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Chapter 6

ASSESSING LOCAL AND REGIONAL ECONOMIC IMPACTS 
OF CLIMATIC EXTREMES AND FEASIBILITY OF ADAPTATION 

MEASURES IN DUTCH ARABLE FARMING SYSTEMS

Abstract: We propose a method that combines local productivity factors, economic factors, 
crop-specific sensitivity to climatic extremes, and future climate change scenarios, to assess 
potential impacts of extreme weather events on agricultural production systems. Our assess-
ment is spatially explicit and uses discounted time series of cash flows taking into account 
expected future impacts on yield and crop quality, to estimate changes in the expected net 
present value (NPV) of agricultural systems. We assess the economic feasibility of a portfolio 
of adaptation measures by considering their initial investments, annual costs, and effectiveness 
in reducing crop damage. We apply the method to investigate potential economic impacts 
of extreme weather events in arable farming systems in the Netherlands around 2050. We 
find that the expected increase in extreme weather events frequency can severely affect future 
productivity potential. Particularly, heat waves, warm winters, and high intensity rainfall are 
expected to substantially undermine the future economic viability of Dutch arable farming 
systems. The results indicate considerable differences between regions in terms of vulnera-
bility to climatic extremes. The findings are robust to a wide range of scenarios and suggest 
that the interactions between economic factors and management practices (particularly, crop 
specialisation) are decisive drivers of the economic viability of agricultural systems under more 
frequent climatic extremes. However, the exact magnitude of the impacts remains highly 
uncertain, as we do not consider endogenous interactions in market conditions resulting from 
climate change and socio-economic developments. Nevertheless, crop adaptation measures 
should be regarded as no-regret strategies, since they alleviate both economic impacts and 
uncertainty around impact magnitude.

Keywords: Climate change; Extreme weather events; Arable farming; Impact assessment; 
Adaptation; Spatial Analysis

This chapter originally appeared as: Diogo. V., Reidsma, P., Schaap, B., Andree, B.J.P., Koomen, 
E. (2017), Assessing local and regional economic impacts of climatic extremes and feasibility of 
adaptation measures in Dutch arable farming systems. Agricultural Systems 157: 216–229. doi: 
10.1016/j.agsy.2017.06.013





Chapter 6

137

1. Introduction

The economic viability of agricultural production systems depends on a complex combination 
of economic, technological and political factors operating within particular socio-cultural 
contexts, and according to the opportunities and constraints set by spatial factors (e.g. biophys-
ical features, available transport networks; for an overview of the factors driving agricultural 
land use, see: Geist et al., 2006; Hesperger and Bürgi, 2007; Bakker et al., 2013; Van Vliet 
et al., 2015). Since the biophysical environment is spatially heterogeneous, location is a key 
factor in describing the economic viability of agricultural systems (Van der Hilst et al., 2010; 
Kuhlman et al., 2013; Diogo et al., 2014; Diogo et al., 2015). In addition to conditions that are 
relatively stable over time (e.g. soil characteristics), temporal dynamic factors such as weather 
conditions have shown to particularly influence attainable crop yields (Peltonen-Sainio et 
al., 2010). Future climate change impacts are likely to affect crop yields and, consequently, 
the economic viability of current agricultural systems ( Jones and Thornton, 2003; Hermans 
et al., 2010; EEA, 2012b).

Several modelling approaches have been implemented to quantitatively assess future 
impacts of climatic changes on potential crop yields and their implication in agricultural 
production systems. Crop growth models are frequently used to assess the effects of gradual 
climate changes, such as increasing CO2 levels and changes in long-term temperature and 
rainfall patterns, on agricultural yields (e.g. Reilly et al., 2003; Parry et al., 2004; Wolfe et al., 
2008, Elliott et al., 2014).

It is however argued that the impacts on agricultural production of more frequent extreme 
weather events and related emergence of pests and diseases will be greater than those resulting 
from gradual pattern changes (Rosenzweig et al., 2001; Gregory et al., 2009; Iglesias et al., 
2012; Schaap et al., 2013; Porter et al., 2014). Therefore, special attention should be given to 
the economic impacts on agricultural systems resulting from the damage caused by more 
frequent extreme weather events.

The need for design and deployment of adaptation measures is increasingly recognised, 
even in the event of moderate climate change (Van Vuuren et al., 2011; EEA, 2012b). Extreme 
weather and climate events vary from place to place, occurring first at the local level and 
locally affecting people, but with impacts then cascading to different extents at the national 
and international levels (Field et al., 2012). Appropriate adaptation measures in agricultural 
systems should thus be identified according to the main climate risks in a region, following 
comprehensive approaches looking at different levels of impact (Howden et al., 2007) and 
taking into account the role of decisions made at the farm level (Schaap et al., 2011; Schaap 
et al., 2013; Reidsma et al., 2015; Mandryk et al., 2017).

Yet, there is limited understanding of the interplay between local production capabilities, 
regional climatic changes and more general socio-economic conditions that determine 
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the economic viability of agricultural systems and their ability to cope and adapt to future 
changing conditions. Improving this understanding can help formulating strategies at dif-
ferent regional levels that take into account the spatial heterogeneity in both local impacts 
and opportunities for adaptation.

In this paper, we describe a spatially-explicit method that allows:

• assessing and mapping the local impacts of more frequent extreme weather events 
in the economic viability of current agricultural systems;

• assessing and mapping the economic feasibility of different local adaptation meas-
ures and to which extent they help reducing the economic impacts of more frequent extreme 
weather events;

• identifying the regional patterns of climate vulnerability and resilience of arable 
farming systems under more frequent weather extremes.

The method is illustrated with a case study on arable farming systems in the Netherlands, a 
country with an advanced agricultural sector and relatively large shares of global agricultural 
production and export of agricultural commodities. Despite not being as sensitive to climatic 
changes as other regions of the world, agriculture in the Netherlands is expected to be affected 
in various ways: while gradual pattern changes are not expected to lead to a disruption of 
the agricultural sector (Ewert et al., 2005; Hermans et al., 2010), the potential decline on 
yield and product quality resulting from more frequent extreme weather events and related 
occurrence of diseases might severely undermine its relatively strong market position in the 
future (Field et al., 2012; Van Oort et al., 2012; Schaap et al., 2013).

2. Material and methods

This paper proposes a method to assess at the local and regional levels the magnitude of the 
economic impacts on agricultural systems resulting from more frequent, climate change-in-
duced extreme weather events. We combine information on local productivity factors, general 
economic factors, climate sensitivity of crops (agro-climate calendar) and future climate 
change scenarios to assess the impacts of extreme weather events and related occurrence of 
pests and diseases on agricultural systems. We apply the proposed method to a case study 
in the Netherlands, in which we assess the potential economic impacts of extreme weather 
events on Dutch arable farming systems, taking into account impacts resulting from both 
potential yield losses and loss of product quality. Our analysis is based on a mapping tool 
representing arable farming systems with a spatial resolution of 100 m.

Arable farming systems can be considered as economic enterprises where investments 
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are made with a long-term perspective. We therefore apply the Net Present Value (NPV), a 
standard method used in capital budgeting for appraising long-term projects, to assess the 
long-term potential economic performance of arable farming systems in the Netherlands. 
According to the NPV method, an investment should have strictly non-negative NPV in 
order to be regarded as economically viable. Similarly to previous approaches (see e.g. Van 
der Hilst et al., 2010; Diogo et al., 2015), we calculate NPV of agricultural systems by meas-
uring discounted time series of expected cash inflows and outflows in a spatially-explicit way. 
Local economic impacts are assessed by estimating changes in the expected NPV due to 
the potential losses in terms of crop yield and product quality resulting from more frequent 
extreme weather events. Based on this, the economic feasibility of adaptation is subsequently 
assessed by determining the avoided decrease in NPV resulting from adopting adaptation 
measures. For that purpose, we consider a portfolio of adaptation measures and their specific 
investment costs, annual operational costs and effectiveness in alleviating crop damage.

Figure 6.1: Assessing and mapping economic impacts of extreme weather events on agricultural 
production systems and economic feasibility of adopting adaptation measures



Agricultural Land Systems

140

Our approach is schematically depicted in Figure 6.1, with the main methodological steps 
being described in more detail in the following sections:

• assessing the local economic performance of arable farming systems (Section 2.1), 
by estimating their local potential NPV;

• assessing the local economic impacts of more frequent extreme weather events 
(Section 2.2), by estimating the losses on crop production and quality, and resulting changes 
in NPV;

• assessing the avoided economic impacts achieved through local adaptation (Section 
2.3), by estimating the avoided decrease in NPV that can be obtained by adopting adaptation 
measures at the local level;

• assessing the economic viability of arable systems and feasibility of adaptation 
(Section 2.4), by determining the locations in which NPV is able to remain positive under 
more frequent extreme weather events, with and without the adoption of adaptation measures.

Finally, we perform a sensitivity analysis (Section 2.5) to evaluate how sensitive our results 
are to variations in key economic and productivity factors.

2.1. Potential economic performance of arable farming systems

Arable farming systems in the Netherlands are characterised by the cultivation of several annual 
crops, primarily potatoes, sugar beets, grains and onions, usually grown in rotation season after 
season. The share of different crops in the rotation can differ substantially between regions, 
as a result of the combined effect of spatial heterogeneity in local biophysical conditions 
influencing crop suitability, regional specialisation and market opportunities (e.g. existence of 
processing plants in the vicinity). The Basic Parcel Registration (BPR) data series (MEZLI, 
2013), a collection of annual farm surveys on crops grown per plot, was used as reference map 
to define the locations where land is currently used by arable farming systems (Figure 6.2) and 
to specify their crop rotation schemes. We distinguished crop rotation schemes for fourteen 
different agricultural regions and according to two main soil types, clay and sandy soils. The 
specification of regional crop rotation schemes can be found as an appendix in Table 6.A.1.
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Figure 6.2: Spatial distribution of arable farming systems in the Netherlands

The local economic performance of arable farming systems was determined following the 
standard NPV method. For an extensive account on the application of the NPV method 
to appraise the economic performance of agricultural systems in a spatially-explicit way, we 
refer to Diogo et al. (2015); for previous applications of the method to case studies on Dutch 
agricultural systems, see e.g. Van der Hilst et al., (2010), Kuhlman et al. (2013) and Andrée et 
al. (2017). Hereby we briefly summarize the approach, with detailed equations being provided 
in Appendix D. When applying the NPV method to land-based agricultural production 
systems, NPV is calculated as follows:
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Eq. (1)

where Invi represents the investment costs (e.g. new machinery, buildings and facilities, in 
€/ha), Ri,t and Ci,t are respectively the annual gross revenues and production costs in gridcell 
i in year t (€/ha), r is the discount rate and T is the investment time-horizon of the project 
(in years). Similarly to the abovementioned case studies, we assumed a discount rate of 5.5%, 
which is considered to be a realistic interest rate for farmer loans (De Wolf and Van der 
Klooster, 2006). We assumed an investment time-horizon of 30 years, which is the period 
of time commonly used to define and describe climate patterns (Schaap et al., 2011; see also 
Section 2.2).

Annual gross revenues are assumed to be obtained from selling the arable crops in agri-
cultural commodity markets (depending on local productivity and market prices), and from 
subsidies provided under the European Union’s Common Agricultural Policy (CAP) (see 
Equation D.1). Annual production costs comprise fixed production costs, variable production 
costs and transportation costs (see Equation D.2). Locally attainable crop yields were deter-
mined according to local biophysical features such as soil type and hydrological conditions, 
following the method proposed by Brouwer and Huinink (2002) and Van Bakel et al. (2007). 
The assumed crop market prices, CAP subsidies, production costs and maximum attainable 
yields are listed as an appendix in Table 6.A.2.

2.2. Local economic impacts of more frequent extreme weather events

The impacts of extreme weather events on crop production and quality were determined 
following the agro-climate calendar (ACC) method (Schaap et al., 2011; Schaap et al., 2013). 
The ACC takes into account the specific sequence of development stages of each crop (e.g. 
tuber bulking and maturation of potatoes) and the required series of management activities 
during their development (e.g. spraying, harvesting) in order to identify the risks of a vari-
ety of climate factors (i.e. weather extremes and induced occurrence of pests) that have a 
direct or indirect potential negative effect in terms of crop yield and product quality losses. 
In particular, the ACC identifies the specific periods of the year in which crop damage can 
potentially result from the occurrence of an extreme weather event, according to the crop 
development stage and/or management activity taking place in each month. For each crop, 
the ACC describes the following aspects: identified climate factors potentially affecting the 
crop; the meteorological description of the climate factors and their impact on the crop; 
the crop- and crop management-specific vulnerable period of the year when crop damage 
can occur due to the occurrence of the identified climate factors; and an estimated range of 
relative losses of market value (low and high impact) due to crop damage resulting from the 
occurrence of a single extreme weather event. Relative economic losses were estimated in a 
previous study using a participatory approach together with regional stakeholders.
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For this case study, we selected five climate extremes which are capable of potentially caus-
ing severe damage to arable crops in the Netherlands: high intensity rainfall, warm and wet 
conditions, heat wave, long drought, and warm winter. In Table 6.B.1 in the appendix, we 
summarize the impacts on crop production and quality, the potentially vulnerable period 
of the year and estimated ranges of relative economic loss for the selected combination of 
climate factors and crops.

The selected climate extremes were defined for two 30-year time periods, 1990 (1976–2005) 
and 2050 (2036–2065). Changes in the frequency of occurrence of the climatic extremes were 
determined by comparing the historic data records from the Royal Netherlands Meteorological 
Institute (KNMI) and the projected future climate for two KNMI’06 climate change scenarios 
(Van den Hurk et al. 2006). For this study, we selected two contrasting climate scenarios: the 
G scenario, which assumes an increase of 1°C in global temperature; and the W+ scenario, 
which assumes an increase of 2°C in global temperature combined with a change in atmos-
pheric circulation patterns, resulting in dryer summers. We used downscaled daily weather 
data for 15 weather stations (see Table 6.C.1, in the appendix) regarding the historical and 
projected frequency of climatic extremes during vulnerable months. Finally, we interpolated 
the weather station data for the whole country area to obtain maps showing the frequency 
of extreme weather occurring during vulnerable months in the considered 30-year periods, 
for each combination of crop and climate extreme (see Appendix C for more details on the 
spatial interpolation of the weather station data; for an example of the resulting maps of 
extreme event frequency during vulnerable months, see Figures C.1 and C.2).

For every 30-year period/scenario and for each particular extreme weather event, we 
assessed in a spatially-explicit way the potential average annual economic loss resulting from 
the damage caused on the affected crops. For that purpose, we took into account the esti-
mated range of economic loss due to crop damage (as % of economic loss) and the estimated 
annual average frequency of the extreme weather event (see Equation D.3). For every affected 
crop and scenario, we determined a lower and upper limit of average annual economic loss, 
according to the estimated range of relative economic loss per event (intermediate results 
with maps showing the average annual economic loss for each combination of crop, climatic 
extreme and scenario can be provided upon request).

Then, we calculated the total changes in NPV resulting from the long-term impacts of each 
specific extreme weather event, by aggregating the annual economic losses resulting from 
the damages on all affected crops, discounted over time (see Equation D.4). We determined 
a lower and upper limit of NPV change, assuming that the extent of the impacts caused by 
the events over the years are consistently on the lower or on the upper limits of economic 
loss, respectively (intermediate results with maps showing the changes in NPV due to the 
impacts of climate extremes can be provided upon request).
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2.3. Avoided economic impacts achieved through local adaptation

For every climate extreme, we considered a range of available adaptation measures for each 
crop. The characteristics of these adaptation measures were based on Schaap et al. (2013), as 
presented in Table 6.B.2 in the appendix. For this case study, we selected only adaptation 
measures at the farm-level that could be specified in terms of costs per unit of area. For every 
location, the choice for the most beneficial crop-specific adaptation measure depends on the 
characteristics of the considered measures and on the local frequency of the related extreme 
weather event. Firstly, we calculate the avoided annual economic loss that can be achieved 
through the adoption of a particular adaptation measure. For that purpose, we took into 
account the assumed effectiveness in reducing crop damage and the annual operational costs 
of adopting each particular measure (see Equation D.5). For each combination of climate 
extreme and crop, we then calculated the discounted avoided economic loss for each adaptation 
measure considered in the portfolio, taking into account the avoided annual economic loss and 
its initial investment costs in the first year (see Equation D.6). Subsequently, we compared 
the performance of the available crop-specific measures and selected the most beneficial ones 
that maximise the discounted value of avoided economic losses (see Equation D.7). Finally, 
we calculated the total avoided decrease in NPV achieved through the adoption of the most 
beneficial crop-specific adaptation measures against a particular extreme weather event, by 
aggregating the discounted avoid losses of the most beneficial crop-specific adaptation 
measures (see Equation D.8; intermediate results with maps showing the avoided changes in 
NPV achieved through adoption of local adaptation measures can be provided upon request).

2.4. Economic viability of arable farming systems and feasibility of adaptation

Finally, we used the results from the previous sections as an input for identifying the locations 
in which current arable farming systems are able to remain economically viable under more 
frequent extreme weather events. For each climate extreme, we identified the locations which:

• are able to remain economically viable without the adoption of adaptation 
measures, despite the economic impacts of the considered climate extremes (i.e. NPV>0 
without adaptation)

• are not able to remain economically viable due to the economic impacts of the 
considered climate extremes, but the adoption of adaptation measures is economically feasible 
(i.e. NPV>0 only with adaptation)

• are not able to remain economically viable due to the impacts of the considered cli-
mate factors, even with the adoption of adaptation measures (i.e. NPV<0 even with adaptation).
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Furthermore, in order to capture the impact uncertainty associated with the variability in 
market value losses resulting from the occurrence of an extreme weather event, we also took 
into account the range of estimated economic losses (i.e. low and high impact, see Table 6.B.1 
in the appendix) to distinguish the locations that are able to remain economically viable:

• only when the impact of the damages caused by climate extreme is consistently low;

• even when the impact of the damages caused by climate extreme is consistently high.

2.5. Sensitivity analysis

In the previous sections, economic and productivity factors were deliberately assumed to 
remain constant, in order to allow assessing the magnitude of impacts that could be exclusively 
attributed to changes in the frequency of extreme weather events. However, such factors can 
be expected to vary considerably in time. For instance, potential crop yields are expected 
to increase in the future, due to the combined effect of technological changes (e.g. genetic 
improvement, see Rijk et al., 2013) and the rise of temperature and CO2 levels (Wolf et al., 
2011; Reidsma et al., 2015).

Previous case studies demonstrated that, although production costs and discount rates can 
also influence the NPV, the economic performance of agricultural systems is mostly sensi-
tive to crop yields and market prices (see e.g. Van der Hilst et al., 2010; Diogo et al., 2014). 
Therefore, we provide a sensitivity analysis to investigate the responsiveness of the estimated 
economic impacts to variability in these two factors. Climate change scenarios were coupled 
with socio-economic scenarios developed for the Netherlands, in order to provide sensible 
ranges of variation for the sensitivity analysis. Similarly to Riedijk et al. (2007), the G scenario 
was linked to the Regional Community (RC) scenario, while the W+ scenario was linked 
to the Global Economy (GE) scenario. Table 6.E.1 in Appendix 6 summarizes the assumed 
variations on crop yields and market prices. For both scenarios, we selected upper and lower 
ranges of market prices, to account for different developments of socio-economic factors such 
as population growth and GDP. Finally, we performed again steps 2.2 and 2.3 to recalculate 
the expected changes in NPV caused by extreme weather events, while accounting for the 
assumed changes in yields and prices.

3. Results

3.1. Potential economic performance of arable farming systems

First we assessed the potential NPV of arable farming systems in the absence of extreme 
weather events, in a spatially-explicit way (see Figure 6.3 and Table 6.1).
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The area allocated to arable farming and resulting economic performance was found to vary 
considerably among regions. In general, the best performing regions are also those with major 
concentrations of arable farming. The highest regional average NPV/ha is found in region 1, 
being about double the national average due to a combination of high biophysical suitability 
and specialisation in seed potato, a high value crop (see Table 6.A.1 and 6.A.2, in Appendix 
6). In contrast, region 2 shows a relatively low average NPV/ha (64% below national average), 
with approximately 12% of the area presenting a negative NPV/ha. This can be explained by 
the large degree of regional specialisation in starch potato, a low value crop, in order to cap-
ture the potential advantages of being located in the vicinity of existing starch manufacture 
facilities (e.g. low transportation costs and the establishment of long-term supply contracts 
that allow farmers to avoid price volatility and market uncertainty).

Figure 6.3: Potential Net Present Value of arable farming systems
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The analysis thus shows large interregional differences that result from a combination of 
spatial factors such as crop biophysical suitability and regional specialisation in crops with 
distinct market value. Furthermore, the relative standard deviation listed in Table 6.1 shows 
that intraregional variability is also substantial, especially in regions with low average NPV/
ha. These regions are also characterised by higher shares of area with a negative NPV. This 
indicates that regions with lower economic performance may also be more susceptible to 
disruptive changes in factors affecting the economic viability of arable farming systems.

Table 6.1: Regional average NPV/ha and total NPV of arable farming systems
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3.2. Economic viability of agricultural systems and feasibility of adaptation

We assessed the economic viability of arable systems under the impact of extreme weather 
events, as well as the economic feasibility of implementing adaptation measures. Figure 6.4 
shows the extent of the economic impacts resulting from the considered climatic extremes, 
given as a range of the percentage decrease in the total potential NPV at the national level in 
the reference year (see also Appendix F for the results regarding the change in average NPV 
per region in the period around 2050). We can observe that, in the absence of adaptation 
measures, some of the considered climate extremes are likely to be already causing consider-
able economic impacts in the present situation. Particularly, high intensity rainfall and heat 
waves have been estimated to cause a relative decrease of 25%-71% and 23%-66% in total NPV, 
respectively, depending on the extent of the damages. The economic impacts due to warm 
and wet conditions and warm winters can also be substantial, possibly leading to a relative 
decrease of 10%-26% and 18%-48% in total NPV, respectively. In contrast, long droughts 
pose a much smaller threat, causing an estimated relative decrease of 1%-10% in total NPV.

Due to higher event frequency, the long-term impacts of climatic extremes are expected to 
be significantly higher in the period around 2050. They are also expected to be, in general, much 
larger in the W+ scenario than in the G scenario. The only exception is high intensity rainfall 
(due to higher event frequency in G scenario), which is expected to bring about a decrease in 
the total NPV of 37%-109% in the G scenario, and of 29%-85% in the W+ scenario. Despite 
the large impacts of high intensity rainfall, arable farming is expected to remain economically 
viable in most locations even without the implementation of adaptation measures (around 
90% of the total area in both scenarios, see Figure 6.5), under the assumption that other pro-
ductivity and economic factors remain constant over time. In some locations, however, that 
is the case only if the extent of the damages is consistently low (specifically 46% of the total 
area in the G scenario and 25% in the W+ scenario); in case damages are consistently high, 
adaptation measures would be required in these locations. Adopting adaptation measures 
seems to greatly reduce the expected economic impacts in all regions, with NPV decreasing 
only by 20%-29% in the G scenario and by 19%-26% in the W+ scenario. Adaptation appears 
to be particularly important in regions 4, 12 and 13, where average NPV is expected to decrease 
more than 100% (i.e. regional NPV becomes negative) in both scenarios in case damages 
are consistently high (see upper limit of changes in NPV in Table 6.F.1, in the appendix).

As a result of warm and wet conditions, the total national NPV of arable farming systems 
in 2050 is expected to decrease by 23%-67% in the G scenario, up to 37%-115% in the W+ 
scenario. Irrespective of the extent of the damages, arable farming is expected to become 
economically unviable in 9% of the total area in the G scenario, up to 12% in the W+ scenario 
(Figure 6.6). Similarly to high intensity rainfall, the most affected areas are regions 4, 12 and 13 
(see Table 6.F.2, in the appendix). The adoption of adaptation measures appears to reduce the 
impact of warm and wet conditions in case damages are consistently high, but it might lead 
to overinvestment in case damages are low, particularly in the G scenario. In some regions, 
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overspending might occur even when damages are high; a remarkable example is region 2, 
where adopting adaptation measures could potentially lead to a decrease of more than 100% 
in the regional average NPV.

Figure 6.4: Range of relative decrease in total NPV at the national level in relation to potential 
NPV, due to the occurrence of extreme weather events, in the present and in the period around 2050

For both scenarios, heat wave is the climate factor that is expected to cause the largest 
economic impacts in the period around 2050. Particularly in the W+ scenario, the relative 
decrease in total NPV is expected to be remarkably high, ranging from 119% to 300% (i.e. 
total NPV at the national level becomes negative, irrespective of the extent of the damages) 
in the absence of adaptation, and from 58% to 105% if adaptation measures are implemented. 
According to this scenario, arable farming would become economically unviable in 29% of 
the total area, even in the advent of widespread adaptation (Figure 6.7). In some regions, the 
economic impacts are expected to be even more conspicuous, with the eastern regions 2, 4 
and 13 being the most affected (see Table 6.F.3, in the appendix). Particularly in region 2, the 
regional average NPV has been estimated to decrease from 226% to 587% without adaptation, 
and from 113% to 282% in case adaptation measures are implemented, with arable farming 
becoming unviable in 68% of the total arable land area in the region. Although region 2 is 
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expected to be exposed only to moderate heat frequency, its current low economic perfor-
mance (see section 3.1) implies that the economic viability of arable farming in this region 
is more susceptible to disruptive changes. In fact, we can conclude that viability risks are 
not necessarily linked to the absolute magnitude of the economic impacts – for example, 
although the northern region 1 showed the highest absolute decrease in NPV due to heat 
waves, arable farming in this region appears to remain economically viable for both scenarios 
even without the adoption of adaptation measures events. Adaptation against heat waves 
seems to play a key role in agricultural areas such as regions 6 and 11, allowing 11% (in case 
damages are low) up to 68% (in case damages are high) of the total arable farming area to 
remain economically viable. Notwithstanding the relatively lower economic impacts (41%-
120% decrease in total NPV), adaptation is also expected to be important in the G scenario, 
by halving the decrease in total NPV and allowing from 11% to 41% of arable farming area 
to remain economically viable.

Compared to other climate factors, the economic impacts of long drought periods are 
expected to remain relatively low, with an overall decrease in total NPV of 1-11% in the G 
scenario and of 4%-24% in the W+ scenario. The expected low impact of droughts is mainly 
due to relatively low share of the affected crops (i.e. onions and summer wheat) in the rota-
tion schemes (see Table 6.A.1, in the appendix). It can be observed that the differences in 
magnitude of impacts among scenarios have no implications on the economic viability of 
arable farming systems (see Figure 6.8). Remarkably, adopting the considered portfolio of 
adaptation measures could actually result in overinvestment and potentially lead to a higher 
decrease in NPV in all regions (see Table 6.F.4, in the appendix).

The economic impacts of warm winters are expected to be extremely high, particularly 
in the W+ scenario (Figure 6.9). The considered adaptation options seem, however, to be 
fairly efficient in alleviating the economic losses, reducing the decrease in total NPV from 
35%-101% down to 34%-44% in the G scenario, and from 95%-274% down to 44%-69% in 
the W+ scenario. Adaptation appears to have a decisive role on the economic viability of 
arable farming in the W+ scenario, allowing 12% up 74% of the total area to remain profitable. 
Despite this promising outlook, arable farming is expected to become unviable due to warm 
winters on a relatively large area, specifically 15% of the total area in the G scenario, and 22% 
in the W+ scenario. Once again, region 2 appears to be particularly affected (see Table 6.F.5, 
in the appendix).



Chapter 6

151

Figure 6.5: Economic viability and feasibility of adaptation of arable farming systems around 2050 
when accounting for the damage caused by the occurrence of high intensity rainfall events, for the 
scenarios G(a) and W+(b)
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Figure 6.6: Economic viability and feasibility of adaptation of arable farming systems around 
2050 when accounting for the damage caused by the occurrence of warm and wet conditions, for the 
scenarios G(a) and W+(b)
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Figure 6.7: Economic viability and feasibility of adaptation of arable farming systems around 
2050 when accounting for the damage caused by the occurrence of heat waves, for the scenarios G(a) 
and W+(b)
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Figure 6.8: Economic viability and feasibility of adaptation of arable farming systems around 
2050 when accounting for the damage caused by the occurrence of long droughts, for the scenarios 
G(a) and W+(b)
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Figure 6.9: Economic viability and feasibility of adaptation of arable farming systems around 
2050 when accounting for the damage caused by the occurrence of warm winters, for the scenarios 
G(a) and W+(b)
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3.3. Sensitivity analysis

We assessed the sensitivity of the economic impacts of heat waves in the period around 2050, 
in respect to variations in attainable yields and market prices of arable farming crops. Figure 
6.10 shows the sensitivity analysis on the relative decrease in total potential NPV caused by 
heat waves in 2050, with and without the adoption of adaptation measures, in comparison 
to the present situation. It can be seen that future economic impacts are very sensitive to 
both crop yields and market prices. Yields are expected to become higher in both scenarios, 
resulting in lower or even positive (i.e. decrease in NPV is negative) overall impacts than 
when assuming current yields. However, the differences between the lower and upper impact 
ranges become somewhat larger. Assuming future prices on the upper tier has a similar effect, 
but with overall impacts becoming even smaller and differences in impact ranges increasing 
further. Conversely, assuming prices on the lower tier has the opposite effect, i.e. larger overall 
impacts, with smaller differences in impact ranges.

Several conclusions can be taken from the sensitivity analysis. The improved economic 
performance due to higher crop yields and market prices might be sufficient to counterbal-
ance or even surpass the magnitude of the impacts resulting from heat waves. For instance, it 
can be observed that in the G scenario, the expected increase in crop yields alone would be 
sufficient to counterbalance the losses resulting from more frequent heat waves. That would 
not be the case in the W+ scenario, but the adoption of adaptation measures would at least 
enable to reduce economic impacts down to present levels. The increase in market prices 
in the W+ scenario in combination with the implementation of adaptation measures could 
imply that total NPV increases by at least 181%, despite the dramatic increase in heat waves. 
Furthermore, the differences in results when assuming different market prices are larger than 
when assuming different climate scenarios of heat wave frequency and crop yields.

Therefore, it can be concluded that the uncertainties introduced by market conditions have a 
larger magnitude than uncertainties related with climate change developments. The combined 
effect of uncertainties in these key factors has huge implications on the economic viability 
of arable farming systems, with changes in NPV ranging between -300% and 200% in the 
absence of adaptation measures. In that respect, the sensitivity analysis reveals a paramount 
aspect regarding the importance of adaptation: not only it has the potential to greatly reduce 
the expected economic impacts induced by extreme weather events, but it also contributes 
to minimizing the uncertainty on the economic viability of arable farming systems under 
changing developments in socio-economic and climate conditions.
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Figure 6.10: Sensitivity analysis on the relative decrease in total NPV at the national level resulting 
from heat waves in the period around 2050, in relation to potential NPV

4. Discussion and conclusions

4.1. Impacts of extreme weather events in the Netherlands

The proposed method aims to inform stakeholders and policy-makers on the magnitude order 
of local economic impacts resulting from more frequent climatic extremes. In our case study, 
we demonstrated that, while extreme weather events are already causing considerable hazard in 
the present, the expected frequency increase might pose serious threats to the future economic 
viability of agricultural systems in the Netherlands. Particularly, heat waves, warm winters 
and high intensity rainfall can potentially undermine the competitiveness of this sector in 
the period around 2050. Our findings on the current impact of high intensity rainfall events 
are in line with Van Oort et al. (2012), which also identified extreme wet periods as the main 
explanatory factor for the observed potato yield anomalies over the last decades in a Dutch 
region. While heat wave events are generally regarded as one of the major climate risks in 
Europe for their negative impacts on human health (e.g. Aström et al., 2011; Basagaña et al., 
2011), forests (e.g. Bondur, 2011) and fresh water resources ( Johnk et al., 2008), our case study 
confirmed that they are also capable of causing widespread impacts in the agricultural sector. 
Although there is commonly a focus on the effects of droughts in agriculture (Field, et al. 
2012; Porter et al., 2014; Lesk et al., 2016), even in the context of north-western Europe (see 
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e.g. Wreford and Neil Adger, 2010; Gobin, 2012), our analysis has shown that their impacts 
might be relatively limited when compared with other extreme weather events. In contrast, 
warm winters are rarely mentioned in most climate change reviews (e.g. neither EEA (2012b) 
nor Field et al. (2012) refer it), but our analysis has shown that these events might cause 
economic losses in Europe comparable to those of heat waves.

Although the Dutch agricultural sector is not expected to be one of the most negatively 
affected by gradual climate changes, we demonstrated that the potential economic impacts 
resulting from more frequent extreme weather events can be sufficient to disrupt the economic 
viability of arable systems in large areas. Economic impacts can possibly be higher in other 
important agricultural sectors with higher value crops (e.g. horticulture). However, climate 
change can also provide opportunities for agricultural systems, bringing positive effects by 
means of increased potential yields, possibly offsetting the economic losses resulting from 
more frequent extreme weather events. Yet, our analysis revealed that the exact magnitude of 
the impacts is highly uncertain, due the combined variability on factors stemming not only 
from climate change, but particularly from future market conditions. Similarly to Schaap 
et al. (2013), we conclude that, for most extreme weather events, the adoption of adaptation 
measures should nevertheless be regarded as a no-regret strategy, since they help largely 
reducing both the economic impacts and their magnitude uncertainty.

We were able to identify considerable differences between regions in terms of vulnerability 
to the considered climate factors. Soil heterogeneity can explain some of the differences, but 
also coastal effects and farming system diversity are important. Some regions are shown to 
be either very vulnerable (e.g. region 2) or very resilient (e.g. region 1) to all climate factors, 
irrespective of the considered scenario. For example, our analysis revealed that arable farming 
in region 2 has a low economic performance due to specialisation in starch potato, and conse-
quently it is more exposed to variations in key factors. Moreover, the adoption of adaptation 
measures is too costly when compared to their marginal benefits, and consequently arable 
farming might become economically unviable under the influence of more frequent extreme 
weather events. In fact, arable farms in this region are already facing viability issues, which 
has urged the Dutch government to draft plans to compensate starch potato farmers for the 
changes in subsidies following recent CAP reforms (Dijksma, 2015).

Region 1, on the other hand, displays a high economic performance due to specialisation 
in seed potato, thus being able not only to accommodate higher economic impacts but also 
to obtain higher marginal benefits from adaptation. Particular focus has been given to high 
value crops in previous impact assessments of extreme weather events in the Netherlands 
(e.g. Van Oort, 2012; Schaap et al; 2011; Schaap et al.; 2013; Reidsma 2015). However, we have 
demonstrated that, while high value crops might account for higher absolute economic losses, 
important aspects regarding climate vulnerability and farm viability can also be related to low 
value crops. Our results highlight that the interplay between economic factors and manage-
ment decisions plays a decisive role in the economic viability of agricultural systems under the 
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pressure of more frequent climatic extremes. These findings are in line with Kanellopoulos et 
al. (2014) and Reidsma et al. (2015), both advocating the need for integrated assessment and 
farm system analysis in climate change impact and adaptation assessment.

4.2. A spatially explicit approach

Previous spatially explicit approaches have focused on giving estimates of crop yield changes 
and productivity at global (Parry et al., 2004; Rosenzweig et al., 2014) and continental levels 
(e.g., Angulo et al., 2013; Iglesias et al., 2012; Hermans et al., 2010). Although these assess-
ments provide useful projections on the main future trends of food production, they do not 
identify the most relevant climate risks at the local level and required adaptation measures.

Our case study demonstrated the merits of applying the proposed method at a high spatial 
resolution in the quantification of extreme event impacts: not only it allows taking into account 
the spatial variability of specific local features that are relevant for agricultural systems, but 
it also enables to explore and understand the interplay between regional climatic changes, 
local farm management decisions and general market conditions. The ability to incorporate 
these complex interactions proved essential to identify major regional differences, even in a 
relatively small country such as the Netherlands. In larger countries with a high degree of 
interregional diversity, the application of spatially-explicit methods for impact assessment 
might be even more crucial, particularly in those that are expected to be severely affected by 
climate change (e.g. in Australia, see Sposito et al., 2012; Sposito et al., 2014).

Furthermore, the proposed method allows to assess the economic feasibility of different 
local adaptation measures and evaluate the extent to which they help reducing local eco-
nomic impacts. Compared to previous case studies (e.g. Schaap et al., 2013), implementing 
the ACC method in a spatially explicit way allows to identify and select, simultaneously 
for a relatively large area, the adaptation measures that are able to maximise local marginal 
benefits according to the specific characteristics of each location. For instance, adaptation 
measures with high effectiveness on reducing crop damage generally imply high investment 
and/or annual costs; if the extreme event frequency is not high, it might be more beneficial 
to adopt an adaptation measure with lower effectiveness involving lower costs. In the case of 
long droughts, we could even observe that, in most locations, adopting adaptation measures 
would actually be inefficient and make farmers incur unnecessary additional costs.

We should nevertheless point out that the increased level of detail introduced by our 
spatially explicit method does not necessarily result in an improved degree of accuracy of 
the analysis at the local level. For example, though interpolating the weather station data 
leads to a higher level of resolution of the analysis, the degree of accuracy at the local level 
might actually decrease, due to the small number of available data points. Despite these issues, 
increasing the degree of resolution enables to simulate the multi-scale interactions between key 
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factors at the levels that they actually operate, and accordingly capture the regional patterns 
of climate vulnerability and resilience that emerge from this complex interplay. Therefore, 
we still consider our approach as valid, as long as the results are interpreted to identify the 
main emerging regional trends, and not on a pixel-by-pixel basis.

4.3. Uncertainty and implications

Since relative economic losses were estimated through a participatory process (Schaap et 
al., 2013), their uncertainty is inherently high, as perceived risks and impacts may vary con-
siderably depending on local conditions, management and socio-cultural factors (see e.g. 
Menapace et al., 2015). Furthermore, our approach was implemented in a rather static fashion; 
more specifically, we have not included endogenous processes dealing with the interactions 
between the occurrence of extreme weather events and resulting volatility of crop prices due 
to short-term fluctuations in supply.

We have also not addressed possible synergies among different climatic extremes or the 
effect of implementing various adaptation measures simultaneously. However, such synergies 
can be expected to have crucial implications both in the impact magnitude and adaptation 
efficiency. Therefore, our results should not be interpreted as exact estimates of absolute changes 
in NPV. Instead, they should be regarded as plausible projections of the magnitude order of 
the economic impacts that can be exclusively assigned to the occurrence of climatic extremes, 
and the eventual ability of agricultural systems to cope with them through adaptation. The 
proposed method is nevertheless flexible enough to accommodate alternative specifications 
of climate scenarios (e.g. the more recent KNMI’14 climate scenarios, see Van den Hurk et 
al., 2014), socio-economic conditions or portfolios of adaptation measures, in order to explore 
different configurations of possible future developments.

We only assessed the feasibility of a number of adaptation measures implemented at the 
farm level for which investment and operational costs are expressed in €/ha. However, other 
adaptation alternatives at the sectoral and regional levels are also available. For instance, potato 
cultivars that are more resistant to heat have been developed and are already being cultivated 
in sandy soil areas in the southeast Netherlands (e.g. Fontane potato variety), substituting 
potato varieties vulnerable to second-growth (e.g. Bintje, Agria and Ramos potato varieties). 
Other possible adaptation options include the diversification of crop products (e.g. for example, 
the use of protein from starch potato for high-value protein products, see AVEBE, 2014), 
changing cropping patterns (e.g. Kanellopoulos et al., 2014; Reidsma et al., 2015), or adopting 
new crops (Olesen and Bindi, 2002; Olesen et al., 2011; Kuhlman et al., 2013). Agriculture in 
the Netherlands is an innovative, knowledge intensive sector (OECD, 2015), thus adaptive 
strategies should be expected, to some extent, to be already in place to countervail the present 
impacts of climatic extremes. Therefore, we acknowledge that we might have overestimated 
the economic impacts for the present situation.



Chapter 6

161

Our NPV estimation approach presents a few noteworthy drawbacks. Firstly, no considerations 
were made regarding economies of scale or spatial externalities (environmental and social) 
emanating among proximate farms, while these processes are known to have a strong effect 
on the production function of agricultural systems (e.g. Lewis et al., 2008; Surendra, 2002). 
Secondly, our NPV approach implicitly assumes that farmers pursue profit maximisation 
as their main objective preference. While this assumption might hold to a large extent in 
the Netherlands (Kanellopoulos et al., 2014; Mandryk et al., 2014; Diogo et al.; 2015), other 
socio-economic and cultural factors are also decisive in farmers’ decision-making processes 
(Lauwere, 2005; Bakker et al., 2014). For example, besides benefiting from long-term contracts 
with starch industries (thus avoiding market uncertainty), many starch potato farmers are also 
shareholders of these companies, being obliged to deliver a certain production volume per 
share (AVEBE, 2014). These shares could possibly be sold, but at the moment this transaction 
is costly. These aspects might explain why farmers in region 2 keep on cultivating mainly 
starch potatoes, even though changing to more valuable crops would, in principle, allow 
them to obtain higher margins. Therefore, it should be kept in mind that, despite providing 
a coherent measure of local economic performance and attractiveness of investment alter-
natives in agricultural systems, the NPV method does not capture several aspects related to 
farm viability and underlying decision-making processes.

Despite these limitations, the proposed method is deemed valuable when implemented in 
decision support systems for climate change adaptation in the agricultural sector. Not only 
does it provide an overview of the most important region-specific threats and opportunities, 
but it also improves communication on the main climate risks and contributes to prioritising 
adaptation. This information is vital for different stakeholders and decision-makers who need 
to make decisions for avoiding economic losses and missed opportunities. It provides impor-
tant insights not only on identifying which regions might require more critical intervention, 
but also which factors should be addressed in order to devise robust strategies better suited 
for the specific local conditions in the affected regions. Thus, farmers can appraise different 
local level management responses and identify those that are potentially better suited to 
cope with their particular needs. Simultaneously, policy-makers can use these overviews as 
a basis for devising regional adaptation policies that are able to tackle the specific structural 
issues of particular regions (see also Smit and Skinner, 2002), e.g. 1) promoting research and 
development programs for the development of more efficient/less costly adaptation measures 
and better adapted crop varieties in the regions where the considered adaptation measures 
prove insufficient; 2) establishing technology diffusion programs to disseminate the adoption 
of adaptive strategies in the regions where the considered measures prove highly beneficial; 
3) promoting the development of tailored insurance products and facilitating timely access 
to financing for farmers in the most affected regions.

Finally, it should be noted that we have not explored the dynamic interrelations between 
the gradual increase of extreme event frequency and the timing for adaptive interventions. 
However, farmers are likely to adjust their strategies in time as they perceive increasing 
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climate and market risks and opportunities; for example, farmers might have the option to 
postpone their actions until better information is gained. Previous studies have demonstrated 
that the Real Option Valuation (ROV) method is indeed more adequate to support land-
use conversion decision-making under uncertainty than the deterministic NPV approach 
(see e.g. Schatzki, 2003; Isik and Young, 2004; Song et al., 2011, Regan et al., 2015). Applying 
ROV to agricultural land-use management under climate change could potentially identify 
the optimal timing, tipping points and dead-end of particular adaptive interventions, as well 
as no-regret strategies. This information could then support the design of adaptive strategy 
pathways (timing and sequence) aiming to shape the future and reduce vulnerability to 
uncertain developments. This type of approach has already been successfully implemented 
for devising adaptive water management strategies under climate change (see e.g. Haasnoot 
et al., 2012; Van der Pol et al., 2014) and its application to adaptation in agricultural systems 
could entail an important area for further research.
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