricultural production in the Netherlands is specialized in 
dairy and milk production. From the other hand average CO2eq emission intensities (emission of GHG 
per unit of product) related to milk in the Netherlands equals between about 1.1 and 1.5 kg CO2eq/kg 
FPCM, this is far below word wide average regional emission intensities. Following the Paris climate 
agreement, overall CO2eq emission reduction goals In the Netherlands are 49% in 2030 and even 95% 
in 2050 relative to 1990. Specific GHG emission reduction targets are in place for per sector and theme. 
The dairy sector will take action on “Animals and Feeding”, “Manure storage and application”, “Soil 
and crops”, “Energy saving”, “Production of renewable energy” and reducing the dependency of 
foreign protein rich concentrates for dairy feed. The main objective of this deliverable is to apply the 
bio-economic farm model FarmDyn to analyse economic impacts and GHG mitigation potentials of 
GHG mitigation options per average dairy farm group in the Netherlands. Including up-stream GHG 
emissions (produced outside the farm) from purchased feed and mineral fertilizer, Marginal 
Abatement Costs (MACs) are in average lowest for the group of intensive dairy farms. This is explained 
by relative low income per cow on intensive dairy farms, due to high feed costs and costs of manure 
disposal from the farm. The deliverable also discusses behaviour and preferences of Dutch dairy 
farmers regarding GHG mitigation options, following principles of behavioral economic theories. 
Chapter 4 discusses in detail the linkage of the individual farm data with the satellite data to estimate 
grassland yields. Given differences in MACs per farm, it is  mentioned in the literature that command 
and control policies to proportionally reduce GHG emission per farm are less cost effective as 
compared to market based GHG emission reduction policies. In chapter 4 FarmDyn is applied to 
analyse impacts of market based policies on farm management and farm income. The scenarios take 
into account specific GHG mitigation options per group of dairy farms following the MAC analysis 
(Chapter 2) and farmers’ preferences and ‘willingness to adopt first’ (Chapter 3). Compared to a 2020 
reference, a system of subsidies on CO2eq emission reduction could reduce CO2eq emission in the 
Dutch dairy sector between 20% and 26%, depending on the level of the abatement subsidy. Including 
the CO2eq emission reduction subsidy farm income would increase, pointing at the sensitivity of the 
subsidy to overcompensation. Excluding the CO2eq emission reduction subsidy, the income decreases 
between 150 mio Euro and 235 mio Euro. Average in the periode 2016-2020, farm income in the dairy 
sector in equaled about 881 mio Euro. Different sector specific taxation schemes could be thought of 
such that the CO2eq emission reduction subsidy would become budget neutral at sector level. The 
impacts on farm income of such schemes for different groups of dairy farm is also demonstrated in 
chapter 4. Chapter 4 ends with a discussion of different policy designs for climate change. An  
extensive summary of findings can be found in chapter 5.  

  





 

Report 3.3 

 

 

This project has received funding from the European Union’s Horizon 2020  
research and innovation programme under grant agreement N° 817566. 

 
7 

 

1. GENERAL INTRODUCTION 
 

1.1. Background 

In 2017, the percentage contribution of agriculture to world CO2eq emissions from all human activities 
was 20 percent. This included a contribution of 11 percent from crop and livestock activities within the 
farm gate and an additional 9 percent from related land use (FAO, 2020). In physical terms, world total 
GHG emissions from all economic sectors totaled 51 billion tons CO2eq (Gt CO2eq yr-1), and as much 
as 56 Gt CO2eq yr-1 including emissions from land use. Emissions from agriculture were 11.1 Gt CO2eq 
yr-1, composed of 6.1 Gt CO2eq yr-1 from crop and livestock activities within the farm gate and 5.0 Gt 
CO2eq yr-1 from agricultural land use, largely due to deforestation and peatland degradation (FAO, 
2020). Milk production account for an important part of total emission from crop and livestock 
activities. Based on Life Cycle analysis using data around 2005, global GHG emissions from milk 
production was estimated at 2.2 Gt CO2eq or about 20% of total emissions from agriculture (Opio et 
al., 2013; FAO, 2020). The largest source of GHG emissions in ruminant production is methane (CH4) 
from enteric fermentation, which worldwide accounts for about 47 percent of the sector’s emissions 
and more than 90 percent of the total CH4 emissions. Nitrous oxide (N2O) emissions originating mainly 
from feed production and N deposited during grazing represent 24 percent of the sector’s GHG 
emissions.   

There are variations in emission intensities (emission of GHG per unit of product) across and within 
regions and production systems for meat and milk output (Opio et al., 2013). The differences within 
the same region under comparable conditions (production systems and climatic zones) points to the 
existence of a considerable emission intensity gap. Variations in emission intensities are explained by 
factors such as reproductive efficiency (higher fertility rates, lower age at calving,) animal health (lower 
mortality rates), management (higher slaughter weights, reduced time to slaughter), and better feed 
quality in mixed farming systems. All these factors combine to result in higher productivity and lower 
emission intensity. Regional emission intensity ranges from 1.6 kg CO2eq/kg to 9.0 kg CO2eq/kg Fat 
and Protein Corrected Milk (FPCM). Generally, milk production in low productive systems have higher 
emission intensities than in high production systems of most affluent counties where better animal 
feeding and nutrition results in lower enteric and manure emissions and emission intensity at animal 
level. Improved genetics and animal health care and animal husbandry combine with better feeding to 
reduce the breeding overhead (i.e. animals kept to maintain the herd) thus further reducing emission 
intensity at herd level. CO2eq emission intensities (emission of GHG per unit of product) allocated to 
milk in the Netherlands equals between about 1.1 and 1.5 kg CO2eq/kg FPCM (Doornewaard et al., 
2022). This is far below the world wide average regional emission intensities.  

Figure 1 shows that GHG emission in the agricultural sector decreased with about 18% (CBS, 
https://www.cbs.nl/nl-nl/dossier/dossier-broeikasgassen/welke-sectoren-stoten-broeikasgassen-
uit-) between 1990 and 2020. As GHG emission from other sectors decreased more, share of 
agriculture in GHG emission increased over time. Figure 2 shows the importance of fermentation, 
mainly from feeding dairy cows, in total GHG emission in agriculture. Over time the importance of 
fermentation has increased, as emissions from manure and stable/storage has decreased much larger 
compared to fermentation. This, among others, explains the relative high share of milk production in 
GHG emission from the agricultural sector.  

 

 

https://www.cbs.nl/nl-nl/dossier/dossier-broeikasgassen/welke-sectoren-stoten-broeikasgassen-uit-
https://www.cbs.nl/nl-nl/dossier/dossier-broeikasgassen/welke-sectoren-stoten-broeikasgassen-uit-
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Figure 1 GHG emission per sector in the Netherlands (MT CO-eq) 

 

 

 

Figure 2 GHG emission in Dutch agriculture by source (megaton CO2eq) 
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1.2. Problem statement 

The Paris climate agreement foresees a reduction of GHG emission of minimal 40% in 2030 relative to 
1990. Countries that signed the Paris agreement have to make plans how they are going to reach this 
reduction. In The Netherlands the reduction goals are secured in a climate law in 2018. This law states 
that the GHG emission reduction must be 49% in 2030 and even 95% in 2050 relative to 1990. GHG 
emission in the agricultural sector decreased with about 18% between 1990 and 2020. The agricultural 
sector is also bound by the climate law and further GHG emissions reductions are agreed upon in the 
a so-called climate agreement for the “Agriculture and Land use” sector in the Netherlands”. Reduction 
goals are set per theme, broken down to mitigation options, see also NN (2019). For the dairy sector 
separate reduction goals are defined involving GHG emission reductions from “Animals and Feeding”, 
“Manure storage and application”, “Soil and crops”, “Energy saving”, “Production of renewable energy” 
and reducing the dependency of foreign protein rich concentrates for dairy feed.  

An extensive list of literature exists describing technologies that would address GHG emission 
mitigation options and future agricultural GHG emissions e.g. Eory et al. (2020); Lesschen et al. (2020) 
(in Dutch with English summary), de Vries et al. (2018, , in Dutch), Pérez et al. (2020) and Lanigan and 
Donnellan (eds., 2019). The studies give insights into questions as a) which technologies should farmers 
use and b) which farmers are likely to adopt what technology. In the Netherlands de Vries et al. (2018) 
gives an extensive overview of GHG mitigation options for the Dutch dairy sector. Lesschen et al. (2020) 
apply a scenario study to analyse the technical and economic consequences for Dutch livestock sector 
of, among others, GHG emission reduction targets by 2050. For the dairy sector the main GHG 
mitigation options considered were stable adjustment, assuming a methane mitigation potential of 
75%, breeding assuming a methane mitigation potential of 22% and application of feed additives, 
assuming a methane mitigation potential of 40%. It is assumed that all farmers in the Netherlands will 
follow the chosen development direction and apply all associated measures. It is found that the 2050 
GHG mitigation target of net-zero GHG emission cannot be reached without further reduction of the 
number of animals in the livestock sector. Economic impacts in the livestock sector are derived from 
changes in livestock numbers and production, as the investment costs and costs of changes in farm 
management are not included.  

This deliverable focusses on abatement costs of GHG emissions on different types of dairy farms in the 
Netherlands, using data from the Dutch Farm Accountancy Network (FADN). In Dutch this is also 
referred to as Bedrijveninformatienet (BIN). The GHG mitigation options included focus on investments 
and changes in farm management that can be reached in the medium to short term. This complements 
existing more technical studies on farm level and long term studies at sector level (Lesschen et al., 
2020; de Vries et al., 2018).  

 

1.3. Research objectives and research questions 

Insights in farm level abatement costs and heterogeneity between individual farms or groups of farms 
is important information to understand the acceptance of GHG mitigation options and adoption 
behaviour of farmrs and to develop more efficient GHG emission reduction policies. To achieve this 
the main objective of this deliverable is to apply the bio-economic farm model FarmDyn (Britz et al., 
2016) to realistically analyse mitigation strategies to climate change for a large number of dairy farms 
in the Netherlands. FarmDyn will be developed in such a way that it can be linked to the individual 
farm, financial-economic and technical data from the Dutch Farm Accountancy Data Network (FADN). 
The FarmDyn data from FADN will be enhanced with biophysical data from different sources. The 
deliverable will discuss how satellite data can be used to improve grassland yield data in economic 
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models. A survey will be conducted to measure farmers’ attitude, subjective norm, and perceived 
behaviour, to more realistically model farmers’ behaviour regarding adoption of new technologies.  

 

Research questions addressed in this deliverable are: 

• What are the most relevant more short to medium term GHG mitigation options for Dutch 
dairy farmers? 

• What are the abatement costs of the selected GHG mitigation options for different groups of 
dairy farms in the Netherlands? 

• What are farm and farmers’ characteristics that can explain adoption of GHG mitigation 
measures 

• What GHG mitigation measures are preferred by farmers 

• What are impacts of different GHG mitigation policies on GHG emission and farm income1 in 
the Dutch dairy sector. 

 

1.4. FarmDyn: Model description 

FarmDyn is a bio-economic, profit-maximizing, mixed-integer programming model at individual farm 
level, that simulates farmer’s decisions regarding agricultural production and investments in a 
comparative static or dynamic setting (Britz et al., 2016; http://www.ilr.uni-
bonn.de/em/rsrch/FarmDyn/FarmDynDoku/). The model was developed at the University of Bonn and 
is primarily used for the analysis of farm-level responses to various environmental and policy scenarios, 
using data on farm structure, machinery, buildings, animal feed rations, etc., available in a German 
context. FarmDyn is used at Wageningen Economic Research since late 2018 and is adjusted stepwise 
to Dutch conditions by exploiting information available from data sources like the Dutch farm 
accountancy data network (FADN) or quantitative information on farming operations (management 
handbook Quantitative information (KWIN 2 ), such that it becomes applicable to analyse 
representative or individual arable and dairy farms in the Netherlands, incorporating Dutch legislation 
on fertilizer applications and N balances. 

The Dutch version of the single farm model FarmDyn allows simulating optimal farm management and 
investment decisions under changes in boundary conditions such as prices, technology or policy 
instruments for arable and dairy farming systems. It is based on a model template for a fully dynamic 
or comparative-static bio-economic simulation, building on Mixed-Integer Programming. Farm 
branches and other elements such as fertilization and animal manure policy restrictions can be added 
in a modular fashion to the core model. The model is capable to run every individual (dairy and arable) 
farm in the Dutch FADN, using farm specific financial-economic and technical data (e.g. input and 
output prices, crop yields and milk production per cow) (Figure 3). Number of operations per crop, 
field operation per period, labour hours per operation, machinery need for the different operations 
and prices, life span and maintenance costs of machineries are taken from KWIN.  

 

 

1 In this deliverable income is defined as revenue minus paid costs minus depreciation, including extraordinary expenditures and revenues 

as defined in the Dutch FADN. 

2 Kwantitatieve Informatie Veehouderij (KWIN-Veehouderij) 

http://www.ilr.uni-bonn.de/em/rsrch/FarmDyn/FarmDynDoku/
http://www.ilr.uni-bonn.de/em/rsrch/FarmDyn/FarmDynDoku/
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Figure 3 FarmDyn: schematic representation 

Source: http://www.ilr.uni-bonn.de/em/rsrch/FarmdynFarmDyn/FarmdynFarmDynDoku/ 

The farming branches for dairy and cattle farming differentiate raising and fattening processes by 
month, grazing share and weight gains, and, in case of dairy cows, by month of calving and lactation 
period. These options interact with multiple, seasonally differentiated grassland management options. 
Feeding requirements for the dairy herd capture a cost minimal feed mix from own produced fodder 
and different types of concentrates at given requirements per head and intra-year feeding periods 
(energy, protein, dry matter) for each cattle herd. The default feed module in FarmDyn is converted to 
the Dutch feed requirement system using relevant conversion factors and data (CVB, 2016). 

Manure excretion of the dairy cows depends on a legally determined combination of Urea number and 
milk production per cow (Tabel 6 Stikstof en fosfaat per melkkoe (rvo.nl)). A module describes in detail 
the measures of the Dutch Nitrate and Water Framework directive, that differs per region and for 
farms with and without derogation from the nitrate directive. FarmDyn allows experiments with 
different animal manure types and related storage and application chains. Animal manure can be used 
on the own farm or exported from the farm. Animal manure import is allowed as well.  This feature is 
however not considered in this deliverable. 

By default, FarmDyn allows to define up to 10 different types of grassland management options by the 
following attributes: 1) total dry matter output and nutrient content of grass 2) distribution of fresh 
grass and grass silage over months and 3) Number of cuts (only applicable for grass silage). The 
different types of grassland management each produce three types of fresh or silage grass (early, 
middle and late). Production of early silage grass requires more cuts per year. Roughage (silage maize 
and silage grass) can be exported (sales) from the farm or imported (purchase). In this deliverable we 
allow purchase of silage maize, while purchase and sales of silage grass is not considered. Sales of silage 
maize is also not considered. The grassland management options and data are adjusted to the Dutch 
situation, among others using satellite data. This is explained in Chapter 4 of this deliverable. 

The cropping module optimises the cropping pattern subject to land availability, reflecting yields, 
prices, machinery and fertilizing needs and other variable costs for a list of arable crops. The crops can 
be differentiated by tillage (ploughing, minimal tillage, no tillage) and intensity level (normal and 
reduced fertilization in 20% steps). As stated above, machinery use is linked to field working-day 
requirements depicted with a bi-weekly resolution during the relevant months. Operation and 
machinery data are taken from above mentioned management handbooks. Crop rotational constraints 
are modelled as simple maximal shares. The model can capture plots which are differentiated by soil 

https://www.rvo.nl/sites/default/files/2019/01/Tabel-6-Stikstof-en-fosfaatproductiegetallen-per-melkkoe.pdf
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and land type (arable land and grassland with both mowing and grazing, only mown or with only 
grazing (pasture)) and size. 

Investments into a detailed machinery park, stables and other structures are depicted by integer 
variables, the same holds for the possibility to work off-farm. The model distinguishes on-farm labour 
needs for field operations, stable work and management/maintenance. Management and 
maintenance work as well as differently sized investments in machinery and stables provoke increasing 
returns-to-scale in branch sizes and depict different labour-capital intensities endogenously. 

FarmDyn was stepwise developed based on funds provided by research projects. It is currently 
maintained by the Economic Modeling of Agricultural Systems research group at Bonn University and 
used as well as extended by several international partners. It is hosted on a revision control system 
and its coding follows guidelines and quality management measures including automated testing of 
the model on a larger set of test cases with reporting of differences in key results against previous 
revisions. Like other models (e.g. IFM-CAP and CAPRI-FT), it features a graphical user interface (GUI) 
based on GGIG (Britz, 2014). 

  

1.5. FarmDyn: Applications for dairy and arable farms 

For the Netherlands, FarmDyn was first used to analyse impacts of reduction of GHG from peat soils in 
Dutch agriculture. Here the focus was on dairy farm management impacts of rewetting peat soils, 
including impacts on emission of NH3 (Poppe et al., 2021; de Koeijer et al., 2020). Daatselaar et al. 
(2021) used FarmDyn to analyse integrated effects of a switch to more permanent grassland on dairy 
farms with silage maize. The analysis was based on dairy farms in the Dutch FADN. The amount of GHG 
emission, including C sequestration, slightly decreases, but ammonia emission increases for the 
reported four groups of average farms. This is because of higher ammonia emission rates from manure 
application on grassland. Average abatement costs per average farm group differentiated between 77 
and more than 1000 euro per ton CO2eq.  

For the arable sector FarmDyn was used in combination with the tool Nutriëntenbalans Akkerbouw 
(Nutrient balance Arable farming, NA) (Schröder and Rutgers, 2018) and the model RothC (Coleman et 
al., 1997; Coleman and Jenkinson, 2014) to analyse impacts of different carbon sequestration scenarios 
on a representative consumption potato farm on clay soil in the Netherlands (van Dijk et al., 2022). 
The different measures to increase carbon sequestration are 1) Substituting pig manure partly by green 
compost, 2) increasing the area of green manure crops, 3) leaving straw on the land, 4) increasing the 
area of crops with a high C-supply and 5) substituting pig manure by cattle manure. Results are 
summarised in table 1. The additional CO2 sequestration of the measures on the arable farm ranges 
from 0.11 to 0.52 ton per ha. Substituting the pig slurry (partly) by green compost or cattle slurry and 
incorporating the wheat straw gave the highest CO2 sequestration. Substituting sugar beets by winter 
wheat had a relatively small effect as the difference in C input by crop residues of both crops is small 
(see Figure 1). This applies to a situation where the straw is removed. Furthermore, it must be 
emphasized that compared to the reference scenario also the pig slurry C input on the farm was higher. 
If also a green manure crop is grown on the extra winter wheat area, the additional CO2 sequestration 
increases from 0.11 to 0.35 ton per ha. The effect of a green manure crop after onions is smaller than 
when established after winter wheat due to a later sowing time. Except for substituting pig slurry by 
cattle slurry, the measures decrease the income up to almost 200 € per ha (extra winter wheat plus 
green manure) . The required CO2 price to compensate for this decrease ranges from 15 to 1605 € per 
ton CO2. Especially changing the crop rotation is an expensive measure.  

The NA also gives insights into impacts on other environmental emissions. Although for some measures 
the GHG emissions increase somewhat, this increase is smaller than the additional CO2 sequestration. 
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The N soil surplus increases when the pig slurry is (partly) substituted by green compost or cattle 
manure and when straw is incorporated in the soil. This also applies for the P2O5 soil surplus except 
for substituting pig slurry by cattle manure. The NH3 emission increases when sugar beets are 
substituted by winter wheat and when pig slurry is substituted by cattle slurry. For both measures this 
is due to a higher NH3-N emission with slurry application.  

 

Table 1 The effect of the measures on income, additional CO2 sequestration, GHG-emissions, N and 
P2O5 surpluses and NH3-emissions arable farm. 

 Income Additional 

CO2-
sequestration 

Required 

CO2 
price 

GHG 
emission 

N soil 
surplus 

P2O5 
soil 

surplus 

NH3 
emission 

 €/ha ton 
CO2/ha/year 

€/ton 
CO2 

ton 
CO2eq/ha 

kg/ha kg/ha kg/ha 

        

REF 3083   3.16 79 -1 24 

        

Compost 3075 0.52 15 3.11 85 5 24 

Cattle slurry 
instead of pig 
slurry 

3156 0.45 -164 3.18 99 -1 29 

Catch crop after 
onion 

3048 0.14 240 3.16 76 -1 24 

Straw 
incorporated 

3015 0.49 137 3.17 85 1 24 

Winter wheat 
instead of sugar 
beet 

2910 0.11 1605 3.13 79 0 26 

Winter wheat 
instead of sugar 
beet + extra 
green manure 
crop 

2881 0.35 578 3.19 77 0 26 

Source: own calculations with FarmDyn, NA and RothC (van Dijk et al., 2022) 
 

1.6. Stratification of sample farms in the Netherlands with application to 
dairy farms 

FarmDyn can be executed for individual farms in the Dutch FADN, thus allowing to capture the 
observed heterogeneity across farms in terms of endowments, available technologies, or preferences. 
In practice, data on field operations and labour requirements are not included in farm-levels statistics 
and are therefore equal across groups of farms in the model. Also nutrient contents of animal feeds 
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are assumed constant for all farms3. Because of this it is more practical to identify typical or average 
farms within the sample, that differ in terms of technologies and cost structures explicitly included in 
the data underlying FarmDyn. The stratification depends on the research question at hand and should 
capture as much as heterogeneity between farms as possible. An important criterion for stratification 
for the Dutch version of FarmDyn are restrictions on the use of fertilizer and manure, which are set 
based on administrative regions and dominant soil types in The Netherlands. For this reason, a basic 
grouping of farms based on soil types and regions is used here. Figure 4Figure 4 shows the dominant 
soil types in the Netherlands and the administrative boundaries of the provinces. 

 

 

Figure 4 The soil map of the Netherlands overlayed with the provinces 

Source: Own compilation. 

 

Due to differing farm characteristics, management practices, water availability, and other criteria, the 
soil-regions are further split into smaller units (Figure 5 and Table 2). The sandy soils are split in two 
region, Sand-South (the sandy soils in Brabant and Limburg) and Sand-Mid-North (the sandy soils in 
the rest of the provinces in the Netherlands). Similarly, the peat soils are split in West and North, where 
Peat-West has high ground water levels and smaller parcels than Peat-North. Finally, the clay soils are 

 

3 This could be made farm specific as available in the Dutch FADN 
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divided in four groups. Clay-North is characterized by large scale intensive dairy farming. Clay-river is 
more diverse in terms of agriculture (also cropland and fruit trees). Clay-polder are the post-war 
reclaimed polder lands. And Clay-West is characterized by higher ground water levels. 

 

Figure 5: The stratification units in the Netherlands (overlayed with the province boundaries) 

Source: Own compilation. 

 

Table 2 Stratification of the grassland areas in the Netherlands 

# Stratification Soil type Province 

1 Sand-South Sand Brabant, Limburg, Zeeland 

2 Sand-Mid/North Sand Rest of the provinces 

3 Peat-West Peat Noord-Holland, Zuid-Holland, Utrecht 

4 Peat-North Peat Rest of the provinces 

5 Loam Leem All provinces 

6 Clay-North Clay Friesland, Groningen, Drente 

7 Clay-River Clay Overijssel, Gelderland, Utrecht, Brabant, Limburg 

8 Clay-Polder Clay Flevoland 

9 Clay-West Clay Rest of the provinces 
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While the spatial location of farms in the Dutch FADN is not reported in the standard datasets, it is 
usually possible to identify the administrative region in which the farm is located. In this case, the 
smallest unit considered are farming areas (landbouwgebieden) determined by the Dutch statistical 
organization (CBS), which are aligned with the boundaries of the provinces. Using information on 
dominant soil types and location within these regions, it is possible to stratify the farm statistics 
according to the considerations above. The following 8 soil-province regions are distinguished:  

 

Figure 6: Location of Farm Samples in CBS Landbouwgebieden based on dominant soil types per farm 
and soil stratification units 

 

Using these soil-regions as a starting point, further distinctions, like livestock density and derogation 
regulations are applied. Farms with derogation are allowed to apply more nitrogen from animal 
manure than is stated in the EU nitrate directive (maximum of 170 kg N per ha from animal manure). 
In regions sand-mid and sand-south the derogation from the EU nitrate directive equals 230 kg N per 
ha, while in all other regions the derogation equals 250 kg N per ha. Farms that apply for derogation 
are not allowed to use phosphate from mineral fertilizers. The fertilizer standards of the combined use 
of N from animal manure and mineral fertilizer on grassland is lowest for farms in the regions sand-
south, sand-mid and sand-north, namely a Nitrogen Fertiliser Replacement Value (NFRV) of 250 kg N 
per ha. In peat regions this standard is a NFRV of 265 kg N per ha and in the clay regions the NFRV is 
345 kg N per ha. Differences are based on differences in N leaching per soil type. For arable crops the 
fertilizer standards of the combined use of N from animal manure and mineral fertilizer is lowest for 
farms in region sand-south. For silage maize this standard equals a NFRV of 112 kg N per ha in region 
sand-south, 140 kg N in regions sand-mid and sand north, 150 kg N in the peat region and 185 kg N in 
the clay regions. 

Phosphate standards differ per farm depending on the phosphate status of the soil. For reasons of 
simplicity we assume a legal maximum application of P from animal manure and mineral fertilizer of 
almost 86 kg P2O5 on grassland and 56 kg P2O5 on arable land, equal for all farms in all regions. In the 
future we could make this more farm specific. 
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Livestock density is defined as farms with more or less than 2.25 livestock units (LSU) per ha. Following 
EU-FADN: 1 cow is 1 LSU, 1 heifer is 0.8 LSU and 1 calf is 0.4 LSU. The value of 2.25 LSU per ha is chosen 
to create a reasonable distribution of number of farms per average farm group.  

25 average or typical dairy farm groups are distinguished by density and soil type in the optimization 
in FarmDyn. These farms represent 286 farms in the Dutch FADN and 14004 farms in the Dutch 
agricultural census. Selected average dairy farm group characteristics are given in Table 3. Average 
number of cows per farm group equals 107. The average number of cows on the group of intensive 
dairy farms equals 122, while the average number of cows on the group of extensive dairy farms equals 
88. The average number of cows per dairy farm is highest in the clay region, namely 113 cows. 
Comparing soil types, milk production per cow and number of cows per ha are relatively low in the 
peat region. On average share of own produced roughage in the total feed ration is relatively high in 
the peat region. As the own produced roughage especially concerns grass output, this results in  
relative low milk production per cow. Milk production per cow and number of cows per ha are 
relatively high on sand farms.  

GHG emission per kg FPCM is highest on peat farms because of the emission from histosols. Average 
milk production per farm on intensive farms exceeds the average milk production per farm on 
extensive farms with about 40%. The same accounts for the GHG emission, meaning that on average 
the GHG emission per kg FPCM is about equal. However, it can be calculated that GHG emission per 
ha is relatively low on extensive dairy farms. 

Farm income is defined as total revenues minus paid costs and depreciation plus extraordinary 
revenues/losses. Given the large differences between years, among others determined by differences 
in weather circumstances, a 2016-2020 five year average is used as a reference base. (Note: compared 
to the 2016-2020 five year average as can be calculated from Dutch FADN our results are a little bit 
low, because of the revaluation of the roughage stock in 2020. This is not included in our results.) From 
Table 3 it can be calculated that average in the period 2016-2020, total farm income at sector level 
equals about 881 mio Euro per year.  

Farm income appears to be relatively high on intensive dairy farms. This is explained by the difference 
in the number of cows per farm. Average farm income per kg milk and per ton CO2eq is however higher 
on extensive farms. This is among others explained by higher costs of purchased feeds and costs for 
manure disposal from the farm on intensive farms. 

On regional level average farm income appears to be the highest in the peat region. Because of the 
GHG emissions from histosols the difference between average farm income per ton CO2eq in the 
peat region and average farm income per ton CO2eq in clay and sand region is more limited. In the 
sand region average farm income is the lowest. Compared with farms in the clay region, average 
farm income in the sand regions is about 14% lower, while farm income per ton CO2eq and per ton 
FPCM is respectively 10 and 8 percent lower compared to dairy farms in the clay region. 

 

Table 3 Representation of number of farms in Dutch FADN and agricultural census, and selected farm 
characteristics per average farm group in base 
 

All 
farms 

EXT INT Clay Peat Sand 

represented farms in FADN (number) 286 106 180 94 34 158 

represented farms in Agricultural Census 
(number) 

14004 5998 8006 4388 1658 7958 

cows per farm (number) 107 88 122 113 101 105 

milk production (kg per cow) 8795 8679 8882 8782 8160 8935 



 

Report 3.3 

 

 

This project has received funding from the European Union’s Horizon 2020  
research and innovation programme under grant agreement N° 817566. 

 
18 

 

grassland (ha per farm) 48 51 46 55 53 43 

maiz silage (ha per farm) 11 10 11 10 10 11 

arable crops excl. maiz silage (ha per farm) 2 3 2 3 
 

2 

cows per ha (number) 1.8 1.4 2.1 1.7 1.6 1.9 

FPCM (ton per farm) 1013 822 1156 1076 880 1007 

GHG emission (ton CO2eq per farm)1 1290 1044 1474 1317 1356 1261 

GHG emission (kg CO2eq per kg FPCM)1 1.27 1.27 1.27 1.22 1.54 1.25 

farm income (euro per farm) 62885 56833 67419 67657 73274 58089 

farm income (euro per ton CO2eq) 49 54 46 51 54 46 

farm income (euro per ton FPCM) 62 69 58 63 83 58 

1.Total CO2eq emission from milk and meat, including upstream emission from purchased 

feed and mineral fertilizer. 

Source: own calculations based on Dutch FADN and FarmDyn 

 

 

1.7. Outline of the deliverable 

Chapter 2 describes in detail the GHG emission accounting in FarmDyn and gives a literature review 
regarding GHG mitigation options for the Dutch dairy sector. Marginal Abatement Costs (MAC) of 
selected standalone GHG mitigation measures for the Dutch dairy sector as a whole and for selected 
farm types are discussed in Chapter 2. Chapter 3 discusses behaviour and preferences of Dutch dairy 
farmers regarding GHG mitigation options. The discussion is based on a survey among a sub-sample of 
Dutch dairy farms from the national Farm Accountancy Data Network (FADN). Continuing from Chapter 
2 different scenarios are defined respecting the differences in MAC (Chapter 2) and adoption behaviour 
(Chapter 3) between groups of dairy farms.  

Chapter 4 discusses in detail the linkage of the individual farm data with the satellite data to estimate 
grassland yields. Results are applied to analyse impacts of the scenarios defined in Chapter 3 on farm 
management and farm income. Chapter 4 discusses impacts on farm income and GHG emission 
reduction per group of dairy farm of market based policies. Market based policies allow farmers to 
adopt GHG mitigation measures that are at their own interest (Bakam et al., 2012). We include 
different enforced mitigation measures for different groups of dairy farms following the farm group 
and mitigation measure specific stand-alone MAC (chapter 2) and farmers’ preferences (Chapter 3).  
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2. GREENHOUSE GAS EMISSION ACCOUNTING AND 
MITIGATION OPTIONS FOR DUTCH DAIRY FARMS IN 
FARMDYN 

2.1. Introduction 

Greenhouse Gas (GHG) mitigation options on dairy farms have the purpose of slowing down or 
reducing their contributions to global warming. In the Paris climate agreement reduction goals were 
set. The agreement foresees a reduction of GHG emission of minimal 40% in 2030 relative to 1990. 
Countries that signed the Paris agreement have to make plans how they are going to reach this 
reduction. For instance, in The Netherlands the reduction goals are secured in a climate law in 2018. 
This law states that the GHG reduction must be 49% in 2030 and even 95% in 2050 relative to 1990. In 
the Netherlands a climate agreement between the different stakeholders is in place with GHG emission 
reduction targets per sector One of these sectors is Agriculture and Land use. Reduction goals are set 
per theme and the dairy sector will take action on “Animals and Feeding”, “Manure storage and 
application”, “Soil and crops”, “Energy saving”, “Production of renewable energy” and reducing the 
dependency of foreign protein rich concentrates for dairy feed. Other countries also have national 
climate agreements/laws like for instance Sweden, Germany and Belgium.  

The objective of this chapter is to analyse economic impacts of different GHG mitigation options at 
farm level. The analysis focuses on different groups of dairy farms in different regions of the 
Netherlands, see section 1.6. The economic assessment will be done with the bio-economic farm 
model FarmDyn, as described in sections 1.4. and 1.5. Greenhouse gas emissions can be modelled in 
FarmDyn according to IPCC or other, more country-specific standards.  

This chapter first focusses on the GHG emission accounting in FarmDyn and base year results regarding 
GHG emission in the Dutch dairy sector per farm group (section 2.2). Farm level GHG mitigation options 
play an important role in order to reduce the emission of GHG on the farm. Section 2.3 discusses in 
detail a large number of farm level GHG mitigation options dairy farmers can implement in order to 
reduce their GHG emission. These are taken from the literature. Different mitigation options can be 
modelled endogenously at the same time or simulated as enforced GHG mitigation measures in model 
experiments (Lengers et al., 2014). This is further explained in section 2.4. Section 2.4 also discusses 
the selected GHG mitigation measures that are enforced in FarmDyn. Section 2.5 discusses the 
Marginal Abatement Costs (MAC) of selected stand-alone measures for the Dutch dairy sector as a 
whole and for selected farm types. Section 2.6 ends with discussion and conclusion. 

2.2. GHG emission accounting in FARMDYN: approach 

FarmDyn is able to calculate GHG emissions for individual farms and different farm branches. It has a 
specific GHG module. The base of this GHG module is the original version developed by the University 
of Bonn. The principle of the current version of the GHG calculation is based on a product 
environmental footprinting (PEF), without allocation of GHG emissions from milk and meat production. 
The GHG emission accounting is updated specifically according to Dutch methodology. It is clear that 
the model can also be updated to specific methodology used in other countries. Although FarmDyn 
generates GHG accounting for different farm branches the current version of the GHG module is mainly 
tested for dairy farming. The GHG emission accounting in FarmDyn is described below. Further details 
can be found in the appendix to this chapter.  
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2.2.1. Accounting for non CO2 emissions 

Non CO2 emissions, like methane (CH4) and nitrous oxide (N2O) are modelled in FarmDyn according 
to the methodology of the Dutch National Emission Model for Agriculture (NEMA) (Zee et al., 2021) 
and the Annual Nutrient Cycle Assessment model (ANCA) (Van Dijk et al., 2021). The GHG accounting 
methodology in the ANCA model is specifically for the emissions from dairy farming.     

2.2.2. Accounting for CO2 emissions 

The GHG accounting in FarmDyn focusses more on the non-CO2 emissions, which are more dependent 
of farm/animal management, but some CO2 emissions are accounted for. The CO2 emissions can be 
distinguished in on-farm (e.g. CO2 from diesel use) and off-farm emissions (e.g. CO2 from fertilizer or 
feed purchases). In this report both on-farm and off-farm emissions as described above are accounted 
for. Not all CO2 emissions that can occur on a farm are covered in the model. Only emissions from on-
farm diesel use and the emissions from the purchase of feed and artificial fertilizer are taken into 
account in the current model version. 

 

 

2.2.3. Methodology for accounting GHG emissions in FarmDyn 

This section describes the methodology of the GHG accounting in FarmDyn per emission source.   

2.2.3.1. Enteric fermentation methane emission 

The enteric fermentation methane emission for dairy cattle is based on a methane emission factor per 
feed (Tier 3). These emission factors per feed are available in the Feedprint database (Vellinga et al., 
2013, Wageningen UR, Feedprint or van Dijk et al., 2021). For other cattle the emission factor is per 
animal (Tier 2).  

The feed intake is determined endogenously in FarmDyn. The feed requirement for animals is 
calculated for nutrient and energy need. The intake of feed products is then optimized in the model 
according to the feed requirements and feed prices.      

2.2.3.2. Methane emission from manure management 

The methane emission from manure management consists of the emission in animal housing/manure 
storage and the pasture. 

Pasture emission 

The emission of methane from pasture manure is based on a Tier 2 approach (Zee et al., 2021). The 
volume of manure excreted in the pasture is calculated based on grazing days per year and hours per 
day. The number of grazing days and hours are determined exogenously, based on farm specific or 
farm average information. The pasture manure volume is then multiplied by the methane emission 
factor. The methane emission factor is calculated according to Zee et al. (2021).  

 

Housing/storage emission 

The emission from methane from animal housing/manure storage is based on a Tier 2 approach (Zee 
et al., 2021). The volume of manure that is excreted in the barn or is stored the manure storage is 
calculated by deducting the total volume of manure produced by the herd with the manure excreted 
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in the pasture. The remaining volume is multiplied by the methane emission factor. The methane 
emission factor is calculated according to Zee et al. (2021).     

2.2.3.3. Nitrous oxide emissions from manure management 

The nitrous oxide emission from manure management consists of the emission in animal 
housing/manure storage, the pasture, animal manure application and artificial fertilizer application. 

Pasture emission 

The nitrous oxide emission from grazing is calculated according to Zee et al. (2021). The total amount 
of nitrogen from animal manure deposited by grazing animals is multiplied by the nitrous oxide 
emission factor. The emission factor is distinguished for organic soils and mineral soils.        

Housing/storage emission 

The nitrous oxide emission from animal housing/manure storage is calculated according to Zee et al. 
(2021). The total amount of nitrogen from animal manure produced by the herd, excluding pasture 
manure, is multiplied by the nitrous oxide emission factor.  

Animal manure application emission 

The nitrous oxide emission from animal manure application is calculated according to Zee et al. (2021). 
The total nitrogen application from animal manure is multiplied by the nitrous oxide emission factor. 
The emission factor is distinguished by mineral and organic soils and also by land use (grassland or 
arable land).  

Artificial fertilizer application emission 

The nitrous oxide emission from artificial fertilizer application is calculated according to Zee et al. 
(2021). The total nitrogen application is multiplied by the nitrous oxide emission factor. The emission 
factor is distinguished by mineral and organic soils and also by land use (grassland or arable land). 

2.2.3.4. Other nitrous oxide emissions  

The nitrous oxide emission from other sources consists of the emission of indirect emissions, crop 
residue, leaching and histosols.  

Indirect emission 

The indirect emission of nitrous oxide occur after atmospheric deposition of nitrogen compounds that 
have evaporated in the form of NH3 and NOx from animal housing, manure treatment and manure 
storage, as well as from inorganic N fertilizer, the application of animal manure, grazing, sewage sludge 
and compost (Zee et al., 2021). In FarmDyn the indirect emissions from animal housing/manure 
storage, inorganic N fertilizer, the application of animal manure and grazing are taken into account 
according to Zee et al. (2021).  

The total NH3 and NOx farm emissions are multiplied by the nitrous oxide emission factor.     

Crop residue emission 

The nitrous oxide emission from crop residues is calculated according to Zee et al. (2021). The crop 
area per crop is determined endogenously in the model. By multiplying and aggregating the crop area 
per crop with the nitrogen residue per crop and the nitrous oxide emission factor, the total emission 
is calculated.    

Leaching 

De-nitrification in groundwater or surface water creates nitrous oxide emissions. The nitrous oxide 
emission from leaching is calculated according to Zee et al. (2021). The total nitrogen applied to the 



 

Report 3.3 

 

 

This project has received funding from the European Union’s Horizon 2020  
research and innovation programme under grant agreement N° 817566. 

 
22 

 

soil is multiplied with the fraction of nitrogen that is leaching and running off. This results in the total 
leached nitrogen, which is multiplied with the nitrous oxide emission factor.    

The fraction of nitrogen that is leaching and running off is different in FarmDyn in comparison with Zee 
et al. (2021). In this publication a country specific value is applied. This country specific value does not 
take the soil type into account. Soil type has a big influence on the leaching of nitrogen in the 
Netherland. In order to take also soil type into account the leaching fraction is calculated based on 
Fraters et al. (2012). This results in different leaching factors for clay, peat, sand and loess soils.    

Histosols    

The agricultural use of organic soils (peat) leads to nitrous oxide emissions due to mineralised nitrogen 
in these organic soils. The nitrous oxide emission from histosols is calculated according to Zee et al. 
(2021). The area of organic soils is multiplied with the nitrous oxide emission factor.     

2.2.3.5. Carbon dioxide emissions  

The carbon dioxide emission consists of the emission of on-farm diesel use and off-farm emissions 
from the purchase of feed and artificial fertilizer.  

On-farm emission 

FarmDyn endogenously defines the use of machines for the production processes (activities). For each 
machine, which uses diesel, the diesel use (in liter) per hour is defined and per activity the number of 
hours are available. The diesel use is than converted into MJ. The diesel carbon dioxide emission factor 
(CO2eq/MJ) is obtained via the SimaPro Ecoinvent database.   

Off-farm emission 

Feed produced outside the farm also cause GHG emissions which in turn will be allocated to the farm. 
FarmDyn models the feed intake of different feeds endogenously, based on the feeding requirements 
of the animals. The quantities (in ton product) of purchased feeds are modelled and can be used to 
calculate the off-farm carbon dioxide emissions. By multiplying with the emission factor per feed, the 
total carbon dioxide emissions can be calculated. In the current version of FarmDyn the emission 
factors are only defined for dairy feeds including Land Use and Land Use Change (LULUC).  

In the model the use of artificial fertilizer is determined endogenously. The artificial fertilizer input per 
product is multiplied with the carbon dioxide emission factor per product and then aggregated. The 
carbon dioxide emission factor per product is obtained via the SimaPro Ecoinvent database.  

 

2.2.4. Base-year GHG emissions in FarmDyn 

Table 4 shows the average GHG emission by source in base, aggregated over all farms in the sample, 
per farm group (extensive and intensive) and per region. Average share of GHG emission from 
fermentation in total GHG emission per farm equals about 44%. This is about the same for all farm 
groups distinguished in Table 4 , with the exception of the average farm in the peat region. Including 
the upstream emission from purchased feeds, the average share in total GHG emission equals about 
70%. This is higher on the average intensive farm and on the average farm in the sand region. 

Average GHG emission per farm in CO2eq per kg FPCM is highest in the peat region. This is especially 
explained by the GHG emission from histosols and from application of mineral fertilizer. The latter is 
explained by the high share of grassland in the cropping plan and because the emission factor for 
organic soils is higher than for mineral soils (Zee et al., 2021). Average total GHG emission in CO2eq 
per kg FPCM per extensive and intensive farm group is about equal. The composition is however quite 
different. On extensive farms the GHG emission from application and storage of animal manure and 
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GHG emission from purchase and application of mineral fertilizer is relatively high, while on the 
intensive farms the upstream emission from purchased feeds is relatively high. Share of imported CO2 
emission from purchased feed is also relatively high on the average farm in the sand region. The share 
of intensive dairy farms in total number of dairy farms in the sand region is relatively high. 

 

 

 

Table 4 GHG emission by source in base. Average per farm type and region (kg CO2eq per kg FPCM) 

 Total EXT INT Clay Peat Sand 

Total CO2eq1 1.27 1.27 1.27 1.22 1.54 1.25 

CH4 CO2eq fermentation 0.56 0.57 0.56 0.56 0.59 0.56 

CH4 CO2eq pasture 0.00 0.00 0.00 0.00 0.00 0.00 

CH4 CO2eq storage 0.15 0.16 0.15 0.15 0.17 0.15 

N2O CO2eq stable/storage 0.01 0.01 0.01 0.01 0.01 0.01 

N2O CO2eq indirect 0.02 0.02 0.01 0.02 0.02 0.01 

N2O CO2eq pasture 0.04 0.04 0.04 0.03 0.08 0.03 

N2O CO2eq application animal manure 0.02 0.03 0.02 0.02 0.05 0.02 
N2O CO2eq application mineral 
fertilizer 0.05 0.07 0.04 0.05 0.16 0.03 

N2O CO2eq Crop residu 0.00 0.00 0.00 0.00 0.00 0.00 

N2O CO2eq leaching 0.02 0.02 0.01 0.01 0.00 0.02 

N2O CO2eq Histosols 0.02 0.03 0.01 0.00 0.18 0.00 

CO2 from artificial fertilizer 0.07 0.09 0.06 0.09 0.07 0.05 

CO2 from purchased feed (incl. LULUC) 0.31 0.24 0.35 0.26 0.20 0.36 

1.does not exactly add up because remaining emissions are not included in the table.  

Source: Own calculations with FarmDyn 

 

2.3. GHG mitigation options: Literature review  

An extensive list of literature exists describing technologies that would address GHG emission 
mitigation options and future agricultural GHG emissions e.g. Eory et al. (2020), Lesschen et al. (2020, 
in Dutch with English summary), de Vries et al. (2018, in Dutch), Pérez et al. (2020) and Lanigan and 
Donnellan (eds., 2019).  

Table 5 presents possible dairy farm level mitigation options (de Vries et al., 2018). This table is 
translated from Dutch into English. De Vries et al.( 2018) maps the required effort of the Dutch dairy 
farms to reduce GHG emission to climate mitigation and adaption potential of available technical 
options. The reduction potential of feed additives is estimated to be 32-48 g CO2e/kg milk. This is a 
significant reduction and therefore additives can play a big role in reducing the methane emissions of 
dairy farming. In addition, replacing common concentrates with concentrates which reduce the 
emission of methane from enteric fermentation (EF) can add to more methane emission reduction. An 
important condition is that the production level does not change. The reduction potential of 
concentrates with low EF factor is estimated to be about 3 g CO2e/kg milk. Through better animal 
management it is possible to extend the lifespan of dairy cows which leads to less GHG emissions 
through less young stock. Increasing the number of lactation periods per cow can lower the GHG 
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emission with 10-20 g CO2e/kg milk per extra year of life. Regarding upstream emissions from the use 
of N from mineral fertilizer, the enhancement of the fertilizer efficiency (less N from mineral fertilizer 
with equal crop yields) gives a possible emission reduction of 31 g CO2e/kg milk. Using less fertilizer 
ensures less CO2 emission from the production and application. An increased share of permanent 
grassland can increase carbon sequestration with 20-40 g CO2e/kg milk. Other mitigation options with 
high reduction potential are digestion (100-130 g CO2e/ kg milk), higher milk production per cow (40-
55 g CO2e/ kg milk, +1000 kg/cow), nitrification inhibitors (30-60g CO2e/ kg milk), etc. See de Vries et 
al. (2018) for more reduction potentials.  
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Table 5 Mitigation measures in the dairy sector. According to De Vries et al. (2018) 

easure  Explanation 

1. Enhance efficiency   

Cattle:   

- Higher milk production per cow Through better feed- , animal management or breeding measures the feed efficiency can 
increase and the milk production can rise. Emissions can then be divided by a higher milk 
production.   

- Lifespan extension dairy cow Through better animal management, like better fertility and heat detection, it is possible to 
extend the lifespan which leads to less GHG emissions through less young stock  

- Enhance animal health Prevention of illness has a positive effect on the milk production, fertility and lifespan and 
makes sure that less milk will be spilled because of antibiotics use. 

Nutrients:   

- Grass clover The application of grass clover in grassland realizes more nitrogen fixation so less artificial 
fertilizer is needed. The lower grass yield can lead to additional emissions, because of the 
need for extra  fodder. Because of this, the net emission reduction is dependent of the 
current fertilizing levels and the measure is most effective on more extensive (kg milk/ha) 
dairy farms. An optimalization of land use in which grass clover is introduced with crop 
rotation with silage maize can lower emissions (Vellinga and Van Eekeren, (2017). 

- Enhance fertilizing efficiency Enhancing fertilizing efficiency can lead to less use of artificial fertilizer and therefore less 
emissions from the production and application of artificial fertilizer.  

- Spring fertilizer application Spring fertilizers contain a higher part of ammonium nitrogen than nitrate nitrogen. Nitrate is 
more sensitive to leaching than ammonium and can easily denitrificate, which results in 
more nitrogen gas emission (part N2O).  

- Shorter manure application period No manure application after the first of August 

- Increase roughage production Increase productivity of grassland and arable land through for instance better manure 
management, prevention of soilcompaction, keeping up the acidity levels (grassland) and 
organic matter (arable land).   

- Enhance roughage conservation Prevention that roughage declines in nutritional value or ends as waste.  
 

Energy:    

- Energy saving (diesel, gas, 
electricity) 

Diesel saving (e.g. fitting machinery/capacity, fuel saving driving, minimal number of 
operations, reducing transport distance), gas saving (energy efficient boiler, less use of warm 
water) and electricity saving (milking process (cooling/heat recovery/pre-cooling/frequency 
converter), illumination (LED, motion detectors) and other thinkable measures.  

2. Reduce emissions   

Cattle:   

- Ration adjustments Ration adjustments which reduces/slows down the methane emission from digestion  

     * Better protein/energy ratio on 
rumen level 

If protein levels are still too high in the ration, compensate with concentrates with lower 
protein levels.  

     * Higher fat content in 
concentrates 

Adding oil and fat to concentrates. This application is limited because of rational demands 
and hardness of the concentrates. It also should not influence the milk composition. Per 
percent fat the methane production can reduce with 4-5%. 

     * Additives Adding additives to the ration can reduce the enteric methane emissions, e.g. nitrate, 3NOP.  

- Breeding Genetic selection on animals with a lower enteric methane emission.  

Manure:   
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- Combination of primary manure 
separation, frequent transport, 
closed storage and capture of 
gasses. 

Less nitrous oxide and methane emissions in the barn (primary manure separation, frequent 
transport), manure storage (capture of gasses) and with manure application; better use of 
nitrogen and savings on nitrogen of artificial fertilizer and artificial fertilizer energy use.  

- Cold manure storage Less methane emission from manure storage due to less bacterial activity.  

- Acidification of manure Less methane emission from manure storage due to lowering pH of manure.  

Soil:   

- Nitrification inhibitors Slowing down the nitrification process in the soil.  

- underwater drainage/increasing 
water level in peat soils  

In peat soils the ground level decline by peat breakdown can be halved by the application of 
underwater drains in combination with a relative high water level in the waterway. The 
reduced peat breakdown reduces the emission of carbon dioxide and nitrous oxide.  

Energy:    

- Solar and wind energy The production of solar and wind energy can reduce the emission of CO2 from fossil fuels.  

3. Carbon sequestration    

Grassland (increase organic matter):   

- preserve permanent grassland 
from short in between fodder or 
other crop cultivation  

A lot of organic matter is broken down when grassland is turned into crop land. This leads to 
a high greenhouse gas emissions and a decline of nitrogen-supply capacity of the soil. This 
will lead to lower crop yields and more nitrogen fertilizer (or more purchases of fodder). The 
loss of organic matter will be compensated in the following years (e.g. Hoving en Vellinga, 
2010). To reduce the reseeding good grassland management is of high importance (e.g. 
better mowing and fertilizing practices, avoid soil densification) 

- Limit reseeding and stimulate 
overseeding  

If renewing of the grassland is needed to secure the production and/or quality of the grass 
and roughage, then overseeding is a good alternative instead of reseeding. This leaves the 
tillage completely behind and without substantial damage to the high level of organic matter 
of permanent grassland 

- Reduce the grass-phase with the 
grass-maize crop rotation to max 3 
years  

In order to reduce emissions it is recommended that in grass-maize rotation the grass-phase  
in the rotation is limited to two or at most three years. A longer period of grass leads to 
bigger losses of organic nitrogen (nitrate leaching) and with that higher greenhouse gas 
emissions.  

Arable land:   

- no tillage No tillage can reduce the breakdown of organic matter. 

- cropping plan adjustment The cultivation of crops that produce more stubbles, roots and crop residues, like grains. 
Variety of crop land and grassland has, if well performed, advantages for organic matter 
supply on arable land. 

- Green manure/catch crops Green manure/catch crops make sure that still available nitrogen is fixed and organic matter 
is produced.  

- supply organic matter through 
manure/compost 

The supply of organic matter via manure is limited (mostly) due to legislation. Supply of 
compost on dairy farms is limited.    

- Agroforestry Cultivation of trees in combination with agricultural crops or at parcel borders. This is 
common in tropical areas. There is little knowledge of effects in moderate climate zones. 

4. Capture of gasses (end-of-pipe)   

- Manure digestion Mono digestion (only manure) and co-digestion (manure together with other organic 
material) lead to less (mostly) methane emission because manure is removed from the barn 
directly. Also the CO2 emission is lower because of the conversion to biogas. Co-digestion is 
only useful if products are unusable as animal feed.  

- Methane oxidation Methane is captured and thermal (flared) or microbially (via (e.g. soil-) bacteria) converted in 
the less harmful carbon dioxide. Through thermal oxidation is it possible to reduce the 
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emission with 62%. Also under sealed barn floors gasses can be captured. Capture from barn 
air is possible, but expensive.  

5. Structural measures   

- Herd size Reduction of the herd size in order to reduce the total emission volume 

- Transition agricultural area to (wet) 
nature.  

Less fodder production and emissions that accompany this fodder production, more carbon 
storage in new shaped nature (biomass, soil). In wet nature it is also possible to prevent peat 
oxidation.  

 

The GHG mitigation options presented in Table 5 are confirmed by other studies in other countries. 
For example Lanigan and Donnellan (eds., 2019) mention different mitigation options from farm 
management like grass clover on grazing land, herd management measures focussing on animal health 
(replacement rates,  fertility rates, milk yield, mortality, etc.), sequestration in agricultural soils like 
increased share of permanent grassland and energy mitigation like digestion of slurry and grass for 
the production of gas which is used to power combined heat and power (CHP) plants. Table 6  shows 
the GHG mitigation options and the targeted emissions included in the EU agricultural sector model 
CAPRI (Pérez et al., 2020). Increased legume share on temporary grassland reduces the need for N 
fertilizer application. Also additional carbon sequestration between 300-500 kg C per ha and year is 
assumed. Grassland yields are assumed constant. Anaerobic digestion (AD) at farm scale will reduce 
GHG emissions from stored manure and N20 emissions from livestock slurries. In Pérez et al. (2020) it 
is assumed that due to the economies of scale, only farms with more than 200 livestock units can use 
AD as an economically viable technological option. Adding linseed to the feed ration will increase the 
energy content of the diet, decrease the dry matter intake and reduce methane emissions from EF 
through improved digestion. In Pérez et al. (2020) the feeding of linseed is limited to max 5% of total 
dry matter intake. Milk production per cow is maintained and for each percent of fat added a 5% 
reduction of CH4 emission from enteric fermentation is achieved. Improved cow longevity/ Increased 
number of lactation periods per cow is included without any extra costs (Pérez et al., 2020). 
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Table 6 Technological GHG mitigation options included in EcAMPA 3 

 

Source: Pérez et al., 2020 

 

Applying a bio-economic, optimization model of a dairy farm, Mosnier et al. (2019) found that by 
implementing a carbon tax dairy farmers adjusted their farm practice by reducing young stock, using 
less (artificial) fertilizer, adjust productive grasslands and consumption of concentrates in order to 
reduce their GHG emissions. Heinrichs et al. (2021) and Gaudino et al. (2018) conclude that reduction 
of GHG emissions can mainly be achieved by herd reductions. Also a large number of mitigation 
options in table 2 can be found in ICF (2013). This document is meant to facilitate a better 
understanding of the financial incentives that would be necessary for agriculture producers to start 
adopting specific mitigation practices and technologies as part of their normal production and land 
management operations. Cerri et al. (2010) especially looked to mitigation options for land-use change, 
livestock and agriculture in Brazil. They find e.g. that avoided deforestation, 
afforestation/reforestation, rational adjustments (enteric fermentation), no-tillage and cover-crops 
can be mitigation options to reduce the GHG emissions of Brazilian agriculture. Finally Panchasara et 
al. (2021) find that smart farming/smart agriculture, the use of best management practices in dietary 
and nutrition management (enteric methane emission) in general, but also the use of supplements 
such as oils, fats, probiotics, etc. can help to reduce GHG emissions. The article also mentions 
increased number of lactation periods per cow, better fertilizer management and nitrification 
inhibitors.  

  

 

2.4. GHG Mitigation options in FarmDyn 

Bio-economic farm optimization models like FarmDyn can be used to find the economic optimal 
combination and adoption rates of GHG mitigation options, depending on the policy incentives to 
reduce GHG emissions. FarmDyn  optimizes farm decisions (e.g. feeding, manure management, crop 
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management) which in turn can have an endogenous effect on the farm GHG emissions. Enforced GHG 
mitigation measures can be added and assessed in scenarios or experiments. The endogenous 
mitigation options in FarmDyn and the selected enforced mitigation options are further explained in 
this section. 

 

2.4.1. Endogenous mitigation options in FarmDyn 

FarmDyn optimizes the feeding ration of dairy cows based on numerous feeds, including different 
qualities of roughage and compound concentrates. Soybean meal can be included in the feed ration 
as a single or raw concentrate. The feeds, their quality and the cost of the feeds are added to the 
model. The model selects the most optimal feeding ration based on the different feed requirements 
of the animals, the feeding costs and possible incentives from policy measures to adjust the feed ration. 
The original model contained three types of compound concentrates for dairy cattle, a basic, a protein 
rich and an extra protein rich variant. These concentrate types were based on the average concentrate 
purchases of Dutch dairy farmers. The quality of the compound concentrates like Net Energy of 
Lactation (NEL), protein content, dry matter, methane emission factor, etc. was also based on the 
average of Dutch concentrate purchases. 

To reduce the methane emission of dairy cows an option in FarmDyn is to select feeds which have a 
low(er) methane emission factor per kg dry matter intake. This is valid for as well roughages as 
concentrates. Concentrates are often purchased and most of the roughages are produced on the farm, 
and so dependent on weather circumstances and farm management conditions. In the short term it is 
easier for farmers to reduce methane emissions from enteric fermentation by adjusting the 
ingredients in the compound concentrates. In FarmDyn six extra compound concentrates are defined, 
based on Šebek et al. (2016), with a lower methane emission than the more commonly used 
concentrates. These six concentrates are divided into three concentrates (basic, protein rich, extra 
protein rich) with a methane emission reduction of 5% relative to the basic concentrates and three 
concentrates with a reduction of 10%. The nutritional value has not changed. Prices of the low 
methane emission concentrates are based on the extra feeding cost (Šebek et al., 2016). Low methane 
emission concentrates are more expensive than the basic concentrates and the concentrates with 10% 
reduction are more expensive than the concentrates with 5% reduction.   

The implementation of low emission compound concentrates focusses on the enteric fermentation. 
But this is just a part of the total GHG emission of concentrates. Feed products which are purchased 
have also caused GHG emissions outside the farm, the so called off-farm or up-stream emissions. 
Compound concentrates, but also raw ingredients, like soybean meal, emit CO2 before it is bought by 
the dairy farmers. Soybean meal for instance has a high off-farm emission factor. Replacing this raw 
concentrate with a lower emission alternative can reduce the emissions of a dairy farm. Reducing or 
removing soybean meal in the dairy ration because of the high CO2 emission factor can have 
implications for  the ration composition. FarmDyn can model alternative rations based on the 
reduction of the off-farm CO2 emission.  

An endogenous option to reduce GHG emission is related to application of N from mineral fertilizers 
and animal manure per ha grassland and per crop. FarmDyn contains different grassland management 
options, differing by dry matter yield, ingredients (e.g. energy and raw protein content), fertilization 
level (namely 200, 300 or 400 kg N per ha) and number of cuts (see chapter 4 of this deliverable). 
Application of N from mineral fertilizers and animal manure on arable crops is included via a stepwise 
N-response curve, including different yield levels at 80, 60, 40 and 20% of the optimal N fertilization 
level. In this study the optimal N fertilization level is put equal to the legal maximum N fertilization 
level. 
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A final endogenous solution is to reduce the number of dairy cows on the farm. This is possibly an 
option for intensive dairy farms in the Netherlands that are not producing enough roughage on the 
farm to feed the dairy herd and that have to pay for the manure disposal from the farm. The income 
per cow is relatively low on these farms. With reducing number of dairy cows, the number of young 
animals on the farm will reduce as well. This is because, so far, the number of young animals is 
modelled as a fixed ratio per dairy cow.  

2.4.2. Selected enforced mitigation options in FarmDyn 

This section describes the selected exogenous or enforced GHG mitigation options in the model to be 
further analysed as standalone measure in section 2.5. Feed additives affect the methane emission 
from enteric fermentation. The use of feed additives is controlled exogenously in FarmDyn by setting 
the use of additives on or off. When the option is on, the model forces the intake of additives in the 
dairy ration. This will change the composition of the ration, because additives also contain dry matter 
and/or NEL. In FarmDyn two additives are modelled: adding supplementary fat or Bovaer® to the 
ration. Adding supplementary fat to the diet of livestock will reduce the amount of carbohydrate 
consumed. It is known that fats reduce the number of protozoa, while some of the unsaturated fatty 
acids compete with methanogens for hydrogen (Rasmussen et al., 2011; Toprak, 2015). Addition of 
fat to the ration of dairy cows is effective to reduce methane emission. Bovaer® is a feed additive for 
cows (and other ruminants, such as sheep, goats, and deer) researched and developed over 10 years 
by DSM (DSM, 2022). Bovaer® suppresses the enzyme that triggers methane production in a cow’s 
rumen and consistently reduces enteric methane emission by approximately 30% for dairy cows and 
even higher percentages (up to 90%) for beef cows.  

Per additive the minimal and/or maximum ration share is set and if applicable feeding quality like dry 
matter and NEL. The emission reduction and purchase prices per additive are also defined. For feeding 
fat the product quality and price are gathered by consulting commercial distributors. For Bovaer®, 
because it is not yet commercially available, the information about the product price was obtained by 
confidential information of the manufacturer (DSM, 2022). The possible methane reduction from 
enteric fermentation under Dutch conditions is based on Gastelen et al. (2022) and is set to 30%.  

Increased number of lactation periods per cow can lower the GHG emission, because less young stock 
is needed for replacement. It has a high reduction potential but it is not easy to implement. So  there 
is a high heterogeneity between farmers. Some farmers have already increased the dairy cow's life 
span, others have high potential to increase the life span. This is also a mid- or long-term option 
because it may include breeding goals and cow breed selection. Changing the life espan of dairy cows 
is a plain model setting. The model user sets the average lactation period of the dairy cows, and the 
model will use this setting to model the farm herd size. In this chapter it is assumed that the life time 
of the cows increases with 1.5 years per cow on all farms. The extra costs are assumed to be equal to 
40 euro per cow. 

Increased acreage of grassland can increase carbon sequestration. In this chapter it is assumed that 
25% of the arable crop, including silage maize on the farm is replaced by grassland. The supply of 
effective organic matter (EOM) per ha grassland is about twice as high as the supply of effective 
organic matter of silage maize including the cover crop after silage maize (assumed on all dairy farms 
in the Netherlands). Finally, a reduction of milk production per cow is assessed as an enforced 
mitigation option. Milk production per cow is also discussed by Lengers et al. (2014). Dairy cows with 
lower milk yield require less own produced and purchased feeds and produce less manure. The 
justification for this measure is again especially relevant for farms that have to purchase part of the 
required roughage to feed the animal herd and have to purchase manure disposal room to dispose 
the surplus manure from the farm. 
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De Vries et al. (2018) state that the application of grass clover in grassland realizes more nitrogen 
fixation and reduction of the use of N from mineral fertilizer. The lower grass yield can lead to 
additional emissions, because of the need for extra purchased fodder. Because of this, the net 
emission reduction depends on the current fertilizing levels and the measure is probably most 
effective on more extensive (kg milk/ha) dairy farms. An optimalization of land use in which grass 
clover is introduced with crop rotation with silage maize can lower emissions. This option depends on 
various assumptions, such as the grass yield and application of mineral fertilizers. On farm level, in the 
Netherlands, a farm is prohibited to use more nitrogen and phosphate from animal manure and 
mineral fertilizers than a certain quantity. This maximum is based on the cropping plan and the crop 
area of the farm. If a farm takes grass clover into the cropping plan with lower need of nitrogen, it is 
allowed to use the saved nitrogen on other crops. In balance the total farm nitrogen use does not 
change. For this reason this mitigation option is not included as an enforced GHG mitigation option. 

 

The GHG mitigation options included focus on investments and changes in farm management that can 
be reached in the medium to short term. For this reason stable adjustments to reduce GHG emissions 
is also not included. 

 

2.5. Marginal Abatement Cost (MAC) following a standalone measures 
approach 

2.5.1. Marginal Abatement Cost: concept 

This section discusses the Marginal Abatement Costs (MAC) of selected standalone measures as 
discussed in section 2.4. The MAC approach is often used to quantify the opportunities for abatement 
of agricultural GHG and related monetary costs and benefits. The MAC curve shows the abatement 
potential of GHG mitigation technologies, and the related relative monetary costs/ income foregone 
ranked from low to high (Lanigan and Donnellan, eds., 2019). Possible win-win situations, decreasing 
GHG emission and decreasing costs or increasing revenues are depictured as negative costs, see Figure 
7. The width of the bar represents the mitigation potential (MT CO2eq) and the height of the bar 
represents unit costs of one ton CO2eq mitigated (EUR/t CO2eq mitigated). In Figure 7 measures are 
ranked according to costs. Ranking technological mitigation options in this way is appealing as it 
immediately shows the options that offer the greatest mitigation potential and cost effectiveness per 
unit GHG mitigated.  

In Figure 7 each bar in the MACC represents a different technological mitigation option as a standalone 
measure. This means that each technological mitigation option is implemented in isolation, without 
considering interactions with other measures (Pérez et al., 2020). Implemented in this way, it is 
assumed that the enforced GHG mitigation measure is adopted and implemented by all average farm 
groups  in our sample, independent of the cost of the GHG mitigation measure. The total GHG emission 
reduction and costs can be summed to show total GHG emission reduction and costs per farm type 
and sector. 
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Figure 7: Hypothetical example of Marginal Abatement Cost Curve 

Source: Lanigan and Donnellan (eds., 2019) 

It should be noted that the possibility to draw conclusions on the total mitigation potential and costs 
of a set of ranked stand-alone mitigation options is generally limited. This is because it is assumed that 
the mitigation options are applied to their assumed maximal implementation without consideration 
of economic feasibility and adoption rates and interaction between mitigation options.   

Chapter 4 will present results following a combined GHG mitigation measures approach, overcoming 
the problem with the stand alone measures as explained in Chapter 2 of this deliverable. This is done 
via carbon prices with all endogenous mitigation technologies available and the selected enforced 
GHG mitigation options per farm group. The carbon prices and the selected enforced GHG mitigation 
options are among others based on the results of the standalone approach as presented in this chapter.  

Different from Lanigan and Donnellan (eds., 2019) we do not consider win-win situations, as the 
optimization farm model FarmDyn assumes that win-win situations either assume technologies that 
are not ready available on the farm or not main stream yet or already incorporated in the base 
situation. Technical-economic farm level data as available in the Dutch FADN, shows large differences 
in environmental emissions between farms. For example, based on the Data Envelope Analysis (DEA) 
approach, Lamkowsky et al. (2021) show large differences in N surplus per farm.  Large reductions in 
emission can be reached if farms with high emissions adjust their farm management to their peers. 
Reasons to explain these differences are differences in knowledge and access to information 
(Lamkowsky et al., 2021). 

Also important to note is that we assume fixed input and output prices. Possible changes in input and 
output prices due to changes in production and farm management resulting from the GHG mitigation 
measures are potentially important drivers of MAC (Lengers et al., 2014). Equilibrium models that 
include price feed-back therefore tend to find higher MACs compared to farm level models because 
of the induced input and output price changes.  
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2.5.2. Marginal abatement cost curves of Dutch dairy farms following a 
standalone measures approach: results  

Table 7 gives the short names of the different standalone GHG mitigation measures and descriptions. 
Table 8 shows that the GHG mitigation measure with the lowest marginal abatement costs, averaged 
over all farms, are the enforced changes in the feeding ration (EF low concentrates and less soybean 
meal in the feed ration). The abatement cost of the use of concentrates with low EF factors is 
comparable to the abatement cost mentioned in de Vries et al. (2018). The contribution of these two 
measures to total GHG mitigation is however very limited.  

 

Table 7 Short name and description of standalone measures. Everything else equal as compared to 
the base 

 

Short name Description  

EF low Concentrates 

Standard concentrates with relative high EF factor not allowed in feed 

ration. Use of soybean meal put equal to amount in the base. 

Soybean meal 

Purchase of soybean meal maximum 50% of amount of soybean meal in 

the base scenario 

Permanent grassland 

25% of the base arable crop, including silage maize on the farm is 

replaced by grassland. 

Lower milk yield 
10% decrease of milk yield per cow compared to the base. 

Number of cows 
10% decrease in number of dairy cows as compared to the base 

Use of Feed additive 

Experiments show that the feed additive Bovaer® potentially reduces  

methane emission from enteric fermentation with about 30% per 

lactating dairy cow. As we assume adoption on all farms, with 

differences in feed ration and management skills we assume a more 

modest reduction percentage of 20%. Costs are around 50 to 70 euro 

per cow, depending on the dry matter intake.  

Increased number of 

lactation periods per 

cow 

Life time of the cows assumed to increase with 1.5 years per cow 
compared to the base. Costs are assumed to be equal to 40 euro per 
cow. 

 

Average marginal abatement costs of use of feed additives (Bovaer®) and Increased number of 
lactation periods per cow are also quite comparable between different groups of dairy farms. The 
decrease in GHG emission of the mitigation option ‘increased number of lactation periods per cow’ is 
especially achieved via less young stock on the farm. It should be noted that marginal costs data of 
increasing the lactation period is very uncertain and might differ a lot per farm among other depending 
on farm characteristics (e.g. stable capacity) and management quality. Average marginal abatement 
costs of increasing the share of permanent grassland and decreasing the number of dairy cows over 
all dairy farms in the Netherlands are also quite comparable. Note however that the contribution of 
decreasing the number of dairy cows to total GHG mitigation is much larger. Finally, decreasing the 
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milk yield of the dairy cows with 10% on all dairy farms appears to be the least cost effective, resulting 
in an average abatement costs of almost 130 euro per ton CO2eq. The decrease in GHG emission from 
lower milk yield is especially achieved via less use of purchased concentrates and corresponding 
decrease of upstream emissions.  

Table 8 Total and average GHG emission, GHG mitigation, change in income and marginal 
abatement costs per measure and aggregated over all measures 

Total GHG emission (MT 
CO2eq) 

GHG 
mitigation 
(MT CO2eq) 

Change 
income 
(mln euro) 

marginal 
abatement 
costs 
(euro per 
ton 
CO2eq) 

Base 18.1 0.0 0.0 0.0 

EF low Concentrates  18.0 -0.1 -1.6 26.3 

Soybeanmeal 17.5 -0.6 -20.2 33.3 

Permanent grassland 17.4 -0.6 -53.4 82.7 

Lower milkyield 16.2 -1.9 -241.7 129.3 

Number of cows 16.2 -1.8 -162.1 88.0 

Use of Feed additive 16.5 -1.6 -97.6 61.3 

Increased number of lactation periods 
per cow 

17.4 -0.7 -45.8 69.1 

 

Table 9 shows results for average extensive and intensive farm group. MAC of use of feed additives 
and concentrates with lower EF factors are quite comparable between the two farm types.  

More detailed inspection of the results show that reducing purchase of soybean meal is especially cost 
effective on intensive dairy farms with relative high share of soybean meal in the feed ration. The high 
marginal abatement costs on extensive farms is especially explained by the fact that impact on GHG 
emissions is very limited (or GHG might even increase), while compared to this the impact on farm 
income can be large.  

Increasing the share of permanent grassland to reduce net GHG emission is especially costly on 
extensive farms. On the one hand because acreage of grassland and amount of fresh and silage grass 
in the feeding ration of the cows is already less a problem on these farms. On the other hand the share 
of high margin arable crops like potatoes in the cropping plan is relatively high on extensive dairy 
farms.  

The GHG mitigation measure ‘increased number of lactation periods per cow’ and the resulting 
decrease in number of young animals on the farm, is especially cost effective on intensive dairy farms 
because of the savings in purchased feed and manure disposal costs of the farms. For the same 
reasoning the relative low income per dairy cow on intensive dairy farms results in a relative low MAC 
of reduction of number of dairy cows and milk yield on intensive dairy farms compared to extensive 
dairy farms. 

 

  



 

Report  3.3 

 

 

This project has received funding from the European Union’s Horizon 2020  
research and innovation programme under grant agreement N° 817566. 

35 

 

Table 9 Total and average GHG emission, GHG mitigation, change in income and marginal 
abatement costs per measure and aggregated over all measures average per extensive (EXT) and 
intensive (INT) farm type 

Total 
GHG emission 
(MT  CO2eq) 

GHG mitigation 
(MT CO2eq) 

Change income 
(mln euro) 

marginal 
abatement 
costs (euro per 
ton CO2eq) 

 EXT INT EXT INT EXT INT EXT INT 

Base 6.3 11.8 0.0 0.0 0.0 0.0 0.0 0.0 

EF low Concentrates  6.2 11.8 0.0 0.0 -0.6 -1.0 26.4 26.3 

Soybeanmeal 6.3 11.2 0.0 -0.6 -2.8 -17.4 201.9 29.0 

Permanent grassland 6.1 11.3 -0.1 -0.5 -29.6 -23.7 233.3 48.9 

lower milkyield 5.7 10.5 -0.5 -1.3 -91.2 -150.5 169.2 113.1 

number of cows 5.7 10.5 -0.6 -1.3 -80.0 -82.1 141.3 64.3 

Use of Feed additive 5.7 10.8 -0.6 -1.0 -34.3 -63.3 61.0 61.4 

Increased number of lactation periods 
per cow 

6.0 11.4 -0.3 -0.4 -30.4 -15.5 121.3 37.5 

 

Table 10 shows the results for average dairy farm in the clay, peat and sand region. Results are mainly 
explained by shares of intensive and extensive dairy farms in the region. Especially in the sand region, 
the share of intensive farms in the total number of farms is relatively high. Another important 
difference between the sand farms and the farms in the clay and peat region is the average lower 
grassland yield, see chapter 4. This among others explains the relative low MAC of lower milk yield at 
the average farm in the sand region, compared to the average dairy farm in the other two regions and 
the average extensive and intensive dairy farm. 

 

Table 10 Total and average GHG emission, GHG mitigation, change in income and marginal 
abatement costs per measure and aggregated over all measures, average per region 

Total 
GHG emission (MT 
CO2eq) 

GHG mitigation (MT 
CO2eq) 

Change income (mln 
euro) 

marginal 
abatement costs 
(euro per ton 
CO2eq) 

 Clay Peat Sand Clay Peat Sand Clay Peat Sand Clay Peat Sand 

Base 5.8 2.2 10.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
EF low Concentrates  5.8 2.2 10.0 0.0 0.0 0.0 -0.6 -0.2 -0.8 26.2 26.2 26.4 
Soybeanmeal 5.7 2.3 9.5 -0.1 0.0 -0.5 -3.4 -0.7 -16.1 54.6 Na 29.4 
Permanent grassland 5.7 2.2 9.5 -0.1 0.0 -0.5 -10.1 -5.7 -37.6 98.9 161.5 74.0 
lower milkyield 5.3 2.1 8.8 -0.5 -0.1 -1.2 -84.9 -28.2 -128.5 163.1 224.8 105.1 
number of cows 5.2 2.1 8.9 -0.5 -0.2 -1.1 -64.4 -21.8 -75.9 120.8 119.8 67.3 
Use of Feed additive 5.2 2.1 9.1 -0.5 -0.2 -0.9 -32.5 -10.4 -54.7 61.3 60.8 61.4 
Increased number of 
lactation periods per 
cow 

5.6 2.2 9.7 -0.2 -0.1 -0.4 -21.4 -8.6 -15.8 100.8 97.8 43.6 

 

The standalone measures show large differences in MAC per intensive and extensive dairy farm type 
and per average farm per region. Notwithstanding the difficulties to aggregate MAC of stand-alone 
mitigation options, these differences show that proportional GHG mitigation targets e.g. command 
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and control policies, will have disproportional income effects for the different farm types, especially 
at high GHG emission reduction levels. Market based policies are more efficient as compared to 
command and control schemes as these policies allow farmers to adopt GHG mitigation measures that 
are at their own interest (Bakam et al., 2012). Lankoski et al. (2019) report an efficiency gain from a 
cap-and-trade scheme of about 17%, meaning 17% less income loss as compared to a command and 
control scheme. In chapter 4 we focus on impacts of market based policies. We include different 
enforced mitigation measures for different groups of dairy farms following the farm group and 
mitigation measure specific stand-alone MAC. 

2.6. Conclusions 

The detailed bio-economic farm level model Farmdyn was used to assess impacts of different GHG 
mitigation options and policies on farm income and GHG emission on Dutch dairy farms. Regarding 
the GHG accounting in FarmDyn the most recent methodology for estimating GHG emissions from 
agriculture in the Netherlands is used. The methodology is as detailed as possible, based mostly on 
country specific information (Tier 2 and 3). The LMM GHG emission model uses farm specific data 
from the Dutch FADN and therefore greenhouse gas sources can be calculated with more precision 
than FarmDyn could do. For instance the use of different energy carriers like diesel, different gasses, 
electricity etc., but also the purchase of specific inputs like seeds and contract work. The main 
difference is that the FADN is a monitoring system and FarmDyn an optimalisation model. In FarmDyn 
the different greenhouse gas emissions are a result of model calculations and not from empiric results. 
It is however concluded that with respect to greenhouse gas methodology the differences between 
LMM and FarmDyn are minimal. The GHG emission accounting was used to assess the MAC of a 
selected number of standalone GHG mitigation options on groups of dairy farms in the Netherlands. 
The selected GHG mitigation options are based on literature and assumed to be feasible in the short 
to medium term. Costs of management practices to increase the number of lactation periods per cow 
are difficult to obtain from literature. So far a constant cost component per cow is included while 
revenue is coming from savings of feed costs and manure disposal costs from the farm. Under these 
settings, the measure appears especially relevant for intensive dairy farms in the Netherlands. An 
important finding is that overall the MAC of the selected GHG emission reduction options on extensive 
dairy farms exceeds the MAC on intensive dairy farms by far.  
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3. ADOPTION OF GHG MITIGATION MEASURES ON 
DUTCH DAIRY FARMS  

 

3.1. Introduction 

The reduction of GHG emissions from the agricultural sector depends on the available mitigation 
options and farmers’ willingness to include those measures in their farm plan. Empirical evidence 
points to the complexity of farmers adoption behaviour regarding environmentally friendly farming 
practices like e.g. farmers’ willingness to adopt GHG emission mitigation measures. Farmers’ 
production choices and management decisions are not always exclusively based on economic 
incentives. For instance, even a profitable and climate-friendly innovation may not be adopted by 
farmers. Some European member state experts explain that in practice, changes in behaviour can be 
limited by the role of habits and/or traditions, especially when farmers have lower education 
(European Commission, 2018). What’s more, many other factors influence adoption behaviour in 
various contexts, like perceived risks, perceived control, perceived costs and benefits, knowledge, as 
well as social factors (need for social approval, status, social comparison and etc.) and less-salient 
dispositional factors (resistance to change, personality, risk tolerance, moral and environmental 
concerns and etc.) (Dessart et al., 2019). 

A survey among a sub-sample of Dutch dairy farms from the Dutch FADN was conducted to investigate 
farmers’ willingness in adopting GHG reducing measures. The survey was designed based on the 
theory of the self-regulated stage model of behavioural change (SSBC) (Bamberg et al., 2011). The 
action of adopting GHG measures is reflected by four qualitatively different stages in the SSBC model 
(pre-decisional, pre-actional, actional, and post-actional) which are each influenced by constructs 
taken from the norm activation model and the theory of planned behaviour (Keller et al., 2019). In the 
actional stage, farmers are likely implementing mitigation measures. In the pre-actional stage, farmers 
are more prone to select which mitigation measures to adopt. Farmers that are in pre-decisional stage 
are most likely late adopters. Farmers that are in post-actional stage have already adopted GHG 
mitigation measures and are likely not going to adopt more GHG measures. We estimated what types 
of farms are in which stages based on the stage model. 

The objective of this chapter is to present and discuss the survey and the survey results. Next, 
translation/application to all dairy farms in the Dutch FADN is discussed. Finally, it is discussed how 
the survey can be used in bio-economic farm models to define more realistic scenarios per group of 
dairy farms and the milk production sector as a whole.  

Section 3.2 discusses the farm survey and results of the stage model, including a list of most preferred 
mitigation measures by survey respondents. Under certain assumptions related to the distribution of 
cognitive and behavioural factors and distribution of the four stages over all dairy farms in the Dutch 
FADN, the estimated stage model permits the calculation of the likelihood by which a certain dairy 
farm in the Dutch FADN is in one of the four stages. This will be explained in section 3.3. Section 3.4 
discusses how the results of the survey could be used to define more realistic scenarios per group of 
dairy farms using the bio-economic FarmDyn model.  

 

3.2. Farm Survey and Stage Model 

A survey among a sub-sample of Dutch dairy farms from the national FADN was conducted to generate 
insights in farmers’ willingness to participate in GHG reducing measures. A list of mitigation options 
that farmers could choose from was part of the survey. The list was based on Zijlstra et al. (2019), who 
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prepared the mitigation measures based on experts’ estimates on their suitability for Dutch dairy 
context and their impact on mitigating GHG emissions and farm profitability. The survey was designed 
based on the theory of the self-regulated stage model of behavioural change (SSBC) (Bamberg, 2013), 
which consists of a rich set of socio-psychological and socio-demographical factors in explaining a 
farmer’s readiness for the adoption of mitigation options in general (Figure 8). The SSBC provides 
indications for what farmers are more likely to adopt GHG mitigation measure first, independent of 
exact GHG mitigation measure.  

Based on the current adoption of GHG mitigation measures of 100 complete records (which is a sub-
sample of Dutch FADN dairy farms), 7% participating farmers assign themselves to pre-decisional stage, 
35% of surveyed farmers are in pre-actional stage, 8% of them are in actional stage and 50% of them 
are in post-actional stage (Wang, et al., 2022). An ordered probit model was used to evaluate the 
association of a rich set of socio-psychological and socio-demographical factors with farmers’ stage in 
taking up climate mitigation measures (current adoption). Results are presented in Table 11. The 
dependent variable is the stage membership (based on current adoption of GHG mitigation measures) 
as indicated by the respondents in the survey, the independent variables are those in the 1st column. 
From the set of cognitive factors, only negative emotion was significantly and positively associated 
with stage membership (beta = 0.423, p < 0.05).  For every unit increase in farmers negative emotion, 
the odds of being in a later SSBC stage increase with 52.7%, ceteris paribus. From the set of behavioural 
factors, action planning on ‘how to’ implement the mitigation measures has a statistically significant 
positive association with stage membership (beta  = 0.387, p < 0.05).  

For the socio-demographical factors, age has a significant inverted U-shaped relation with farmer 
adoption behaviour of climate mitigation measures (at the critical 5% level). The optimal age is 50 
years for Dutch dairy farmers to participate in climate mitigation measures. Farmer whose age is 
further away from 50 has less tendency in adopting GHG mitigation measures than those that are 
close to 50 years. Regarding education level, farmers with basic agricultural education are more likely 
to be in the later stages of the behavioural change process (beta = 0.379, p < 0.01) compared to 
farmers with only practical farming experience. However, farmers with full agricultural education are 
even less likely to be in the later stages (beta = −0.183, p < 0.01) than farmers with only practical 
farming experience. Moreover, livestock density was significantly and positively associated with SSBC 
stage (beta = 0.337, p < 0.1), while yearly farm income was not.  

Another crucial outcome of the survey was a ranking of GHG emission mitigation options farmers 
would prefer to implement in the near future (Table 12). Farmers could only choose one measure 
from the list. It should be clear that the preferred option can be different from the GHG mitigation 
measures already applied at the farm (current adoption). Among the higher-ranking options were the 
inclusion of leguminous plants in the grassland management options and thus in the animal feed 
ration, production of renewable energy on farms, increase in feed efficiency and decrease artificial N-
fertilizer. Preferred options appeared differently depending on farm structure (e.g., number of 
livestock units per ha) and farmers’ characteristics (e.g., age and education level). 
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Figure 8 Self-regulated model of behavioural change (adapted from Bamberg, 2013) (Wang, et al., 
2022) 
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Table 11 Ordered probit model results for adopting climate mitigation measures (Wang, et al., 2022) 

 

 

Table 12 List of most preferred mitigation measure by survey respondents 
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3.2.1. Application to individual dairy farms in the Dutch FADN 

The cognitive and behavioural factors tested are not recorded in the Dutch FADN. While it is possible 
to apply GHG mitigation scenarios to the farms in the survey only, extending the analysis to a larger 
number of farms as available from the Dutch FADN would account for the heterogeneity in a larger 
sample of farms. Therefore, we have investigated the associations of the socio-demographical factors 
with each mitigation measures asked in the survey using a multinomial logistic regression model. The 
results are shown in Table 13.  

To allocate individual dairy farms in the Dutch FADN to a certain stage it is assumed that a) cognitive 
and behavioural factors are identically and independently distributed and stage membership is 
completely determined by socio-demographical factors and b) the share of farms’ membership in BIN 
is equal to the survey. To explain this further, farmers in actional and post actional stages tend to be 
around age of 50, have at least a basic formal agricultural education level and a high livestock density. 
These factors are captured by the socio-demographic coefficients shown in Table 11, which permit 
calculating a combined indicator. The socio-demographic factors available in the Dutch FADN (or BIN) 
are multiplied with the respective coefficients in Table 13 to calculate a combined indicator for the 
farm membership per stage. When determining a threshold for the stage membership, it is assumed 
here that the distribution of stage memberships in BIN is similar to the distribution in the sample, i.e. 
that 50% of the farms are post-actional and further 8% are actional (Figure 9). 

 

Table 13 Multinomial logistic regression model results 
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Figure 9 Farm specific score for socio-demographic factors 

 

A similar approach is chosen when ranking the preferred GHG mitigation measures in the survey. 
Figure 10 below shows that this approach delivers a reasonable comparable distribution with the 
results based on the sub-sample of farms in the survey. 
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Figure 10 Preferred mitigation measures by all dairy farms in the survey and calculated scores based 
on Dutch FADN (BIN) 

 

3.3. Scenario definition 

 

3.3.1. Implementation of survey results 

While the cognitive and behavioural factors tested in Table 12 are not recorded in the Dutch FADN, it 
appeared possible to estimate stage membership of all dairy farms in the Dutch FADN, using the socio-
demographic factors. The livestock density appeared to be the most relevant factor to explain current 
stage membership and the willingness to adopt first. This points at the relevance to distinguish groups 
of dairy farms by intensity. At the same time this result is consistent with the MAC analysis in chapter 
2. The average MAC of the analysed GHG mitigation options on the group of intensive farms appear 
far below the average MAC of the group of extensive farms. This can be implemented in the sample 
construction of FarmDyn, distinguishing between intensive and extensive dairy farms. Scenarios can 
be developed that include enforced mitigation measures for the group of intensive dairy farms, while 
these measures are not assumed on the group of extensive dairy farms. Preferred GHG mitigation 
options as decreased use of N from mineral fertilizer and decrease concentration share in ration are 
endogenous options in FarmDyn. Selected enforced mitigation measures are discussed in chapter 2 
and can be found in the ranking of GHG mitigation measures in Table 13.  

3.3.2. Scenario definition 

Chapter 4 will present scenario results following a combined GHG mitigation measures approach. This 
is done via carbon prices with all endogenous mitigation technologies available and the selected 
enforced GHG mitigation options per farm group. Combining results of chapter 2 and chapter 3 the 
following scenarios are defined: 

 

Scenario 1 (CO2 sub 65 E/t): Implementation of a CO2eq emission reduction or abatement subsidy on 
all farm groups in the sample: 

- Tax equal to 65 euro per ton CO2eq 
- No enforced mitigation measures included  

Scenario 2 (CO2 sub 130 E/t): Implementation of the CO2eq emission reduction subsidy on all farm 
groups in the sample: 

- Tax equal to 130 euro per ton CO2eq 
- No enforced mitigation measures included  

Scenario 3 (CO2 sub 65 E/t + MIT): Implementation of the CO2eq emission reduction subsidy scenario 
on all farm groups in the sample: 

- Subsidy equal to 65 euro per ton CO2eq emission reduction 
- Bovaer, increased number of lactation periods per cow and more permanent grassland as GHG 

mitigation options enforced on all intensive dairy farms in the sample 
- Bovaer as GHG mitigation option enforced on all extensive dairy farms in the sample  

Scenario 4 (CO2 sub 130 E/t + MIT): Implementation of the CO2eq emission reduction subsidy scenario 
on all farm groups in the sample: 
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- Subsidy equal to 130 euro per ton CO2eq emission reduction 
- Everything else equal to scenario 3  

Sensitivity analysis/Scenario 5 (CO2 sub 130 E/t + MIT + LMY)): Implementation of the CO2eq emission 
reduction subsidy scenario on all farm groups in the sample: 

- lower milk yield enforced on all farms in the group of intensive dairy farms 
- everything else equal to scenario 4 

 

The stand-alone assessment of GHG mitigation measures in Chapter 2 indicates that under a CO2eq 
emission reduction subsidy of 130 euro per ton CO2eq, the GHG mitigation measure ‘increased 
number of lactation periods per cow’ could also be interesting for extensive dairy farms. This measure 
is however only included for intensive farms as it is expected that prices of young female calves will 
decline (Pérez et al., 2020). This increases the MAC of the GHG mitigation option ‘increased number 
of lactation periods per cow’. It is expected that lower prices of young female calves would quickly 
make the measure less interesting for extensive dairy farms. The sensitivity analysis regarding milk 
production per cow is included to show the tradeoff between decreased number of dairy cows and 
decreasing milk yield. Different preferred GHG mitigation options mentioned in this chapter could also 
lead to lower milk yield especially less use of concentrates, less youngstock, more clover in grassland 
and reduction of renewal rate of grassland. 

 

3.4. Discussion and conclusions 

This survey study explored the adoption behaviour of Dutch dairy farmers for climate change 
mitigation measures using a self-regulated stage model of behavioural change (Wang et al., 2023). 
The empirical analysis assessed the statistical associations of a rich set of socio-psychological and 
socio-demographical factors with Dutch dairy farmers’ adoption of climate change mitigation 
measures. Approx. 50% of the farmers in our sample assigned themselves to the post-actional stage, 
while 35% claimed to be in the pre-actional stage. Another 8% of them were in the actional stage and 
7% were in the pre-decisional stage. Our regression results show that negative emotion related to 
taking no climate mitigation measures, as well as action planning and coping planning are significantly 
and positively associated with the likelihood that farmers being in later stages, in which they have 
already adopted climate mitigation measures (Wang et al., 2023). Furthermore, farmers below and up 
to 50 years old with basic agricultural education and farms with high livestock density are found to be 
significantly and positively associated with later stages in the SSBC model (Wang et al., 2023).  

This survey study suggests the effectiveness of ‘soft’ behavioural policy interventions targeting 
farmers’ adoption of climate mitigation measures. An important precondition for our policy 
recommendations relates to the fact that the GHG emission mitigation measures in our survey are 
cost-effective for Dutch dairy farmers (Zijlstra et al., 2019). Communication campaigns should 
highlight farmers’ negative emotions associated with not taking climate mitigation measures. For 
example, confronting farmers with the negative consequences on climate from their farming practices 
could evoke negative moral emotions such as guilt or shame (Rees et al., 2015). Smart framing plays 
an important role in this light, considering Dutch farmers long for a more positive framing in the media 
(Gomes & Reidsma, 2021). Additionally, policy makers should facilitate action planning and coping 
planning for reducing farming related GHGs emissions. This can be achieved through farm extension 
services in supporting farmers with planning on ‘how to’ implement selected mitigation measures and 
plans to cope with potential obstacles during the implementation stage. Finally, it may be useful to 
target farmers younger than 50 years old, with full agricultural education level and farms with low 
livestock density. 
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The self-regulated stage model of behavioural change provides a rich theoretical framework to 
investigate the role of socio-psychological and socio-demographical factors in predicting farmers’ 
stages in taking up climate mitigation measures. Significant predicting factors are suggested to be 
pointers of intervention for future studies. In order to further estimate all Dutch FADN dairy farmers’ 
stage membership in taking up climate mitigation measures, we used only the socio-demographical 
factors as they are registered in the FADN database. In addition, we were able to estimate preferred 
climate mitigation measures for all FADN dairy farmers based on the results of the survey farmers’ 
preferences.  

 

4. FARM-LEVEL ASSESSMENT OF CLIMATE POLICIES 
AND MITIGATION OPTIONS  

4.1. Introduction 

Grassland plays an important role in the Dutch livestock sector, namely in the North-Western regions, 
where fresh grass and gras silage accounts for more than 50% of the dry matter composition of the 
animal rations (CBS 2021). From a climate perspective, the optimization of the grass-based animal 
rations have a potential to reduce methane emissions from enteric fermentation, while the grassland 
itself serves as a sink for carbon. Depending on the management practices, methane emissions can be 
reduced by timely harvests (de Vries et al., 2018), carbon storage can be improved, for instance by 
controlling groundwater levels, and the introduction of clover can increase the nitrogen content of 
the grassland outputs, thus reducing the share of protein-rich concentrates and the associated up-
stream GHG emissions in the places where the concentrates are produced. Due to the importance of 
grassland in Dutch livestock production and the potential to contribute to climate change mitigation 
measures, grassland management options receive a lot of attention in Dutch climate change 
mitigation scenarios (de Vries, 2018, Leschen at al., 2020). 

Model-based analyses of the proposed grassland management options to identify environmentally 
and economically viable combinations of measures requires detailed information about a range of 
decision variables at farm level, for both, existing and potential practices. The nitrogen content of the 
harvested grass depends, among other, on the amount of nitrogen from chemical fertilizer and animal 
manure applied to the fields, the season, the number of mowing events in the case of silage, and time 
between the mowing events. Despite the importance of grassland management options, this 
information is usually not obtainable from farm level statistics. Sources like the “Landelijk Meetnet 
effecten Mestbeleid” (LMM), which is based on the Dutch Farm Accountancy Data Network (FADN) 
provide indirect information on average grassland yields and fertilizer applications at farm level, but 
does not allow identifying a detailed range of possible management practices that were applied at the 
sampled farms. To identify the range of management practices, researchers often have to rely on 
agronomic information from handbook data on good practices, which permit the specification of 
average grassland management options across all farmers in a region or country.  

Grassland-related policy assessments using simulation models can therefore benefit greatly from 
more refined specifications of grassland management options. The solution proposed here is based 
on the combined use of farm-level statistics, agronomic information from handbook and satellite 
images. The Dutch AgroDataCube project (Janssen et al., 2018) comprises a wide range of spatial 
datasets, including satellite images that permit an assessment of the number of cuts and cumulative 
yields at plot level. The satellite-based information at plot level is combined with farm level statistics 
on average grass yields and total nitrogen from chemical fertilizer and animal manure from LMM. By 
using a cross-entropy method, it is possible to ensure compliance of the final results with both 
databases as well as agronomic data about e.g. plausible ranges of fertilizer application rates per dry-
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matter yield. Based on this, farm and region-specific  response curves of grassland yields are derived, 
which depend on fertilization level and the number of mowing events. Nutrient contents of the dry 
matter are taken from Dutch feed standards (Voedernormen) and depend on time between cuts 
indicated by the satellite images. The created database is used as an input for the bio-economic farm 
optimization model FarmDyn (Britz et al., 2016), and permits the modelled farms to choose an optimal 
combination of grassland management options with regard to fertilization levels and number of cuts, 
while meeting the nutrient requirements of their animal herds. Several policy options are tested, 
which aim at the reduction of nutrient losses and GHG emissions from agriculture. 

The main objectives of this chapter is to provide information on the data required to enrich the 
representation of grassland in the model. We will apply FarmDyn to run market based GHG emission 
reduction scenarios in line with findings of chapter 2 and chapter 3. Results will especially focus on 
the potential reduction of up-stream emissions from purchased feed and to which extent the 
purchased feed can be replaced by grass-based feeds of similar qualities. Section 4.2 provides an 
overview of what is needed in Farmdyn to parameterize the new grassland management options and 
the methods and data used. Section 4.3 presents scenario results. Section 4.4 elaborates on policy 
design, discussing the impact of market based policies including a system of subsidies on GHG emission 
reduction and taxes on reference GHG emission levels. Section 4.5 finalises with discussion and 
conclusion.  

 

4.2. Methods and Data 

4.2.1. Grassland Data in the FarmDyn Model 

Grassland management in FarmDyn is represented by two parameters. The first includes total dry-
matter yield of each management system and the distribution of the grassland outputs over types of 
outputs and the months.  

 

Source: FarmDyn grassland options table, screenshot from FarmDyn GUI 

 

The second parameter includes information on the nutrient contents of the different grassland 
outputs. By default, FarmDyn distinguishes three silage options and three grazing options, depending 
on the stage of the grazed or harvested grass in the growth cycle. For instance, “early” means that the 
grass is in an early stage of the growth cycle, with a possibly higher content of raw protein than later 
harvested grass. 
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Source: FarmDyn grassland nutrient content table, screenshot from FarmDyn GUI 

 

Including a wider range of grassland management strategies requires data for these two tables 
discussed in this section. The major sources for information are the Dutch FADN and handbooks on 
good feeding practices, as explained in the following sections 

 

4.2.2. Farm-level statistics (BIN and LMM) 

The Farm Accountancy Data Network (FADN) contains data on the economic results of farmers from 
a sample covering all member states of the European Union (EU). This data is used by the EU to 
monitor the current state of affairs, to evaluate existing policy measures and to evaluate new policies. 
FADN is the only source of microeconomic data based on harmonised bookkeeping principles. It is 
based on national surveys and only covers EU agricultural holdings which, due to their size, can be 
considered commercial. Data for the Netherlands is collected using the “Bedrijveninformatienet” (BIN), 
a network consisting of around 1600 agricultural and horticultural enterprises.  

The dataset “Landelijk Meetnet effecten Mestbeleid” (LMM) consists of a sample of 450 farms within 
the BIN. It’s main purpose is to describe and explain groundwater quality in relation to environmental 
pressure and policy measures and to permit exploratory research regarding changes in agricultural 
practices and their consequences for groundwater quality.  

LMM provides, among others, information on average grassland yields, fertilizer applications, and 
dominant soil types at farm level. Average grassland yields from 2006 to 2019 for the four typical soil 
types are shown in Figure 11. Grassland yields range between 8 and 12 t/ha, and while there is no 
obvious difference in yields across the soil types, it has to be noted that 2018 was a very poor year 
due to the extensive summer draught, and 2019 and 2017 tend also to be low compared to previous 
years.  
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Figure 11 Dry matter yield of grassland by dominant soil type 

 

The LMM data provides important information to parameterize observed grassland management 
options in FarmDyn, but does not allow identifying details about alternative grassland management 
practices at the sampled farms. 

 

4.2.3. Process data (Handboek Melkveehouderij, voederwaarden) 

Management handbook related to dairy farming among others include data describing number of 
growing days needed to produce a certain quantity of grass (kg dry matter (dm) per ha) as a function 
of effective nitrogen input, number of cuts and total number of growing days per year. These data are 
used to determine grassland yield (kg dry matter (dm)) and ingredients per kg of dm for grassland 
management strategies that are differentiated by fertilization level and number of cuts. The grassland 
yield is harvested different times per year, depending on the number of cuts, see first screenshot in 
section 4.2.1.  
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Figure 12 Dry matter yield of grass silage by number of cuts and fertilization level (in kg N / ha) 

Source: Remmelink et al. (2020) 

 

 

Figure 13 Dry matter and protein content of grass silage harvested at different stages 

Source: Duinkerke et al (2016) 

 

4.2.4. Satellite data  

Green Monitor 

The Green Monitor data platform (www.groenmonitor.nl) started in 2012 to map the Netherlands 
with high resolution satellite imagery. The Netherlands Space Office (NSO) in collaboration with the 
Ministry of Economic Affairs started the Netherlands Satellite Data Portal initiative to encourage Dutch 
companies and research institutions and other public institutions to get ready for the operational 
phase of the Sentinel-2 missions by investing money to make similar satellite data as the Sentinels 

http://www.groenmonitor.nl/
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already available for the Dutch public. This in order to encourage the collaboration between industries, 
research institutes and end users to speed up operational applications. The Green Monitor is 
developed as an easy-to-use webtool for visualization and interpretation of time series of NDVI 
satellite images covering the Netherlands.  

The Green Monitor offers two major advantages over standard time series of Sentinel-2 images: 

Highly accurate cloud and shadow detection masking by using AI techniques (for pattern recognition) 
and an additional manual check for hazy cloud patterns. High quality errorfree time series of satellite 
data are crucial when abrupt changes (like grass mowing) are the subject of research, as cloud 
contamination causes similar abrupt changes in the signal. 

Additional Landsat images are merged in the time series of NDVI images to increase the temporal 
resolution. The NDVI images are calibrated against the Sentinel-2 images. 

The average spectral and VI values per parcel are stored in the AgroDataCube, together with other 
open data, like weather data, soil data and DEM data. 

 

Figure 14: Screenshot of the green Monitor, where the graph highlights 5 mowing cuts as sharp dips 
in the NDVI curve of the selected grassland parcel 

Source: screenshot www.groenmonitor.nl 

 

AgroDataCube 

Many valuable open data sources are available for the Netherlands that can improve data science and 
decision making in agriculture and food. However, these data sources are still scattered and are 
published using a range of different, standardized, and non-standardized formats and protocols. This 
means that substantial efforts are required to find, collect, and combine such data repeatedly, to feed 
the many applications that use such data. The AgroDataCube functions as a hub that brings together 
these heterogeneous data streams, enriches them, adding in-house analytics, and publishes the result 
as harmonized, up-to-date, standardized datasets accessible through an open REST API 
(agrodatacube.wur.nl). 
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In 2018, version 2 of the AgroDataCube has been developed. Through integration with Green Monitor, 
the AgroDataCube now also provides a remote sensing-based vegetation index (NDVI) at sub-parcel 
resolution. Such vegetation indices are used for research, e.g., crop modelling and yield forecasting, 
by farmers to monitor the development of their crops, or to monitor agricultural practice, e.g., 
complying with CAP regulations. 

The approach: Merge, harmonize and publish  

Many distributed data services relevant for the agri-food domain already feed into the AgroDataCube. 
These sources are heterogeneous about different aspects. While for instance remote sensing data or 
weather data are voluminous, available daily and are processed near-real time, soil data and parcel 
data are smaller and relatively static. The AgroDataCube automatically structures and harmonizes the 
incoming data streams and links their spatial and temporal dimensions. This means that for example 
time-series of weather data or NDVI (Normalized Difference Vegetation Index) data can be retrieved 
on the level of agricultural parcels. Data is delivered in a standardized format and therefore easily 
reusable, for instance in data analytics tools and decision support systems. 

AgroDataCube currently provide data services that publish spatially and temporally explicit data from 
the following resources: 

• Agricultural parcels and parcel attributes (parcel geometries and crop information from BRP, 
AAN) 

• Soil data (Soil map 1:50.000, BOFEK) 

• Weather data (observations from KNMI stations) 

• Elevation (AHN) 

• Administrative regions (NUTS and postal codes)  

• Green Monitor satellite data 

• NDVI, WDVI vegetation indices (mean and standard deviation) 

• Grassland markers: mowing dates, ploughing date, management intensity 

• Arable land markers: ploughing date, sowing date, emergence, harvest, catch crop 

• Radar coherence (Sentinel-1) 

The ADC is filled near real-time with current data (weather data, green monitor satellite data), so that 
the current situation in the field is always available and there is a perspective for action.  

The AgroDataCube is an innovation in big open data. It is one of the first real results of combining data 
from different batches and make them unequivocally available to the user. It is based on open data 
principles and is open documented. 

The AgroDataCube: 

• makes an innovative contribution to the aspect of interoperability of data in the agri-food 
domain 

• is of great importance for different interest groups 

• makes new research and new business and consumer-oriented solutions 
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Figure 15: Schematic representation of the AgroDataCube 

Source: Own compilation. 

 

 

Figure 16: Structure of parcel data 

 

Grassland markers 

For each grassland parcel the number of mowing events can be detected as abrupt decreases in the 
NDVI time series. The number of mowing events can also be an indicator on how intensive or extensive 
the grassland is used. Also the related mowing dates of the mowing cuts are recorded, which gives 
also information the intensive/extensive management of the grassland. Finally, the annual cumulative 
NDVI sum is recorded, where the cumulation continues after each mowing event and is converted into 
cumulative grass length. 

• The ADC the following relevant satellite data at grassland parcel level: 

• NDVI time series 

• Annual cumulative NDVI and cumulative grass length  

• Number of grass mowing cuts 

• Mowing dates 
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All data stored in the ADC is anonymized. However, using the parcel level data as input for the 
FarmDyn model requires associating the IDs of the parcels with the corresponding farm ID, if possible, 
or at least with another meaningful classification (e.g. agro-ecological zones), to which the farm-level 
data can also be linked. For this case study we used a sample of farms across the Netherlands. The 
extraction of the relevant parcel data from the ADC was done manually with the following processing 
steps: 

• Provision of the officially registered farm ID’s to Wageningen Environmental Research 

• Request for authorized use of the personalized LPIS parcels information (BRP crop parcel 
dataset with username and farm ID) to the Dutch authorities (RVO) 

• Selection of the relevant field ID’s with corresponding farm ID’s in the personalized LPIS 
parcels information system. In total 10000 field ID’s were queried. 

• Extraction of the relevant ADC data (see above) for the selected 10000 field ID’s 

• Creation of one dataset with Farm ID, Field ID and ADC data  

For the GIS coupling of the datasets in this case the ArcGis software was used. Once established as a 
practical workflow, the process can be fully automated in the future, provided that the request for 
authorized use of the personalized LPIS parcels information is granted by either the authorities or on 
an individual basis by the involved farmers. The information available from ADC is summarized in  
Table 14. The most important variables are those related to the number of mowing cuts 
(no_mowing_cuts), the range of days during which the mowing took place (m1-m6, q1-q6), and the 
total cumulative height (cum_height) as indicator for total dry-matter yield.  This permits an 
immediate linkage to the FarmDyn tables shown in section 4.2.1.  

 

Table 14 AgroDataCube: Grassland markers 

 

Source: ADC, own summary compilation. 

 

To get more insight on the grassland growth and production the statistics of the grassland markers 
per stratification unit are generated (Table 15). These statistics are produced for parcels which are big 
enough to encompass at least a single 25 m resolution pixel, in order to avoid parcels with only mixed 
pixels and consequently unsecure figures. The statistics of three grassland markers are also visualised 
in Figure 17. 

 

ADC Data Data type / unit Description

Crop_type Factor

Farm_ID ID

Area_m2 m2 Plot area

Field_ID ID

Extraction date Date of the satellite image

no_sat_img n Number of NVDI satellite observations per year

no_25m_pix n Number of 25 m resolution pixels that encompass the field

no_mowing_cuts n Total number of mowing cuts

cum_NDVI index cumulative NDVI

avg_NDVI index average NDVI

max_NDVI index max. NDVI

min_NDVI index min NDVI

cum_height cm Cumulative height of the grass

m1..6 day_of_year Day of the year .. mowing cut

q1..6 days_since_last_observationNumber of days between the image where ploughing occurred and the previous image
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Table 15 Grassland markers statistics of 2020 for each stratification unit 

Stratification 
unit 

Parcels Obser-
vation 

Mowing cuts Date first 
mowing cut 

ΣNDVI NDVI end 
of winter 

Clay-North 43133 35.9 2.01 167.8 1.3405 0.80 

Clay-Polder 1852 43.5 2.41 161.1 1.3358 0.74 

Clay-River 62793 43.5 2.07 157.4 1.3133 0.81 

Clay-West 28775 30.4 1.58 166.9 1.1109 0.79 

Loam 7113 41.4 1.74 157.8 1.1598 0.82 

Peat-North 36537 38.9 2.02 166.0 1.3249 0.80 

Peat-West 21208 37.1 1.49 163.7 1.0670 0.80 

Sand-Mid/North 138390 39.1 2.06 157.6 1.3013 0.82 

Sand-South 38210 43.9 1.90 154.7 1.1869 0.79 

 

     

Figure 17: Maps of the grassland markers 2020 for each stratification unit. Left: the average number 
of mowing cuts. Middle: the average date of the first mowing cut. Right: the cumulative NDVI 

Source: Own compilation. 

 

The statistics show that the clay-polder unit has the highest number of mowing cuts (2.41 on average) 
and peat-West has the lowest (1.49 mowing cuts on average). The recently reclaimed lands in 
Flevoland proof to be very productive, followed by the other Northern regions on clay, sand and peat. 
The Western regions on clay and peat are the least productive; also in terms of the cumulative NDVI 
(ΣNDVI). The cumulative NDVI is the NDVI value where the NDVI decrease as a consequence of mowing 
cuts are neglected. So the cumulative NDVI continues to increase after each mowing cut. 

A clear trend from South-East to North-West can be seen regarding the date of the first mowing cut. 
Due to the relative warmer weather the first mowing cut in the South-East corner is earlier than in the 
North-Western regions. 
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4.2.5. Combining data sources 

Farm-level statistic for average grassland yields, handbook data for typical yields by the number of 
cuts and fertilization levels, and spatial information on yield levels by number of cuts permit the 
construction of yield-response curves for grassland. A first step in the combination of satellite data 
with the farm-level statistics was a comparison of the grassland areas indicated by both sources, to 
ensure that the datasets are aligned. Figure 18 plots the areas obtained from satellite images (x-axis) 
against the areas from BIN/LMM. As can be seen, the farm-level measurements are located on or 
scattered around the black diagonal line in Figure 18. A Loess filter (blue line) applied to the sampled 
data points is also very close to the diagonal with a rather narrow confidence interval (grey area). 
Despite the fact that satellite and statistical data are not perfect matches, they appear to be 
sufficiently close to conclude that both datasets are comparable.  

 

Figure 18: Grassland areas from satellite data (x-axis) and farm level statistics (BIN/LMM) (y-axis) 

Using a numerical fitting procedure, yields per cut from the satellite images were combined with the 
farm-level statistics, such that the resulting yield response curves are sufficiently close to the response 
curves from the handbook data but account for region-specific variation. An example for a resulting 
response curve is shown in Figure 19 for clay soils in the central regions of the Netherlands. The three 
curves represent the different fertilization levels (on average 200, 300, and 400 kg/ha) and each curve 
shows the grassland yield response to the number of cuts. It can be seen that the marginal effect of 
additional nitrogen fertilizer is large when moving from a lower to a medium level, while the yield 
increase is smaller for the next step. The impact of increasing number of cuts on dry-matter yields is 
small in comparison, but it has to be taken into account that the protein content of the grass increases 
with the number of cuts (Figure 13).  
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Figure 19: Derived grassland yield responses, e.g. for clay soils 

 

The resulting yield response curves are then used, together with handbook data on nutrient contents, 
to parameterize the grassland-related part of FarmDyn as discussed in the beginning of this chapter. 

 

4.3. Scenario Results 

The more detailed representation of grassland management options in FarmDyn permits a 
comprehensive representation of the adjustments at farm level taking place in response to new 
policies or technology options. With the focus on the reduction on GHG emissions, the scenarios 
proposed in chapter 3.4 are implemented to see how a abatement subsidy of GHG emission reduction 
would affect farming outcomes. The first two scenarios are implemented as a pure subsidy at 65 and 
130 Euro/t CO2eq for deviations from the reference level (CO2eq emission reduction). In this case, 
emission reduction can be achieved only by current management options. Further scenarios 
demonstrate the impacts of additional mitigation options.  

The impact of the two levels of CO2eq emission subsidy rates without additional mitigation measures 
on farm management decisions is shown in the first two columns of Error! Reference source not 
found., while the GHG emissions are shown in Table 16. A subsidization of GHG emission reduction of 
65 Euro/t of CO2eq result in an almost 10% reduction of total emissions across all farm types, while a 
tax rate of 130 Euro/t causes an almost 20% reduction. In this report total CO2eq emission on Dutch 
dairy farms is calculated at 18.1 mio tonnes. So the 65 Euro/t CO2eq emission reduction subsidy 
scenario results in a GHG emission decrease of about 1.8 mio tonnes, while the  130 Euro/t of CO2eq 
emission reduction subsidy scenario results in a GHG emission decrease of about 3.6 mio tonnes. This 
reduction is mainly due to the decrease of herd sizes, which go in total down by 4% and 12% in the 65 
and 130 Euro/t of CO2eq emission reduction subsidy scenario, respectively. Another impact is the 
adjustment of the animal rations, which contain less purchased feeds like soybean meal and maize 
silage. The adjustment of herd sizes is more pronounced in the case of intensive farms (Figure 20). 
This is mainly due to the fact that income per cow tend to be lower at intensive farms due to the 
higher share of purchased feed cost and the cost of manure export as it cannot be brought out on own 
fields. This has two effects: First, receiving the CO2eq emission reduction subsidy is more attractive 
than keeping the herd size at their original levels and second, the reduction of up-stream emissions 
from purchased feeds is more noticeable than in the case of more grass-based extensive farms.  
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In addition to the subsidization of emission reductions, scenarios 3 and 4 (third and fourth columns in 
Error! Reference source not found. and Table 16) include mitigation options that cannot be selected 
endogenously by the model but have to be set as constraints or by changing the respective model 
parameters. These additional or enforced mitigation options include the use of the feed additive 
Bovaer®, which is implemented on all farms, while the increased number of lactation periods per cow 
and increased shares of permanent grassland are included only for the intensive dairy farms in the 
sample. The inclusion of such measures causes a further decrease of GHG emissions, for instance from 
about 20% to more than 25% in the case of a 130 Euro subsidization level. At the same time reduction 
in number of dairy cows per farm decreases from about 12% to 9%.  

In scenario 5 (fifth column in Error! Reference source not found. and Table 16), a reduction of the 
average milk-yield per cow on intensive farms is added to the mitigation options in the previous 
scenarios. Such lower milk-yields imply a reduction of the animal feeding, such that GHG emissions 
are reduced in total by almost 30%, while the herd size declines by less than 7%. Figure 20 shows that 
the changes in herd size is limited to intensive dairy farms.  

 

Table 17: Management results by scenarios 

 



 

Report  3.3 

 

 

This project has received funding from the European Union’s Horizon 2020  
research and innovation programme under grant agreement N° 817566. 

58 

 

Table 16 GHG results by scenarios [index, base=100] 

 

 

 

CO2 Sub

65E/t

CO2 Sub 

130E/t

CO2 Sub 

65E/t + 

MIT

CO2 Sub 

130E/t + 

MIT

CO2 Sub 

130E/t + 

MIT + LMY

Total CO2-eq 90.58 80.80 80.21 74.25 70.67

CH4 CO2-eq fermentation 94.69 86.29 74.21 70.00 69.07

CH4 CO2-eq pasture 90.42 71.82 86.49 73.60 74.53

CH4 CO2-eq storage 97.14 90.62 94.33 90.66 92.59

N2O CO2-eq stable/storage 98.79 94.67 95.49 93.61 92.72

N2O CO2-eq indirect 100.34 98.88 100.63 99.42 98.75

N2O CO2-eq pasture 90.52 73.68 85.94 74.36 73.09

N2O CO2-eq application animal manure 97.40 96.70 93.96 92.12 91.10

N2O CO2-eq application artificial fertil izer 94.81 87.23 96.97 90.12 90.10

N2O CO2-eq Crop residu 102.33 104.62 106.36 108.35 107.02

N2O CO2-eq leaching 99.02 96.31 99.74 97.08 96.74

N2O CO2-eq Histosols 100.00 100.00 98.16 98.16 98.16

CO2 from artificial fertil izer 95.04 85.95 97.06 88.63 88.62

CO2 from purchased feed (incl. LULUC) 78.38 65.51 76.93 69.02 56.94
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Figure 20: Number of dairy cows by farm group across scenarios 

At farm level, the total farm income increases when including the subsidies for GHG emission 
reduction (first row in Table 17); without, they would decline (last row in Table 17).  The strong 
increase in farm income including the CO2eq emission reduction subsidy is especially explained by the 
fact that average costs of GHG mitigation in euro per ton CO2eq emission reduction, is lower 
compared to the CO2eq emission reduction subsidy. This is strengthened if extra GHG mitigation 
measures (the feed additive Bovaer®,increased number of lactations per cow and increased 
permanent grassland) are added to the model. Including extra GHG mitigation options (CO2 Sub + 
MIT), increases farm income including the CO2eq emission reduction subsidy. The GHG mitigation 
measures basically dampens the reduction in number of dairy cows per farm, while increasing the 
CO2eq emission reduction subsidy.  The long-run impacts of this overcompensation on GHG mitigation 
and structural change is not included. In the short run a CO2eq emission reduction subsidy provides 
the same incentives for GHG emission reduction as a tax, following the same adjustments in farm 
management (Lankoski et al., 2019). The difference is that the CO2eq emission reduction subsidy 
increases farm income, while the tax reduces farm income. In the long run this affects entry-exit 
decisions: the CO2eq emission reduction subsidy induces entry to the sector while a tax induces exit 
from the sector (Lankoski et al., 2019).  

Without enforced GHG mitigation measures and excluding the CO2eq emission reduction subsidy, 
farm income would decrease by about 170 million Euro at sector level in the case of a subsidization 
level of 130 Euro per ton CO2eq emission reduction. The impact on farm income, excluding the CO2eq 
emission reduction subsidy, can be seen as a command and control scheme differentiated by dairy 
farm group. Reasons for the decrease in farm income, excluding subsidies for CO2eq emission 
reduction, are reduced revenues as consequence of the smaller herd sizes. The decrease in revenues 
is not compensated by the decrease in variable costs. The income loss of about 170 million Euro goes 
together with a decrease in GHG emissions of almost 20% or about 3.6 mio tonnes. This is about 49 
Euro/t CO2eq emission reduction. The scenario with 130 Euro per ton CO2eq emission reduction, 
including extra GHG mitigation options (CO2eq Sub 130E/t + MIT) results in an income change of minus 
about 236 mio Euro, excluding subsidies. The decrease in GHG emissions equals almost 26% or about 
4.7 mio tonnes. In this case the average income loss equals about 51 Euro/t CO2eq emission reduction. 
Tables 20 and 21 shows that the decrease in GHG emission on intensive dairy farms equals about 24% 
and 32% in scenario 3 and 4, respectively. The decrease in GHG emission equals 12.5% and 14.6% on 
extensive dairy farms in scenario 3 and 4, respectively. 
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Table 17 Economic results by scenarios, difference to base [million Euro] 

 

 

Figure 21 shows changes in dry matter uptake per cow including young animals. Changes are very 
limited on extensive dairy farms. On intensive dairy farms, in scenarios 1 and 2, where no additional 
mitigation measures are considered, the total dry-matter (DM) requirement per dairy cow remains at 
the level of the base scenario, but the composition changes. The share of maize silage, which is 
frequently purchased on intensive farms with limited area, declines and is replaced by higher shares 
of grass silage and concentrates on intensive farms. This decrease in share of maize silage in the ratio 
seems to be related to the sharp decrease in the share of soybean meal in the feed ratio (Table 17). If 
GHG mitigation measures are added to the scenarios (CO2 Sub + MIT), the dry matter uptake per cow 
decreases on intensive dairy farms. This is driven by the assumed increase in number of lactations per 
cow and decreased number of young animals per cow. The share of silage grass increases, because of 
the increased share of permanent grassland in total land use. In scenario 5, where also reduced milk-
yields per cow are considered, the total dry-matter requirements per dairy cow declines further due 
to lower feed requirements by the cows. 

 

CO2 Sub 

65E/t

CO2 Sub 

130E/t

CO2 Sub 65E/t 

+ MIT

CO2 Sub 

130E/t + MIT

CO2 Sub 

130E/t + MIT + 

LMY

Farm income, incl subsidy 69.93 280.13 82.03 368.99 333.28

Revenue -225.77 -694.64 -290.03 -593.99 -779.66

Total variable costs -185.08 -524.08 -139.76 -358.39 -424.39

Costs of purchased roughage -145.91 -339.84 -215.60 -338.74 -295.44

Costs of purchased concentrates 7.34 -36.60 115.58 93.10 -12.30

Costs of feedadd Bovaer 0.00 0.00 94.90 90 88

Costs of manure application 4.57 9.73 5.20 9.12 11.93

Cost of manure export -18.48 -48.25 -29.98 -47.59 -47.87

Cost of fertil izer -6.32 -16.80 -3.81 -13.49 -13.48

Farm income, excl subsidy -40.69 -170.56 -150.27 -235.60 -355.28
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Figure 21: Composition of animal rations per cow across scenarios 

Note: The reduction of total DM per cow and year in scenarios 3 and 4 (CO2 tax + MIT) is because of 
the reduction of the required replacement herd in response to the increased number of lactation 
periods per cow. 
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Figure 22: Adjustment of grassland management systems across scenarios 

 

In the case of grassland management, the dominant intensity level in the base scenario is grass silage 
production with 3 cuts. No substantial changes take place in scenarios 1 to 5, but there is a small 
tendency to reduce the share of grassland with 2 cuts and a slight increase of 5-cuts systems (Figure 
22). This seems especially the case in scenarios with a subsidy of 65 euro per ton CO2eq emission 
reduction, compared to scenarios with 130 euro per ton CO2eq emission reduction. Basically this 
stickiness, demonstrates the limited substitution possibilities on dairy farms between own produced 
feed and purchased feed if upstream emissions are included.  
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Figure 23: Changes of GHG emissions across scenarios [in tons per farm] 

 

At intensive dairy farms, endogenous reductions in GHG emissions are especially achieved via changes 
in composition of the feed ration per cow and a decrease in number of cows per farm (Figure 23). The 
share of purchased feeds with high upstream emissions and high enteric fermentation factors in the 
total feed ration decreases. The enforced measures contribute via less young animals, less emissions 
via the use of feed additives and increased carbon sequestration via an increased share of grassland 
in the crop rotation. At extensive dairy farms, room for manoeuvre is much less, see also chapter 2. 
Endogenous reductions are especially achieved via decrease in use of N from mineral fertilizers. This 
also decreases the upstream emission from mineral fertilizers. Additionally it is assumed that feed 
additives are adopted at extensive dairy farms as well.  

 

4.4. Policy design: impacts of  combined CO2eq emission reduction 
subsidies and taxations scenarios 

 

Market-based GHG mitigation policies allow farmers to adopt GHG mitigation measures that are in 
their own interest, given the policy restrictions (Bakam et al., 2012). As explained above we assume 
different enforced GHG mitigation measures for extensive and intensive dairy farms (scenarios 3 and 
4). Table 18 and Table 19  show the results on farm income and GHG mitigation per scenario 3 and 4 
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with a) an uniform taxation rate for the reference period emission for all farms and b) a differentiated 
taxation rate for the reference period GHG emission. The uniform taxation rate is based on the total 
GHG emission in the base or reference period and total subsidies paid (GHG mitigated amount 
multiplied with subsidy rate), so over all dairy farms, while the differentiated taxation rate is based on 
the GHG emission in the base or reference period and total subsidies paid per intensive and extensive 
dairy farm group. The equal tax rate can be motivated because the group of intensive farms potentially 
contribute a lot more to the GHG mitigation reduction: an above average GHG mitigation. The 
targeted tax rate can be motivated by the wish of the Dutch government to steer the dairy sector into 
pathways of extensification. Table 18 and Table 19 show that total GHG mitigation in the milk 
production sector is about 20% and 26% in scenario 3 and 4, respectively. Total farm income decreases 
with 17% and almost 27%, respectively. GHG mitigation per farm group is quite different per scenario. 
The decrease in GHG emission on intensive dairy farms equals about 24% and 32% in scenario 3 and 
4, respectively. The decrease in GHG emission equals 12.5% and 14.6% on extensive dairy farms in 
scenario 3 and 4, respectively. Change in farm income is especially large on extensive dairy farms in 
case of equal tax rate over all farm groups, namely about 20% and 40% in scenario 3 and 4 respectively. 
This shows that the above mentioned overcompensation of the subsidy is especially gained by the 
intensive diary farms, while the uniform taxation especially affects farm income on extensive dairy 
farms. Average income loss, including the uniform tax payment, per kg CO2eq emission reduction is 
also very different for intensive and extensive dairy farms. This is completely different in the case of 
targeted tax rates per farm group. In the latter case, change in farm income in scenario 4 equals about 
- 14% and -35% on extensive dairy farms and intensive dairy farms respectively (Table 21). In the case 
of targeted tax rates, average income loss, including the uniform tax payment, per kg CO2eq emission 
reduction is about equal for intensive and extensive dairy farms. Somewhat longer term structural 
changes related to the uniform or differentiated taxation schemes and corresponding income effects 
per type of dairy farm are not accounted for.  

 

Table 18 Taxation rate and Impact on farm income and GHG emission of scenario 3 (CO2eq emission 
reduction sub 65 E/t + MIT) 

 

 

EXT INT Total EXT INT total

GHG emission base (MT CO2-eq) 6.30 11.80 18.10 6.30 11.80 18.10

Tax (Euro/ton CO2-eq) 12.90 12.90 8.10 15.40 12.90

Tax income (mio Euro) 80.50 151.80 -232.30 50.70 181.60 232.30

Subsidy (Euro/ton CO2-eq mitigated) 65.00 65.00 65.00 65.00

Mitigated GHG emission (MT CO2-eq) -1 -3 -4 -1 -3 -4

Subsidy costs (mio Euro) -51 -182 -232 -51 -182 -232

Farm income loss, excl GHG emission tax  (mio euro) -38.20 -112.00 -150.30 -38.20 -112.00 -150.30

Farm income base (mio Euro) 340.90 540 881 341 539.80 880.60

Change in farm income (mio Euro) -68.10 -82.20 -150.30 -38.20 -112.00 -150.30

Updated farm income (mio Euro) 272.80 457.60 730.40 302.70 427.70 730.40

Updated GHG emission (MT CO2-eq) 5.50 9.00 14.50 5.50 9.00 14.50

Mitigated GHG emission (%) -12.50 -23.70 -19.80 -12.50 -23.70 -19.80

Change farm income (%) -20.00 -15.20 -17.10 -11.20 -20.80 -17.10

Equal taxation rate Targeted taxation rate



 

Report  3.3 

 

 

This project has received funding from the European Union’s Horizon 2020  
research and innovation programme under grant agreement N° 817566. 

65 

 

Table 19 Taxation rate and Impact on farm income and GHG emission of scenario 4 (CO2eq emission 
reduction sub 130 E/t + MIT)  

 

 

4.5. Conclusions 

In this chapter we explained the further refinement of the grassland module for FarmDyn combining 
farm-level statistics, handbook data, and satellite data.  A general challenge was that neither satellite 
images nor farm-level statistics provide information on fertilization levels per plot, so it is not clear if 
the recorded yield variations originate from different fertilizer applications or from the number of cuts. 
Still, the relative yield deviations by number of cuts provided an indication of plausible ranges for the 
marginal effects of the cuts. A future solution for this problem would be to align not only farm-average 
yields but also average fertilizer application levels from statistics with the satellite images, but that 
requires further information on ranges of plausible fertilization levels per yield level and number of 
cuts beyond the available handbook data.  

Based on the combined data, management systems were developed for regions and dominant soil 
types rather than at farm level. This was deemed more adequate as a farm-specific representation of 
management systems would restrict model simulations to the observed rather than the potential 
systems a farm could switch to, given its location in a certain agro-ecological zone and its dominant 
soil type. The aggregation to region/soil type combinations also improves the re-usability of the 
methods in other EU countries because the linkage of satellite images of plots to the corresponding 
farm statistics is usually restricted by privacy regulations.  

Further identified data gaps were the nutrient contents of the harvested grass in the different 
management options. This information is important for the integration in FarmDyn as it determines 
the range by which grassland can substitute imported feeds, namely protein-rich concentrates. The 
needed data was obtained from handbooks and literature on feed values. 

The Dutch version of the FarmDyn model with an enriched representation of grassland management 
options was applied to a sample of dairy farms, grouped by regions, dominant soil type, and livestock 
density. Five scenarios were tested: the first two involved a subsidization of GHG emission reduction 
compared to a reference level determined by the base scenario. The subsidization levels were 65 and 
130 Euro per ton of CO2eqCO2eq, respectively. Scenarios 3 and 4 also assumed these subsidization 

EXT INT Total EXT INT total

GHG emission base (MT CO2-eq) 6.30 11.80 18.10 6.30 11.80 18.10

Tax (Euro/ton CO2-eq) 33.50 33.50 19.00 41.20 33.50

Tax income (mio Euro) 209.60 395.00 -604.60 118.90 485.70 604.60

Subsidy (Euro/ton CO2-eq mitigated) 130.00 130.00 130.00 130.00

Mitigated GHG emission (MT CO2-eq) -1 -4 -5 -1 -4 -5

Subsidy costs (mio Euro) -119 -486 -605 -119 -486 -605

Farm income loss, excl GHG emission tax  (mio euro) -46.90 -188.70 -235.60 -46.90 -188.70 -235.60

Farm income base (mio Euro) 340.90 540 881 341 539.80 880.60

Change in farm income (mio Euro) -137.70 -97.90 -235.60 -46.90 -188.70 -235.60

Updated farm income (mio Euro) 203.20 441.80 645.00 294.00 351.10 645.00

Updated GHG emission (MT CO2-eq) 5.30 8.10 13.40 5.30 8.10 13.40

Mitigated GHG emission (%) -14.60 -31.70 -25.80 -14.60 -31.70 -25.80

Change farm income (%) -40.40 -18.10 -26.80 -13.80 -35.00 -26.80

Equal taxation rate Targeted taxation rate
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level, but further mitigation options were included. The usage of feed additives, higher number of 
lactation periods per cow, mandatory conversion of arable land into grassland were included for 
intensive farms, while extensive farms were assumed to rely only on feed additives for this purpose. 
The reason for this distinction between intensive and extensive farms with regard to their technology 
options takes into account findings by Wang et al. (2023) (also discussed in Chapter 3.2 of this report). 
Empirical results from a survey of Dutch dairy farmers indicate high livestock density as a contributing 
factor for the likelihood of a farm to adopt mitigation measures. This empirical finding supports also 
the FarmDyn results from scenarios 1 and 2, where the overall reduction of GHG emissions is driven 
by intensive farms. Even without additional mitigation technologies, emissions across all sample farms 
can be reduced by almost 20% in the case of the high subsidization rate of 130 Euro/t CO2eq in 
scenario 2. The responsiveness of intensive farms to the subsidy is mainly due to the fact that income 
per cow tends to be lower at intensive farms because of a higher share of purchased feed cost and 
the cost of manure export as it cannot be brought out on own fields. When the monetary incentive 
for the reduction of emissions is combined with other mitigation measures on intensive farms, an 
overall reduction of 25% appears to be possible. The three considered measures are a rather limited 
sample from a much wider range of potential management and technology options as for instance 
shown in Table 5 and Table 6. The introduction of clover-rich grassland or further increases of fertilizer 
efficiency may allow for further decreases of emissions. Data about the GHG reduction and the cost 
at farm level for the implementation of such measures are a critical factor for an appropriate 
assessment of available technology options with an optimization tool like FarmDyn. 

The main incentive for farmers to reduce emissions in the presented scenarios were subsidies on the 
negative deviations from a reference level. The question arises, how these subsidies should be 
financed. Options to use funds within the CAP or from national budgets would have to be explored. 
Another alternative is a market-based policy scenario, assuming re-financing of GHG mitigation 
subsidies by sectoral and targeted budget-neutral taxes on GHG emission in a reference period. This 
is explored in the last section of this chapter. It was found that under scenario 3 and 4, a targeted tax 
rate was favourable for extensive farms, while a uniform tax rate was favourable for intensive farms. 
Subsidization of GHG emission reduction and the discussed option to re-finance them by taxation 
within the sector are based on the levels of GHG emissions in a reference period. Decreasing the 
reference emission levels over time would result in an eventual phasing-out of the policy once the 
reduction potential has been reached. The timing of such a phasing-out would have to take into 
account the availability of new management or technology options like e.g. the progress in animal 
breeding.  

As mentioned above the results of the model simulations suggest that a subsidy on CO2eq emission 
reduction could lead to a reduction in GHG emissions on Dutch dairy farms. At the same time the 
subsidies on CO2eq emission reduction increases income on dairy farms. In the somewhat longer term 
this affects farm exit decisions: the trend of decreasing number of dairy farms will be dampened 
(Lankoski et al., 2019). A tax on CO2eq emission would do the opposite. Another difference between 
taxes and subsidies is that a tax on CO2eq emission increases the revenues to the government, while 
a subsidy on CO2eq emission decreases them. Furthermore, a subsidy violates the “polluter pays” 
principle. According to Lankoski et al. (2019) the subsidy “might be considered unfair if other agents 
in the economy are subject to environmental taxes or costly command-and-control measures”. Here 
it could be added that a subsidy on CO2eq emission reduction is unfair to farmers that already invested 
in GHG mitigation measures, e.g. anticipating a tax on CO2eq emission or because of socio-
psychological factors like farmers feeling bad about taking no measures to reduce GHG emissions 
(Wang et al., 2023).  

To partly overcome these arguments against subsidies on CO2eq emission reduction, in this 
deliverable it is proposed to finance the subsidy by an uniform tax on CO2eq emission in the base over 
all farms or a targeted tax per farm group determined by the subsidy per farm group. The problem 
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here is to define the different groups of farms. Moreover, within the farm group the problem of 
overcompensation will remain.   

The impact on farm income, excluding the CO2eq emission reduction subsidy, can be seen as a 
command and control scheme differentiated by dairy farm group. From table 20 and 21 it can be seen 
that  the average uniform GHG emission constraint on intensive dairy farms would be about - 24% and 
- 32% compared to base GHG emission levels in scenario 3 and 4, respectively. The average uniform 
GHG emission constraint on extensive dairy farms would be about – 12.5% and – 14.6% compared to 
base GHG emission levels in scenario 3 and 4, respectively (see tables 20 and 21). The decrease in farm 
income can be circumvented via targeted subsidies on GHG mitigation technologies. This would also 
circumvent the overcompensation in case of a subsidy on CO2eq emission reduction. The problem 
here is to define the farm group and the uniform GHG emission constraint per farm group. The uniform 
GHG emission constraints per farm group ignores heterogeneity within groups, in turn introducing 
economic inefficiencies. The targeted subsidies on GHG mitigation technologies as mentioned above, 
also reduces the freedom of the farmers to adjust their investments and farm management practices 
to their own needs.  

A cap-and-trade policy could overcome many of the above mentioned inefficiencies. Lankoski et al. 
(2019) report an efficiency gain from a cap-and-trade scheme of about 17%, meaning 17% less income 
loss as compared to a command and control scheme. Comparable to the tax and subsidy schemes, 
efficiency gains occur as CO2eq emission reduction is especially targeted to those farms that can 
mitigate with the least cost. The costs  of the policy will be paid by dairy farmers with high MAC, buying 
the CO2eq emission rights. In our case this would be the extensive dairy farmers. Nevertheless, it can 
be demonstrated that also extensive dairy farmers would be better off compared to an uniform 
emission constraint. The argument above that a subsidy on CO2eq emission reduction is unfair to 
farmers that already invested in GHG mitigation measures, actually accounts for all measures putting 
a physical constraint on GHG emission, including command-and-control schemes and cap-and-trade 
schemes. Compensating the farmers in retrospect could overcome this problem, if possible.  

Difficulties with market-based emission policies are mentioned by Bakam et al. (2012) and Lengers 
and Britz (2012). Among others, the measurement of emissions from a given area with reasonable 
accuracy at reasonable costs is difficult. Uncertainties common in agricultural activities, including lack 
of understanding of biophysical processes, linking inputs to outputs, poor validation of results and 
weather-induced variability contribute to high measurement costs. Lengers et al. (2014) developed a 
meta-model of the MAC curve using results of a large number of scenarios/experiments with a bio-
economic dairy farm model. The experiments combine enforced mitigation options and endogenous 
farm management adjustments. Such meta-models could be used to determine MAC for farms which 
are the basis for GHG emission trading in models able to simulate markets such as agent-based models 
or partial equilibrium models. 

 

5. SUMMARY OF FINDINGS 
The main research objectives for this report were to identify technology and management measures 
to reduce GHG emissions from dairy farms in the Netherlands. Insights in farm level abatement costs 
and heterogeneity between individual farms or groups of farms is important information to 
understand the acceptance of GHG mitigation options and adoption behaviour of farmers and to 
develop more efficient GHG emission reduction policies. To achieve this, the bio-economic farm model 
FarmDyn (Britz et al., 2016) was applied to realistically analyse mitigation strategies to climate change 
for dairy farms in the Netherlands. FarmDyn was developed in such a way that it could be linked to 
the individual farm-level financial-economic and technical data from the Dutch Farm Accountancy 
Data Network (FADN). The FarmDyn data from Dutch FADN was enhanced with biophysical data from 
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different sources. A literature review of generally available mitigation measures was used to identify 
options that could be included in the GHG accounting system of FarmDyn and combine them into an 
inventory of options. To take farmers’ attitude, subjective norm, and perceived behaviour into account, 
a survey among Dutch dairy farmers was conducted. The results were used to create plausible 
scenarios regarding model farmers’ behaviour regarding adoption of new technologies. 

• What are the most relevant more short to medium term GHG mitigation options for Dutch 
dairy farmers? 

The literature-based inventory of GHG mitigation options is summarized in Table 5 and Table 6. The 
reduction potential of feed additives is estimated to be 32-48 g CO2e/kg milk. This is a significant 
reduction and therefore additives can play a big role in reducing the methane emissions of dairy 
farming. In addition, replacing common concentrates with concentrates which reduce the emission of 
methane from enteric fermentation (EF) can add to more methane emission reduction. An important 
condition is that the production level does not change. The reduction potential of concentrates with 
low EF factor is estimated to be about 3 g CO2e/kg milk. Through better animal management it is 
possible to increased the number of lactation periods per cow which leads to less GHG emissions 
through less young stock. Increased number of lactation periods per cow can lower the GHG emission 
with 10-20 g CO2e/kg milk per extra year of life. Regarding upstream emissions from the use of N from 
mineral fertilizer, the enhancement of the fertilizer efficiency (less N from mineral fertilizer with equal 
crop yields) gives a possible emission reduction of 31 g CO2e/kg milk. Using less fertilizer ensures less 
CO2 emission by the production and application. Increased share of permanent grassland can increase 
carbon.  

• What GHG mitigation measures are preferred by farmers 

Comparing the inventory of options with the preferences indicated by farmers in the survey showed 
that inclusion of leguminous plants in the grassland management options and thus in the animal feed 
ration, production of renewable energy on farms, increase in feed efficiency and decrease artificial N-
fertilizer were preferred options. They appeared differently depending on farm structure (e.g., 
number of livestock units per ha) and farmers’ characteristics (e.g., age and education level). 

• What are farm and farmers’ characteristics that can explain adoption of GHG mitigation 
measures 

This survey study explored the adoption behaviour of Dutch dairy farmers for climate change 
mitigation measures using a self-regulated stage model of behavioural change (Wang et al., 2023). 
The empirical analysis assessed the statistical associations of a rich set of socio-psychological and 
socio-demographical factors with Dutch dairy farmers’ adoption of climate change mitigation 
measures. Approx. 50% of the farmers in our sample assigned themselves to the post-actional stage, 
while 35% claimed to be in the pre-actional stage. Another 8% of them were in the actional stage and 
7% were in the pre-decisional stage. Our regression results show that negative emotion related to 
taking no climate mitigation measures, as well as action planning and coping planning are significantly 
and positively associated with the likelihood that farmers being in later stages, in which they have 
already adopted climate mitigation measures (Wang et al., 2023). Furthermore, farmers below and up 
to 50 years old with basic agricultural education and farms with high livestock density are found to be 
significantly and positively associated with later stages in the SSBC model (Wang et al., 2023).  

• What are the abatement costs of the selected GHG mitigation options for different groups of 
dairy farms in the Netherlands? 

The GHG emission accounting from FarmDyn was used to assess the MAC of a selected number of 
standalone GHG mitigation options on groups of dairy farms in the Netherlands. The selected GHG 
mitigation options are based on literature and assumed feasible in the short to medium term. The 
results, including abatement costs of the selected GHG mitigation options, are summarized in Table 8, 
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Table 9, and Table 10. Costs of management practices to increase the number of lactation periods per 
cow are difficult to obtain from literature. So far a constant cost component per cow is included while 
revenue is coming from savings of feed costs and manure disposal costs from the farm. Under these 
settings, the GHG mitigation measure ‘increased number of lactation periods per cow’ and resulting 
decrease in number of young animals on the farm, is especially cost effective on intensive dairy farms 
because of the savings in purchased feed and manure disposal costs of the farms. An important finding 
is that overall the MAC of the selected GHG emission reduction options on extensive dairy farms 
exceeds the MAC on intensive dairy farms by far. This means that market based policies are more 
efficient than command and control policies, with emission reduction targets the same for all farms.  

• What are impacts of different GHG mitigation policies on GHG emission and farm income4 in 
the Dutch dairy sector. 

Based on the findings of the previous steps, the Dutch version of the FarmDyn model was applied to 
a sample of dairy farms, grouped by regions, dominant soil type, and livestock density. Five scenarios 
were tested: the first two involved a subsidization of GHG emission reduction compared to a reference 
level determined by the base scenario. The subsidization levels were 65 and 130 Euro per ton of CO2eq, 
respectively. Additional scenarios took the availability of further mitigation options into account, 
depending on the identified relevant farm characteristics, related MAC of isolated GHG mitigation 
measures and preferences of farmers: Usage of feed additives, higher number of lactation periods per 
cow and conversion of arable land into grassland were included for intensive farms, while extensive 
farms were assumed to rely only on feed additives for this purpose. The survey indicated high livestock 
density as a contributing factor for the likelihood of a farm to adopt mitigation measures, which 
supports also the FarmDyn results, where the overall reduction of GHG emissions is driven by intensive 
farms. Even without additional mitigation technologies, emissions across all sample farms can be 
reduced by almost 20% in the case of the high subsidization rate of 130 Euro/t CO2eq in scenario 2. It 
should be noted that without additional mitigation technologies between 40% and 60% of the GHG 
emission reduction is achieved via reduction in number of dairy cows. This reduction of number of 
dairy cows especially takes place on intensive dairy farms. The responsiveness of intensive farms to 
the subsidy is mainly due to the fact that income per cow tend to be lower at intensive farms because 
of higher share of purchased feed cost and the cost of manure export as it cannot be brought out on 
own fields. When the monetary incentive for the reduction of emissions is combined with other 
mitigation measures on intensive farms, an overall reduction between about 20% and  26% appears 
to be possible depending on the subsidy rate. In that case between 15% and 30% of the GHG emission 
reduction is achieved via reduction in number of dairy cows. 

The subsidization of GHG emission reductions has a positive impact on farm incomes (Table 17), 
otherwise they would decline if, for instance, a command and control system would be introduced 
that forces farmers to reduce their emissions to farm group comparable levels. The farm group specific 
command and control system would decrease farm income with more than 19% for the average farm, 
amounting to a decline of 170 million Euro compared to the base value of 881 million Euro at sector 
level in the case of a subsidization level of 130 Euro when excluding mitigation options. Reasons are 
reduced revenues as consequence of the smaller herd sizes and the higher expenditures for purchased 
concentrates, feed additives, and veterinary costs in the case of the extension of the number of 
lactation period per cow. Still, total variable costs tend to decline, largely driven by the reduction of 
purchased roughages (i.e. silage maize) and lower cost for manure exports due to the smaller herds. 

The three mitigation measures considered in the scenarios are a rather limited sample form a much 
wider range of potential management and technology options as for instance shown in Table 5 and 

 

4 In this deliverable income is defined as revenue minus paid costs minus depreciation, including extraordinary expenditures and revenues 

as defined in the Dutch FADN. 



 

Report  3.3 

 

 

This project has received funding from the European Union’s Horizon 2020  
research and innovation programme under grant agreement N° 817566. 

70 

 

Table 6. The introduction of clover-rich grassland or further increases of fertilizer efficiency may allow 
for further decreases of emissions. Data about the GHG reduction and the cost at farm level for the 
implementation of such measures are a critical factor for an appropriate assessment of available 
technology options with a simulation tool like FarmDyn. The deliverable ends with a discussion of 
different types of climate policies.  
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7. ANNEX 1: ONLINE QUESTIONNAIRE SURVEY 2021
Online Questionnaire Survey 2021  

 

Introductions:  

Dear participants, 

 

As you may already know, farming in the Netherlands as well as Europe has undergone several 

reforms. In the upcoming Common Agriculture Policy, there is an increased link to act on 

climate change, and deliver environmental as well as ecosystem services among other pillars. 

40% of the total CAP budget is expected to be spent on climate change in the period of 2023-

2027.  

 

The survey is part of the ongoing EU horizon 2020 Project MINDSTEP (https://mind-step.eu/). 

MINDSTEP aims to support public decision making in agricultural, rural, environmental and 

climate policies by taking into account behaviours of individual farmers. In this survey, we are 

particularly interested in your views on measures to reduce on-farm greenhouse gases (GHGs) 

mitigation measures. On-farm GHGs mitigation measures in this survey refer to measures 

and practices that aim primarily to reduce GHGs emissions from agricultural practices into the 

atmosphere.  

 

Instructions:  

Please read each question carefully and answer it to the best of your ability. There are no correct 

or incorrect responses; we are merely interested in your personal opinions. The survey will take 

about 10-15 minutes.  

 

Feedbacks:  

All answers to this survey are kept completely confidential. We will analyse the answers on an 

aggregated level. If you are interested in the survey results (e.g. your colleagues' attitudes 

towards climate mitigation measures, general preference for (non-) financial incentives, etc.), 

please leave your email address at the end of the survey. We will then send you the aggregated 

results of this survey. 

 

Contact persons:  

In case you have any further questions, you are always welcome to contact us.  

 

Scarlett Wang: Onderzoeker scarlett.wang@wur.nl  

Julia Hoehler: Universitair Docent julia.hoehler@wur.nlï¿½  

 

Thank you in advance for your cooperation!  

 

Yours sincerely,  
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Scarlett Wang  

 

Business Economics Group | Wageningen University and Research 

 

Q1: Could you select one of the following statements which best describes your current 

adoption level of on-farm GHGs mitigation measures?  

Focus Measurement level, type and survey questions 

Dependent variable 

Phase 

Model 

Ordered ï¿½ 4 Phases (participants choose the statement fits his/her goal the most) 

Pre-

decisional  

a-I am not planning to take any on-farm GHGs emissions mitigation measure and also 

see no reason why I should do it. 

b- I am not planning to take any on-farm GHGs emissions mitigation measure because 

it would be impossible for me to do so currently.  

Pre-

actional 

c- I would like to reduce my on-farm GHGs emissions, but now I am not sure about how 

I can reduce it, or when I should do so. 

Actional  d- I already know which mitigation measures I want to use for my farm, but, I have not 

put this into practice yet. 

Post-

actional  

e- I have already taken measures to reduce GHGs emissions on my farm via mitigation 

measures. I shall maintain or further reduce my already low level of on-farm GHGs 

emissions for the coming 3 years. 

 

Q2. Could you indicate which on-farm GHGs measures you have adopted in the past three years 

up to now? You can tick more than one option. 

 

Mitigation option  Tick here 

 

Less young stock  

Higher milk production per cow   

Increase feed efficiency (less losses, more frequent feeding)   

Decrease artificial N-fertilizer   

Increase legumes in grass  
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Renewable energy production (solar, biogas, wind)  

Increase maize share in ration   

Decrease concentration share in ration   

Use of renewable energy   

Reduce renewal rate of grassland   

Energy saving technologies   

Emission-reducing floor  

Any other measures than the ones mentioned above  

No measures   

 

Now we want to know how you feel and think about reducing on-farm GHGs emissions. Could 

you indicate to what extent do you agree or disagree with the following statements?  

Socio-psychological variables (Independent Variables) 

Emotions associated  

with consequences 

Q3: I feel bad if I take no measures to reduce my farming 

related GHGs emissions.  

(-2 strongly disagree, -1 disagree, 0 neutral, 1 agree, 2 strongly agree) 

Q4: I feel happy if I succeed in reducing my on-farm GHGs 

emissions. 

(-2 strongly disagree, -1 disagree, 0 neutral, 1 agree, 2 strongly agree) 

Social norm  Q5: People I am dealing with (e.g. fellow farmers and 

business partners) expect me to reduce my on-fam GHGs 

emissions.ï¿½  

(-2 strongly disagree, -1 disagree, 0 neutral, 1 agree, 2 strongly agree) 

Q6: People who are important to me (e.g. family/friends), 

think that I should take measures to reduce my on-farm 

GHGs emissions.ï¿½  

(-2 strongly disagree, -1 disagree, 0 neutral, 1 agree, 2 strongly agree) 

Personal norm Q7: Regardless of what other people do, my values and 

principles oblige me to reduce farming related GHGs 

emissions. 

(-2 strongly disagree, -1 disagree, 0 neutral, 1 agree, 2 strongly agree) 

Q8: I think that reducing GHG emissions is the right thing 

to do for me. 
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(-2 strongly disagree, -1 disagree, 0 neutral, 1 agree, 2 strongly agree) 

 

How strong is your future goal in reducing on-farm GHGs emissions within the coming 3 

years?  

Goal 

intention  

Q9: My goal to reduce on-farm GHGs emissions within the 

coming 3 years is... 

(-2 very weak, -1 weak, 0 neutral, 1 strong, 2 very strong) 

ï¿½ 

Perceived 

goal 

feasibility 

Q10: How feasible is it for you to reach your future goal in 

reducing on-farm GHGs emissions within the coming 3 years? 

(-2 very difficult, -1 difficult, 0 neutral, 1 easy, 2 very easy) 

 

Q11: Now we present you a list of on-farm GHGs mitigation options. We would like you to tick 

the option you prefer the most for reaching your future on-farm emission reduction goal. You 

can tick one option.  

 

Mitigation option  Tick here 

 

Less young stock  

Higher milk production per cow   

Increase feed efficiency (less losses, more frequent feeding)   

Decrease artificial N-fertilizer   

Increase legumes in grass  

Renewable energy production (solar, biogas, wind)  

Increase maize share in ration   

Decrease concentration share in ration   

Use of renewable energy   

Reduce renewal rate of grassland   

Energy saving technologies   

Emission-reducing floor  

Any other measures than the ones mentioned above  

No measures   
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Q12: Could you indicate to what extent do you agree or disagree with the following statements 

for not implementing any GHG mitigation measures? (Note: Q12 is dependent on Q11, only if 

ï¿½No measuresï¿½ is chosen, then farmers will see and answer Q12. After Q12, farmers will 

be directed to the last question Q24.) 

 

I am not interested in implementing any GHG mitigation measures, because... 

 

 

a.... they are too costly. 

 

(-2 strongly disagree, -1 disagree, 0 

neutral, 1 agree, 2 strongly agree) 

b.... there are too limited practical advice and support. (-2 strongly disagree, -1 disagree, 0 

neutral, 1 agree, 2 strongly agree) 

c.... they conflict with my investments in reducing other 

emissions (e.g. nitrogen, ammonia). 

(-2 strongly disagree, -1 disagree, 0 

neutral, 1 agree, 2 strongly agree) 

d.... of another reason, namely:  

 

(-2 strongly disagree, -1 disagree, 0 

neutral, 1 agree, 2 strongly agree) 

 

 

Keep the on-farm GHGs mitigation option you have selected in mind, we would like to 

know to what extent do you agree or disagree with the following three statements.  

Behavioural 

intention  

Q13: I plan to adopt my chosen GHGs mitigation option 

within the coming 3 years 

(-2 strongly disagree, -1 disagree, 0 neutral, 1 agree, 2 strongly agree) 

Implementation  

Intention  

Q14: I have already informed myself about the necessary 

details to get started on my chosen GHGs mitigation option. 

(-2 strongly disagree, -1 disagree, 0 neutral, 1 agree, 2 strongly agree) 

New behaviour  Q15: I have already made commitments to implement my 

chosen GHGs mitigation option, e.g., ask for a permit, new 

farm management plan, new production plan, investment 

and etc.ï¿½  

(-2 strongly disagree, -1 disagree, 0 neutral, 1 agree, 2 strongly agree) 

 

Attitude  Q16: Adopting my chosen GHGs mitigation option on my 

farm is advantageous for me.  

(-2 strongly disagree, -1 disagree, 0 neutral, 1 agree, 2 strongly agree) 
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Q17: It is important to me that the measure I have chosen 

to reduce greenhouse gas emissions is applied to my 

company. 

(-2 strongly disagree, -1 disagree, 0 neutral, 1 agree, 2 strongly agree) 

Perceived 

behaviour 

control  

Q18: Adopting my chosen GHGs mitigation option would be 

... for me.  

(-2 very difficult, -1 difficult, 0 neutral, 1 easy, 2 very easy) 

Q19: I do not depend on anyone to implement the measure 

I have chosen to reduce greenhouse gas emissions. 

(-2 strongly disagree, -1 disagree, 0 neutral, 1 agree, 2 strongly agree) 

Action 

planning  

Q20: I have already run through my head on how to best 

carry out my plan of implementing my chosen GHGs 

mitigation option.  

(-2 strongly disagree, -1 disagree, 0 neutral, 1 agree, 2 strongly agree) 

Coping 

planning  

Q21: I have already figured out how I will solve potential 

problems and obstacles during the implementation of my 

chosen measure to reduce greenhouse gas emissions. 

(-2 strongly disagree, -1 disagree, 0 neutral, 1 agree, 2 strongly agree) 

Maintenance 

self-efficacy  

Q22: I am capable of maintaining implementation of my 

chosen GHGs mitigation option despite potential barriers.  

(-2 strongly disagree, -1 disagree, 0 neutral, 1 agree, 2 strongly agree) 

Recovery self-

efficacy 

Q23: I rely on my ability to successfully implement 

measures to reduce greenhouse gas emissions in the event 

of setbacks. 

(-2 strongly disagree, -1 disagree, 0 neutral, 1 agree, 2 strongly agree) 

 

Q24: Regarding your preferred incentives for mitigating on-farm GHGs in general, Could 

you indicate whether you agree or disagree with the following statements?ï¿½ You are asked 

to give your options on all the listed incentives and if you think we missed your preferred 

incentive, please suggest it in 1st cell of the last row.  

 

I would implement (additional) GHGs 

mitigation measures on my farm if.... 

Strongly  

disagree 

Disagree Neutral  Agree Strongly 

agree 

...I get paid extra to compensate my efforts in 

reducing GHGs emissions  

     

...this is what society desiresï¿½  
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...I get free practical advice on how to do so 
     

...I can monitor my on-farm GHGs emissions 

via a smart app on my phone or PC 

     

... I can get a price premium if I meet the lower 

carbon footprint of my product ï¿½ 

     

...that is required by law 
     

....there is emission trading system for the 

agriculture sector  

     

... others, 

namely.............................................................. 

     

Closure 

You have come to the end of the survey. Thank you very much for your time and effort to 

participate in this survey. If you would like to receive the summary of the results of this survey, 

please include your email address below. 

Email address: 

 

 

 

If you have any questions or remarks, you are welcomed to indicate them here.  

 

 

 

 

 

 

 

 


