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Deliverable 5.6 Report on Narratives behind Directives Protecting the Environment

1. Changes with respect to the DoA
(with justification if applicable)
The Description of Work refers to the “Report on quality check on the robustness of the narratives
behind the directives having the goal of protecting the environment (habitat and soil protection)
carried out in three phases”. This is a typing error as we are yet to complete phase 2 and phase 3.
Therefore, the report covers the quality check on the 1st phase only. This has been communicated to
the Project Officer and agreed.
2. Dissemination and uptake
(who will/could use this deliverable, within the project or outside the project)
The results presented in this deliverable will be of interest to those working in the policy domain of
biodiversity and environmental protection. As such, the deliverable will be relevant for policy makers,
researchers, NGO’s and society. Also within the project the method and results could be used to
inform further analysis in the WP5 and WP6 of the MAGIC project. One of the case studies presented
in the deliverable have been presented in a policy brief and is available online.
3. Short Summary of results (<250 words)
This deliverable presents a social metabolism analysis and quality check of a narrative related to the
policy domain of environmental protection. More specifically, the deliverable applies and reflects on
the use of Quantitative Story Telling as an innovative approach to explore the feasibility, viability and
desirability of a narrative. In this deliverable we analysed options for internalization of agricultural
production and its impact on biodiversity. Four case studies (the Netherlands, France, Spain and the
EU28) were used to reflect differences between countries and overall import characteristics, land use
and livestock production. The FAOSTAT database of production and trade in livestock and crop
products was used to identify and quantify the main import and export crop and livestock products in
the four case studies. This gives an impression of the magnitude of the trade, its associated land use,
the role of livestock production, the (im)possibilities of internalizing these imports, and the impact
internalization could have on biodiversity. Although the four case studies are explorative, they show
that the current import of crop products requires a substantial amount of land in other parts of the
world and illustrate the complexity involved in internalization. Based on the results, we conclude that
internalization of agricultural production based on current levels of import and export, would
jeopardize commitments made to reduce biodiversity loss.
4. Evidence of accomplishment
(report, manuscript, web-link, other)
The enclosed report, four Excel-based tools, and a policy brief.
The report and tools will be made available on our project website document repository:
https://magic-nexus.eu/documents-repository upon submission in the portal. The policy brief is
available at: https://magic-nexus.eu/policy-briefs.
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5. Document History
History of Changes
Version
1.0
2.0

Publication date
31.11.2018
30.06.2019

Change
Initial version
The description of the policy domain and the term
environmental protection and soils was extended
(section 1.1).
The process of selecting the narrative, as part of the
Quantitative Story Telling process, has been described
more extensively under section 2.1 with references to
specific milestones.
The relevance of the narrative, and its link to recent
policies has been elaborated in section 2.1.
The methods and data used are described in more
detail in section 2.2.1.
In chapter 3, the economic value of the current main
import and export products was added to provide
insight in the impact of internalization on the economy.
A more extensive description of the findings and their
implications was added for each case study. This
includes the impact of internalization on land use,
biodiversity and economy.
To make the analysis more dynamic, four Excel tools
have been developed in which the consequences of full
and partial internalization on biodiversity loss and
economic value of exports can be explored. The results
of these tools have been integrated as visualisations in
the deliverable.
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Summary for Policymakers
Our globalized society is increasingly faced with challenges related to the complex interactions
between water, energy, food and biodiversity. Globalization of agricultural production has increased
the dependency of many countries on trade. As a result, production and associated environmental
impacts are externalized. Given the problem of environmental burden shifting, should the EU consider
to internalize the production of crops that are currently imported? The EU has, however, also
committed to ambitious goals including the Sustainable Development Goals, the Paris Agreement, the
global Aichi biodiversity targets as well as internal ambitions on energy, climate and biodiversity. Could
these targets be met if the EU would internalize production? To reflect on these questions, this study
explores options for internalization of agricultural production and its impact on land use and
biodiversity. Four case studies (the Netherlands, France, Spain and the EU28) were used to reflect
differences between countries and overall import characteristics, land use and livestock production.
The FAOSTAT database of production and trade in livestock and crop products was used to identify
and quantify the main import and export crop and livestock products in the four case studies. This
analysis gives an impression of the magnitude of the trade, its associated land use, the role of livestock
production, the (im)possibilities of internalizing these imports, and the impact internalization could
have on biodiversity. Although the four case studies are explorative, they show that the current import
of crop products requires a substantial amount of land in other parts of the world and illustrate the
complexity involved in internalization. Producing these products within the case study regions (i.e.
internalization) would involve substantial land use changes associated with biodiversity loss but has
also economic consequences. Internalization would jeopardize commitments made to reduce
biodiversity loss in the EU. Global trade currently shifts environmental burdens, including impacts on
biodiversity, but also has social and economic consequences. In addition, environmental burden
shifting could limit other regions to meet their environmental goals. This analysis has focused on the
main imports and exports, which are based on current consumption and production patterns. Changes
in the production and consumption (e.g. animal sourced food) can have a large impact on the demand
for crop products for food and feed. Policy can address these issues through a smart combination of
strategies including lowering the use of resources, reducing food waste, closing yield gaps, changes in
the consumption of livestock products, inequality reduction and investment in education. However,
it’s important to recognize that there is no silver bullet to address the challenges presented by
international trade and environmental burden shifting.
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Technical Summary
Our globalized society is increasingly faced with challenges related to the complex interactions
between water, energy, food and biodiversity. Globalization of agricultural production has increased
the dependency of many countries on trade. As a result, production and associated environmental
impacts are externalized. Given the problem of environmental burden shifting, should the EU consider
to internalize the production of crops that are currently imported? The EU has, however, also
committed to ambitious goals including the Sustainable Development Goals, the Paris Agreement, the
global Aichi biodiversity targets as well as internal ambitions on energy, climate and biodiversity. Could
these targets be met if the EU would internalize production? To reflect on these questions, this study
explores options for internalization of agricultural production and its impact on biodiversity. Four case
studies (the Netherlands, France, Spain and the EU28) were used to reflect differences between
countries and overall import characteristics, land use and livestock production. The FAOSTAT database
of production and trade in livestock and crop products was used to identify and quantify the main
import and export crop and livestock products in the four case studies. This gives an impression of the
magnitude of the trade, its associated land use, the role of livestock production, the (im)possibilities
of internalizing these imports, and the impact internalization could have on biodiversity. The
Netherlands, for example, imports large quantities of wheat, maize, soybeans and barley which are to
a large extent used for livestock feed. Internalizing the production of just these four crops would
require an additional 2.4 million hectares (58% of the Dutch land surface). Converting the country’s
grassland, forest and nature surface into cropland would not suffice to internalize this production, nor
would it be socially or environmentally desirable. Also for the other three case studies, the
internalization of agricultural production would involve land use changes associated with biodiversity
loss. For France, substituting the current production of export crops with production of crops that are
currently imported could be an option to internalize production. This would, however, have economic
consequences. Although the four case studies are explorative, they show that the current import of
crop products requires a substantial amount of land in other parts of the world and illustrate the
complexity involved in internalization. Based on the results, we conclude that internalization of
agricultural production based on current levels of import and export, would jeopardize commitments
made to reduce biodiversity loss.
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1. Introduction
Our globalized society is increasingly faced with challenges related to the complex interactions
between water, energy, food and biodiversity. The MAGIC project (https://magic-nexus.eu) aims to
better understand the interdependencies at the nexus between water, energy and food, and its
relation to governance systems. One of the innovative features of the project is to carry out a quality
check on EU policy options related to the nexus. Using Quantitative Story Telling, a reflection is given
on the feasibility (Do the resources add up?), viability (Can a society with its technology and
institutions implement it?), and desirability (Is this what that society wishes to achieve?) of a policy
option or narrative.
This report illustrates the application of Quantitative Story Telling (QST) to the policy domain of
environmental protection, in order to undertake a quality check on a policy narrative. The quality
check aims to consider whether a dominant narrative within this domain is feasible, viable and
desirable, using a social metabolism analysis.
It contributes to the set of analyses being undertaken within WP5 across a range of policies, including
Water directives (D5.3); Energy directives (D5.4); Common Agricultural Policy (CAP)(D5.5),
Environment protection – biodiversity (D5.6) and Circular Economy (D5.7). In the period 2017-2018,
the nexus consequences of EU policies (e.g. CAP, Habitat and Bird Directives, Energy Directives, Water
Framework Directive, Circular Economy Strategy) are studied separately, and from 2018 to 2020 the
interactions between these policies will be further explored.

1.1 Policy Domain and the Nexus
The provision of food, fiber, fuel and water are essential ecosystem services our society depends upon.
Over the past decades, awareness on the limits to our use of resources and planetary boundaries have
increased (Steffen et al., 2015; UNEP, 2016). Biodiversity loss can trigger irreversible changes to the
Earth system functioning and affect national and human security (Kettunen, Noome, & Nyman, 2018).
More specifically, the loss in genetic diversity can reduce Earth’s persistence and adaptive capacity
(Steffen et al., 2015). Recent studies have shown dramatic loss in biodiversity and raised the need for
additional efforts to protect species and habitats (Hallmann et al., 2017; IPBES, 2019; Tittensor et al.,
2014). The biggest drivers for biodiversity decline include overexploitation of habitats and agriculture
(Maxwell, Fuller, Brooks, & Watson, 2016). Agriculture presents an important form of land use in
Europe representing approximately 40% of the total land area. Moreover, the EU has a substantial
impact globally through trade and land use associated to imported crops (Kastner, Erb, & Haberl, 2015;
Kuik, Kettunen, Vliet, Colsa, & Illes, 2018; Weinzettel, Vačkářů, & Medková, 2019). Agriculture through
its production of food, feed, fiber and fuel crops adds to the competition for land and resources.
Combining agricultural land use and biodiversity conservation presents a complex issue, especially in
combination with the increasing competition for biomass for food, feed and fuel (Tscharntke et al.,
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2012). This makes the policy domain of biodiversity and environmental protection inherently related
to the climate-water-food energy nexus.
The expected impact of the MAGIC project, as described in the text of the call (H2020-WATER-20142015) is to increase understanding of how water management, food and biodiversity policies are
linked together and to climate and sustainability goals. The MAGIC project therefore focuses on the
key Nexus policies and directives to assess the interactions of future water, food and biodiversity
policy options and identify where trade-offs between objectives could occur. As defined in the MAGIC
Project Proposal key policies in the Water-Energy-Food-Environment nexus include: “the Common
Agricultural Policy, the Water Framework Directive and the Habitat Directive with consideration
perhaps also given to the need for a Soils Directive (given potential for loss of soil functions in a variety
of areas of Europe particularly under climate change) – in WP5.” Despite the importance of the topic
of soils, the proposal for a Soil Framework Directive was withdrawn by the European Commission in
2014. For that reason, this deliverable mainly focuses on narratives brought forward in policy
documents that have been implemented including the Habitats Directive. We included additional
policy documents related to the protection of the environment and biodiversity including the Birds
Directive, Natura 2000 and the Biodiversity Strategy to cover a wider range of environmental
protection policies.

1.2 Social Metabolism and Quantitative Story Telling
Social metabolism is based on the idea that societies have to maintain their functions and reproductive
capacity through the flow of materials and energy (de Molina & Toledo, 2014). Societies are
dependent on input from and output to nature and as such exchange matter and energy with the
natural environment. Gaining insight into the metabolism of societies therefore involves a study of
the links between society and the ecosystem and its feedbacks, and embraces the complex dynamics
of society (including economics) in relation to the biosphere. As such, biodiversity and the provision
of ecosystem services plays a key role in society’s metabolism.
Within the policy domain of biodiversity, a wide range of stories or ‘narratives’ about policies,
situations, problems and solutions are present. To test the validity of narratives related to biodiversity
and environmental protection, the MAGIC project uses Quantitative Story Telling (QST). QST combines
qualitative and quantitative styles of analysis and consists of four steps (Figure 1). Instead of
developing large models, the approach in QST is to go for the simplicity of flow-fund balances that can
be developed on the back of an envelope. Whereas earlier Deliverables in the MAGIC project have
applied the quantitative method of accounting called MuSIASEM (Multi-Scale Integrated Analysis of
Societal and Ecosystem Metabolism)1, the analysis presented in this Deliverable does not provide a
fully implemented MuSIASEM approach.

1

Ripoll-Bosch and Giampietro (Editors). 2018. Report on EU socio-ecological systems. MAGIC (H2020–GA 689669) Project
Deliverable 4.2. 31 March 2018
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The QST process starts with gathering and summarizing policy narratives from policy documents,
interviews and focus groups (see section 2.1). Through a process of stakeholder engagement, one
narrative is selected to be further analyzed in detail. Based on this process, aspects or elements to
explore are agreed upon (step 2).
These aspects are quantified using
Selecting the
data from, for example, FAOSTAT
narrative
or other databases. The data are
then combined to reflect on the
environmental, economic and
social consequences of a narrative.
The outputs of the analysis is
Quality
Quantifying
check
the narrative
discussed with stakeholders (step
3), to reflect on the pros and cons
of the narrative. Together, these
steps result in the quality check of
the narrative which addresses the
Stakeholder
feasibility, viability and desirability
engagement
(step 4). New ideas and feedback
from this discussion can in turn
Figure 1. Quantitative Story Telling Cycle
inform future cycles of QST.

1.3 Focus of the Report
This report describes the QST process and results for the policy domain Environmental Protection. The
aim of this report is twofold: to perform a quality check of a specific narrative related to this policy
domain, and to reflect on the QST process itself. Based on the selection of stakeholders (described in
section 2.1) the QST process in this report focuses specifically on exploring options for internalization
of agricultural production and its impact on biodiversity. The impact of internalization is evaluated by
analyzing current imports and exports of four case study regions: the Netherlands, France, Spain and
the EU28. The imports and exports are then linked to land use, livestock production and biodiversity
impact. The analysis is highly dependent on the level of consumption and production of agricultural
products. As such, the analysis is strongly linked to other policy domains including agriculture,
economy and trade, climate, water, and sustainable consumption and health.

1.4 Structure of the Report
After this introduction follows a description of the methodology (Chapter 2). In Chapter 3, the results
of the analysis of the four case studies (the Netherlands, France, Spain and EU) are given. The
concluding discussion is given in Chapter 4 and followed by reflections, and suggestions for next steps
(Chapter 5).
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2 Methodology
2.1 Selecting the Narrative
Following the cycle of Quantitative Story Telling, as explained in section 1.2, the QST process started
with an inventory and selection of narratives. For the policy domain environmental protection we
started in 2017 with identifying narratives about EU policies, situations and solutions. Interviews and
a focus group meeting were organized to hear from those involved in policy development and
implementation, which narratives, issues and debates are key in the domain of environmental
protection and biodiversity. Altogether, a list of 46 narratives were identified based on: (i)
environmental policy interviews (n=8)2, a focus group discussion on the 8th of June 20173, and a text
analysis of policy documents (i.e. Birds Directive4, Habitats Directive5 and Natura 20006). Additional
documents including the Biodiversity Strategy7, Fitness Check of EU Nature Legislation8, Action plan
for Nature, People and the Economy9 and Biodiversity Strategy Review10 were studied to triangulate
the findings and get a better insight into recent developments in this policy domain.
The narratives identified varied in the extent to which they linked to other policy domains, their
specificity, relevance to the nexus, and tractability for analysis. Therefore, a ‘short list’ of five
narratives with proposed methods of analysis was developed. The proposed methods of analysis
included a brief description of the questions the narratives raised which could be explored in this
project11. This list of narratives was presented to interviewees and participants of the focus group
discussion for feedback and selection. The following narrative was selected for further analysis by
participants of the focus group and/or policy interviews:
“In order to reach sustainability goals, environmental impacts need to be externalized such as with
regard to livestock, with many products being imported from South America. Hence, landscape
protection and conservation happens at the expense of degradation of other regions of the world.”
This narrative was taken from one of the interviews with environmental policy makers. This narrative
forms the starting point for the policy case study on environmental protection. More information on
2

Völker T., Pereira A., Blackstock K., Waylen K., Strand R., Kovacic Z., Serrano T., Ripoll-Bosch R.2017 Report on SemiStructured Interviews in WP2, MAGIC (H2020–GA 689669) Project Milestone 2.2
3 Völker T. 2017. Working Document: Preliminary List of Narratives – Nature Directives / Biodiversity Strategy. Available
from JRC
4 Directive 2009/147/EC of the European Parliament and of the Council of 30 November 2009 on the conservation of wild
birds
5 Council Directive 92 / 43 / EEC of 21 May 1992 on the conservation of natural habitats and of wild fauna and flora
6 European Commission. 2008. NATURA 2000, protecting Europe’s biodiversity.
http://ec.europa.eu/environment/nature/natura2000/index_en.htm
7 European Commission. 2011. Our life insurance, our natural capital: an EU biodiversity strategy to 2020. (COM(2011) 244)
8 European Commission. 2016. Fitness Check of the EU Nature Legislation (Birds and Habitats Directives). SWD(2016) 472
9 European Commission. 2017. An Action Plan for nature, people and the economy. EUR-Lex - 52017DC0198 European
Commission, Brussels
10 European Commission. 2017. The mid-term review of the EU biodiversity strategy to 2020. COM(2015) 478 final
11 Matthews, K. 2017. Definition Policy Case Studies MAGIC (H2020–GA689669) Project Milestone 10 - https://magicnexus.eu/sites/default/files/files_documents_repository/magic_wp5_ms10.pdf
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the selection of the narrative and definition of the policy case study can be found in the MAGIC Project
Milestone 1012. The proposed analysis for this narrative was entitled ‘externalise or internalise’ and
was described as analyzing land use and biodiversity consequences of internalizing or externalizing
external production. This included the research questions: ‘Would it be possible to internalize the
agricultural production in Europe?’, and ‘How would internalization affect goals to protect biodiversity
or improve circularity?’.
In response to this proposed analysis one of participants noted: “The topic of externalization or 'spill
over' is very relevant and often neglected. It links into the issue of planetary boundaries and the EU's
aspirations to live well, within the limits of the planet. Also the SDG monitoring in EU is focussed
domestically and there is a need to look at SGDs in a way that implementation of SDGs in one region
must not compromise sustainability in other regions etc.” Also the 2015 mid-term review of the
Biodiversity Strategy concluded that progress to reduce the impact of EU consumption patterns on
global biodiversity is insufficient. Further integration of biodiversity objectives into other EU policies
including EU trade policies has been suggested to enhance sustainable trade (European Commission,
2015).
The narrative refers to the dependency of agriculture on imported inputs such as livestock feed and
fossil fuel. Although existing imports are mainly the result of economic competition, importing
agricultural products could also be a strategy to spare land for nature conservation (because of
externalization of land requirement). It has, however, an effect on the degree of self-sufficiency of the
EU. Moreover, externalization of food production shifts the environmental impact of crop production
to other regions, also referred to as burden shifting, displacement or leakage effect (Clapp, 2017;
Lambin & Meyfroidt, 2011; Meyfroidt, Rudel, & Lambin, 2010; Nesme, Roques, Metson, & Bennett,
2016). It can affect local food security, public health and ecosystem services in these regions (Candel,
Breeman, Stiller, & Termeer, 2014; Naylor et al., 2005; Porkka, Kummu, Siebert, & Varis, 2013). As
shown by MacDonald et al. (2015) several European countries including the Netherlands, Germany
and Italy import a large share of their crop harvested area. Not only outside Europe, but also within
Europe and within countries, externalization of environmental impact, or the problem of
environmental burden shifting, is an issue (Chaudhary & Kastner, 2016; Chaudhary, Verones, de Baan,
& Hellweg, 2015; Galaz, Biermann, Folke, Nilsson, & Olsson, 2012; Gasso, Oudshoorn, De Olde, &
Sørensen, 2015; Smit & Heederik, 2017).
Decreasing imports and producing more agriculture and livestock products within Europe, in other
words internalization, could be a strategy to reduce the shifting of environmental burden associated
to agricultural production and increase the self-sufficiency in the EU. The latter has been suggested in
recent European policy documents including the European Energy Security Strategy and Report on a
European Strategy for the promotion of Protein Crops (European Commission, 2015; European
Parliament, 2018). Moreover, decreasing the dependency on external inputs is in line with the
ambition to improve the circularity of agricultural production, as for example suggested in the vision
of the Dutch Ministry of Agriculture (Schouten, 2018). In addition, recent market developments
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including the increased demand for non-GMO feed, and preference for products from the country
itself (e.g. German eggs (van der Meulen, 2018)) could steer towards more internalization. The
narrative selected by the stakeholders is therefore very relevant given this recent attention for
reducing external inputs and increasing internalization.

2.2 Quantifying the Narrative
Given the problem of environmental burden shifting, should the EU consider to internalize the
production of crops that are currently imported from elsewhere? At the same time, the EU has
committed to ambitious goals including the Sustainable Development Goals, the Paris Agreement, the
global Aichi biodiversity targets as well as internal ambitions on energy, climate and biodiversity. Can
these targets be met if the EU would internalize production? In line with the above described
ambitions at national and EU level (i.e. increasing self-sufficiency in protein and reducing external
inputs), the analysis of this narrative focused on the consequences that internalization of agricultural
production would have on land use and biodiversity.
Although multiple studies have assessed the impact of global and European trade on biodiversity, the
impact of internalizing these imports on biodiversity has, to our knowledge, not been explored. In this
study, we therefore explore options for full internalization of agricultural production and the
consequences it could have for biodiversity. Although full internalization as a policy objective is
unlikely, we take this extreme case to explore the options and consequences internalization would
raise. Moreover, consequences of partial internalization can be explored using the dynamic tool that
was developed for each case study alongside this written deliverable. We selected four case studies
(the Netherlands, France, Spain and the EU28) that are different in terms of trade (import and export
products), land use and livestock production. Due to the differences between case studies, the analysis
varies slightly across cases as the characteristics of the case studies raised different questions. In the
Dutch case, for example, we added an analysis on the role of livestock production, given the high
livestock density in the country. The different case studies were used to show differences between
regions in the options for internalization and the impact on land use, biodiversity and economy (Figure
2).

2.2.1 Data sources
To determine the impact that internalization would have, we first need to know how much land is
associated to crop and livestock products that are currently being imported. The FAOSTAT trade
database on crop and livestock products was used to gain insight into the main imports and exports
of crop and livestock products (Table 1). The import of products was corrected for the export to
determine the quantity of imported products that are consumed or processed in the case study region.
We refer to this as consumed products. This is the quantity of product that the country or region would
need to internalize, in addition to what is already currently produced in the country. The analysis is
therefore based on current levels of import and export. In addition, data was gathered from the
FAOSTAT database on the production (i.e. yield) of crop products. To determine how much land is
needed to produce these crops, yield data from that case study region was used (FAO, 2016). To
13
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evaluate the consequences for biodiversity we used two indicators: Mean Species Abundance (MSA)
(Alkemade et al., 2009) and Potential Disappeared Fraction (PDF) (De Schryver, Goedkoop, Leuven, &
Huijbregts, 2010; Knudsen et al., 2017).
Mean Species Abundance (MSA) defines the mean abundance of species relative to their abundance
in undisturbed ecosystems (Alkemade et al., 2009; Schipper, Bakkenes, Meijer, Alkemade, &
Huijbregts, 2016). Undisturbed, primary vegetation is assumed to have 100% (MSA score 1)13 of its
abundance of species, whereas urban areas are assumed to have very little (5%) of the original
abundance left (MSA 0.05). Converting forest and natural area (MSA 0.5) as well as grasslands (MSA
0.3) into arable crops (0.1) would result in a substantial loss in species abundance. The indicator has
been used in several studies including a study on policy reform and agricultural land abandonment in
the EU (Renwick et al., 2013), assess global scenarios for biodiversity conservation (Kok et al., 2018),
and to evaluate the impact of economic sector in the Netherlands (Wilting & van Oorschot, 2017).
Another indicator used to assess the impact on biodiversity is the indicator Potentially Disappeared
Fraction (PDF). In the study by Knudsen et al. (2017) this indicator is used to analyze species loss using
the number of plant species in woodland as a reference land use. Whereas pastures were reported to
have a higher number of plant species compared to woodland, cropland had significantly lower
numbers. Knudsen et al. (2017) also showed differences in the PDF between European countries, as
well as differences due to intensity (i.e. organic vs conventional). Overall, conversions from woodland
and grassland into cropland are considered as a loss in plant species richness.
Table 1. Data sources
Data and indicator
Import of crops and livestock products
(volume and value)
Export of crops and livestock products
(volume and value)
Share of import or export (volume and value)
Consumed (t)
Crop yield
Land required for imported products (Lreq)
Land use
Biodiversity impact
Mean Species Abundance (MSA)
Potential Disappeared Fraction (PDF)

Calculation

Consumed = import – export
Lreq = consumed / crop yield

Source
FAOSTAT trade database: crops and
livestock products (FAO, 2016)
FAOSTAT trade database: crops and
livestock products (FAO, 2016)
Calculated
Calculated
FAOSTAT database: crops - yield
Calculated
(CBS, 2018; Eurostat, 2015)
MSA: (Alkemade et al., 2009;
Schipper et al., 2016)
PDF: (De Schryver et al., 2010;
Knudsen et al., 2017)

The data gathered give an impression of the magnitude of the trade, its associated land use, the role
of livestock production, the (im)possibilities of internalising these imports, and the impact
internalization could have on biodiversity. For some case studies, a more in-depth analysis was carried
out for certain aspects, these methods and data sources are explained in the case studies in the results
section. The data has been integrated in an Excel-based tool to explore the impact of different options
(i.e. internalizing on own land, and exchanging the production of export products by import products)
and their impact on biodiversity.
13 The

14

MSA values are global, based on Alkemade et al. (2009).
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Case study
Livestock

Import
products

Export
products

Humans
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production
Figure 2. System analysis of the case studies

2.3 Closing the QST Loop
To gather feedback on the analysis, stakeholders were invited to share their feedback. Stakeholders
were contacted based on earlier participation in MAGIC project activities related to the domain of
Environmental Protection (i.e. in policy interviews, focus group or other meetings). In total, 18
stakeholders were contacted by email with an update on the project and an invitation to give feedback
on the analysis of the narrative. Stakeholders included worked at institutions such as DG Environment,
DG Clima, DG Agri, European Environmental Agency (EEA), and Netherlands Environmental
Assessment Agency. Despite the involvement of stakeholders in earlier phases of the project, a limited
number of stakeholders was willing or able to be engaged in this round of the QST.
In the end, five stakeholders have been actively engaged in giving feedback. They were sent the results
of the quantitative analysis as presented in Chapter 3 to get feedback on: the analysis (approach,
scope, methods), the findings and their implications for the feasibility, viability and desirability of the
narrative. With four stakeholders, interviews (in person or via video conferencing) were carried out
(interview questions are given in Annex 1). A fifth stakeholder provided feedback via email. The
engagement process resulted in written minutes of the engagement meetings. These outcomes have
been used to reflect on the analysis (e.g. identify research limitations, follow-up questions), the results
and to perform the quality check.

2.4 Undertaking the Quality Check
The final step of the QST is focused on undertaking the quality check. The quality check involves the
evaluation of the Feasibility, Viability and Desirability (FVD) of the narrative. Feasibility relates to the
question: do the resources add up? In terms of internalization, would it be feasible in terms of land
and resource use to internalize? Feasibility also refers to the capacity of the ecosystem to provide
services and inputs and deal with outputs (e.g. emissions) from society. Viability questions whether a
society with its technology, economy and institutions can implement it, also in relation to what would
be needed to maintain the viability of the current system. Finally, desirability raises the question
15
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whether this policy option or narrative is something that society wishes to achieve. The assessment
of the FVD is qualitative and based on informal assessment of the stakeholders and ourselves as
authors. Statements by stakeholders are specifically identified as such. Other reflections on the FVD
are ours and are based on the results described in Chapter 3 in relation to other policies and outcomes
of other studies. The feedback of stakeholders was also used in the reflection in Chapter 5.

3 Results
This chapter explores the options for internalization of agricultural production and its impact on
biodiversity based on four case studies: the Netherlands, France, Spain and the EU28. Based on the
results and the reflections of stakeholders, we conclude with the quality check of the narrative and
address the feasibility, viability and desirability of the narrative.

3.1 The Netherlands
The top five most consumed products for the Netherlands are water14, wheat, maize, soybeans and
barley (Table 2). For this analysis we will focus on crop products produced on agricultural land and will
therefore disregard water. Soybeans, wheat, maize and barley represent approximately 25% of the
Dutch import (t) and 8% of the total import value ($) (FAO, 2016).
Table 2. Dutch trade of crop and livestock products and top 5 of most consumed (import-export) products in
the Netherlands with the area required to produce these crops in the Netherlands. Data derived from FAO
(2016).
Product

Import (t)

Share of
total import
(t)

Export (t)

Consumed
(t)

Yield
(t/ha)

Area required
(ha)

9%

Share
import
value
($)
0%

Waters, ice etc.

5,064,994

48,166

5,016,828

-

-

Wheat

4,799,279

8%

2%

448,515

4,350,764

7.98

544,990

Maize15

4,209,747

7%

2%

441,423

3,768,324

10.05

375,047

Soybeans

4,367,672

7%

3%

902,225

3,465,447

2.7316

1,267,862

Barley

1,858,607

3%

1%

123,899

1,734,708

6.86

252,814

34%

8%

Total

14

2,440,713

FAOSTAT defines ‘Waters, ice etc.’ as natural or artificial mineral waters without added sugar, sweeteners or flavourings
(FAO, 2016)
15 Maize refers to the grain and does not include maize silage or green maize
16 As yield data of soybeans was not available for the Netherlands, the average yield of Germany was taken, thereby
assuming Germany has similar production conditions as the Netherlands.
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By dividing the tons consumed by the yield per hectare, the area required for these four main crops
could be determined (Table 2). In total, 2.4 million hectares of land would be needed just to produce
the four most consumed crops that are currently imported, in addition to the land currently used for
agricultural production in the Netherlands.
The land requirement of 2.4 million hectares corresponds to 58% of the Dutch surface area of 4.15
million hectares. The Dutch surface area includes 0.6 million hectares which are used as urban areas
(including infrastructure and recreational areas) and 0.8 million is water area). Of the remaining area
of 2.7 million hectares, 2.2 is used for agriculture and 0.5 for forest and nature (Figure 3).

Figure 3. Current internal and external (hidden) land use of the Netherlands. The numbers represent the amount
of hectares per land use type.

Even if grassland production would be converted into arable land, which can be considered infeasible
because of the demand for grass silage for dairy production and the fact that peat soils are unsuitable
for arable production, then this would not suffice the land requirement. If all forest and nature area
and grassland would be used to produce the imported crops, this would represent still only 60% of
the area required for complete internalization of consumption (Figure 4). Moreover, this would result
in a significant biodiversity loss represented by an increase in the Potentially Disappeared Fraction (of
28%) and a decrease in the Mean Species Abundance (of 14%).
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Figure 4. Internal and external (hidden) land use of the Netherlands based on maximum internalization of
imported crops at the expense of forest area and grassland. The numbers represent the number of hectares per
land use type.

Land conversion to enable internalization would present additional biodiversity losses while the
Netherlands already has difficulties in meeting existing biodiversity targets, in particular related to the
agricultural area (PBL, 2018; Wamelink et al., 2013). Especially intensive cropland has been reported
to have limited value for biodiversity due to its limited diversity of species (De Schryver et al., 2010). ,
The Netherlands is well known for its export of agricultural products. The five main products in terms
of net export include beer of barley, frozen potatoes, food wastes17, dry onions and tomatoes. The
land use associated to these products, however, is limited (Table 3). Exchanging the production of
crops currently exported by the production of imported crops would only provide 4% of the required
land surface needed for internalization and would affect 7% of the total export value. It is important
to realize that the top 10 export products, however, includes animal products which have a much
higher land use (i.e. chicken meat, whole cow milk cheese, and pig meat). The land use associated to
animal production cannot be fully allocated to the Netherlands due to the import of feed.

17 Food

wastes are defined by FAOSTAT as sweetened forage and preparations of a kind used for animal feed, e.g. wine lees,
argol (FAO, 2016)
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Table 3. Top 5 net export products of the Netherlands (import-export) with the area required to produce these
crops in the Netherlands. Data derived from FAO (2016).
Product

Import (t)

Export (t)

Share
export
value ($)

1,869,441

Share
export
quantity
(t)
4%

Beer
of
barley
Potatoes,
frozen
Food
wastes

366,880

2%

-1,502,561

349,876

1,794,381

4%

2%

1,416,510

2,651,617

6%

Onions,
dry

121,339

1,231,143

Tomatoes

172,544

992,601

Total

Consumed
(t)

Conversion

Yield
(t/ha)

Area
required
(ha)

0.13918

6.86

30,438

-1,444,505

42.019

34,396

2%

-1,235,107

-

-

3%

1%

-1,109,804

44.29

25,056

2%

2%

-820,057

507.04

1,617

19%

10%

91,508

3.1.1 The role of livestock
The Netherlands is an export country of livestock products and has the highest livestock density in
Europe with 3.6 livestock units (LSU) per hectare of agricultural land (Eurostat, 2018). So far, this
analysis included the main crops for human and livestock consumption combined. Import of feed for
livestock production is an important issue of debate. In this section we will focus on the share of
imports related to animal production by focusing on the question: To what degree are these four main
crops used as livestock feed?
We focused on 5 main livestock types kept in the Netherlands: dairy cows, fattening pigs, breeding
sows, broilers and laying hens (Table 3). Data on livestock numbers and feed intake was gathered from
Statistics Netherlands (CBS). The database of FeedPrint was consulted to obtain data on concentrate
composition, crop origin and feed intake (Vellinga et al., 2013). Concentrate commonly includes byproducts from soy, maize and wheat production and processing. To prevent double counting of
products, only unprocessed barley, wheat and maize was accounted for. In other words, products like
wheat middling or maize gluten were not included in the calculations. For soybean, only heat treated
soybeans and soybean meal was included. Not accounting for by-products is a limitation as the
unprocessed crops do not cover the entire ration. Nevertheless, this approach gives an impression of
the role of livestock in the import of these four main crops based on the assumption that the byproducts would not be economically driving demand.
Table 4 shows the ration composition for the different livestock species. A relatively large share of the
feed for pigs and poultry consists of the four main consumed crops (i.e. wheat, maize, soy and barley).

18 Based

on 0.11 t malt input for 1 t beer, and converted to barley (FAO, 2009)
Average yields of potatoes in the Netherlands were used to calculate the land use needed for the production of (frozen)
potatoes
19
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In contrast, concentrate only accounts for 11% of the feed intake of dairy cows of which only 3% is
soybean meal.
Table 4. Livestock numbers and the share of the four main consumed crops in their ration (feed composition in
dry matter). Ration data from FeedPrint20 (Vellinga et al., 2013) and livestock data from CBS (2017).
Fattening pigs
Livestock n

5,630,460

Ration composition
Wheat
Maize
Soybeans22
Barley
Total

31%
4%
15%
51%

Breeding sows
(and piglets) 21
940,250
(5,611,560)

Laying hens

Broilers

Dairy cows

46,441,900

48,237,200

1,693,800

32%
2%
5%
20%
60%

38%
25%
16%
78%

22%
41%
26%
89%

0.3%
0.3%

The feed composition (%) multiplied with the feed intake (t) results in the quantity of crops fed to the
different livestock species. Table 5 shows to what degree the four main consumed crops are directly
used as livestock feed. Data on feed intake for the five livestock types varied between the two sources
(CBS and FeedPrint). For that reason, range is given. The FeedPrint database also provides information
on the origin of the feed. Wheat in livestock feed comes for 10% from the Netherlands, and the
remaining 90% is imported from Germany, France and the UK. We therefore allocated 90% of the
wheat consumed by livestock to the consumed quantity. The other crops in the rations are all
imported according to FeedPrint. The quantity of consumed crops was expressed in dry matter
content, in line with the ration composition given in FeedPrint.
Table 5 shows that 67% to 80% of the imported wheat and barley are directly consumed by livestock.
Moreover, a quarter to one-third of the maize and soybeans are used for livestock production.
Table 5. Share of the consumed crops used for livestock production in the Netherlands

Wheat
Maize
Soybeans
Barley

Consumed
(t DM)23
3,776,463
3,285,979
3,066,921
1,507,461

Fattening
pigs
32 – 38%
5%
44 - 53%

Breeding sows

Broilers

Laying hens

Dairy

Total

15 – 16%
1 – 2%
3 – 4%
26 – 28%

6 - 9%
15 - 21%
10 - 14%

14 - 17%
12 - 14%
8 - 10%

3 – 4%

67 – 80%
28 – 37%
30 – 37%
69 – 80%

Depending on the estimate of feed intake, 1 to 1.25 million hectares would be needed to produce the
imported crops directly used for livestock production. Even if forest and nature land would be used to
produce these crops this would not suffice nor be socially and environmentally desirable.

20

The concentrate composition often changes during the life of livestock, the compositions are corrected for the relative
intake of different rations as given in FeedPrint
21

The ration of breeding sows includes that of piglets
Soybeans include soybean meal or heat treated soybeans
23 Consumed product in ton dry matter based on dry matter content derived from (CVB, 2016).
22
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To conclude, even if we focus on just the four main crops which present only part of the livestock feed,
and not considering any by-product, internalizing production would not be feasible. The analysis
shows that the Netherlands has a large impact in terms of land use required for the imported crops.
In this analysis we assumed levels of export will be maintained. A reduction of livestock production
and associated export would be an option to reduce the Dutch demand for crops. Moreover,
consumption changes could contribute to reducing biodiversity loss (Kok et al., 2018; PBL, 2010).
Nevertheless, both options would have economic implications. Moreover, reducing export without
changes in demand the production could shift production to elsewhere.

3.2 France
Based on the FAOSTAT database we determined the main products consumed in France (importexport). This includes the crop products soybean cake, soybeans and sunflower cake, representing a
total of 13% of the imports (Table 6), and 4% of the import value ($) (FAO, 2016). The top 5 also
includes water and orange juice. The latter products are ignored for the moment, given our focus on
crops.
To produce soybean and sunflower cake, more than 1 t of input of the raw product (soybean and
sunflower seed) is needed to produce 1 t of cake. This input/output ratio is given in Table 6 and used
to estimate how much unprocessed product and associated land is needed to produce these products.
In total 2.5 million hectares would be needed to produce these three main consumed crops in France.
We included here total land requirements for production of the unprocessed crops without economic
allocation of land use to the processed products’ share(i.e. considering oil or other by-products).
Table 6. French trade of crop and livestock products and top 5 of most consumed (import-export) products in
France with the area required to produce these crops. Data derived from FAO (2016).
Crop

Import (t)

Share
import
value ($)

Export (t)

Consumed
(t)

Input/output
ratio

Yield
(t/ha)24

Area
required
(ha)

2,969,278

Share
import
quantity
(t)
8%

Cake, soybeans

2%

16,081

2,953,197

1.2025

2.48

1,428,966

Soybeans

1,082,549

3%

1%

108,889

973,660

-

2.48

391,831

Waters,ice etc

4,895,698

13%

0%

4,043,893

851,805

-

-

-

Cake,
sunflower
Juice, orange,
single strength
Total

879,694

2%

0%

43,389

836,305

1.7226

2.16

665,947

555,392

1%

1%

33,764

521,628

-

-

-

27%

5%

2,486,744

24

Yields for ‘cake’ are given for unprocessed soybeans and sunflower seeds
As an estimate of the input/output ratio for soybean cake, the ratio of ‘soybean expeller’ is used based on Feedprint
(Vellinga et al., 2013)
26 As an estimate of the input/output ratio for sunflower cake, the ratio of ‘sunflower seed expelled partly dehulled’ is used
based on Feedprint (Vellinga et al., 2013)
25
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Soybean cake imported by France is mainly coming from Brazil, sunflower cake is mainly imported
from Ukraine and soybeans are mainly imported from the USA and Brazil (FAO, 2016). Yields of
sunflower seeds are rather similar between Ukraine (2.24 t/ha) and France (2.16 t/ha). Soybean
yields, however, are higher in the USA and Brazil (3.5 and 2.9 t/ha respectively) compared to France
(2.5 t/ha). As a result, if France would produce the currently imported soybeans it would require
more land, up to 41% compared with USA yields. To an extent this might be compensated by
increasing yields and reducing the yield gap (van Ittersum et al., 2013).
Compared to the Netherlands, France has a large land area of almost 55 million hectares which could
provide more space to internalize the production of the main consumed crops (Figure 5). Internalizing
the production of the main consumed crops would require 2.5 million hectares, which is
approximately 4.5% of the French land area. Still, as shown in the case of the Netherlands, any
conversion of forest and natural areas or of grassland to cropland is expected to negatively affect
biodiversity. Whereas sacrificing 14% of the wood and shrubland would be sufficient to internalize the
external production of main crops, this would result in a biodiversity loss (2% drop in MSA value, and
3% increase in PDF). Alternatively, replacing grassland would mainly affect the PDF (increase by 4%)
compared with (a decrease of 1% in) MSA. This would, however, also affect the availability of grassland
for dairy and beef production and their associated services (Ryschawy et al., 2017).

Figure 5. Current internal and external (hidden) land use of France. The numbers represent the amount of
hectares per land use type (*1000).

Whereas the Netherlands exports especially large quantities of processed products including livestock
products, France exports large quantities of unprocessed crops. When we look at the net export of
products, France’s main net export products are maize, barley, wheat, refined sugar and potatoes
(Table 7). These five products represent a total of 52% of the gross exports (t), and 13% of the total
22
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value of French exports ($).The land currently used for the production of exported products is more
than the current net imported land required for internalizing production. Replacing 50% of the
production of export products would be sufficient to internalize the current import of the main three
main products. It would, however, affect 6% of the export value.
Table 7. Top 5 net export products of France (import-export) with the area required to produce these crops in
France. Data derived from FAO (2016).
Product

Import (t)

Export (t)

Share
export
quantity (t)

Share
export
value ($)

Consumed (t)

Yield
(t/ha)

Area required
(ha)

Wheat

936,885

18,343,653

29%

6%

-17,406,768

5.30

3,281,757

Barley

60,982

5,868,273

9%

2%

-5,807,291

5.43

1,070,409

Maize

466,904

5,440,854

8%

3%

-4,973,950

8.16

609,702

Sugar
refined
Potatoes

294,940

1,928,187

3%

2%

-1,633,247

-

-

438,113

1,846,822

3%

1%

-1,408,709

39.01

36,116

52%

13%

Total

4,997,984

Although the number of cattle in France is substantially higher than in the Netherlands (Table 8),
especially due to beef production, the livestock density is much lower due to the higher land surface
of the country (0.8 LSU per hectare). Nevertheless, the livestock types and densities vary strongly
between regions (Ryschawy et al., 2017). While livestock in the Netherlands accounts for a large share
of the imported crops, France produces a large part of these feed crops themselves and even exports
large quantities of feed crops. Moreover, beef production in France is partly grass-fed and therefore
less dependent on external inputs of feed.
Table 8. Livestock numbers of France (GLEAM; Eurostat)
Livestock n

Pigs
14,232,272

Laying hens
58,284,113

Broilers
85,545,454

Cattle
19,325,515

To conclude, France could internalize production by substituting part of the current production of
export crops by crops that are now imported. Compared to internalization on land currently used for
nature, forest or grassland, this option could prevent further biodiversity loss. Nevertheless, while this
could reduce the country’s dependency on imports, it would negatively affect France’s export position.

3.3 Spain
As a third case study we will look at Spain. The five main consumed products are wheat, maize,
soybeans, soybean cake and palm oil (Table 9). These five account for 53% of the total Spanish imports
(t). In monetary terms ($) the five products represent 20% of the total import value of Spanish imports
(FAO, 2016).
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Table 9. Spanish trade of crop and livestock products and top 5 of most consumed (import-export) products in
Spain with the area required to produce these crops. Data derived from FAO (2016).
Product

Import (t)

Share
import
value ($)

Export (t)

Consumed
(t)

Input/output
ratio

Yield (t/ha)

Area
required (ha)

7,031,736
6,019,860
3,233,552
2,292,440

Share
import
quantity
(t)
19%
16%
9%
6%

Wheat
Maize
Soybeans
Cake,
soybeans27
Oil, palm

5%
4%
4%
3%

287,117
132,054
55,673
433,639

6,744,619
5,887,806
3,177,879
1,858,801

1.2028

3.1
11.6
2.98
2.98

2,178,495
509,361
1,065,866
748,134

1,509,030

4%

4%

43,868

1,465,162

-

-

-

53%

20%

Total

4,501,856

The fifth import product in the top 5 is palm oil (Table 9). As palm oil is not produced in Spain, a
substitute of palm oil would be needed. Average global yields of palm oil are 15 t fruit bunches or
3.0 t oil per hectare (Woittiez, van Wijk, Slingerland, van Noordwijk, & Giller, 2017). Palm oil could
be substituted by rapeseed, soybean or sunflower seed oil and would require 2 to 3 million hectares
of crop land (Table 10). This is 4 to 6 times more than the land currently used for the imported palm
oil (0.5 million hectare).
Table 10. Land requirement of palm oil substitution in Spain based on (FAO, 2016) and (Venturi & Venturi, 2003)
Crop
Rapeseed
Soybeans
Sunflower seed
Total

Yield (t/ha)
2.0
3.0
1.1

Oil content29
35–40%
18–20%
40–48%

Oil yield (t/ha)
0.7 – 0.8
0.5 – 0.6
0.4 – 0.5

Area required (Million ha)
1.8 – 2
2.5 - 2.7
2.8 – 3.3

The land required for substituting palm oil combined with the land required for the four other crops
in total requires an additional 6.5 to 7.5 million hectares to produce the five main consumed crops.
This would account for 13 to 15% of the nearly 50 million hectares of total land surface of Spain (Figure
6). As also seen in the other case studies, sacrificing woodland, shrubland and grassland would result
in a loss in biodiversity. For example, converting grassland into cropland (74% would be sufficient to
internalize production of main crops) would increase the PDF by 12% and lower the MSA by 3%.

27

Yields for ‘cake’ are given for unprocessed soybeans
As an estimate of the input/output ratio for soybean cake, the ratio of ‘soybean expeller’ is used based on Feedprint
(Vellinga et al., 2013)
29 Oil content of oil seed crops based on (Venturi & Venturi, 2003)
28
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Figure 6. Current internal and external (hidden) land use of Spain. The numbers represent the amount of
hectares per land use type (*1000).

This land requirement in hectares is the highest of the three national case studies. This is not only due
to the high amount of import but also partly related to the relatively low wheat yields in Spain (FAO,
2016). Improving wheat yields could substantially reduce the land needed for the production of
imported crops. Nevertheless, more intensive production methods and the use of, for example,
irrigation can present additional risk for (aquatic) biodiversity (Knudsen et al., 2017; Tendall & Gaillard,
2015). Production systems that are more biodiversity friendly (land sharing) or closer to their yield
potential (land sparing) are options to explore.
Livestock numbers are substantially higher for Spain compared to France and the Netherlands (Table
11). This, however, mainly includes poultry, pigs and small ruminants. When expressed in livestock
units and compared to land surface, LSU per hectare are 0.6 which is lower compared to France and
the Netherlands. Based on the rations used in the Dutch case studies, the production of poultry and
pigs is likely to account for part of the imported soybeans, maize and wheat.
Table 11. Livestock numbers of Spain (FAO, 2016)
Livestock n

Pigs
29,231,595

Laying hens
45,246,513

Broilers
92,802,308

Cattle
6,257,057

Sheep
15,962,892

Goats
3,088,035

To conclude, Spain imports a substantial amount of crop products, the internalization of which would
require 6.5 to 7.5 million hectares of land. A transition of grassland or woodland to cropland would
result in a loss in biodiversity. Whereas for the French case study, reducing current exports of crops
could free up space to internalize production of the imports, for Spain this scenario is less feasible
given that Spain’s main export products require more permanent production systems that are partly
25
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situated on slopes, which makes the land less suitable as cropland (i.e. wine, tangerines (mandarins,
clementine), oranges, olive oil and peaches and nectarines (Table 12). The land associated to the
production of export products corresponds with only 30% of the required land for internalization of
main import products. Moreover, these five export products represent a higher market value
compared to the imported products and a substantial share in the export of 23%, both in volume and
in value.
Table 12. Top 5 net export products of Spain with the area required to produce these crops in Spain. Data derived
from FAO (2016).
Product

Import (t)

Export (t)

Share
export
quantity (t)

Share
export
value ($)

Consumed (t)

Yield
(t/ha)

Area required
(ha)

Wine

77,791

2,253,863

7%

7%

-2,176,072

4.4330

491,212

Tangerines,
mandarins,
clementines,
satsumas
Oranges

16,917

1,471,481

5%

3%

-1,454,564

21.83

66,636

164,339

1,561,187

5%

3%

-1,396,848

25.84

54,054

Oil,
olive,
virgin
Peaches and
nectarines
Total

103,478

920,820

3%

8%

-817,342

0.5631

1,459,539

12,848

822,647

3%

2%

-809,799

16.66

48,599

23%

23%

2,120,041

3.4 European Union
Finally, current imports and exports of the EU28 were analyzed. Only trade from the EU28 to countries
outside the EU is included, not trade between countries within the EU (country group code 5706 in
FAOSTAT). The top 5 most consumed products include soybean cake and soybeans, maize, palm oil
and bananas (Table 13). These five products account for 46% of the total import in tons and 20% of
the import in monetary value. Given our focus on crop that can be internalized in the EU, bananas are
excluded from the further analysis. Internalizing the production of soybeans (cake) and maize
production would require 13.7 million hectares of crop land.
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Based on a yield of 6.33 t grapes per hectare and a conversion of 0.7 litres of wine per kg grapes http://www.fao.org/3/al176e/al176e.pdf
31 Average oil yield per hectare in Spain – derived from: https://ec.europa.eu/agriculture/olive-oil/economicanalysis_en.pdf
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Table 13. EU28 trade of crop and livestock products and top 5 of most consumed (import-export) products in
the EU with the area required to produce these crops. Data derived from FAO (2016).
Product

Import (t)

Share
import
value ($)
6%

Export
(t)

Consumed
(t)

Input/out
put ratio

Yield
(t/ha)

18,553,848

Share of
total
import
15%

276,3
88

18,277,460

1.20

2.93

Area
required
(ha)
7,490,762

Cake,
soybeans27,
Soybeans

14,473,480

12%

5%

14,336,395

-

2.93

4,896,310

Maize

12,006,634

10%

2%

9,679,289

-

7.11

1,362,129

Oil, palm

6,637,010

5%

4%

6,374,117

-

-

-

Bananas
Total

5,431,239

4%
46%

3%
20%

137,0
85
2,327,
345
262,8
93
5,760

5,425,479

-

-

13,749,201
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Similar to the Spanish case, a substitution of palm oil would be needed. Palm oil substitution by
rapeseed, soybean or sunflower seed oil would require 5.2 to 12.1 million hectares of crop land (Table
14). This is substantially more than the 2.1 million hectares that is currently needed for the production
of this palm oil. In total, depending on the substitute for palm oil, 19 to 26 million hectares would be
needed to produce the four main consumed or processed crops that are currently imported from
outside the EU28.
Table 14. Land requirement of palm oil substitution in the EU based on (FAO, 2016) and (Venturi & Venturi,
2003)
Crop
Rapeseed
Soybeans
Sunflower seed
Total

Yield (t/ha)
3.04
2.93
2.06

Oil content29
35–40%
18–20%
40–48%

Oil yield
1.06-1.21
0.53-0.59
0.82-0.99

Area required (Million ha)
5.2-6.0
10.9-12.1
6.5-7.7

Currently the EU28 has a total land cover of 437 million hectares. Internalizing the above mentioned
imports would require 4-6% of the land (Figure 7). This is somewhat lower compared to most of the
previous studies (i.e. 20 – 49 million hectare) presented in O’Brien, Schütz, and Bringezu (2015) which
can be explained by the fact that this study analyzed net imports only and focused on the four net
imported crops.
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Figure 7. Current internal and external (hidden) land use of the EU. The numbers represent the amount of
hectares per land use type (*1000).

As seen in the other case studies as well, any transition of woodland or grassland to cropland would
imply a loss in biodiversity. Sacrificing 11% of the wood and shrubland, for example, would result in a
loss of 2-3% biodiversity based on the PDF and MSA values. Agricultural intensification in the EU has
been associated with a decline in farmland birds (Gamero et al., 2017; Kleijn, Rundlöf, Scheper, Smith,
& Tscharntke, 2011). Europe has committed to the global Aichi biodiversity targets and has
implemented a biodiversity strategy to 2020. The midterm review of 2015 which reported progress
towards reaching these goals, however, showed that despite progress in many areas, biodiversity loss
and degradation of ecosystem services had continued in the EU and require more effort (European
Commission, 2015). Internalizing the production of these imports is likely to conflict with reaching
these targets. In the Biodiversity Strategy midterm review, agricultural intensification is even
considered as one of the key threats to biodiversity and habitat loss (European Commission, 2015).
An alternative solution could be to substitute the current production of export products with the
production of crops that are imported. Table 16 lists the net exported products (i.e. import-export),
and shows that a large quantity of wheat is currently exported to outside the EU. The five products
represent 46% of the EU exports (t) and 12% of the monetary value of exports from the EU. To produce
the four crop products 7.4 million hectare is used, based on average crop yields in the EU (Table 15).
Fully substituting this production of export crops by the production of crops that are currently
imported would not suffice to fully internalize the production of imported crops.
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Table 15. Top 5 of net export products in EU28. Data derived from FAO (2016).
Product

Import (t)

Export (t)

Share
export
quantity (t)

Share
export
value ($)

Consumed
(t)

Conversion

Yield
(t/ha)

Area
required
(ha)

Wheat

5,531,327

32,637,840

31%

5%

-27,106,513

-

5.3

5,122,168

Barley

339,434

7,285,925

7%

1%

-6,946,491

-

4.7

1,491,976

Beer of
barley
Malt

373,229

3,273,310

3%

3%

-2,900,081

0.139 32

4.7

86,811

14,768

2,670,950

3%

1%

-2,656,182

1.267 33

4.7

722,821

Meat, pig

2,560

1,422,848

1%

2%

-1,420,288

-

-

718,594 34

46%

12%

Total

8,142,370

To get an impression of how much feed is going into the production of exported pig meat, a separate
calculation was made. To calculate the feed requirements for one fattening pigs, we need to account
for both 1.02 fattening pigs (with mortality) and 0.036 sows (including gilts and piglets) (Van Hal,
personal communication). As a result, for the production of 1.4 million ton pig meat, 16 million
fattening pigs are needed (90.8 kg carcass weight per pig (FAO, 2016)) and 0.57 million sows. When
including the main and mostly unprocessed crops (i.e. wheat, barley, rye, triticale, maize and soybean
meal) 61% of the ration of both sows and fatteners are covered (Vellinga et al., 2013). Other products
in the ration include by-products from food production including wheat middling. The land use for this
production is not included. As diets in the Feedprint database are based on dry matter content, yields
from the FAOSTAT database had to be converted to represent their dry matter content. The total land
required for producing 61% of the pig feed is 718,594 hectares, or 5.7 m2 per kg pig meat. This is
relatively high compared to the 4.02 m2 per kg pork (live weight) computed for the total ration in (zu
Ermgassen, Phalan, Green, & Balmford, 2016). These differences could be explained by variation in
diets, yields and allocation method. When we include the land required for the production of pig meat,
the five net export products use 8.1 million hectares. Part of this land, however, lies outside the EU as
a result of the imports of feed. Lowering the export of pig meat would therefore not necessary free
up the estimated 0.7 million hectares within the EU. Still, in case we would replace the land associated
with the production of the top 5 net exported products to internalize production of imports, this would
only address 37% of the four main net imported crops. Meanwhile, it would affect 12% of the export
value.
To conclude, internalizing the current imports of soybeans, maize and palm oil cannot be done by
simply substituting the production of products that are now exported with import crops. Moreover,
substituting palm oil production with soy, rapeseed or sunflower seed oil would increase the land use
substantially. Nevertheless, if palm oil production would expand on native tropical forest it would pose
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Average conversion ratio of barley to malt (FAO, 2009)
Based on 0.11 t malt input for 1 t beer, and converted to barley (FAO, 2009)
34 Based on land needed to produce 61% of the feed composition and a carcass weight per pig of 90.8 kg (FAO, 2016)
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a high risk for biodiversity. For that reason, connecting land use (change) to its biodiversity value is
important in the debate of consumption and trade.

3.5 Quality check of the narrative
Although this explorative study covered only the main imports and exports of four case studies, the
results facilitate reflection on the feasibility, viability and desirability of internalization as a policy
option.

3.5.1 Feasibility
In particular for the Dutch case study, where an additional 58% of the land surface would be needed
to produce the four main net import products, the resources do not add up (i.e. feasibility). In other
words, the land required for internalization is not available in the Netherlands, which makes
internalization an unfeasible option for the Netherlands. For the other case studies, the share of the
externalized land is relatively smaller, but still internalizing production would be at the expense of
land used for other functions (i.e. wood land or grassland) with a higher biodiversity value. The French
case study demonstrated that substituting production of export products by producing crops that are
currently imported could be an option for France as also noted by Chaudhary and Kastner (2016).
Substitution of the production of export products by products that are currently imported would not
be sufficient to meet the land demand for internalization for Spain and the EU28. The study in its
current form has only included the main consumed products which could be produced in the case
study regions. Full internalization, however, would imply also the production of products such as
coffee, bananas and cacao which is unfeasible. In conclusion, internalization of current imports while
maintaining exports, would require additional land for agricultural production which would contribute
significantly to biodiversity loss and loss of ecosystem services.
Internalization is currently not seen as a feasible option by stakeholders. It would, however, be more
feasible when export levels would lower, yield gaps would be reduced (i.e. sustainable intensification),
food waste would be minimized, livestock production would be reduced, and when consumption
patterns would change. Stakeholders suggested to consider these options as scenarios, in particular,
studying the impact of consumption patterns (e.g. switching to a plant-based diet) was seen as a
priority. Moreover, stakeholder suggested to consider the impact not only in biodiversity loss but also
in loss of ecosystem services. Ecosystem services such as soil fertility, water availability and protection
against forest fires are critical for society, at a local and global level (Schröter et al., 2005).
Stakeholders also suggested to elaborate the analysis by comparing the relative impact of land use
change on biodiversity. For example, comparing the biodiversity loss of palm oil in Indonesia currently
reduces the MSA value from 1 to 0.1, compared to the production of a substitute on European grass
land (MSA 0.3) or woodland (MSA 0.5) which has already a lower MSA value.
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3.5.2 Viability
Internalization of production, especially when it would substitute production of export products, will
have economic implications for international trade (i.e. viability). The current study provides very
limited insight in the economic impact of internalization, which was also one of the criticisms of
stakeholders. Stakeholders agreed that many things would need to change to internalize production.
For France which could substitute production, it could be easier to internalize. One stakeholder even
suggested that it could even present an opportunity for France to develop a new image and impulse
for rural areas.
Current imports have been the result of trade agreements and prices, such as the relatively low price
of soybeans. Internalization would involve institutional changes as well as investments in technology
for protein crop production. This can also be recognized in the recent European Strategy for the
promotion of protein crops (European Parliament, 2018).

3.5.3 Desirability
Is internalization something society wishes to achieve? Stakeholders indicated that they do not expect
(full) internalization to be desirable. Instead of internalization (i.e. producing where you consume),
one stakeholder suggested to go for producing there where you will have the lowest impact. When
we look at EU policies, commitments have been made to halt biodiversity loss and ensure the provision
of ecosystem services, including the global Aichi biodiversity targets. Internalization without
substitution would require using more land for crop production. Although converting woodland and
grassland into cropland would be possible in all four case studies, the associated biodiversity loss
would jeopardize commitments made to reduce biodiversity loss. Nevertheless, it’s important to note
that the relative biodiversity loss of internalizing in the EU might be lower compared to the biodiversity
loss currently caused through imports from regions with a higher biodiversity value and vulnerability
(Di Fulvio, Forsell, Korosuo, Obersteiner, & Hellweg, 2019).
Increasing the level of self-sufficiency through internalization does match with the earlier mentioned
European Energy Security Strategy and Report on a European Strategy for the promotion of Protein
Crops (European Commission, 2014; Parliament, 2018). Nevertheless, a recent study showed that
increasing cultivation of perennials in the EU for bioenergy could add to the outsourcing of agricultural
products and contribute to further biodiversity loss in species rich and vulnerable regions outside the
EU (Di Fulvio et al., 2019). A higher degree of self-sufficiency would be conflicting with being the largest
importer and exporter of agri-food products, and ambitions to increase the international
competitiveness which has been listed as one of the 9 objectives for the Common Agricultural Policy
after 2020 (European European Commission, 2018) (European Commission, 2018a). This emphasizes
the need for policy coherence and mainstreaming efforts to achieve policy goals on biodiversity,
energy, climate and the SDGs (Commission, 2018b). Moreover, several stakeholders emphasized the
importance of studying the impact of internalization also on other aspects of the water, energy and
food nexus. More specifically, stakeholders mentioned the link to the demand for biomass, water and
energy.
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4 Concluding Discussion
The aim of this analysis was to perform a quality check of a narrative related to the policy domain of
environmental protection. Following the QST process and stakeholder engagement, the issue of
internalization was selected. Although the four case studies are explorative, they show that the
current import of crop products requires a substantial amount of land in other parts of the world and
illustrate the complexity involved in internalization. Internalization of agricultural production based
on current levels of import and export would jeopardize commitments made to reduce biodiversity
loss and maintain ecosystem services. Even without internalizing agricultural production, it unlikely
that the EU’s 2020 target on improving the conservation status of EU protected species will be met
(EEA, 2018). Although based on our analysis we cannot specifically pinpoint which species or
ecosystem services are at risk when internalizing, overall losses in biodiversity and ecosystem services
can result in irreversible changes to the Earth system functioning and could affect our life on earth
(Díaz, Fargione, Chapin, & Tilman, 2006; Steffen et al., 2015), as also recently argued by the executive
secretary of the UN Convention on Biological Diversity (Watts, 2018).
Based on our assumptions and methods, this analysis has several limitations. The results show the
impact of internalizing the top 5 consumed products of each case study region. Although these top 5
products presented a substantial share of the region’s imports, it does not provide a full overview of
the impact. Moreover, some products are merely processed and then exported. This is currently not
included in the analysis. In addition, not all products can be produced (optimally) under the climatic
conditions of the region (e.g. coffee, cacao and bananas).
This analysis has focused on the main imports and exports, which are based on current consumption
and production patterns. The export of livestock products from the case study regions currently results
in environmental burden shifting, not only associated to land use for feed production in and outside
the EU, but also resulting from (emissions caused by) livestock production for export in the EU.
Changes in trade (i.e. reducing imports and exports) in combination with internalization of production
could help to reduce environmental burden shifting. However, yield potential differs between
countries which could result in a larger amount of land needed to produce the same amount of crops.
Alternatively, changes in consumption patterns with respect to the consumption of livestock products
could reduce the amount of land needed and have a positive effect on biodiversity (Kok et al., 2018;
PBL, 2010). As stated by (Chaudhary & Kastner, 2016) “reducing the volume of imported commodities
that cause high species loss and raising consumers’ awareness of the biodiversity damage caused by
these products they buy can help induce sustainable consumption patterns”.
Although improving yields and closing yield gaps could be an option to reduce the land required for
agricultural production, intensive production practices have been reported to have a lower value in
terms of biodiversity (De Schryver et al., 2010; Gamero et al., 2017; Kleijn et al., 2011). Reidsma,
Tekelenburg, van den Berg, and Alkemade (2006) showed that more intensive agriculture leaves more
land for nature, but the overall impact on biodiversity seems generally negative. This raises the need
for further exploration of options for production systems that are more biodiversity friendly (land
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sharing). Moreover, intensification of crop and livestock production could increase in the use of
external inputs and increase the competition between livestock feed and human food (Van Zanten et
al., 2018).
As seen in these case studies, the EU uses a considerable amount of land outside the EU for feed
production and also exports many crop and livestock products. Several studies has shown that the
resource use of the EU is high (Haberl, Fischer-Kowalski, Krausmann, Martinez-Alier, & Winiwarter,
2011; Porkka et al., 2013; Tukker et al., 2016). As a result, recent studies and policy documents
emphasize the importance of working towards a more resource efficient and circular approach which
could result in more internalization (EEA, 2018; Randers et al., 2018; Schouten, 2018; Van Zanten et
al., 2018). (Kok et al., 2018; Van Zanten et al., 2018)This global trade shifts environmental burdens,
including impacts on biodiversity, but also has social and economic consequences. Moreover,
externalization has political implications as environmental burden shifting could limit other regions to
meet their goals. These consequences are important to consider, also in relation to the EU’s
commitment to the Sustainable Development Goals. The impact of internalization should therefore
not only be studied in relation to biodiversity but also in relation to other commitments and policy
goals.
It’s important to recognize that there is no silver bullet to address the challenges presented by
international trade and environmental burden shifting. A smart combination of strategies including
lowering the use of resources, reducing food waste, closing yield gaps, changes in the consumption of
livestock products, inequality reduction and investment in education would be needed (Machovina,
Feeley, & Ripple, 2015; Randers et al., 2018; Van Zanten et al., 2018).

5 Reflections and Next Steps
5.1 Lessons learnt about environmental protection and the Nexus
Society’s dependence on the biosphere with the provision of food, fiber, water, air and fuel, makes
environmental protection critically important. Throughout the course of this research, concerns
regarding the loss in ecosystem services and biodiversity are increasingly expressed (EEA, 2018; IPBES,
2019). Within the policy domain of environmental protection ambitious goals have been defined to
reduce biodiversity loss and maintain ecosystem services. These goals, however, need to be better
connected to other aspects of the nexus to allow an integrative approach. A similar observation was
made in the evaluation of the Birds and Habitats Directives (Fitness Check35): ‘There is a need to ensure
better coherence with other EU policies, including strengthened integration with the CAP since
agriculture and forestry have the most important influence on terrestrial biodiversity in the EU.’ Based
on the findings of the Fitness Check, an action plan was developed to improve the implementation of
35

European Commission. 2016. Fitness Check of the EU Nature Legislation (Birds and Habitats Directives). SWD(2016) 472
final
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the Directives lists additional challenges in this field: ‘Key factors behind the shortcomings in
implementation include limited resources, weak enforcement, poor integration of nature objectives
into other policy areas, insufficient knowledge and access to data, and poor communication and
stakeholder involvement.’ The current Directives on environmental protection are primarily focused
on protecting species and habitats. As shown in this analysis, biodiversity is linked to many broader
issues including ecosystem services, trade, consumption patterns, energy and climate. Updating
existing policies might be needed to allow a more integrative approach, improve coherency and
streamline actions towards sustainable development (Commission, 2018b).
Another challenge we came across in this domain is the relatively vague concept of environment,
which could entail many things. Moreover, there is an ongoing discussion on the quality of the existing
approaches to the quantify of biodiversity (how to define and measure it) and to evaluate ecosystem
services (how to define and measure them) (Duelli & Obrist, 2003).

5.2 Lessons learnt about undertaking QST
The QST approach is a flexible tool which is easy to implement and obtain results. Stakeholders
appreciated to see a relatively simple approach as a quick straightforward feedback that gives an
impression of the magnitude of trade and as one wrote: “It is a good starting point as a screening to
assess which scenarios could make sense and where.” By limiting the analysis to the top 5 consumed
products in each case study, the results could be easily presented in tables which allows a quick
overview and transparent insight in the method of analysis. Nevertheless, this approach has also
limitations as it only covers a limited set of products and shows only the current state of trade (using
FAOSTAT data) based on current levels of production and consumption. Based on these results,
stakeholders were interested to know more about the impact of changes in consumption patterns.
This would, however, require another type of analysis. In our analysis we focused on a limited set of
variables, instead of a full MuSIASEM. Although this approach was recognized by the stakeholders as
sufficient to see the direct impact of trade and internalization, they also expressed interest in having
more insight in the economic impact and the associated resource use. More information on the
economic value and impact was added in the revision of the deliverable.
Some stakeholders expressed the need for (policy) solutions and answers, which the current analysis
does not provide. Instead, it creates many more questions. At the same time, such a first analysis can,
based on the feedback of stakeholders, be continued with a follow-up analysis. During the discussions
with stakeholders we experienced different expectations in terms of the styles of reporting between
researchers and policy makers. While researchers were very interested in the method side of the
analysis, policy makers focused on the implications of the results and were particularly interested in
recommendations.
This study did not aim to put a value on biodiversity but on the contrary opening debate and flagging
limitations of current approaches and policy options. The analysis showed the magnitude of current
imports and exports and the negative implications of internalization; a policy option which is
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increasingly mentioned as a way to address externalized environmental challenges and to improve
circularity of agricultural production.

5.3 Next Steps
The quality check of the narrative brought forward many more questions that could be interesting
with respect to internalization. Especially questions were raised concerning the impact of changes in
consumption patterns, reducing food waste, sustainable intensification of crop production and
economic consequences of (partial) internalization. One stakeholder suggested another way of
looking at the internalization dilemma through defining a set of stringent policy objectives for
biodiversity conservation and analyses its implications for food production. Overall, stakeholders
expressed the interest to get more insight into the economic side of internalization. The revised
deliverable therefore includes the economic value of imports and exports. Next steps will include a
fine-tuning of the analysis and improving the way of reporting to meet the requirements of different
stakeholders.
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Annex 1. Questions for the discussion with stakeholders – QST D5.6
On the analysis
1. Do you think the simplicity of the approach still puts the message across or is it too simple?
2. For this type of topics, do you prefer this type of analysis (simple) or should it be more detailed
(elaborated)?
3. Is the NEXUS food security (production) and environmental protection clear?
4. What elements do you find are missing?
5. What would you like to see in a follow-up analysis?
6. With this type of analysis, what is more relevant to you: the preamble or framing the issue,
the methods used, the results/conclusions?
Feasibility
7. Do you think the resources add up?
8. Are the aims to internalize and protect environment still feasible?
a. If yes. How do you see it happening?
b. If not. What should be done or need to be changed?
Viability
9. Is internalization a viable option? In other words, can a society with its technology, and
institutions implement it?
Desirability
10. Is this what that society wishes to achieve?
11. How does internalization relate to other policy ambitions? Or societal aspirations?
On the results
12. More in general, what do the results tell you?
13. What are the implications?
Biodiversity
14. Does our approach to biodiversity make sense, or would you suggest other concepts of
biodiversity?
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