
VU Research Portal

Agricultural land systems

Pinto Nunes NogueiraDiogo, V.

2018

document version
Publisher's PDF, also known as Version of record

Link to publication in VU Research Portal

citation for published version (APA)
Pinto Nunes NogueiraDiogo, V. (2018). Agricultural land systems: Explaining and simulating agricultural land-
use patterns. [PhD-Thesis - Research and graduation internal, Vrije Universiteit Amsterdam].

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal ?

Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

E-mail address:
vuresearchportal.ub@vu.nl

Download date: 23. May. 2023

https://research.vu.nl/en/publications/a63bc990-12ad-4098-b9eb-f4270aa84ec2


Agricultural Land Systems

164

Appendix A: Characteristics of arable farming systems

The rotation schemes presented in Table 6.A.1 correspond to the average land shares observed 
per region and soil type in BPR data series during the period 2007-2012 (i.e. the period that 
followed the abolition of European Union set-aside premiums in 2006, which lead to an 
immediate decrease on the share of fallow land). Crop rotations are usually defined in terms 
of temporal sequences of different crops cultivated in the same area, season after season (e.g. 
Steinmann and Dobers, 2013). However, this level of temporal detail is out of the scope of 
our analysis. The crop shares provided in Table 6.A.1 should thus be interpreted as the prob-
ability of each crop being cultivated in a given year in a given land parcel located in specific 
region, according to the soil type of that land parcel. In some locations, rotation between 
arable crops and grass is also observed. In this case, we only take into account the years in 
which arable crops are observed.

Table 6.A.1: Average crop rotation schemes at the regional level for arable farming systems, according 
to soil type (CL=clay soil; S=sandy soil)
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Crop market prices were derived from LEI (2013), CAP direct payment subsidies were 
specified according to Van der Hilst et al. (2010). Farm-gate prices can fluctuate across time 
and space (e.g. due to temporal fluctuations in supply, transportations costs). However, the 
processes related with price formation mechanisms were out of the scope of this analysis, 
and therefore we assumed crop prices to be exogenous. The technology in use (i.e. field 
operations, type of machinery), price of production factors (labour, fuel and inputs such as 
fertilizers, pesticides and seeds) and resulting production costs were specified according to 
soil type based on Van der Hilst et al. (2010), except for onions which were based on LEI 
(2013). Specific transportation costs were adapted from MIM (2011). The National Information 
System of Labour Organisations (LISA, 2006), a spatial database containing the address 
and business class of all business establishments in the Netherlands, was used to determine 
distance to markets, by considering the shortest distance to the nearest crop wholesale, auction 
or processing establishments as a proxy for distance to markets. However, no assumptions 
were made regarding the capacity of the markets to accommodate the production volumes 
transported from the nearest locations.

Table 6.A.2: Productivity and economic factors of arable farming crops
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Appendix B: Climate factors and adaptation measures

Table 6.B.1: Agro-climate calendar for selected climate factors and crops (adapted from Schaap et 
al., 2013)

Table 6.B.2: Portfolio of adaptation measures (adapted from Schaap et al., 2013)
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Appendix C: Weather station data and frequency of extreme weather events

We interpolated the weather station data (location of the stations in Table 6.C.1) for the whole 
country area using the thin plate spline (TPS) method (Wahba, 1990). The TPS method 
balances local with global accuracy using an λ parameter, which was set at 0.04 as indicated 
by Sluiter (2012). Due to the temporal character of the data (i.e. frequency only during 
vulnerable months, and not throughout the whole period), it was not possible to validate in 
a quantitative way the spatial patterns generated through interpolation. Although climatic 
extremes are very local events, the expectation of occurrence is smooth across space. Despite 
the limited availability of data points, we therefore deemed spatial interpolation to provide 
a reasonable estimate of spatial variability in the frequency of extreme weather events, as the 
study area lacks topographic complexity (see e.g. Hofstra et al., 2008, which obtained the 
highest interpolation accuracy of climate data in our study area among a panel of European 
countries). We obtained maps displaying the frequency of extreme weather events in the 
Netherlands during vulnerable months for the considered 30-year periods. For illustrative 
purposes, we present the maps of heat wave frequency during the months in which seed 
potato is vulnerable, in the period around 1990 and in the period around 2050 (Figures 6.C.1 
and 6.C.2, respectively).

Table 6.C.1: Location of weather stations
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Figure 6.C.1: Frequency of heat waves (number of events) in the 30-year period around 1990, during 
the months in which seed potato is vulnerable

Figure 6.C.2: Frequency of heat waves (number of events) in the 30-year period around 2050, during 
the months in which seed potato is vulnerable, for the scenarios G(a) and W+(b)
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Appendix D: Equations

• Annual gross revenues of arable farming systems

Eq. (D1)

where %ni is the share of crop n in the crop rotation scheme in gridcell i and N is the 
number of crops grown in arable farming systems (see Table A.1 for the regional soil-specific 
crop rotation schemes). Ri,n are the potential gross revenues that can be obtained by growing 
crop n in gridcell i, yi,n is the yield of crop n in gridcell i (ton/ha), pn is the price of crop n 
(€/ton) and sn is the subsidies on crop n (€/ha).

• Annual total costs of arable farming systems

Eq. (D2)

where FCi,n represents the fixed production costs of crop n (€/ha) such as field operation 
and input costs (which depends on soil type in gridcell i), VCn represents the specific variable 
production costs of crop n (€/ton) such as harvesting and storage costs, TCn represents the 
specific transportation cost of crop n (€/ton.km), and di,n is the distance to the nearest relevant 
market where crop n can be sold (km).

• Annual average economic losses in arable farming systems due to climate factors

Eq. (D3)

where is the average annual economic loss in gridcell i resulting from the damage of climate 
factor f on crop n (€/ha) and Df,n is the damage caused on crop n by the occurrence of a single 
event of climate factor f (as % of economic loss). is the average annual frequency of climate 
factor f in gridcell i (number of events/year), Fi,f,n is the estimated frequency of occurrence 
(i.e. number of events) of climate factor f during the months in which crop n is vulnerable, 
in the considered 30-year period/scenario.
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• Changes in NPV in arable farming systems due to climate factors

Eq. (D4)

where ΔNPVi,f is the changes in NPV of arable farming system in gridcell i when taking 
into account the total damages caused by climate factor f (€/ha) throughout the 30-year period.

• Avoided annual economic loss due to adoption of crop-specific adaptation 
measures

Eq. (D5)

where AELi,a,f is the avoided annual economic loss in gridcell i achieved by adopting a 
particular adaptation measure a that reduces the damage caused by climate factor f on crop 
n (€/ha), ηa is the assumed effectiveness of adaptation measure a in reducing the damage 
caused by climate factor f on crop n (as % of avoided economic loss), and OCa is the annual 
operational costs of adopting adaptation measure a (€/ha).

• Discounted present value of adopting crop-specific adaptation measures

Eq. (D6)

where Adapt NPVi,a is the discounted present value in gridcell i of adopting adaptation 
measure a reducing the damage caused by climate factor f on crop n (€/ha) and Inva is the 
investment costs in the first year of adopting adaptation measure a.

• Discounted present value of adopting the most beneficial crop-specific adap-
tation measure

Eq. (D7)

where Af,n is the set containing all available crop- and climate factor-specific adaptation 
measures that are able to reduce the damage caused by climate factor f on crop n.
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• Avoided decrease in NPV achieved through adaptation

Eq. (D8)

where is the avoided decrease in NPV in gridcell i achieved through the adoption of the most 
beneficial crop-specific adaptation measures reducing the damage caused by climate factor f.

Appendix E: Sensitivity analysis

Projections on yields in 2050 were taken from Wolf et al. (2011) based on simulations using 
the WOFOST crop growth model to assess impacts of climate change (Van Diepen et al., 
1989; Wolf, 1993; Reidsma et al., 2015). Projections on prices in 2050 were taken from Ewert 
et al. (2011), based on simulations using the CAPRI agro-economic model (Britz and Witzke, 
2008), which integrates the effects of policy reforms, climate change and socio-economic 
changes to analyse trends of agricultural world markets.

Table 6.E.1: Estimated variation in crop yields and market prices in 2050, in relation to present 
situation
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Appendix F: Economic impacts per region

Table 6.F.1: Change in average NPV due to high intensity rainfall in the 30-year period around 
2050 in relation to current average NPV, according to G and W+ scenarios
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Table 6.F.2: Change in average NPV due to warm and wet conditions in the 30-year period around 
2050 in relation to current average NPV, according to G and W+ scenarios
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Table 6.F.3: Change in average NPV due to heat waves in the 30-year period around 2050 in 
relation to current average NPV, according to G and W+ scenarios
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Table 6.F.4: Change in average NPV due to long droughts in the 30-year period around 2050 in 
relation to current average NPV, according to G and W+ scenarios
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Table 6.F.5: Change in average NPV due to warm winters in the 30-year period around 2050 in 
relation to current average NPV, according to G and W+ scenarios


