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Preface
This Master Thesis is one of the two final requirements of my Master in Urban Environmental
Management at Wageningen University and Research. My scientific curiosity and starvation to
advance my strategic planning skills had led me to follow the specialization in Land Use
Planning. This field of specialization is where I found my passion, so I wish to strengthen my
abilities and capabilities through further studies. For my final research for this degree, I chose the
topic on “nature-inclusive” way of development, in this case on agriculture. It is an explorative
study to identify the potential contribution of nature-inclusive farming in the peri-urban area of
the Rhine corridor. Four case study areas in the Netherlands are selected: Deventer, Arnhem,
Rheden, and Vianen.
This research does not intend to develop a new concept but rather provide new insights on how
nature-inclusive farming preserves the environment as well as improve the social welfare and
economic development of farmers, local residents, and the community. The Dutch government
envisions a transition towards circular agriculture that promotes closing the cycles, limiting the
use of natural resources, increasing biodiversity, respecting carrying capacity, and ensuring
farmers’ welfare (Ministry of Agriculture Nature and Food Quality, 2018). For the scientific
purpose, this research aims to: (i) identify the socio-ecological indicators that classify the
positive and negative impacts of nature-inclusive farming; (ii) understand the spatial measures
and transitional challenges; and (iii) recognize the river section with the best opportunity for
nature-inclusive farming.
Working with this thesis is like diving in the Philippine sea with icy water- looking for marine
life treasures in an open cold sea. This experience is beyond my comfort zone, but I enjoyed the
challenge. I conducted my research in the Netherlands where documents and government
websites are in Dutch. I interviewed Dutch experts whom I admired not only for their expertise
but also for their professionalism. I traveled to other municipalities outside Wageningen. It is a
challenging yet delightful experience to learn Dutch spatial planning. It shaped my character by
knowing what I can do within and outside my limits. However, completing this study would not
have been possible without God’s grace and the care of people around me. With this, I am so
thankful to my parents for their prayers, Apo for his support, Filipino friends for their advice, to
AID “Be Together” friends, Leo, William, and to the amazing girls (Mir, Sekar, and Desh) for a
stress-free learning journey here at WUR. Also, I wish to acknowledge and thank Dr. GBM
(Bas) Pedroli for his guidance in conducting the research and comments on the draft report.
Finally, I want to express my deepest gratitude to the experts from the PBL, Province of
Gelderland, River Climate Park IJsselpoort, Province of Utrecht, WWF, Natuur en
Millieufederatie Utrecht, LTO Noord Staatsbosbeheer, and Boengroep, who gave their time and
shared their knowledge and experiences for this research.
I wish that this research would help formulate policies and researches with goals of improving
the quality of life and achieving sustainable development. I hope that it provides new and
valuable ideas to policy-makers, researchers, and practitioners in exploring sustainable ways
through interdisciplinary and holistic approaches. Connectivity, not only physically but also
sectoral and socially, is vital to sustainable solutions. I believe that together, in transition, in
unity, and in diversity, we can contribute sustainably to the community.

March 2019
Kristine Abbie Arcena

Transformation is a process, and as life
happens there are tons of ups and downs.
It’s a journey of discovery - there are
moments on mountaintops and moments
in deep valleys of despair. – Rick Warren
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Abstract
Nature and agriculture utilize the ecosystem services provided by River Rhine. However,
intensive agriculture causes various environmental problems. Achieving sustainable production
while preserving the environment is a challenge in the agriculture sector. One emerging concept
that optimizes ecosystem services and strengthens biodiversity is nature-inclusive farming. This
research does not intend to develop a new concept but rather explore the potential contribution to
sustainable socio-ecological management. It assesses the spatial characteristics, land ownership,
and land use in four case studies using mixed methods. Understanding system dynamics helps
identify socio-ecological indicators, spatial measures, and transitional challenges. This research
found out that nature-inclusive farming has a promising role in integrating various sectors
(agriculture, nature, and peri-urban development) in order to facilitate the transition towards
sustainable socio-ecological management in the peri-urban floodplain.
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Summary
River Rhine floodplains deliver ecosystem services beneficial to agriculture and urban development
which both serve as the primary drivers of economic growth in the Netherlands. However, achieving
agricultural productivity while preserving biodiversity is a challenge both nationally and globally.
Some of the negative environmental impacts of agriculture are groundwater depletion, air and water
pollution, biodiversity loss, ecosystem services decline, and landscape unattractiveness. While
agriculture is one of the main contributors to environmental degradation, it is also the key to nature
conservation and enrichment of living standards.
To help improve nature and quality of life, this research utilizes the combination of transition theory
and socio-ecological system to provide a qualitative, quantitative and spatially explicit lens in
identifying the potential contribution of nature-inclusive farming in the socio-ecological management
of the peri-urban area in the Rhine corridor. Using literature study, expert interview, analytical
hierarchy process, and three models1 in four cases2, the research finds that: (i) high percentage of
nature area results to scattered agricultural land; (ii) agricultural land reduction lower the gross yields;
(iii) willingness to buy increases as the farmers incorporate nature in agricultural practices; and (iv)
transitional measure is high in small-holders owned agricultural land, moderate in privately-owned
land, and low in publicly-owned land. River Lek where Vianen is situated has the best opportunity for
nature-inclusive farming due to low transitional measures. Its compactness brings people together, low
nature areas give multi-functional space, and predominantly publicly-owned land facilitates more
manageable implementation of policy goals. Yet other case areas have equal opportunities provided
that the key elements are either existing or potentially present in the area. These illustrate that the
positive and negative indicators affect the environmental integrity, economic viability, social welfare
and connectivity. Unfortunately, the results of modelling cannot be mapped out due to land ownership
issues. Land ownership is an essential element in addressing land price and land governance issues by
exploring the feasibility of land sharing and land sparing.
However, extrapolation of the findings from the cases is difficult due to limited respondents, the
ambiguity of some indicators, disaggregated data and interpretation, and lack of temporal parameters.
Nevertheless, the study generally explains insights on the linkages of agriculture, nature, land
governance, and urban development, therefore, offering indicators and additional meaning to natureinclusive farming – that is nature-based agriculture promoting green and inclusive growth.
Understanding the trade-offs of these elements and indicators is critical in finding compromises and
appropriate strategies and policy recommendations. This study suggests not the combination or
replacement of components but finding the right fit for the landscape, agricultural land, urban area,
farmers, and the community that matter most. Since there are no one-size-fits-all approaches, natureinclusive farming promotes an ecological-socio-economic metathesis. Finding suitable combinations
to compensate for the adverse effects of one element and make it positive, and use the positive element
to reduce the negative effects are the key strategies in nature-inclusive farming.
Thus, the peri-urban floodplain because of its diverse ecosystem and linkages to urban and
environmental areas may provide excellent opportunities for nature-inclusive farming only if: (i)
governance is high; (ii) transition measure is low; (iii) spatial structure is compact; (iv) connectivity is
present; and (v) nature-friendly spatial measures are enforced.

1
2

Model 1- no change; Model 2- 50% reduction in agricultural land; and Model 3- 25% reduction in arable land.
Case study areas: Deventer, Vianen, Rheden and Arnhem
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Samenvatting
De uiterwaarden van de rivier de Rijn leveren ecosysteemdiensten die gunstig zijn voor de landbouw en de
stedelijke ontwikkeling, die beide dienen als de belangrijkste aanjagers van de economische groei in
Nederland. Het bereiken van de landbouwproductiviteit met behoud van de biodiversiteit is echter een
uitdaging, zowel nationaal als wereldwijd. Enkele van de negatieve milieueffecten van de landbouw zijn
uitputting van grondwater, lucht- en waterverontreiniging, verlies van biodiversiteit, achteruitgang van
ecosysteemdiensten en onaantrekkelijkheid van het landschap. Hoewel de landbouw een van de
belangrijkste oorzaken is van de achteruitgang van het milieu, is het ook de sleutel tot natuurbehoud en
verrijking van de levensstandaard.
Om de aard en kwaliteit van leven te helpen verbeteren, gebruikt dit onderzoek de combinatie van
overgangstheorie en sociaal-ecologisch systeem om een kwalitatieve, kwantitatieve en ruimtelijk expliciete
lens te bieden voor het identificeren van de potentiële bijdrage van natuurinclusieve landbouw in het
sociaal-ecologische beheer van de natuur peri-urbane gebied in de Rijngang. Aan de hand van
literatuurstudie, een expertinterview, een analytisch hiërarchieproces en drie modellen in vier gevallen,
concludeert het onderzoek dat: (i) een hoog percentage van de resultaten van natuurgebieden naar
verspreide landbouwgrond; (ii) vermindering van landbouwgrond vermindert de brutoopbrengsten; (iii) de
bereidheid om te kopen neemt toe naarmate de boeren de natuur opnemen in landbouwpraktijken; en (iv)
overgangsmaatregel is hoog in landbouwgrond van kleine boeren, gematigd in particuliere grond en laag in
openbare grond. De rivier Lek, waar Vianen ligt, biedt de beste mogelijkheid voor natuurinclusieve
landbouw vanwege de lage overgangsmaatregelen. De compactheid brengt mensen bij elkaar, lage
natuurgebieden bieden multifunctionele ruimte, en overwegend publieksgrond zorgt voor een beter
beheersbare implementatie van beleidsdoelen. Maar andere case-areas hebben gelijke kansen op
voorwaarde dat de belangrijkste elementen al dan niet aanwezig zijn in het gebied. Deze illustreren dat de
positieve en negatieve indicatoren van invloed zijn op de integriteit van het milieu, economische
levensvatbaarheid, maatschappelijk welzijn en connectiviteit. Helaas kunnen de resultaten van modellering
niet in kaart worden gebracht vanwege problemen met grondbezit. Landeigendom is een essentieel element
bij het aanpakken van grondprijs- en landbeheervraagstukken door de haalbaarheid van landverdeling en
ruimtebesparing te onderzoeken.
Extrapolatie van de bevindingen uit de cases is echter moeilijk vanwege de beperkte respondenten, de
ambiguïteit van sommige indicatoren, uitgesplitste gegevens en interpretaties en het ontbreken van
temporele parameters. Desalniettemin geeft de studie in het algemeen inzichten in de verbanden tussen
landbouw, natuur, landbeheer en stedelijke ontwikkeling, en biedt daarom indicatoren en aanvullende
betekenis voor natuurinclusieve landbouw - dat wil zeggen een op de natuur gebaseerde landbouw die
groene en inclusieve groei bevordert. Inzicht in de afwegingen van deze elementen en indicatoren is van
cruciaal belang voor het vinden van compromissen en geschikte strategieën en beleidsaanbevelingen. Deze
studie suggereert niet de combinatie of vervanging van componenten, maar het vinden van de juiste fit voor
het landschap, landbouwgrond, stedelijk gebied, boeren en de gemeenschap die er het meest toe doet.
Omdat er geen one-size-fits-all benaderingen zijn, bevordert natuur-inclusieve landbouw een ecologischsocio-economische metathese. Het vinden van geschikte combinaties om de negatieve effecten van één
element te compenseren en het positief te maken, en het positieve element te gebruiken om de negatieve
effecten te verminderen, zijn de belangrijkste strategieën in natuurinclusieve landbouw.
De peri-urbaan uiterwaarden vanwege het gevarieerde ecosysteem en de koppelingen naar stedelijke en
milieugebieden kunnen daarom alleen uitstekende kansen bieden voor natuurinclusieve landbouw als: (i)
het bestuur hoog is; (ii) overgangsmaatregel is laag; (iii) ruimtelijke structuur is compact; (iv) connectiviteit
aanwezig is; en (v) natuurvriendelijke ruimtelijke maatregelen worden gehandhaafd.
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1. Introduction
Urban development, nature and agricultural land uses are interconnected on which the
development of one sector affects the other sectors. Nature provides food, habitat, vegetation and
cool climate for agricultural and urban uses. Then the agriculture sector utilizes these natural
resources to provide food and livelihood. However, the pressure caused by urbanization and
economic growth led to agricultural intensification resulting in unsustainable use and
management of natural resources. Agricultural intensification utilizes high pesticides usage,
influence rapid land use change, and increase field sizes and fragmentation which lead to the loss
of habitats, and riparian and floodplain areas (Funk et al., 2019; Maskell et al., 2019). Moreover,
it negatively affects the ecosystem processes and services, farmland and farming systems, social
cohesion, and peri-urban and rural landscapes (Hedblom, Andersson and Borgström, 2017;
Duvernoy et al., 2018).
The Netherlands is situated in Rhine and Meuse rivers delta which are rich in biodiversity. It is
one of the most urbanized countries in Europe with rich agricultural landscapes and water
resources (PBL Netherlands Environmental Assessment Agency, 2016). Most of its agricultural
and nature lands are located in the rural and peri-urban areas. Its highly productive arable lands
can produce food for the country and the world establishing an export-oriented agriculture sector
with value amounted to 81.3 billion euros in 2015 (OECD, 2009; CBS, 2016a). Farming,
horticulture, and fisheries are vital sectors contributing to economic development and food
security of the Netherlands. However, the current production methods are unsustainable and
exceed the carrying capacity of the environment (Ministry of Agriculture- Nature and Food
Quality, 2018). The intensification of farming practices and the large-scale agricultural expansion
affect not only the small farmers but also the traditional landscape and the environment (Schroder,
van Grinsven, Bos, ten Berge, & Smit, 2018).
While the agricultural sector is an important key to improve nature and urban environment in the
Netherlands (Ministry of Agriculture- Nature and Food Quality, 2018), the sector is facing a
societal challenge on sustainable food production. The Dutch agricultural dilemma is how to
maintain high agricultural productivity taking into account the urban development, environmental
integrity, and social equity.
In this chapter, the agri-environmental statistics explains the current situation and the vision for
the future of agriculture and environment sectors in the Netherlands. Also, this chapter describes
the research objectives and questions. Since the research topic is broad and has many components,
the limitations and scope of the study are explained as well. Chapter 2 explains the theories used
in the analysis of the study. The methods used and the case study descriptions are outlined in
Chapter 3. Chapter 4 focuses on data analysis and results. Moreover, Chapter 5 discusses the
research findings, conclusion, suggestions for future research and policy recommendations.
1.1. Agri-environmental situation in the Netherlands
The agriculture sector in the Netherlands is characterized as intensive (Runhaar, Polman and
Dijkshoorn-dekker, 2018). Almost half of the Dutch total land surface area (including water) are
3

used by agriculture (56%) while 17%, 15 %, and 12% are used for water, built-up, and nature land
uses, respectively in 2010 (Berkhout, 2015). Relative to other European countries, the
Netherlands has high share agricultural output (6.7%) with a value of 27, 020 million euros in
2016 (Eurostat, 2017) despite its small land area. There are 59.5% of the population with ages 4064 and 35.6 % with ages 15-39 are working in agriculture (Eurostat, 2017).
The agricultural land which is located mostly in peri-urban and rural areas is declining from 2000
to 2017 (Figure 1). The Netherlands is one of the European countries with the highest proportions
of farmers living in towns and suburbs in 2015 (Eurostat, 2017). The total utilized agricultural
land decreases from 1,975,504 hectares in 2000 to 1,768, 259 hectares in 2018 (CBS Netherlands,
2018a). According to the CBS Netherlands, these data were derived from agricultural census
which data disaggregation was based on the main location of the holding and may not reflect the
actual location. The major drivers of urban expansion are land use changes and habitat loss
(Arnaiz-Schmitz et al., 2018). Agricultural lands are being converted into built-up areas. Some
agricultural lands are turned into water storage and nature reserve areas (Berkhout, 2015).
Specifically, the Netherlands converted agricultural land into nature, recreation area, and
buildings and infrastructures (CBS Netherlands; PBL Netherlands Environment Assessment
Agency; National Institute for Public Health and the Environment; and Wageningen University
and Research, 2017). As a result, these agricultural land conversion and its impacts restrict
agricultural development in the country (PBL Netherlands Environmental Assessment Agency,
2017).

Figure 1. Utilized agricultural land, Netherlands, 2000-2018. Retrieved August 29, 2018, from
http://statline.cbs.nl/StatWeb/publication/?VW=T&DM=SLEN&PA=80783eng&LA=EN.
Copyright 2018 by Statistics Netherlands.
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To increase production, the Dutch farmers intensified their agricultural practices which put
pressure on biodiversity, environment, and landscape (Bos, Smit and Schröder, 2013). Farmers
are using fertilizers and pesticides to increase production and eliminate pests in the farmland.
Figure 2 shows the decreasing sales of agricultural pesticides from 2013 to 2015 that may lessen
its contribution to environmental degradation. However, the total greenhouse gasses emission
increases from 18.5 million tons in 2010 to 19.2 million tons of carbon dioxide equivalent in 2015
(CBS Netherlands, 2018b). Agricultural intensification and urban development reduced the
quality of the ecosystems in the Netherlands due to eutrophication, drying of the soil, low water
table, decline in ecosystem services, poor water quality and lack of spatial connectivity (CBS
Netherlands; PBL Netherlands Environment Assessment Agency; National Institute for Public
Health and the Environment; and Wageningen University and Research, 2017). Also, agriculture
is the major inefficient water user that depletes the groundwater and pollutes surface water from
nutrients, fertilizers and pesticides run-off (Van Doorn, 2017). Moreover, the environmental and
societal impacts are oversupply of nutrients affecting the soil and ground and surface waters, high
levels of ammonia and other gasses, water and air pollution from pesticides posing risk to food
safety, restricted space for animals, animal disease outbreaks, loss of biodiversity and degradation
of landscape, labor shortages, and high energy consumption (United Nations, 2011).
According to Lankoski (2016), biodiversity and agriculture are interconnected on which it
provides and depends on ecosystem services. However, some agricultural practices including
intensified mechanization, canalization of streams, removal of hedges and hedgerows, and water
extraction from groundwater caused habitat loss, disturbance, and a decline in species diversity,
loss of flora and fauna, and lower quality of agricultural landscapes (H. Runhaar, 2017, pp. 340341). Consequently, it distresses the ecosystem services that the peri-urban area provides to the
urban areas, and at the same time, it affects how urban area utilizes the natural resources and
landscape of the peri-urban area.

Total sales

Figure 2. Sales of agricultural pesticides in the Netherlands from 2010 to 2015. Retrieved
November 14, 2018, from https://stats.oecd.org/. Copyright 2018 by OECD.

5

Although agriculture and nature have complementary interrelationships, the agricultural functions
are still in conflict with nature (Manifest: Natuurinclusieve Landbouw, 2017). There is an
inherent and unceasingly conflicts between urbanization, food security, ecosystem management,
and sustainable development (Zhu et al., 2017). Innovation in agricultural practices mostly caters
to productivity for economic growth and incentives for social welfare than environmental costs.
Agriculture is not only about economic development and social equity but also environmental
integrity. The Dutch government envisions the Netherlands to be competitive, accessible, liveable
and safe. Its 2040 vision for liveability and safety, is to ensure “safe and healthy living
environment with good environmental quality, in both urban and rural areas” (Dutch Ministry of
Infrastructure and the Environment, 2011, p. 7).
Moreover, to maintain its ranking as top agricultural exporter with high nature value, it is
essential to understand the dynamics and interrelationship of nature-inclusive farming with the
socio-ecological system of the peri-urban area in the Rhine corridor. There is a need to integrate
nature and agriculture as part of sustainable agriculture with a resilient and productive food
system, abundant biodiversity, rich socio-cultural values, and viable economy (Manifest:
Natuurinclusieve Landbouw, 2017). Furthermore, the socio-ecological management in the periurban floodplain becomes a crucial component of sustainable development specifically of
sustainable cities (sustainable consumption and production, and protection of life on land and
below water (Zhu et al., 2017). For that reason, the integration of nature, agriculture, and urban
development are critical to Dutch agri-environmental system.

1.2. Paradigm shift towards sustainable agriculture
The unsustainable agricultural production system contributes to environmental degradation in the
Netherlands. Agriculture is one of the major economic drivers in the country that maintain the
quality of rural areas (Province of Utrecht, 2018). So to maintain its economic and social
functions, the government is exploring sustainable ways of agricultural production. Circular
agriculture, nature-inclusive farming, and nature-based agriculture are concepts correlated to
sustainable agriculture. Van Dam (2004) defined nature-based agriculture as agricultural practices
that are farmer and location-specific, which means based on farm type, locational characteristics,
soil type, landscape and the farmers' choice of themes they want to focus. The Dutch government
promoted a transition to circular agriculture and nature-inclusive farming on its environmental
vision and climate platform (Ministry of Agriculture Nature and Food Quality, 2018). According
to the Ministry of Agriculture, Nature and Food Quality, circular agriculture focuses on closing
the cycles of raw materials and minerals by using waste flows as raw materials. While natureinclusive agriculture emphasizes the responsible use and management of nature. The Ministry is
using the definition of nature-based agriculture from Wageningen University and Research
(WUR) and Louis Bolk Institute (Erisman et al., 2017) to define nature-inclusive farming which
is:
“an ecologically sustainable type of food production. It fully utilizes what nature
has to offer, around and beneath the farm, strengthens biodiversity in and around
6

farmland and ensures that the minimum possible burden is placed on nature.”
(Van Dam, 2004, p.1)

Nature-inclusive farming has a vital role in enhancing urban and rural sustainability. It has the
potential to ensure food security and economic development without detrimental effects to the
environment. Also, it aligned with the Sustainable Development Goal (SDG) 2 or Zero Hunger
which seeks sustainable solutions including sustainable agriculture to end hunger. Also, it will
address other sustainable development goals such as 12, 13, 14 and 151.
Furthermore, recent researches stressed out the need to reconsider the concept of urban-rural
linkages by identifying the critical function of peri-urban farming in improving the quality of life
inside and outside the urban area through preserving the habitat and biodiversity (Hedblom,
Andersson and Borgström, 2017; Duvernoy et al., 2018). Peri-urban area, as the interaction zone
with complex system, has a vital role in preserving the protected areas, forest, preserved
woodlands, prime agricultural lands, and wetlands which have the important natural environment
serving as life support system not only to its residents but to urban residents as well (Huang et al.,
2011; Woltjer, 2014). Summarizing many different concepts related to nature-inclusive farming;
this research adjusts its activities and approaches through the operational definitions of terms
(Appendix 2).

1.3. Research objectives and research questions
The objective of this research is to help improve the quality of nature and life of people by
exploring the potential contribution of nature-inclusive farming to the sustainable socio-ecological
management of the peri-urban area in the Rhine corridor, the Netherlands. The main research
question is:
How can nature-inclusive farming contribute to the sustainable socio-ecological
management of the Rhine corridor?
The following are the sub-questions to be investigated:
 Research Question 1: Which indicators identify the positive and negative contributions of
nature-inclusive farming to the sustainable socio-ecological management of peri-urban
areas in the Rhine corridor?
 Research Question 2: What are the spatial measures of nature-inclusive farming for periurban socio-ecological management of the Rhine corridor?
 Research Question 3: Which river section provides the best nature-inclusive farming
opportunities?

1

SDG 12 (Responsible Consumption and Production), SDG 13 (Climate Action), SDG 14 (Life below water) and SDG (Life
on Land)
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The Netherlands has the potential to contribute to sustainable agriculture due to its agricultural
and environmental visions. However, rethinking Dutch agricultural practices is critical to
understand the complex relationship between agriculture and the environment and its impacts on
the social system. It is imperative to assess the interrelationship of nature-inclusive farming with
the socio-ecological system to preserve and conserve the environment and ensure social
development. This research explores the potential impacts of nature-inclusive farming using the
transition theory in the context of the socio-ecological perspective. It will utilize both quantitative
and qualitative approaches using literature study, expert interview, map analysis, multi-criteria
analysis-analytical hierarchy process and Geographic Information System (GIS)-mapping to
answer the research sub-questions.

1.4. Scope of the study
There are many municipalities along the Rhine corridor that have the potential of serving as case
study areas. The boundaries of these study areas traverse in rivers Lek, Ijssel, and Nederrijn along
the Rhine corridor. However, the municipalities of Arnhem and Rheden in the Province of
Gelderland and Vianen in the Province of Utrecht were selected as the study areas based on
demographic and spatial characteristics, data accessibility, and interview availability (See
Appendix 1 for the selection of study areas). Deventer is a reference study located in the Province
of Overijssel because of its established nature-inclusive farming practice; unfortunately, interview
respondents were not available during the time of the study.
On the socio-ecological system, the main classes used are social welfare, environmental integrity,
and economic viability. This research does not quantitatively assess the economic impacts of
nature-inclusive farming. However, it generally explains the contributions to income and
investments. Also, it does not explicitly assess the temporal factors of the indicators for transition
but instead analyzes the speed of transition to sustainable socio-ecological management in the
peri-urban floodplain.
The next four (4) chapters of the research study explain the theoretical and conceptual
frameworks, the methods used, the description of the study areas, results of the conceptual
modeling, and the discussions and conclusion.
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Image by Joost Icke, 2017
Source: https://www.deltares.nl/en/blog/9must-see-water-highlights-when-you-cometo-delft/

Chapter 2: Framework
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2. Theoretical Framework
This chapter explains the theories and concepts which are the foundations of this research. The
transition theory was integrated to the socio-ecological system to understand how nature-inclusive
farming may contribute to the socio-ecological management of peri-urban floodplain in the Rhine
corridor. Also, a conceptual framework of the study is shown to logically illustrate the concepts
and theories used in investigating the research objective.
2.1. Urban river corridor management
Civilization and development of towns were claimed to started along the river because of the
accessibility and availability of natural resources and ecosystem services such as water, food,
waste disposal, and transportation (Lerner and Holt, 2012). The river corridors provide physical
and ecological connectivity to its surrounding areas. It can be described as either structural
connectivity which measures the degree of proximity of patches regardless of the behavior of the
organism or functional connectivity which is the degree of patches where a landscape obstructs or
enables a movement of organisms (Looy et al., 2014).
It is critical to have a multidisciplinary, multi-temporal, and multi-spatial ways of analyzing
sustainability issues, for instance, a farmland should not be seen only as production land, instead
it should be regarded as protection and conservation areas where opportunities for attractive
landscape, recreation areas, renewable energy, biodiversity increase, and climate change
mitigation are possible (Giovanna, Braioni and Locascio, 2016). On the other hand, Fliervoet et
al., (2013) explained that an integrated planning and management approach is vital in river
management to deal with its complexity, different perceptions, and multi-functionality (e.g.,
ecotourism) of floodplains. Specifically, there are three ways to manage urban river corridors,
namely, centralized, partnership, and voluntary approaches (Lerner and Holt, 2012). The
centralized model as depicted by the word “central,” only one body controlled the management as
compared to the partnership where management involves various stakeholders and processes, and
the voluntary action which promotes a bottom-up approach where local participation, local action,
and local responsibility are encouraged (Lerner and Holt, 2012).
Nonetheless, it is inevitable that the river and resources will be destroyed due to the increasing
demand of the population and economic growth. According to Lerner and Holt (2012),
urbanization and industrialization contributed to the loss of flood capacity and ecosystem services
in the floodplain which leads to the following issues (pp. 722-723):







Flooding due to encroachment on the natural flood storage;
Excess runoff because of impermeability;
Urban pollution as a result of wastes disposal into rivers;
Urban economy wherein the local government prioritizes economic development in the
riverside areas;
Land use and value on which the restoration and redevelopment of rivers and floodplain
increases its value due to attractiveness for human settlements; and
Aquatic ecology which is destroyed as developments affected the quality of rivers.
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The continuous pressures and conflicts between the uses of the river corridors and developments
entail complex decision-making process (Lerner and Holt, 2012) and transition from existing
unsustainable to sustainable ways of utilizing natural resources and its ecosystem processes.
2.2. Socio-ecological system
The socio-ecological system is a complex system that provides a frame to understand the
interaction and changes in socio-economic and ecological structures (Arnaiz-Schmitz et al.,
2018). The socio-economic structure refers to the productivity, profitability, total well-being of
the people (Schaller et al., 2018). On the other hand, ecological structure describes the ecosystem,
ecosystem services, and its processes (Arnaiz-Schmitz et al., 2018). Redman et al. (2004) defined
the socio-ecological system as a set of critical resources in which movement and consumption are
controlled by ecological and social system applicable at several spatial, temporal, and
organizational scales. According to Perez-Soba and Dwyer (2016), the socio-ecological system
helps in structuring the analysis of the complex process by analyzing and assessing public goods
and ecosystem services provided by agriculture and forestry. It involves different stakeholders
and disciplines from various sectors. Also, it promotes a participatory approach to clearly
understand agricultural management and decision making (Perez-Soba and Dwyer, 2016).
However, the socio-ecological system
is complicated to understand because
of the numerous elements affecting
the interactions in the system and
eventually its outcomes (Fischerkowalski and Rotmans, 2009). Ostrom
(2007) explained that a system is
decomposable which enable a clear
assessment of the complexity of the
socio-ecological system. There are
three ways to understand the
Figure 3. A multitier framework for analyzing the
decomposability of a system, namely:
socio-ecological system. Adapted from Ostrom (2007),
(i) dividing the variables into classes
p. 15182.
and subclasses; (ii) independent
subsystems affecting each other’s activities; and (iii) the greatness of complex system than the
sum of their parts (Ostrom, 2007). For this study, the system was analyzed based on the
conceptual division of elements into classes and subclasses. Figure 3 and Table 1 depict the
intricate variables that analyze the socio-ecological system. The resource system is the natural
system or the ecosystem such as river and grazing area; the resource units are the resources
produced, used or created from the resource system (e.g., agriculture and water); the users are the
human and technology; and governance system includes organization, structure, and rules
(Ostrom, 2007).
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Table 1. Second-tier variable in analyzing the socio-ecological system by Ostrom (2007), p.
15183.
Social, economic, and political setting (S)
S1 –Economic development; S2 – Demographic trends; S3 – Political stability; S4– Government settlement policies; S5–
Market incentives S6– Media organization
Resource System (RS)
Governance System (GS)
RS1 – Sector (e.g., water, forests, pasture, fish)
GS1 – Government organization
RS2 – Clarity of system boundaries
GS2 – Non-government organization
RS3 – Size of resource system
GS3 – Network structure
RS4 – Human-constructed facilities
GS4 – Property-rights systems
RS5 – Productivity properties
GS5 – Operational rules
RS7 – Predictability of system dynamics
GS6 – Collective-choice rules
RS8 – Storage characteristics
GS7 – Constitutional rules
RS9 – Location
GS8 – Monitoring and sanctioning processes
Resource Units (RU)
Users (U)
RU1 – Resource unit mobility
U1 – Number of users
RU2 – Growth or replace rate
U2 – Socioeconomic attributes of users
RU3 – Interaction among resource units
U3 – History of use
RU4 – Economic value
U4 – Location
RU5 – Size
U5 – Leadership/entrepreneurship
RU6 – Distinctive markings
U6 – Norms/social capital
RU7 – Spatial and temporal distribution
U7 – Knowledge of socioecological system/mental models
U8 – Dependence on resource
U9 – Technology used
Interaction (I)
Outcomes (O)
I1 - Harvesting levels of diverse users
O1 – Social performance measures (e.g., efficiency, equity,
I2 – Information sharing among users
accountability)
I3 – Deliberation processes
O2 – Ecological performance measures (e.g., overharvested,
I4 – Conflicts among users
resilience, diversity)
I5 – Investment activities
O3 – Externalities to other socioecological systems
I6 – Lobbying activities
Related Ecosystems (ECO)
ECO1 – Climate patterns; ECO2 – Pollution patterns; ECO3 – Flows into and out of focal socioecological system

It is significant to know the effects of changing farming practices on the ecosystem and social
development because an effective farming system promotes socially acceptable and economically
viable practices that meet the current societal demands without sacrificing the environment
(Meerburg et al., 2009). However, economic drivers influenced agricultural development by
focusing more on production and scalability than environmental preservation. The economic
growth and modernization coincide together but not with ecological reforms as the latter focuses
on ecosystem services limitations and regulations (Fisher and Freudenburg, 2001). Some claimed
that environmental protection could not be pursued with agricultural development because of the
competing demands for goods and services. These different and conflicting perspectives conveyed
theoretical debates specifically on the relationships between agriculture and the environment. It
reflects the theoretical challenge on how to connect nature conservation and agricultural
development.
The socio-ecological system was anchored in the sustainable development principle which
provides the development needs of the present and future generations (United Nations, 1987, p.
37). Sustainable development has three main pillars - economic viability, ecological integrity and
social equity (Brand, 2005). Its principle will strengthen the assessment of the links between
environmental and socioeconomic concerns on the quality of life and living standards (ArnaizSchmitz et al., 2018).
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2.3. Transition theory
The existing trends in agriculture are unsustainable, and the alternatives are also vague which
affect the effectiveness of policies (e.g., changes in production chains, in product-service systems)
(Kemp and Rotmans, 2005). Policies cannot directly steer societal change towards sustainability
due to its complexity. Sustainable development is a long-term process of change which conflicts
the short-term policy goals (Ostrom, 2007). Transition theories address these necessary shifts by
assessing the systematic changes within a system and explaining ways to govern or manage these
transitions (Kemp and Rotmans, 2005; Sarasini and Linder, 2018). It provides analytical tools to
explain the system’s behavior (e.g., transportation, energy, agriculture, and water management)
by influencing and stimulating processes towards transition (Brugge and Rotmans, 2007).
Transition is defined as developmental changes consisting of various systems and connected
modifications in different domains (e.g., technology, economy, institutions, behavior, culture,
ecology, and belief system) that has large scale developments taking place in long-term process
(25 years) due to interaction in different scale levels (Brugge and Rotmans, 2007; Ostrom, 2007).
Transition theories have different sources – systematic inertia and change, on which systematic
inertia pertains to the structures, elements, and forces creating stability while systematic change is
brought by technology and organizations influencing changes on the elements, processes, and
activities in the system (Fischer-kowalski and Rotmans, 2009; Sarasini and Linder, 2018).
Transition framework has three analytical tools, namely: (i) multi-phase concept which refers to
four transition phases (Figure 4); (ii) multi-level concept is transition triggered by the interface
and improvements at the macro-, meso-, and micro-level; and (iii) multi-change concept refers to
the new emerging developments and old broken structures. Transitions are non-linear relations in
which the speed of change is different in the four stages (Ostrom, 2007).

System
indicators

Figure 4. Four phases of transition by Rotmans et.al. 2000,2001. Adapted from (Kemp and
Rotmans, 2005, p. 37).
Ostrom (2007) and Fischer-kowalski and Rotmans (2009) explained the multi-phase as:






Predevelopment phase is where the status quo changes but it are invisible;
Take-off phase shows that starting point of changes and increases in a moment;
Acceleration or breakthrough phase shows visible structural changes in sociocultural, economic, ecological, and institutional which each relation are interpretable;
and
Stabilization phase is where the achievement of new equilibrium has been attained.
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In these transitional changes, there are also variations in the (i) speed of change, (ii) size of
change, and (iii) time period of change (Ostrom, 2007). However, Fischer-kowalski and Rotmans
(2009) contradict Ostrom notion of gradual changes in time by presenting the directionality in
time. They explained that developmental changes, either through Marxist’s historical materialism
or Darwin’s evolutionary theory, can predict the future state by assessing the past, but still with
unpredictable changes (Fischer-kowalski and Rotmans, 2009). The developmental stages can be
accelerated or delayed depending on the challenges in transitions. According to Fischer-kowalski
and Rotmans, 2009, p.3), the Dutch identified different dimensions explaining transition process:
first, the teleological versus emergent; secondly, the degree of coordination (from high to low);
and lastly, the level of aggregation (high versus low). Teleology refers to the way of using the
future state to explain the cause (Ruse, 2016).
Increasing agricultural productivity while preserving the environment is a challenging transition
towards sustainable management. The transition would be possible by changing the structure,
culture, and practices of the society including residents, farmers, and business sector (Fischerkowalski and Rotmans, 2009). Due to complexities and uncertainties within a system, the
transition is not attainable by command-and-control, but instead, it influences the speed and
guides the transition process towards achieving the desired goal (Fischer-kowalski and Rotmans,
2009). This study applied the transition theory to the socio-ecological system to explore how
nature-inclusive farming can contribute to sustainability outcomes. Sarasini and Linder (2018)
explained that the transition management considers a protected space where experiments and
innovations can be applied to transform the system by accepting the complex transition and taking
into account the time and multi-stakeholder approach.
2.4. Transition theory within the socio-ecological perspective
The transition theory was integrated into the socio-ecological perspective to guide in the analysis
of the research problem by providing a socio-ecological lens in the transition towards sustainable
production. Transition theory had helped in understanding how the system behaves towards
transition. On the other hand, the socio-ecological system complements the transition theory
because it assesses the relationship within the socio-ecological system (e.g., fisheries, agricultural
and food systems) (Gotts et al., 2018) which needs to be sustainably managed. However, not all
components of each theory apply to this study. Only selected components useful in the analysis
based on researcher and experts’ judgment are investigated. These components are explained to
contextualize the application of the theories in this study.
As mentioned in section 2.2, the transition has different sources in terms of inertia and change. In
this study, the systematic inertia is the pronouncement of the Dutch Ministry of Agriculture,
Nature, and Food Quality towards sustainable agriculture while the system change is the intensive
agricultural activities and allocation of agricultural land into nature areas. In this study, the multiphase concept is utilized to explore the transition pathways towards sustainable socio-ecological
management in the peri-urban floodplain. Ostrom (2007) stated that a system is decomposable
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into resource system, resource units, governance system, and users, but the analysis of natureinclusive farming as a system cannot be disintegrated as it will nullify its goal. For that reason, the
second-tier variable is not utilized in the study. However, it was used to define the study’s system
boundaries as follows:
Social, economic, and political setting (S)
S1 –Economic development; S2 – Demographic trends;
Resource System (RS)
Governance System (GS)
RS1 – Sector: agriculture, nature, and urban
GS4 – Land ownership
development
RS2 – Municipal boundaries; agricultural land
RS3 – Finite
RS4 – Farm buildings
RS5 – High productivity
RS9 – Peri-urban floodplain
Resource Units (RU)
Users (U)
RU3 – Competitive
U8 – Highly dependent of resource
RU4 – Product value; Land price
U9 – Farming practices
RU7 – Spatial distribution (study areas)
Interaction (I)
Outcomes (O)
I1 - Maximum harvesting levels;
O1 – Total well-being
I4 – Conflicting use
O2 – Degradation of the environment; Sustainable socioecological management

This research analyzed the socio-demographic and spatial characteristics of the municipalities
(study areas) in the peri-urban floodplain and its impact on the socio-ecological management. It
focuses on the agriculture, nature and urban-rural linkages, the physical structures, and
agricultural productivity. These sectors have competing and conflicting demands and uses of the
ecosystem services, making it challenging to shift towards sustainable production. The users,
namely, residents, farmers, business sector, and government are highly dependent on the
resources, and its dependency affects the transition towards nature-inclusive farming. In terms of
the governance system, land ownership was explored in this study. The related ecosystems such
as climate patterns and pollution patterns are not assessed because it will complicate more the
system. To simplify the socio-ecological system of the study, the pre-identified socio-ecological
indicators (See Chapter 3: Methods) which are classified into economic viability, environmental
integrity, and social welfare are explored instead. These socio-ecological indicators are similar to
the system described by Ostrom (2007). The interactions among these indicators determined the
speed of transition and its impact on the sustainable socio-ecological management of peri-urban
floodplain (outcome). The interactions are interpreted into: complementary or the positive effects
and relation, and contradictory or the negative effects and tensions (Svensson and Nikoleris,
2018). For this study, the concepts used are explained in Appendix 2 which adopted definitions
from specific authors suited to system analysis.
The conceptual framework (Figure 5) showed the operationalization of this study. It illustrates the
direct relationship between variables and the specific direction by which the study will be
undertaken. The land use of each case study area represents the system. This system is influenced
by socio-demographic and spatial characteristics of the municipality. Agriculture landscape is
connected to nature and urban areas; however, the link is unclear. This linkage can be assessed
through the socio-ecological indicators. Also, the interactions of indicators and the impacts are
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analyzed and conceptualized using a model. Following the transition theory, these indicators are
explored in each phase of transition to understand how nature-inclusive farming positively
contribute or sets negative effects or drawback to sustainable socio-ecological management of the
peri-urban are in the Rhine corridor. The transition is not linear but illustrates S-curved on which
the time directs the higher achievement of the indicators until it reaches stabilization. The speed
of change is used to estimate how fast or slow the transitional process to sustainable socioecological management. Since this study frames nature-inclusive farming as the object of the
study, the size of change and time period of change which illustrate the policy implementation
were not part of the analysis. In relation, the teleological vs. emergent, the degree of coordination,
and level of aggregation were not analyzed as this study assess the socio-ecological indicators and
not the policy implementation. It should be noted that transition dynamics are complex processes
involving interface with other domains such as markets, institutions, policies, and individual
behavior (Brugge and Rotmans, 2007).
Thus, the socio-ecological indicators which have complementary or contradictory interactions
may influence the transition towards sustainable socio-ecological management. Consequently,
interactions and management will improve the level of socio-ecological indicators. The positive
and negative relations of the indicators pertain to causal link in the diagram. Consequently, the
spatial measures are identified through the relationships of indicators whereas feedback is a
critical component to improve the system. The broken lines represent the unknown relations and
undefined impacts in which the research questions investigated in this study.

Figure 5. Conceptual framework of the study (Kristine Arcena, 2019).
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3. Methods
This research is an explorative study that utilized both qualitative and quantitative approaches.
The qualitative approach used a literature study, semi-structured expert interview, and map
analysis for data collection and data analysis. Socioeconomic statistical data was gathered to
describe the characteristics of study areas. Then the conceptual modeling simulated the data
collected to the cases. The quantitative approach includes conceptual modeling and multi-criteria
analysis that evaluated the potential contribution of nature-inclusive farming to the socioecological management of the peri-urban area in the Rhine corridor. The following sections
explain the three (3) interrelated approaches, namely system description, conceptual modeling and
system analysis including the specific activities and research instruments used in this research.
Figure 6 illustrates the workflow of the study.

3.1. System description
This section defines the data collection and preparation undertaken in the research study. It
explains the brief description of the study areas, and statistical data and maps collected. System
description and system analysis are used to explain the research questions 1 and 2. On the other
hand, conceptual modeling responded to research question 3.

Figure 6. Schematic workflow with expected outputs and methods used in this study.
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3.1.1. Study areas (see Table 3)
Reference study: Deventer, Province of Overijssel – medium-sized urban area at river IJssel
Deventer is situated at the river IJssel with 120,000 populations and 916 people per sq.km
population density. Its total agricultural land area is 19,956 hectares from which 392 hectares are
located in the floodplain (Ministry of Economic Affairs and Climate Policy, 2017; CBS
Netherlands, 2018b). The agricultural area is composed of non-irrigated arable land, pastures,
natural vegetation, and forests (Figure 7). Agriculture is changing rapidly in the countryside of
Deventer, and one organization took the initiative in adopting the concept of “Farmers for
Nature.” The Natuurderij Keizersrande is a “modern biological dynamic” dairy farm leased from
the IJsselllandschap Foundation that prioritizes nature and landscape. The Keizersrande utilizes
water and nature management in farm management. It is also open for visitors and consumers by
offering tours to increase awareness of food production.

Figure 7. Land use map of Deventer
Data source: 2012 Copernicus Land Use Monitoring

Vianen, Province of Utrecht – peri-urban area at river Lek
Vianen is in the Province of Utrecht with 19,714 populations and a population density of 503
people per sq. km (CBS Netherlands, 2018b). It is located on the Lek river with agricultural land
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of 322 hectares in the floodplain (Ministry of Economic Affairs and Climate Policy, 2017). The
province of Utrecht envisions agriculture in 2025 as food producer with open and green
landscapes contributing to the environmental goals as well as keeping the peace, space, and
experience in the province. Agriculture is the most significant land user in the province with
almost 95% is as pasture and silage maize (Province of Utrecht, 2018). The total agricultural land
of Vianen is 4,323 hectares comprised of pasture land, natural vegetation, and forests (Figure 8).
It is a commuter zone due to the location of two major highways (A2 and A27) in the
municipality. The plant and animal species in Utrecht is decreasing in general due to
environmental and spatial conditions such as over-fertilization, acidification and road
construction. The Province aims for sustainable agriculture that is environment-friendly, and that
creates space for nature development and landscape management.

Figure 8. Land use map of Vianen
Data source: 2012 Copernicus Land Use Monitoring

Rheden, Province of Gelderland – peri-urban area at river IJssel
Rheden is a municipality in the province of Gelderland with 43,645 populations and 534 people
per sq.km. population density. It is located above the IJssel river. It has a total of 4,722 hectares
from which 1,192 hectares are on the floodplain (Ministry of Economic Affairs and Climate
Policy, 2017; CBS Netherlands, 2018b). The agricultural areas comprise non-irrigated arable
land, pastures, natural vegetation, moors and heathland, and forests (Figure 9). Majority of the
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agricultural areas are used for dairy farming then arable grass cultivation with more hectares of
land for regular agriculture use, than agriculture use with restrictions (e.g., nature, landscape)
(Land Advisory Board, 2017). Rheden was involved in River Climate Park IJsselpoort project
together with the municipalities of Westervoor, Zevenaar, Arnhem, Duiven, Province of
Gelderland, Rijkwaterstraat, Waterschap Rijn en IJssel and Natuurmonumenten. The project area,
which is along the IJssel between Arnhem and Giesbeek, aims to ensure flood safety of residents
in the long term by making the area multifunctional for economic development, recreation, nature
and navigation (River climate park IJsselpoort, no date).

Figure 9. Land use map of Rheden
Data source: 2012 Copernicus Land Use Monitoring

Arnhem, Province of Gelderland – metropolitan area at river Nederrijn
Arnhem is the capital of the Province of Gelderland with a population of 410,000 and population
density of 4,184 people per sq.km. It is located above and below the river Nederrijn which is the
source of the development of the city. Arnhem aims to stimulate growth in the creative industry,
energy and environmental technology, and the health sector with tourism as a potential sector for
future development. The total agricultural land is 4,291.41 hectares comprising of non-irrigated
arable land, pastures, natural grasslands, moors and heathland and forests (CBS Netherlands,
2018b) (Figure 10). There are 232 hectares of agricultural land located in the floodplain of the
city (Ministry of Economic Affairs and Climate Policy, 2017).
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Figure 10. Land use map of Arnhem
Data source: 2012 Copernicus Land Use Monitoring

3.1.2. Pre-identification of nature-inclusive farming elements
The identification of elements related to nature-inclusive farming started with the search of
literature reviews on ScienceDirect, Google Scholar, and WUR library online. The literature study
was used to pre-identify the key elements for nature-inclusive farming in the river corridor. The
various and unstandardized operational definitions and related-terms associated with natureinclusive farming made it challenging to select the literature appropriate for the study. The
operational definition (Appendix 2) guided the selection of literature used in identifying the key
elements. Table 4 shows the three sources used which have the same goal in protecting nature
through agriculture. The Food and Agriculture Organization (FAO) cited ten elements of
agroecology while high nature value farming has three categories. These two pieces of literature
were cross-checked with the socio-ecological system approach to align the elements with the
environment, social, and economic aspects. With this, the pre-identified elements were (i)
biodiversity; (ii) land use multi-functionality; (iii) buffer or distance from the river; (iv)
environment-friendly practices; (v) land use efficiency; and (vi) productivity. These six elements
were used in formulating questions for the semi-structured expert interview and multi-criteria
analysis.

3.1.3. Identification and ranking of the pre-identified elements and indicators
This section explains the specific methods used in identifying the proposed key elements and
indicators that determine the positive and negative contributions of nature-inclusive farming.
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From the pre-identified elements in section 3.1.2, this section validated the elements identified
from the literature study. The results of the semi-structured expert interview, multi-criteria
analysis and literature study are combined and clustered to provide a list of proposed key
elements with objectively verifiable indicators for each socio-ecological components. Figure 11
shows the overview of approaches (including the reference outputs) that were used to identify the
proposed list of key elements and indicators.

Figure 11. Overview of the approaches for the proposed list of elements and indicators

3.1.3.1. Semi-structured expert interview and literature study
The combination of the literature study and semi-structured interview classified the elements and
indicators based on its potential contribution to nature-inclusive farming. The expert interview
used a semi-structured questionnaire to avoid researcher bias and to indicate open discussion to
gather their views and experiences. This questionnaire includes questions about the positive and
negative contributions of nature-inclusive farming based on a socio-ecological perspective. The
literature study supported their responses and then incorporated into the proposed key elements
and indicators.
Table 2. Content of the questionnaire. Specification of questions available in Appendix 3.
Part 1

Perspectives: positive and negative effects, ideal farming system in the
floodplain, and challenges

Part 2

Land use and ecosystem: diversity, and spatial measures

Part 3

Local economy and urban-rural synergies: impacts to urban-rural
development, and investment requirements

The organizations were identified based on the location of study areas and organizational mission.
This study utilized the purposive and snowball sampling to select the respondents. However, it
was very challenging to find respondents. Some of them mentioned that they are not the right
organizations or they do not have available employees for an interview. Other organizations said
that they only have personal perspectives because the organization does not have a position yet
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for nature-inclusive farming. Out of 32 prospective respondents contacted through email and
phone calls, only ten respondents replied. Among the ten respondents identified as experts, eight
personal interviews, one email communication, and one phone interview were conducted.
Although Deventer has no available respondents during the research period, it was considered as
the reference study area due to its high potential as a benchmark for nature-inclusive farming. The
respondents were from the government and non-government organizations involved in
agriculture, nature and the environment. They also referred or recommended another expert for an
interview.
3.1.3.2. Multi-criteria analysis using Analytical Hierarchy Process
For the quantitative questions, the respondents were requested to rank the pre-identified elements
using intensity 1-9 (Figure 12). Also, they were asked to suggest elements and indicators that they
think are relevant to nature-inclusive farming in the Rhine corridor. Their suggestions were
integrated into the proposed key elements.
The multi-criteria analysis has a specific process called the Analytic Hierarchy Process (AHP).
This study utilized the analytic hierarchy process to identify and select the elements based on
ranking. It assisted in deciding which elements best measure the potential contribution of natureinclusive farming. It has both qualitative and quantitative approaches that take into consideration
the weighting of different conflicting indicators (De Luca et al., 2017). Specifically, the Analytic
Hierarchy Process excel template by Goepel (2013) was used in data processing. This method is
the most appropriate as the subjective opinions were calculated using ratio scales (weightings)
and consistency index. Figure 13 shows the comparison of criteria in a matrix with weights
totaling to 100. The first normalized Eigenvector is the ratio scale (weighting) on which the
Eigenvalue and consistency ratio are identified (Goepel, 2013).

Figure 12. The AHP intensity guide in comparing two indicators, Retrieved February 7,
2019 from http://bpmsg.com/analytic-hierarchy-process-ahp/. Copyright 2019 by Klause
D. Goepel, Implementing the Analytic Hierarchy Process as a Standard Method for MultiCriteria Decision Making in Corporate Enterprises.
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Figure 13. Matrix of the comparison of criteria showing equal weights. Retrieved February 7,
2019 from http://bpmsg.com/analytic-hierarchy-process-ahp/. Copyright 2019 by Klause D.
Goepel, Implementing the Analytic Hierarchy Process as a Standard Method for Multi-Criteria
Decision Making in Corporate Enterprises.

The results of multi-criteria analysis and expert interviews were harmonized and combined to
propose a list of key elements and indicators. The proposed list of key elements excluded the
lowest two rating of the pre-identified elements based on the arguments from the interview
results. Also, the proposed list utilized the results of the expert interview based on the uniqueness
and frequency of the themes or topic they pointed out. However, a second round of multi-criteria
analysis-analytical hierarchy process with the experts and farmers will increase the consistency of
the proposed list elements and indicators. It will verify the social factors which are missed out on
the pre-identified elements. Unfortunately, due to limited time and availability of experts, the
second round of multi-criteria analysis was not conducted. The literature study was used to gather
additional information and appropriate indicators for the proposed key elements.
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Table 3. Characteristics of the case study areas.

Case study area

1 Vianen
2 Arnhem

Total
Agricultural
Population
Functional urban
Agricultural area in the
density
Location in the Rhine River
Agricultural land use classification5
land area
floodplain
(inhabitants)1 (people per
class type 1
sq.km)
(ha)2
(ha)3
4
19,714
503
peri-urban area
above Lek
4,323.77
322.03 Pastures, natural vegetation, and forests
410,000
4,184 metropolitan area above and below Nederrijn
4,291.41
231.77
Non-irrigated arable land, pastures,
natural grasslands, moors and heathland,
natural vegetation, and forests
Population

3 Rheden

43,645

4 Deventer

120,000

peri-urban area4

above Ijssel

4,722.07

1,191.76

916 medium-sized area

left and right of IJssel

19,956.07

391.64

534

Non-irrigated arable land, pastures,
natural vegetation, moors and heatland,
and forests
Non-irrigated arable land, pastures,
natural vegetation, and forests

Notes:
1

Based on OECD 2019 classfication of urban area and Statistics Netherlands

2

Data source: statline.cbs.nl, 2017

3

Ministry of Economic Affairs and Climate Policy

4

Based on van Eupen,M. et. al (2012) defition of peri-urban zone which is has high population density and 60 to 200 min maximum travel time to an average city

5

Based on 2012 Copernicus Land Monitoring
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Table 4. Pre-identified elements of nature-inclusive farming in Rhine corridor
FAO Agroecology2

Environment
Diversity

Synergies

European High Nature
Value (HNV) farmland3

SES approach4

Pre-identified nature-inclusive
farming elements in river
corridor

HNV 2: presence of seminatural habitat

A systematic view

Biodiversity

HNV 1: Land use intensity
HNV 3: Presence of land use
mosaics

Transdisciplinary
approaches

Land use multi-functionality

Recycling
Resilience
Social
Co-creation and
Knowledge-sharing

Buffer/distance from the river

Education and training

Human and social
values

Environmental-friendly
agricultural practices

Culture and food
traditions
Responsible
governance

Adaptive governance
Monitoring systems

Economy
Efficiency

Land use efficiency

Circular and
solidarity economy

Productivity

3.2. Conceptual modeling
This section describes the conceptual model and statistics used in this study. Conceptual modeling
is a useful communication tool that provides graphical representation (Gotts et al., 2018). The
conceptual modeling was used to show the conceptual mapping and causal loop diagrams of the
potential contribution of nature-inclusive farming. An online software, Mindomo, was used to
develop the visual relationships of the positive and negative effects for nature-inclusive farming
among the social, economic and environmental sectors. Further, different statistical data of the
selected indicators were used to analyze the impacts and the relationships of those indicators in
each study area. This method was used to identify the spatial measures which are critical in the
floodplains and find the river section with best opportunities for nature-inclusive farming. It
2

The 10 elements of agroecology. Guiding the transition to sustainable food and agricultural systems by FAO (2018).
High Nature Value farmland identification from satellite imagery, a comparison of two methodological approaches by G.
Hazeu et.al (2014).
4 A social-ecological systems approach for environmental management, by A. Virangpose et. al (2016).
3
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showed the correlation of selected indicators to the agricultural area and its effects on the socioecological management of the peri-urban area in the Rhine corridor. The conceptual model has
the following three scenarios:

Model

Title

Model 1

No change
(Business as
usual)
Transitional
farming

Model 2

Model 3

Nature-inclusive
farming

Description

No decrease in agricultural land in the
floodplains.
50 % decrease in agricultural land;
agricultural land deducted is reserve
for nature; 50 % increase in
willingness to buy and consumer
confidence.
25 % decrease in arable land; land
use multi-functionality is dominant;
100% increase in willingness to buy
and consumer confidence.

Representation to
transitional phases
by Ostrom (2007)
Predevelopment

Take-off

Breakthrough

The four phases of transition by Ostrom (2007) was used to analyze the socio-ecological
indicators for nature-inclusive farming and how these contribute towards sustainable socioecological management of the peri-urban area in the Rhine corridor. Sustainable agriculture which
will contribute to sustainable socio-ecological management is assumed as the new dynamic
equilibrium. The conceptual model aims to describe the changes from business as usual (no
change) to transitional farming into nature-inclusive farming. The results are not to compare each
study area but to extrapolate findings for the Rhine corridor. Model 1 or no change model was
used as the baseline to show the pre-development phase where the farmers find ways to reduce
environmental impacts such as less use of fertilizers and pesticides but change is invisible. Model
2 or transitional farming illustrated the take-off phase where the farmers start to change
agricultural practices by allocating 50% of agricultural land to nature areas. Lastly, Model 3 or
nature-inclusive farming reflected the breakthrough phase in which system change is visible in the
socio-ecological system particularly in social welfare, local economy, and the environment. See
Appendix 4 for the assumptions used in the models.
Specific socio-ecological indicators were selected based on data availability, relevance for the
transition to nature-inclusive farming, and representation of social, economic and environmental
elements. These selected indicators modeled the changes in the variables to identify the
challenges and the river sections with the best opportunity for nature-inclusive farming. On the
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other hand, the map analysis evaluates agricultural land use classification and land ownership.
Also, spatial structure and flood protection are described to identify the consequences of flooding
to nature-inclusive farming. For conceptual modeling, the indicators were arable land, fallow
land, grassland, and nature area (environment indicators). The social indicators were the
willingness to buy and consumer confidence. On the other hand, the economic indicator was the
total gross yield.

3.3. System analysis
Content and thematic analysis are used to analyze the information gathered from the semistructured interview and literature study. Based on the combined transitional theory and socioecological system, the themes generally described the potential contribution of nature-inclusive
farming in the peri-urban floodplains. Agricultural land use maps in the floodplain of each study
areas are collected, described and investigated. These maps were analyzed through unifying or
intersecting vectors and adding or subtracting raster images showing the different land use
classification in the floodplains and its implications to the socio-ecological system of each study
area. As mentioned in section 3.1.3.2., multi-criteria analysis facilitated the selection of key
elements and indicators appropriate for nature-inclusive farming in the Rhine corridor. Moreover,
this study utilized the multi-phase concept and speed of change of transition theory to assess the
effects of each indicator and the spatial measures to the sustainable socio-ecological management
in the peri-urban floodplain.
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Image by Dick Sellenraad (2013)
Source:https://www.nytimes.com/2013/02
/17/arts/design/flood-control-in-thenetherlands-now-allows-sea-water-in.html

Chapter 4: Results
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4. Results
In this chapter, the reactions and views of the experts on the issues put forward are described.
Direct quotations of the responses are indented in Arial narrow font and in between brackets is the
expert anonymously cited (in bold). The elements and indicators based on the interview results
explain the potential positive and negative contributions of nature-inclusive farming. The
proposed key elements and indicators are listed here. Also, the findings on the conceptual
modeling of each study area are discussed in this chapter.
4.1. Key Elements and indicators for nature-inclusive farming in the Rhine corridor
This section explains the elements and indicators from the content and thematic analysis of the
interview reports and the analytical hierarchy process.
According to Ms. Ellen Reuver, Senior Beleidsmedewerker, Cluster Natuurcombinaties of the
Ministrie van Landbouw, Natuur en voedselwaliteit, Minister Carola Schouten mentioned that the
relationship between nature and agriculture is an urgent issue. The challenge for the Netherlands
in achieving a healthy ecological system is in agriculture as the biodiversity in natural areas is
recovering in recent years. Further, Ms. Reuver explained that nature-inclusive farming fits in
circular agriculture, but these concepts overlap each other as well. The combination of natureinclusive farming and circular agriculture will not only benefit biodiversity but also will improve
business operations. However, the Netherlands does not have a clear definition and strategy for
nature-inclusive farming based on the views of the respondents.
Dutch government utilizes different levels to define nature-based agriculture. For instance,
providing nests box in the farm (level 0) or utilizing organic pest control (level 1). See
Nature Policy.
(Expert 3)
Other agriculture and nature-based organizations have different working definitions and
interpretations of nature-inclusive farming. Figure 14 summarizes the different words associated
with nature-inclusive farming analyzed from the results of the expert interview. Public
awareness for nature-inclusive farming has been gaining attention in the agriculture and nature
conservation sectors (Erisman et al., 2017).
80% of farmers were engaged in nature-inclusive farming. This number was based on the
different levels of nature-based agriculture. Also, there have been studies that Dutch
farmers are willing to adopt nature-inclusive farming but with relative measures. However,
only few utilized nature-inclusive farming in the river corridor.
(Expert 3)
Although various organizations have different definitions for nature-inclusive farming, all these
organizations have the same goal of achieving sustainable agriculture. Nature-inclusive farming
aims to protect nature by utilizing environment-friendly agricultural practices and technologies.
The potential contributions of nature-inclusive farming are categorized into environmental
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integrity, social welfare and development, and economic viability consistent with the socioecological system. The interviews explained that connectivity and management are also
essential elements for nature-inclusive farming. Table 5 shows the content and thematic
elements, sub-elements (on italics font) and indicators extracted from the analysis of the
interview report.

Figure 14. Word network of nature-inclusive farming (Kristine Arcena, 2019).

Table 5. Elements and indicators derived from content analysis.
Themes
Environmental
integrity

Positive
Elements
Indicators
Biodiversity increase Diversity
Nature conservation
Animal welfare
Environmental
management
Pest control
Water recycling
Ecosystem services
Soil management

Negative
Elements

Indicators

Less pollution
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Themes

Social welfare

Economic viability

Connectivity

Positive
Elements
Indicators
Soil fertility
Less chemical use
Landscape
management
Attractive landscape
Recreation
Resilience
Land use multifunctionality
Scale
River management
Flood control
Cultural heritage

Elements

Indicators

Fragmented policies

Unwillingness to
pay

Social awareness
Environmentfriendly agricultural
practices
Good image
Improved well-being
Work safety
Cooperation
Social diversity
Land value/price
increase
Less investment

High start-up
investments
High product price

Lower yields

Land use efficiency
Policy
Urban-rural linkages
Business connection
Social cohesion
Landscape

Negative

Social acceptance
Collective farming

Mental health
Self-satisfaction
Sense of belonging
Respect
Co-learning
Additional source of
income
Lower production
cost
Increase income

Less income
High land cost

The responses concluded that nature-inclusive farming is an ideal and sustainable mode of
agricultural production that benefits the environment and society. The following sections
discuss in detail the impacts of nature-inclusive farming in the Rhine corridor.
4.1.1. Positive elements and the contributions
Four themes describing the positive contribution of nature-inclusive farming are elaborated here.
Also, this section discusses the elements and some of the objectively verifiable indicators
identified from the interview results and supported by the literature.
4.1.1.1. Environmental contributions
Nature-inclusive farming was initiated to reduce the adverse effects of agriculture on the
environment. It is associated with sustainable farming practices that help in realizing sustainable
development goals. The literature study inferred many positive contributions of nature-inclusive
farming to the environment, biodiversity, and climate (Erisman et al., 2017). The interview
results specified more positive effects on the environment than the social and economic aspects.
The following are the environmental elements explaining the positive impacts of nature-inclusive
farming in the floodplains:
33

a. Biodiversity increase. The increase in diversity of species and habitat lower the pressure on
pests which reduce crop damages and use of insecticides (plant protection). Also, crop
pollination will attract some pollinating insects that improve the harvest and seed production.
The increase in biodiversity also improves nature quality.
b. Nature conservation. Nature-inclusive farming preserves, conserves and increases flora and
fauna in farmland and the floodplains.
c. Ensure animal welfare. Nature-inclusive farming indirectly improves the welfare of
animals. It provides more living space for the dairy farming sector.
(Expert 2)
d. Environmental management. Nature-inclusive farming supports the preservation and
maintenance of biodiversity and landscape. These eventually improve the ecosystem services
that are important to farmers and the community. Besides, it will create a habitat for different
species (Ministry of Agriculture Nature and Food Quality, 2018).
e. Soil management. Nature-inclusive farming will help improve the environment by using soil
more efficiently and utilizing fewer chemicals and pesticides. Soil fertility and resistance from
diseases and pests will increase.
f. Landscape management. The increased biodiversity and quality of agricultural landscape
increase the attractiveness of the landscape as a whole. Consequently, the satisfaction of the local
residents on their landscape and food production also increases. Landscape provides food,
nesting places and habitat for various animals (Erisman et al., 2017). It also creates a relaxing
and healthy recreational area which provide farmers and local residents additional or alternative
sources of income. Landscape management strengthens not only functional agro-biodiversity and
species habitat but also the regional identity (Erisman et al., 2017). Most of the experts
emphasized that nature-inclusive farming will maintain and improve the agricultural and urban
landscape.
g. River management. Nature-inclusive farming has the potential to maintain the quality of the
floodplains and rivers. It optimizes the presence of biodiversity, soil fertility and water
availability in the floodplains without using chemicals for food production and livestock
farming.
Nature-inclusive farming contributes to maintain the good quality of surface water.
(Expert 2)

All experts mentioned that floodplains are designated for nature. Farming activities are limited or
restricted in the floodplains. Agricultural practices such as grazing, in compliance with nature
conservation policies, can be utilized in the floodplains. Some municipalities in the Netherlands
allocated land for agriculture and nature in the floodplains. The Province of Gelderland has
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Nature Management Plan 2019 which envisions the southeast of Rheden for agricultural nature
and landscape management. Floodplains provide water storage, fertile soil, and landscape quality
to the community. According to the interview results (Appendix 3), only extensive agriculture is
allowed in Dutch floodplains. The experts explained that farming rules and regulations in the
floodplains are not necessary as it is used for nature conservation. Some argue that farmers used
technologies to accurately measure the chemicals needed in the farm to avoid seepage to the
surface water. They explained that the authorities should pay more attention to groundwater than
the river.
Farmers are the most affected groups in the provinces of Gelderland, Utrecht, and Overijssel in
terms of complying with nature preservation. They are pressured to produce food for the country
and the world resulting in intensified agricultural practices. At the same time, they are obliged to
follow the laws and rules on nature management that restricted them on the use of agricultural
land. In the Province of Utrecht, few farmers adopted nature-inclusive farming, but many
farmers are working with nature in different ways. On the other hand, the provinces of Overijssel
and Gelderland have agricultural water management in cooperation with LTO Noord promoting
good water quality and climate mitigation (e.g., reduces drought in summer).
h. Ecosystem services. Ecosystem services support human through food and water (provisioning
services) which are needed by the community. The landscape, nature, and culture (cultural
services) contribute to the well-being of people. Increase in biodiversity also increases the
benefits from ecosystem services such as carbon capture, water treatment, soil fertility and pest
control (regulating services) (PBL Netherlands Environmental Assessment Agency, no date).
Biodiversity also improves the landscapes through the presence of various species.
i. Resilience. Nature-inclusive farming promotes resiliency from economic shocks and climate
change. The agriculture and nature systems that nature-inclusive farming creates will increase the
resiliency of farming practices as well as crops and livestock. The presence of ecosystem services
and biodiversity provides natural climate change mitigation measures. Also, the climate-smart
agricultural practices such as crop rotation serve as adaptation measures.
j. Land-use multi-functionality. The different uses of agricultural land such as nature, recreation,
and agricultural landscape increase biodiversity.
k. Scales. The interview results also showed that one unique feature of nature-inclusive farming
is applicability in different scales.
The unique component of nature-inclusive farming is its applicability to different scales,
namely, individual farm, collective farm, municipal, provincial and regional levels.
(Expert 4)
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4.1.1.2. Social contributions
In this section, seven elements describe the positive impacts of nature-inclusive farming to social
welfare and development. The elements are the combination of other themes derived from Table
5.
a. Cultural heritage. All respondents mentioned that nature-inclusive farming maintains the
culture and tradition of the community.
b. Social awareness and support. Based on the interview results, farmers felt terrible due to the
antagonistic image against nature and agriculture. Nature-inclusive farming makes the farmers
and the people aware of the symbiotic relationship and benefits of agriculture and nature.
Knowing that agriculture produce from the nature-inclusive way is safe and healthy, people will
now understand the farmers and appreciate their effort in producing safe food in a healthy
environment. Consumers will become aware of sustainable food production. The environment
becomes more attractive to local residents and tourists. Consequently, farmers feel a sense of
belonging, happiness, and acceptance as people accept and acknowledge the environmentfriendly and safe way of food production. Also, it stimulates consciousness to the community
about sustainable development. Some of the respondents claimed that urban residents tend to
support more those farmers utilizing nature-inclusive farming because of their knowledge and
awareness, and economic status to accept additional product costs.
In highly-urbanized city, the support to nature-inclusive farmers is likely to be higher due
the socio-economic status of residents.
(Expert 1)

c. Farmers’ good image and self-satisfaction. Farmers will attain good image and feel happier as
people support them and recognize their efforts in nature management and food security. Good
image and self-satisfaction improve their mental health. Furthermore, they feel accepted by
society.
d. Cooperation. Farmers, residents and the government work together to improve nature,
agriculture and the urban environment.
(Expert 7)

e. Well-being. Nature-inclusive farming improves the well-being of all including farmers and
local residents. The societal acceptance on the way farmers produce food and nurture the
environment improves both their mental and physical health. Less chemical use on the farm is
beneficial to their health. So as people accept, support and recognize the farmers’ natureinclusive farming, they enjoy working and feel the sense of belonging.
f. Strengthen social diversity. Nature-inclusive farming is a collaboration with people, farmers,
entrepreneurs, non-government organizations, and policy-makers. It makes the farming practices
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inclusive to the society where no one is left behind. Each stakeholder has its roles and
responsibilities. Additionally, they can learn from each other successes and failures on which
may serve as a community learning platform.
g. Environment-friendly agricultural practices. In nature-inclusive farming, farmers utilize
environment-friendly farming practices. These practices stimulate circular agriculture by
utilizing sustainable solutions such as multi-cropping, organic farming, grazing, agro-forestry,
organic fertilizer and using soil in a very efficient way. Also, some farmers allocate a portion of
their farmland to nature conservation than food production.
Furthermore, most of the experts mentioned that awareness and sharing of experiences are vital
for nature-inclusive farming because the farming measures and agricultural practices depend on
farm characteristics and farmers’ choice. Knowledge-sharing will intensify community
organization as farmers and residents work together in a nature-inclusive way either in an
individual farm or collective farm. Further, nature-inclusive farming increases local participation
as different organizations collaborate in formulating vision and plans as well as implementing
projects towards sustainable agriculture.
4.1.1.3. Economic contributions
This section explains the three elements for nature-inclusive farming that identify the positive
effects on income and investments. The economic effects can be classified into short-term and
long-term. The short-term mostly have negative impacts (see Section 4.1.2). On the other hand,
long-term impacts are less investment, less working hours and lower production cost due to the
high level of ecosystem services in the farmland that reduces the costs of agricultural inputs such
as fertilizers and pest control.
The challenge for nature and biodiversity is to integrate it to the business plan. Farmers
will try to find out how ecological and economic system can balance.
(Expert 8)

To see is to believe. If farmers see it works and it will work for them. Also
in economical way, the benefit in terms of income should be evaluated. Farmers need
awareness and knowledge. Knowledge shall not only about ecological measures or
environmental ways but also in economic terms. To encourage farmers, you have to take
them by the hand, you have to really connect them to what you are doing.
(Expert 4)

a. Investments. Nature-inclusive farming may lessen the investment requirements in the longterm due to the presence of biodiversity and ecosystem services that lower the production cost.
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b. Land use efficiency. The optimal utilization of land and natural resources through multifunctionality of agricultural land uses may provide an additional source of income and increase
the income of farmers.
c. Land price. The presence of biodiversity, ecosystem services, and attractive landscape may
increase the land value in the long-term. The land value of the agricultural land will be
potentially higher as the quality of land, water and landscape will improve, and biodiversity will
increase.
4.1.1.4. Connectivity
All respondents explained that nature-inclusive farming promotes integrated policies, social
cohesion and physical connectivity which may end urban-rural divide. Nature-inclusive farming
is a way of creating or stimulating a process that connects farmers and society by taking care of
nature and ensuring food security (social and business connectivity). Many farmers have a direct
link with clients, consumers or local residents and companies to sell local products. The
proximity of farmland to the city has an advantage due to accessibility to the urban area that
directly sell the products to the residents and local tourists. Moreover, tourists choose the
floodplains for walking, cycling or picnicking because of the richness and attractiveness of
cultural landscape near their home. They can reach a place to relax and spend time with their
family without spending hours in travel time. The respondents (100%) agreed that agriculture
improves both nature and landscape. It helps people to appreciate both the agricultural landscape
and the environment.
Nature-inclusive farming helps in preventing urban-rural migration as people are satisfied
with the attractiveness of both rural and urban landscape.
(Expert 2)

On physical connectivity, nature-inclusive farming integrates nature, agriculture and peri-urban
environment into diverse and beautiful landscapes providing a healthy living environment for
both local residents and tourists. Road networks are an essential aspect of physical connectivity
that links farmland with the community and city.
Multi-functional agriculture reinforces the relationship between rural and urban areas. The
Province of Utrecht has an agricultural landscape that serves as recreation because of its
attractiveness and accessibility for people. The farmers contribute to “Healthy Urban
Living” by producing healthy foods and environment that promotes health care.
(Expert 4)

However, policy coherence is also vital to nature-inclusive farming. It will be challenging to
implement nature-inclusive farming without a common goal and strategy towards a sustainable
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way of agriculture. Realization of sustainable agriculture needs integrated sectoral goals and
plans.
In the Netherlands, we have a very strict planning system like land use planning system
where you can see the delineation between nature and agriculture in maps. Agriculture
has different rules and goal with goals. There is no strict line on integrating nature and
agriculture.
(Expert 5)

It is difficult to mainstream with other development themes such as mobility and
infrastructure development. They think nature-inclusive farming results to less space for
urban development.
(Expert 1)
The physical, social and business connectivity connect the urban and rural, and agricultural
development. It will prevent conflicting and competing land uses by promoting synergy on
nature, agriculture, and urban development. It will be a promising strategy to achieve sustainable
development goals. Moreover, the rural and urban landscapes management provide clean air and
attractive surroundings benefitting both residents. Peri-urban farmers have direct access to urban
clients and residents for marketing and businesses while nature and landscape managers and
farmers work together in achieving sustainable, productive and attractive agricultural landscape
in the floodplains.
4.1.2. Negative elements and its effects
This section discusses the elements associated with the negative effects of nature-inclusive
farming on the socio-ecological management of the peri-urban area in the Rhine corridor. Seven
elements explain how nature-inclusive farming influences the social welfare and economic
viability of farmers and other stakeholders.
The negative contributions are found in the economic and social sectors as follows: (i) lower
yields due to attractive landscape with more land reserve for other uses; (ii) high investment for
start-ups; (iii) fragmented policies which lead to high investment for both government and
private sectors; (iv) unwillingness to pay due to high products price (v); (vi) less income; and
(vii) high land cost. Another negative element is authoritarian land ownership, and another
negative effect is food insecurity. In economic terms, the transition to nature-inclusive farming
needs high investments. These investments include nature-based practices, technologies, and
knowledge management. On the other hand, lower yields lead to less income due to less land
allocated for production. However, in the long-term, there will be an additional source of income
through other uses (e.g., tourism, education) of agricultural land. Also, it will be difficult to sell
products produced in a nature-inclusive way because it is more expensive than products from
traditional farming. The consumers are unwilling to pay that additional production cost spent by
farmers. Consumers perceived nature-inclusive farming as a burden because of the price
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increase. It is very costly for farmers to shift towards nature-inclusive farming practices unless
the government supported them with financial investments, subsidies, and incentives.
The consumers should understand that this higher price is not reflected in the product but
its reflected in better care of the environment, better for the farmers, actually your money,
you shouldn't see that this money is only reflected on the products itself.
(Expert 6)
Moreover, differences in land price in each province also affects the transition to natureinclusive farming. Compared to peri-urban and small urban areas, the medium-sized cities and
metropolitan areas like Deventer and Arnhem have high land costs. According to the interview,
it is difficult to shift into nature-inclusive farming in Utrecht because of the high land price. The
farmers rented agricultural land with a high price and allocating nature area will reduce their
income.
On the social impacts, the need for integrated policy requires higher start-up investments for
policy-makers and private sectors. The government and business sector shall provide incentives
and subsidies to encourage farmers and support them to shift towards nature-inclusive farming.
Land ownership also affects the transition to nature-inclusive farming. It will be discussed
further in the succeeding sections.
If you ask farmers to leave the area, they need new location to start their farm.
(Expert 9)
Further, there have been arguments that nature-inclusive farming will threaten food security.
Although it contributes to sustainable production, the reduction in arable land means fewer crops
resulting in fewer harvests and inadequate food for people.
Counter Argument is food security. If extensive farming will be promoted, a lot of people
will be hungry. People and farmers are scared of what the future of nature-inclusive
farming will bring to the society. Sustainable production, sustainable consumption and
less food wastes are important. Therefore, nature-inclusive farming should be integrated
to other sectors.
(Expert 2)
4.1.3. The interrelationships of elements
The relationship of elements for nature-inclusive farming explained in sections 4.1.1 and 4.1.2
was explored using direct and mutual relations. Figure 15 shows the relationships between the
positive and negative impacts of nature-inclusive farming derived from the content analysis of
the interview results. It also reflects the complex relationships of agriculture and nature systems
through the causal loops.
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Environmental integrity, economic viability, social welfare, and connectivity are interrelated
and have positive and negative relations. Overall, there is a more positive relationship than
negative between the themes and its elements (red arrow). The environmental impact has
positive relations with social welfare and connectivity. However, the environmental and
economic impacts have mutual relationships on which negative or positive interactions will
result in negative or positive outcomes. On the elements, for instance, biodiversity increase will
increase ecosystem services which will eventually lead to higher income. On the other hand,
biodiversity decrease will decrease the ecosystem services which eventually reduce the income
due to high production cost. Some elements have positive mutual relationships (double broken
arrow) such as the attractive landscape and recreation (environment), good image and wellbeing (social welfare), business and social connectivity (economic and social), and lower
production cost and less investment (economic viability).
4.1.4. Proposed key elements and indicators
This section explains the proposed list of key elements and indicators for nature-inclusive
farming taking into account the positive and negative contributions from the results of the
interview, analytical hierarchy process and literature study. The analytical hierarchy process was
utilized to select the key elements from the pre-identified elements. The interview results based
on experts’ knowledge and experiences provided additional elements and indicators. The
literature study provides the objectively verifiable indicators that can be used to measure the
impacts of nature-inclusive farming.
Figure 16 shows the ranking of the pre-identified elements. Among the six pre-identified
elements, biodiversity has the highest weight with 25.5% followed by environment-friendly
agricultural practices with 22.8%. Likewise, the result has a consistency ratio of 22.9%. Geopel
(2013) explained that consistency ratio should be smaller or equal to 10% in order for
inconsistency to be acceptable; otherwise, there is a need to revise the subjective judgment. The
least relevant element is the distance from the river with only 10.8% weights. Unfortunately, a
second round of the process was not conducted to adjust the weights. Land use efficiency and
productivity both have low weights with 12.2% and 11.8%, respectively. Both the Eigenvalue or
Lambda and mean relative error (MRE) weights are high with 7.43 and 77.9%, respectively.
These values reflected the inconsistencies in the answers of the experts. Lambda scores near zero
show that answers are consistent.
The results of the analytical hierarchy process and expert interview confirmed that biodiversity
and environment-friendly agricultural practices would likely to contribute to environmental
integrity. Biodiversity which includes species, habitat, and ecosystem, as well as multiple land
uses, provides a win-win situation for both nature managers and the farmers. Relatively,
biodiversity contributes to resiliency through environment-friendly agricultural practices that
reduce the risks and vulnerabilities of crops and livestock against climate change. Biodiversity
increased improves and strengthens ecosystem services which contribute to climate-resilient
agriculture through its adaptive and mitigating natural measures (e.g., crop rotation, multifunctional agriculture, agroforestry) in farming.
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Figure 15. Illustrative relationship diagram of socio-ecological impacts (Kristine Arcena, 2019).
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Figure 16. AHP weighting (and ranking) of the pre-identified elements for nature-inclusive
farming. Template retrieved on February 7, 2019 from Geopel, Klaus D. (2013). Implementing
the Analytic Process as a Standard Method for Multi-Criteria Decision Making in Corporate
Enterprises – A New AHP Excel Template with Multiple Inputs, Proceedings of the International
Symposium on the Analytic Hierarchy Process 2013, p. 1-10

It is clear that biodiversity and multi-functionality of land use as well as environment-friendly
agricultural practices help achieve environmental integrity. However, experts recognized that the
social benefits of nature-inclusive farming had given little attention. Since its primary goal is to
reduce the negative impacts on the environment, the focus is more on the environmental benefits.
Nonetheless, the experts stressed out the foreseen hindrances in changing farming practices if
farmers do not see the effects of nature-inclusive farming on their welfare and income. On the
other hand, land use efficiency than productivity is more relevant element according to the
experts. Productivity does not reflect nature-inclusive farming because of the utilization of multifunctional agriculture. On the other hand, efficiency reflects income and revenue which is not
quantified in this study. Also, the experts emphasized the need to integrate nature and
biodiversity in the business plan.
It would be difficult for farmers to shift into more-inclusive agricultural practices if income is
uncertain. Farmers are very critical with income and revenue to ensure their future.
(Expert 5)
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Moreover, the experts explained that it is difficult to foresee an increase in yields because of the
different types of land ownership and the additional short-term investments needed. Land
ownership affects the management of nature and agriculture landscape. On the other hand, land
price influences the allocation of land in nature-inclusive farming. Farmers will not allocate a
large portion of their land to nature due to production and income losses. On the contrary,
nature-inclusive farming influence the value of land in the long-term by making it healthy with
diverse ecosystem services.
On the connectivity element, most of the experts confirmed that nature-inclusive farming
connects urban and peri-urban as well as the rural area in terms of physical, social and
businesses. Agriculture will be connected to the landscape and urban environment as it balances
the uses of land. Social connectivity reflects the community, people, government and nongovernment organizations working together towards nature-inclusive farming. Consequently,
businesses are linked to farmers, entrepreneurs, companies, and consumers. However, natureinclusive farming would be impossible to achieve if there is no integrated policy. A support
mechanism is vital for the success of nature-inclusive farming. All of the experts explained that
transitional policies such as changes in regulations, financing schemes, subsidy, and incentives
should be in place to support the farmers in accepting the challenge to change from conventional
into more nature-inclusive farming practices. Furthermore, they emphasized that management
type is critical in nature-inclusive farming as it sets guidelines on the allocation and use of
agricultural and natural resources. This management type includes farm, nature and landscape
and river management. Farmers need knowledge on integrating landscape and floodplains
specifically the advantages and disadvantages to agriculture.
With this, the proposed list of key elements for nature-inclusive farming included efficiency,
biodiversity, land use multi-functionality, and environment-friendly practices. The lowest two
scores, namely, distance from river and productivity were not included as the experts found it
irrelevant. Also, the proposed list merged the elements from sections 4.1.1. and 4.1.2. Table 6
summarizes the proposed key elements and indicators that identify the positive and negative
contributions of nature-inclusive farming in the peri-urban area in the Rhine corridor.

Table 6. Proposed list of key elements and indicators
Elements
Environment
Biodiversity

Brief Description

Indicators

Contributions
(+/-)

Selected
References

Species, habitat and
ecosystem diversity
in the floodplain.

Species richness

+

Species diversity

+

Red list
(endangered

-

(Goepel,
2013; Cipullo,
2016;
Remme, Hein
and Swaay,
2016; Maskell
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Elements

Brief Description

Indicators

Contributions
(+/-)

species decrease)

Land use
multifunctionality

Ecosystem
services

Presence of
different uses of
agricultural land
including food
production,
prevention of
environmental risk,
landscape, socioeducational
functions,
employment and
reduction of
inequalities.

Goods and services
that human derives,
directly and
indirectly, from the
ecosystem and its
functions that offer
provisioning,
regulating and
cultural services.

Habitat diversity

+

% of seminatural habitats

+

% of recreational
area

+

% of arable land

+/-

% of nature area

+/-

% of educational
area

+

% of tourism
area

+

Total length of
natural rivers and
stream

+

Soil chemical
quality index

+

Biodiversity
index

+

Richness of
pollinators

+

Natural fertility
of arable soils

+

Proportion of
grasslands in
agricultural areas
(contribution to
animal
production)

+

Selected
References
et al., 2019)

(Aubry et al.,
2012; Kikas
et al., 2018)

(Huang et al.,
2011; Albert
et al., 2016;
Le et al.,
2016; Kikas
et al., 2018)
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Elements

Resilience

Scale

Brief Description

Indicators

Contributions
(+/-)

Naturalness of
river beds and
floodplains

+

Proportion of
natural and seminatural small
structures in the
agricultural
landscape

+

Recreational
functions of
variable
ecosystem
characteristics

+

Farming practices
and technologies
that incorporate
adaptation and
mitigation to
increase the
capacity of
agricultural system
to respond to
damages and
ensure quick
recovery from
climate change.

Degree of lateral
connectivity of
the river and the
floodplain

+

Presence of
adaptive farming
practices

+

Presence of
technologies and
warning system

+

Management type
applicable at levels.

Individual farm

+

Collective farm

+

Provincial

+

Regional

+

Selected
References

(Kumar et al.,
2018;
Srinivasa et
al., 2018;
Funk et al.,
2019)

Expert 4

Social
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Elements
Awareness/
Knowledge
sharing

Community
cooperation

Well-being

Brief Description

Indicators

An act that
involves
communication or
sharing of one’s
knowledge to
others and
receiving
knowledge from
others.

Co-learning

Contributions
(+/-)
+

Community
meetings/worksh
ops

+

Knowledge
platform

+

Working together
and sharing
resources towards
achieving
sustainable
agriculture.

Community
groups/associatio
n

+

Social
acceptance

+

Improvement in
mental and
physical health.

Human
Development
Index

+

Happiness

+

Willingness to
buy

+

Consumer
confidence

+

Selected
References
(Presbitero
and Attar,
2018)

All experts

(Zhang et al.,
2018) and all
experts

Social
diversity

Different social
status, jobs,
organization, ages,
and nationalities.

Multistakeholders’
cooperation

+

(Soysa and
Chaitanya,
2017) and all
experts

Environmentfriendly
agricultural
practices

Farming practices
that incorporates
nature preservation
and conservation.

Multi-cropping

+

All experts

Organic farming

+

Agro-forestry

+

Economic
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Elements
Land use
efficiency

Brief Description
The optimal
utilization by land
use of natural
resources in the
landscape utilized

Indicators
Ratio of farm
yields to the
average yields of
the
city/municipality

Contributions
(+/-)
+

Selected
References
(Lin and
Hülsbergen,
2017; Herzig
et al., 2018)

Gross yield

+/- (short-term)
+ (long-term)

Expert 1

Expert 9

Land price

Amount of
agricultural land in
euro

Price per ha

Land
ownership

Legal rights to the
land.

% of agricultural
land owned by
national
government,
province,
municipality,
private and
farmers

+/-

Integrated land
value and goals
(farm, landscape,
floodplains, urban
and rural linkages).

Habitat
connectivity
(function of the
number and size
of habitat patches
and proximity)

+

(Maskell et
al., 2019) and
all experts

Cooperation among
public and private
sectors, residents
and farmers.

Community
groups/associatio
n

+

All experts

Co-learning

+

Collective
farming

+

Social network

+

Presence of
small, medium

+

Connectivity
Physical

Social

Business

Farmers,
consumers and

All experts
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Elements

Brief Description
companies in agribusiness model.

Policy
coherence

Harmonized and
integrated
agriculture, nature,
and economic
policies.

Management (Other element)
Landscape
The attractiveness
of landscape that
has the capacity for
nature-based
recreation. It
consists of natural
and cultural or
anthropogenic
elements. It
represents cultural
identity.

River

A coordinated
process of water,
land and natural
resources
development and
management
through public
participation to
optimize

Indicators

Contributions
(+/-)

Selected
References

and large
enterprises
Business network

+

Presence of
transitional
policy

+

Enactment of
integrated policy

+

% of Permanent
grassland on
agricultural land

+

Presence of
flower strip,
hedgerows, and
trees

+

% of managed
semi-natural
habitats

+

Density of
livestock units by
species per ha

+

Landscape
diversity

+

Total area of any
king of flooded
soils (ha)

+

Total length of
ditches

+

Water retention
capacity in flood

+

All experts

(Kikas et al.,
2018;
Konkolygyuró, 2018;
Walz and
Stein, 2018)

(Albert et al.,
2016;
Campbell,
2016;
Budryte,
Heldt and
Denecke,
2018; Kikas
et al., 2018)
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Elements

Brief Description
socioeconomic
returns without
negative impacts to
the ecosystems.

Indicators

Contributions
(+/-)

Selected
References

plains (m)
Total length of
river channels
(m)

+

4.2. Case studies
This section shows the results of map analysis and conceptual modeling of the case study areas.
Spatial characteristics of each study area and the results of the models are described here.
Consequently, the challenges on shifting towards nature-inclusive farming and transitional
measures needed are explained in this section (See Table 11).
4.2.1. Deventer – compact city with peripheral agriculture
Deventer, which is the reference study area, has a compact urban core and agricultural land. The
agricultural area is situated in the periphery of the urban center while next to the dikes near the
river is the urban center. The location of the agricultural area offers accessibility to the markets
and consumers in the urban center. It has crops (e.g., potatoes, apples, corn), grassland and
forests. Based on the built-up location, urban expansion will go towards the periphery that may
stimulate land conversion. Agricultural lands are at risk for urban development. The private sector
owns most of these agricultural lands.

50

Map Analysis of Deventer

Category
Spatial structure
a. Urban
b. Agriculture

c. River
Composition of land use in floodplain
Agricultural land use classification

Dominant agriculture (ha)
Protected area (CBD Indicator)
Flood protection
Land ownership of agricultural land

Description
Compact (urban core next to the floodplain)
Compact (agriculture located next to the urban core;
small area are next to the river); accessibility to the
urban markets
Meandering
Arable land, grassland, and buildings
Potatoes, apples, blueberries, sugar beets, cauliflower,
beans, forests, peas, yellow mustard, barley, flowers,
grassland, oats, clover, rapeseed, corn, nature sites,
pears, pumpkin, plums, rye, lettuce, wheat, onions, and
carrots
Grassland (268.08 ha)
32.71 %
Surrounded by dikes
Predominantly privately-owned (private – 362.28 ha;
public – 58.69 ha; and small-holders – 12.68 ha)

Data sources: Geodatabase3 Wageningen University and Ministry of Economic Affairs and Climate Policy.
*CBD is Convention on Biological Diversity
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The reduction in arable, fallow and grasslands areas in Deventer under Model 2 (Transitional
farming) reduces the agricultural land. Specifically, the reduction in arable land area affected the
total gross yield of Deventer. Reduction in arable land has a direct linear effect on the gross yield.
From 204,407 kg., the gross yield after the 50% reduction in agricultural land is 102,203.6 kg.
Also, allocating some areas of the agricultural land to nature reserve influence reduction in
revenue. Farmers loss income in transition. The inclusion of nature in agricultural development
increases the willingness to buy and consumer confidence by half. However, it would be difficult
to allocate agricultural land to nature reserve because the private sectors own a large percentage
of agricultural lands. It indicated that Deventer has a high chance to have a private-led
development. Since a relatively large portion of the land is privately-owned, transitional measures
to nature-inclusive farming are moderate because private sectors coordinate development with the
municipality through zoning plans. Although revenue is significant, the companies also have their
corporate responsibility to the community. They may participate in improving the quality of
nature and welfare of people. Negotiation with private sectors is the key but a problematic act of
persuasion towards nature-inclusive farming.
On the other hand, Model 3 (Nature-inclusive farming) is used both as grassland and production
land. With a 25% reduction in arable land, the total gross yield of Deventer reduces to 153,305
kg. Also, agricultural land is utilized for other land uses such as recreation, tourism, and
education. Therefore, additional sources of income from recreation, tourism, and education are
expected in the long-term. The nature reserve is used for education as well. With this natureinclusive way of farming, the willingness to buy and consumer confidence increase in double.
Unlike in Model 2 (Transitional farming), the effect of land ownership to nature-inclusive farming
is not as high. Private landowners in cooperation with the municipal government may explore the
best land uses of their farmlands while utilizing environment-friendly farming practices and
multi-functional agriculture. They may have low or stable yields in short-term, but long-term
revenue will increase due to other sources of income. The land value of the farm increases due to
other land uses. With this, the conceptual model illustrated that allocating half of the agricultural
land for nature reserve (Model 2) has higher transitional measures needed than directly shifting to
nature-inclusive farming (Model 3). Table 7 shows the results of the three models in Deventer.
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Table 7. Conceptual modeling for Deventer
Model 1: Business as usual (No change)
Study areas
Indicators
Arable land (ha)
Fallow (ha)
Grasland (ha)
Nature reserve (ha)
Willing to buy (points) in 2016
Consumer confidence (points) in 2016
Total gross yield (kg)
Model 2: Transitional farming
Study areas
Indicators
Arable land (ha)
Fallow (ha)
Grasland (ha)
Nature reserve (ha)
Willing to buy (points) in 2016
Consumer confidence (points) in 2016
Total gross yield (kg)
Model 3: Nature-inclusive farming
Study areas
Indicators
Arable land (ha)
Fallow (ha)
Grasland (ha)
Nature reserve (ha)
Willing to buy (points) in 2016
Consumer confidence (points) in 2016
Total gross yield (kg)

Value

dec / inc

123.0
0.7
268.0
5.0
2.0
7.0
204,407.2

Value
123.0
0.6
268.0
5.0
2.0
7.0
204,407.2

Value
123.0
0.6
268.0
5.0
2.0
7.0
204,407.2

Deventer
Adjusted value
Total new value
0.0
0.0
123.0
0.0
0.0
0.7
0.0
0.0
268.0
0.0
0.0
5.0
0.0
0.0
2.0
0.0
0.0
7.0
0.0
0.0
204,407.2

Deventer
Adjusted value
Total new value
-61.5
61.5
61.5
-0.3
0.3
0.3
-134.0
134.0
134.0
+196
201.0
201.0
+1
3.0
3.0
+4
11.0
11.0
-102,203.6
102,203.6
102,203.6

dec / inc

Deventer
Adjusted value
Total new value
-30.8
92.3
92.3
0.0
0.0
0.6
+30.75
298.8
298.8
0.0
0.0
5.0
+2
4.0
4.0
+7
14.0
14.0
-51,101.8
153,305.4
153,305.4

dec / inc

Data sources: Central Bureau Statistics, 2016 and Ministry of Economic Affairs and Environment Policy, 2017.
Notes:
1.
2.
3.

Model 1 represents the predevelopment phase (no change).
Model 2 represents the take-off phase (50% reduction in agricultural land which area reduced is reserve for nature; and 50% increase in
willingness to buy and consumer confidence points).
Model 3 represents the breakthrough phase (25% reduction in arable land and 100% increase in willingness to buy and consumer confidence
points).

4.2.2. Vianen – compact peri-urban area with peripheral agriculture
Vianen is a peri-urban area with the same urban structure and agriculture spatial character with
Deventer. It has both compact urban and agriculture structures. It has access to the urban markets
due to proximity to the urban core and other cities in the province. Some agricultural area is
located before the dikes. Its agricultural land use is comprising of crops, forest, natural grassland
and nature sites. Since the built-up area is located near the river after the dikes, its future urban
expansion is towards the periphery. The agricultural lands are at risk for land conversion.
However, it will be challenging to convert the land into other uses because a large area of
agricultural land is publicly-owned.
Table 8 shows the results of the three (3) models in Vianen. In Model 2 (Transitional farming),
Vianen reduced half of the agricultural land and allocated it to a nature reserve. Nature reserve
area increases by 92% from 14 hectares to 185 hectares. Same with other study areas, the
willingness to buy and consumer confidence points increases by 50% because farmers are
incorporating nature in the agricultural area.
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Map Analysis of Vianen
Category
Spatial structure
a. Urban
b. Agriculture

c. River
Composition of land use in
floodplain
Agricultural land use classification
Dominant agriculture (ha)
Protected area (CBD Indicator)
Flood protection
Land ownership of agricultural land

Description
Compact (urban core next to the floodplain)
Compact (agriculture located behind the dikes; small
area are next to the river before the dikes); accessibility
to the urban markets
C curve
Permanent grassland, natural grassland, arable land,
grassland, and buildings
Apples, sugar beets, forests, barley, grassland, clover,
corn, nature sites, flowers, pears, and winter wheat.
Grassland (243.04 ha)
34.26 %
Surrounded by dikes
Predominantly publicly-owned (private – 67.09 ha;
public – 140.04 ha; and small-holders – 120.50 ha)

Data sources: Geodatabase3 Wageningen University and Ministry of Economic Affairs and Climate Policy.
*CBD is Convention on Biological Diversity
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However, as the agricultural land decreases by half, the gross yield decrease by half as well.
Agricultural land has a direct relationship with gross yield. It may result in a loss of income of
farmers due to transition. Unlike Deventer, the public sector (e.g., municipality, province,
national government, and water authority) owned most of the agricultural land. In this case, it
has a higher potential to pursue nature-inclusive farming. Transitional measures to natureinclusive farming are lower in Vianen. The public sector can implement measures towards
nature-inclusive farming and serves as a benchmark for private sectors and farmers by showing
the positive socio-ecological impacts.
While in Model 3 (Nature-inclusive farming), Vianen reduces its gross yield from 153,925 kg to
115,444 kg. However, agricultural lands such as grassland are used not only for agriculture but to
other uses such as recreation and tourism. The nature reserve is used for both nature and
education. Other sources of income in the long-term will be revenues from recreation, tourism,
and education. The land value of farmland increases due to the presence of other land uses in
agricultural land. As farmers integrated nature and agriculture management, the willingness to
buy and consumer confidence increases by 100%. It would be easier to adopt and implement
nature-inclusive farming in Vianen under Model 3 (Nature-inclusive farming) because the public
sector may implement subsidies, loans, and incentives to farmers adopting nature-inclusive
farming.
Table 8. Conceptual modelling for Vianen.
Model 1: Business as usual (No change)
Study areas
Indicators
Arable land (ha)
Fallow (ha)
Grasland (ha)
Nature reserve (ha)
Willing to buy (points) in 2016
Consumer confidence (points) in 2016
Total gross yield (kg)
Model 2: Transitional farming
Study areas
Indicators
Arable land (ha)
Fallow (ha)
Grasland (ha)
Nature reserve (ha)
Willing to buy (points) in 2016
Consumer confidence (points) in 2016
Total gross yield (kg)
Model 3: Nature-inclusive farming
Study areas
Indicators
Arable land (ha)
Fallow (ha)
Grasland (ha)
Nature reserve (ha)
Willing to buy (points) in 2016
Consumer confidence (points) in 2016
Total gross yield (kg)

Value

dec / inc

0.0
0.0
0.0
0.0
0.0
0.0
0.0

Total new value
78.9
0.0
263.3
14.0
4.0
9.0
153,925.3

Vianen
Adjusted value
-39.5
39.5
0.0
0.0
-131.7
395.0
+171.1
185.1
+2
6.0
+4.5
13.5
-76,962.7
76,962.7

Total new value
39.5
0.0
395.0
185.1
6.0
13.5
76,962.7

Vianen
Adjusted value
-19.7
59.2
0.0
0.0
+19.725
283.0
0.0
0.0
+4
8.0
+9
18.0
-38,481.3
115,444.0

Total new value
59.2
0.0
283.0
14.0
8.0
18.0
115,444.0

78.9
0.0
263.3
14.0
4.0
9.0
153,925.3

Value
78.9
0.0
263.3
14.0
4.0
9.0
153,925.3

Value
78.9
0.0
263.3
14.0
4.0
9.0
153,925.3

Vianen
Adjusted value
0.0
0.0
0.0
0.0
0.0
0.0
0.0

dec / inc

dec / inc

Data sources: Central Bureau Statistics, 2016 and Ministry of Economic Affairs and Environment Policy, 2017.

Notes:

1.
2.
3.

Model 1 represents the predevelopment phase (no change).
Model 2 represents the take-off phase (50% reduction in agricultural land which area reduced is reserve for nature; and 50% increase in
willingness to buy and consumer confidence points).
Model 3 represents the breakthrough phase (25% reduction in arable land and 100% increase in willingness to buy and consumer confidence
points).
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4.2.3. Rheden – sector model peri-urban structure with sectional agriculture
Rheden is a peri-urban area with three (3) sections of densely built-up areas along the IJssel. The
agricultural land is adjacent to the built-up area in the floodplain. Its distance to Arnhem is 8.75
km which increase the accessibility to urban markers. Also, the three sections of the built-up
areas enable farmers to have three different market locations. Also, there is a large area of
agricultural land situated before the dikes and near the IJssel river. The agricultural land
comprises mostly of crops, forest, and grassland. It is quite a unique peri-urban area because
81.13 % of the total land area is protected (Geodatabase WUR). The urban expansion would be
either through agricultural land conversion or vertical expansion. The small-holders owned a
large area of the agricultural land.
Rheden’s nature reserve area is high. With the 50% reduction of agricultural land, the nature
reserve area increases by 95%. It has a higher chance to stimulate the natural functioning of the
floodplain. However, if the agricultural land is converted to a nature reserve, the whole area will
be used for nature management. The reduction in agricultural land resulted in a reduction in
gross yield from 205,703 kg to 103,351 kg. Farmers lost income due to transition. The smallholders are the owner of a large area of agricultural land. With high nature area and smallholders owned land, transitional measures to nature-inclusive farming are higher in Rheden. It is
more challenging to change farming practices as farmers need knowledge and training.
Incentives and subsidies will be needed to encourage farmers to shift towards nature-inclusive
farming. Best practices are essential to the farmers, so they will know that nature-inclusive
farming has a higher return on investments. Knowledge-sharing and best practices are the most
effective way to persuade them according to the expert interviews.
In Model 3 (Nature-inclusive farming), 25% of the arable land is used as grassland. It resulted in
a slightly lower gross yield (155,344 kg) compared to Model 2. However, other grasslands also
are utilized as recreation and tourism while nature reserve will be used at the same time for
education. The multi-functional agriculture increases the revenue of farmers and private sectors
in the long-term. As a result, it makes the land value of farm higher than the Model 1 or business
as usual (no change). Furthermore, the agricultural products produced in nature-inclusive ways
increase the consumers’ willingness to buy by 100%. Nonetheless, it would be challenging to
shift towards nature-inclusive farming as farmers need income and revenue for daily expenses.
They also need to see and understand the economic impacts of nature-inclusive farming and its
applicability in their farms. Hence, shifting measures to nature-inclusive farming is higher in
Rheden. Table 9 indicates the results of the three models in Rheden.
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Map Analysis of Rheden

Category

Description

Spatial structure
a.

Urban

b.

Agriculture

c.

River

Composition of land use in floodplain

Scattered (built-up areas located in 3 sections of the
floodplain)
Scattered (large area are next to the river before the dikes);
accessibility to the urban markets
Ephemeral and meandering

Dominant agriculture (ha)

Permanent grassland, arable land, natural grassland,
temporary grassland, and buildings
Potatoes, sugar beets, forests, barley, grassland, grass seed,
oats, clover, corn, nature sites, other cereals, other green
manure, pumpkin, rye, ornamental conifer, and winter wheat
Grassland (980.13 ha)

Protected area (CBD Indicator)

81.13 %

Flood protection

Some agricultural areas are surrounded by dikes and large
area are located before the dikes
Predominantly small-holders owned (private – 450.32 ha;
public – 43.70 ha); and small-holders – 717.91 ha)

Agricultural land use classification

Land ownership of agricultural land

Data sources: Geodatabase3 Wageningen University and Ministry of Economic Affairs and Climate Policy.
*CBD is Convention on Biological Diversity
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Table 9. Conceptual modelling for Rheden.
Model 1: Business as usual (No change)
Study areas
Indicators
Arable land (ha)
Fallow (ha)
Grasland (ha)
Nature reserve (ha)
Willing to buy (points) in 2016
Consumer confidence (points) in 2016
Total gross yield (kg)
Model 2: Transitional farming
Study areas
Indicators
Arable land (ha)
Fallow (ha)
Grasland (ha)
Nature reserve (ha)
Willing to buy (points) in 2016
Consumer confidence (points) in 2016
Total gross yield (kg)
Model 3: Nature-inclusive farming
Study areas
Indicators
Arable land (ha)
Fallow (ha)
Grasland (ha)
Nature reserve (ha)
Willing to buy (points) in 2016
Consumer confidence (points) in 2016
Total gross yield (kg)

Value

Rheden
Adjusted value
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

Total new value
196.0
1.0
979.0
34.0
2.0
6.0
206,703.4

Rheden
Adjusted value
-98.2
98.2
-0.5
0.5
-489.6
489.6
+588.3
622.3
+1
3.0
+3
9.0
-103,351.7
103,351.7

Total new value
98.2
0.5
489.6
622.3
3.0
9.0
103,351.7

Rheden
Adjusted value
-49.1
147.3
1.0
0.0
+49.1
1,028.3
0.0
0.0
+2
4.0
+6
12.0
-51,359.5
155,344.0

Total new value
147.3
0.0
1,028.3
34.0
4.0
12.0
155,344.0

dec / inc

196.0
1.0
979.0
34.0
2.0
6.0
206,703.4

Value
196.4
1.0
979.2
34.0
2.0
6.0
206,703.4

Value
196.4
1.0
979.2
34.0
2.0
6.0
206,703.4

dec / inc

dec / inc

Data sources: Central Bureau Statistics, 2016 and Ministry of Economic Affairs and Environment Policy, 2017.
Notes:
1.
2.
3.

Model 1 represents the predevelopment phase (no change).
Model 2 represents the take-off phase (50% reduction in agricultural land which area reduced is reserve for nature; and 50% increase in willingness to
buy and consumer confidence points).
Model 3 represents the breakthrough phase (25% reduction in arable land and 100% increase in willingness to buy and consumer confidence points).

4.2.4. Arnhem – metropolitan area with mosaic agriculture
Arnhem is a metropolitan area with compact urban core and scattered agricultural lands north
and south of the Nederrijn. The compact urban core provides an advantage to farmers by having
direct access to the markets and consumers. The agricultural lands have crops, forests, grassland
and nature sites. Moreover, the public sector owns the majority of agricultural land. The possible
urban expansion is either agricultural land conversion or vertical expansion due to limited land.
More than half of Arnhem’s total land area is a nature reserve. Arnhem, though classified as a
metropolitan area, has a vast nature reserve area. With this, the agricultural land is the only area
available for urban expansion.
Model 2 (Transitional farming) showed that when agricultural land was reduced by 50%, the
gross yield decreases by 50% as well. Arable land has a direct relationship with gross revenue.
Due to transition, farmers lost their income. On the other hand, its nature reserve area increases
by 67%. The nature reserve area has high potential to stimulate the natural functioning of the
floodplain. Considering that farmers are allocating their land for nature management, the
willingness to buy and consumer confidence increases by half. The public sector owns most of
the agricultural land in Arnhem which makes land management manageable. The transitional
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measures to nature-inclusive farming are lower because of land ownership. It would be faster to
implement nature goals and agricultural policy in Arnhem.

Map Analysis
of Arnhem

Category
Spatial structure
a. Urban
b. Agriculture
c.

River

Composition of land use in floodplain
Agricultural land use classification

Dominant agriculture (ha)
Protected area (CBD Indicator)
Flood protection
Land ownership of agricultural land

Description
Compact (built-up areas are concentrated below and upper
Nederrijn)
Scattered (small area are next to the river before the dikes);
accessibility to the urban markets
Slight curve
Grassland, permanent grassland, arable land and buildings
Potatoes, apples, sugarbeets, forests, barley, grassland,
hemp, cherries, clover, corn, nature sites, pears, plums, ,
rye, ornamental conifers, and winter wheat
Grassland (221.66 ha)
60.25 %
Some agricultural areas are surrounded by dikes and some
are located before the dikes
Predominantly publicly-owned (private – 45.52 ha; public
– 165.22 ha); and small-holders – 93.45 ha)

Data sources: Geodatabase3 Wageningen University and Ministry of Economic Affairs and Climate Policy.
*CBD is Convention on Biological Diversity
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In Model 3 (Nature-inclusive farming), the arable land remains reduced by 25% resulting in a
decrease in gross yield from 20,038 kg to 10,019 kg. Other agricultural land classifications such
as grassland and nature reserve area are utilized as recreation and tourism, and education,
respectively. The multi-functional agriculture contributes to the revenue increase in the longterm.
Also, the value of farmland increases due to multiple agricultural land uses and biodiversity in
the farmland. Farmers’ skills and abilities to manage nature and utilizes environment-friendly
farming practices double the willingness to buy and consumer confidence points in Arnhem.
People become aware of the food safety that farmers are incorporating in their farmland. Table
10 demonstrates the results of the three models in Arnhem.
Table 10. Conceptual modelling for Arnhem.
Model 1: Business as usual (No change)
Study areas
Indicators
Arable land (ha)
Fallow (ha)
Grasland (ha)
Nature reserve (ha)
Willing to buy (points) in 2016
Consumer confidence (points) in 2016
Total gross yield (kg)
Model 2: Transitional farming
Study areas
Indicators
Arable land (ha)
Fallow (ha)
Grasland (ha)
Nature reserve (ha)
Willing to buy (points) in 2016
Consumer confidence (points) in 2016
Total gross yield (kg)
Model 3: Nature-inclusive farming
Study areas
Indicators
Arable land (ha)
Fallow (ha)
Grasland (ha)
Nature reserve (ha)
Willing to buy (points) in 2016
Consumer confidence (points) in 2016
Total gross yield (kg)

Value

dec / inc

19.0
0.0
224.0
61.0
2.0
6.0
20,037.58

Value
19.0
0.0
224.0
61.0
2.0
6.0
20,037.6

Value
19.0
0.0
224.0
61.0
2.0
6.0
20,037.6

Arnhem
Adjusted value
Total new value
0.0
0.0
19.0
0.0
0.0
0.0
0.0
0.0
224.0
0.0
0.0
61.0
0.0
0.0
2.0
0.0
0.0
6.0
0.0
0.0
20037.6

Arnhem
Adjusted value
Total new value
-10.0
9.0
9.0
0.0
0.0
0.0
-112.0
112.0
112.0
+122
183.0
183.0
+1
3.0
3.0
+3
9.0
9.0
-10,018.8
10,018.8
10,018.8

dec / inc

Arnhem
Adjusted value
Total new value
-4.8
14.3
14.3
0.0
0.0
0.0
+4.75
228.8
228.8
0.0
0.0
61.0
+2
4.0
4.0
+6
12.0
12.0
-5,009.4
15,028.2
15,028.2

dec / inc

Data sources: Central Bureau Statistics, 2016 and Ministry of Economic Affairs and Environment Policy, 2017.
Notes:
1.
2.
3.

Model 1 represents the predevelopment phase (no change).
Model 2 represents the take-off phase (50% reduction in agricultural land which area reduced is reserve for nature; and 50% increase in willingness
to buy and consumer confidence points).
Model 3 represents the breakthrough phase (25% reduction in arable land and 100% increase in willingness to buy and consumer confidence points).
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The spatial characteristics of the four study areas are uniquely different. Spatial structure of
urban and agriculture has a direct influence on each other. Except for Arnhem which compact
urban structure inversely influence agriculture (scattered). In peri-urban areas like Vianen and
Rheden have different structures. Vianen has a compact urban core and agriculture while Rheden
has scattered structures. It can be noted that the study areas with a very high percentage of
protected area (Rheden and Arnhem) have scattered agriculture. It may be the reason why
Arnhem and Rheden have scattered agriculture. Moreover, all of the study areas have the same
dominant agricultural land use – grassland.

Land ownership affects the shift
towards nature-inclusive farming.
Publicly-owned land can quickly
implement changes on agricultural
land uses. However, agricultural
land owned by the private sector
and small-holders are more
challenging due to priorities on
production and revenue.
The reduction in arable land
directly affects the total gross yield.
However, Model 2 (Transitional
farming) incurred higher losses than
Model
3
(Nature-inclusive
farming). Although Model 3 has a
25% reduction in arable land,
additional sources of income due to
multi-functional agriculture are
expected in the future. Further,
willingness to buy and consumer
confidence increases in all case
study areas under Model 2 and
Model 3. Model 3 has a 100%
increase in willingness to buy and
consumer confidence points. Table
11 summarizes the common
transitional challenges in all case
study areas.

Figure 17. Examples of agricultural land in the
floodplains of the study areas (on the left are satellite
images while on the right are actual floodplains).
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Table 11. Common challenges and speed of transition for each phase across all case studies.
Model 1
(No Change)
Predevelopment

Speed
of
transition

Model 2
(Transitional
Farming)
Take-off

Nature area

Low

Highest %
nature area

Agricultural land
area

Low

50 % reduction
in agricultural
land

Socio-economic
Access to
markets

High

High yields

Speed
of
transition

Speed
of
transition

Average %
nature area

High

Low

25 % reduction
in agricultural
land

High

Access to
markets

High

Access to
markets

High

Low

Lower yields

Low

Low yields

Low

High income

Low

Uncertain/less
income

Very Low

Additional
income

Very High

No willingness
to buy

Low

50% willingness
to buy

High

100%
willingness to
buy

Very High

Low

Divided policy

Low

Integrated policy

Governance
Fragmented
policy

Land ownership
- Public
High
- Private
Low
- Small-holder Very Low
Transition measures
Very High

Very Low

Model 3
(Natureinclusive
farming)
Breakthrough

High
Low
Very Low
High

High

High
Low
Very Low
Low

4.3. Spatial measures
The spatial measure was classified into two, namely, nature management and water management.
However, all experts emphasized the need to revise the existing policy or integrate it with other
sectoral policies. So this study explained the importance of policy measure as well.
On nature management, the experts explained that the buffer zone is unnecessary. Farmers used a
flood warning system to identify required actions against flooding. The Natuur en Milieufederatie
provided some specific examples of how farmers include nature management in agriculture. Some
farmers use field borders and flower strips for natural pest control and natural connection between
animals and nature areas. Flowering strips also stimulate pollination that increases biodiversity.
Maintaining landscape elements such as pollard willows, hedgerows, and natural riparian
vegetation improves the functional agro-biodiversity and increases species protection. These
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landscape elements provide shades to cows and sheep. Also, nature-friendly bank protection of
willow trees prevents soil erosion and improves water quality. It is beneficial for plants and
animals specifically cows which benefit from the water.
The Natuurderij Keizersrande in Deventer exemplifies an excellent example of incorporating
water management in agriculture. Their goal is for IJssel to have room to flow smoothly in the
floodplains which are controllable at high tide. Farm work is connected with the water level of
IJssel and the management of floodplains. Farmyards and buildings are placed on the higher
ground near the river. They utilize intensive grazing of cows to ensure that grass remains short
and there will be no willow storage on the ground. This type of grazing allows IJssel to flow on
the banks at high tide that prevents flooding in Deventer.

Figure 18. Cross-section diagram for nature-inclusive farm measures (Kristine Arcena,2019).

Nature-inclusive farming requires support mechanism specifically the policy support and spatial
measures. Transitional policy in financing scheme (e.g., subsidy and investment) is also
necessary. Knowledge-building and experience sharing accessible for all including residents, nongovernment organizations, farmers, businesses and the government are vital for system change.
The following are some of the suggested policy measures from the respondents:
Transitional policy is necessary to cover the procedural changes in nature-inclusive
farming. System change is needed.
(Expert 8)
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Education and knowledge-sharing are the most mentioned strategy needed. Also,
financial investment and/or subsidy is essential to encourage the farmers to change
practices and compensate them with production losses.
(Experts 1,2,3,4,5,6,7, and 8)
Financing schemes is necessary to stimulate farmers to shift to nature-inclusive farming.
Long-term government policy and policy coherence is needed.
(Experts 2)
In terms of land use and regional development policies, the government shall explore the
potential of each region to implement intensive agriculture in other regions and extensive
agriculture in nature areas.
(Experts 3)

4.4. River section with best opportunity for nature-inclusive farming
The integrated map analysis and conceptual modeling which described the spatial characteristics,
the speed of transition, and qualitatively and quantitatively assessed the selected socio-ecological
indicators of each study area facilitate the identification of river section with the best opportunity
for nature-inclusive farming.
River Lek, where Vianen is located, has the highest opportunity for nature-inclusive farming. The
agriculture is compact wherein the proximity of the farms make it easier for farmers and private
sectors to work together and allocate land for specific uses (e.g., arable land, nature, recreation,
and education). Also, it has access to the markets near the urban core. The nature reserve is lower
on which they can optimize the uses of their farmland while integrating other nature areas in
agriculture development. Also, it shows that Vianen has still space to implement multi-functional
agriculture including nature in the area. It will lead to a more diverse landscape and an increase in
biodiversity and ecosystem services. Further, public sector owned a large proportion of the
agricultural land. With this, the transition measure requirements in Vianen is low. It will be more
convenient to promote and implement nature-inclusive farming in Vianen as the public sector
may provide incentives and subsidies to shift towards nature-inclusive farming.
On the other hand, Arnhem has the second best potential for nature-inclusive farming because of
the land ownership which is the primary selection criteria. The public sector owns a large area of
agricultural land. The transition measure is low in Arnhem as with Vianen. However, the
scattered agricultural land will be challenging to comply with other sectoral policies (e.g., nature
policy). Collective farming through citizen participation and cooperation will lessen the transition
measures in Arnhem as people share common goals and plans for their farms. Appendix 5
summarizes the socio-ecological indicators used as selection criteria in identifying the river
section with the best opportunity for nature-inclusive farming.
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Image by Room for the River Program
Source: www.ruimtevoorderivier.nl

Chapter 5: Discussion
and Conclusion
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5. Discussion and Conclusion
The agricultural landscape has abundant biodiversity than the protected areas, but conservation
organizations are intensifying the network of protected areas as agriculture threatens biodiversity
(Baudron and Giller, 2014). It further aggravates the argument between nature and agriculture due
to more evident impacts of conventional agriculture than nature-inclusive farming (Runhaar,
2017a). Moreover, different frames on nature-inclusive farming either pose conflicting ideas
among farmers and other stakeholders or enable the building of knowledge. This research
provides general insights on the shared meaning of nature-inclusive farming, its positive and
negative contributions to socio-ecological management, and the transitional challenges. Also, it
shows the holistic and interdisciplinary approach in analyzing the complexity of the socioecological system. Although this research broadly explains the linkages of agriculture, nature and
peri-urban development, it offers additional meaning to nature-inclusive farming – that is naturebased agriculture promoting green and inclusive growth.
5.1. Nature-inclusive farming as integrative and transition tool
Nature-inclusive farming exemplifies the structural and functional connectivity as it integrates
nature, agriculture, land governance, and urban development (or land use and urban planning).
Peri-urban area has a significant role in balancing urban development and nature preservation.
The complementary roles of peri-urban as intermediary zone and nature-inclusive farming as the
connecting link reinforced the sustainable socio-ecological management in the floodplains.
Specifically, it connects sustainable socio-ecological management and peri-urban development in
the river corridor (Figure 19). The elements of nature-inclusive farming link socio-ecological
management with sustainable (peri)urban development. However, various policies (e.g., urban,
nature, agriculture, and sustainable development), systematic management of agriculture and the
environment, characteristics of river corridor, and sustainable development principle influence the
integrative role. Fragmented policies may hinder nature-inclusive farming to perform its function
as a link to sustainable management of both the socio-ecological system and peri-urban area.
Virapongse et al. (2016) emphasized that the mainstreaming of natural and social sciences taking
into consideration the ecology and society will improve the approaches for environmental impact
assessment.

Figure 19. Integrating role of nature-inclusive farming (Kristine Arcena, 2019).
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The socio-ecological system facilitates the impact assessment not only on the environment but
also on social welfare, and economic development. This research construed that nature-inclusive
farming used the word “inclusive” as it considers inclusive growth where no one is left behind. It
increases the biodiversity of the floodplain by maintaining the balance between nature, economy
and societal needs through nature-based farming practices. In addition to the contribution to
environmental integrity, nature-inclusive farming links social and economic development through
promoting sustainable production and consumption, environmental and landscape satisfaction,
and community cooperation. Also, it connects urban and rural landscapes and residents by
preserving the agricultural landscape, maintaining a farm to market roads, providing walking or
cycling path for recreation and integrating business operations.

Figure 20. Revised conceptual framework based on the results and analysis of study (Kristine
Arcena, 2019).

In the transition towards sustainable socio-ecological management, nature-inclusive farming
serves as a breakthrough towards achieving sustainable agriculture and sustainable socioecological management of peri-urban floodplain (Figure 20). The socio-demographic and spatial
characteristics as well as climate change and pollution influence the processes within the system.
The socio-ecological indicators serve as the triggers and drivers towards the transition to
sustainable socio-ecological management as reflected in broken red lines. These indicators have
positive or complementary and negative or contradictory relations that either fast-track or slow
down the transition. The direct causal link is not a one-way link, but some have two-way linkages
with other indicators. They have a mutual relationship as described in Figure 15 (e.g., biodiversity
increase and diversity, social diversity and co-learning, good image and total well-being). The
socio-ecological system, nature-inclusive farming, and sustainable socio-ecological management
illustrate the double arrow feedback system on which processes within the socio-ecological
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system of agricultural land will affect nature-inclusive farming and sustainable socio-ecological
management. Positive feedback accelerates changes while negative feedback dampens changes.
5.1.1. The influence of land governance and spatial structure
Among the indicators explored in this study, it can be noted that it is not the speed of transition
but land governance which influences most of the transition. Small-holders are challenging to
implement changes in their existing practices due to uncertain income, and therefore socioecological indicators are low. Transitional farming is the start-up for change, but privately-owned
land makes the transition slower; thus, socio-ecological indicators are still in-progress to achieve
the highest level. On the other hand, nature-inclusive farming facilitates achievement of higher
level indicators provided that land is predominantly-owned by the public sector. Public sector
implements policies and provides incentives for changes made in their existing practices.
Therefore, nature-inclusive farming may
Table 12. Contribution pathways towards
sustainable
socio-ecological
management
contribute towards achieving sustainable
(Kristine Arcena, 2019).
socio-ecological management in four
pathways:
stimulation,
transformation,
improvement, and innovation. It is influenced
by governance and transition which are two
major factors affecting the shift towards
nature-inclusive farming (See Table 12). If
governance is low and transition measure is
high, nature-inclusive farming stimulates changes by providing awareness and knowledge on
sustainable production. While nature-inclusive farming transforms the existing system if the
transition is low and governance is low. Having a low transition enables the governance system to
favor sustainable production because fewer changes and investments are required. Whereas high
governance and high transition lead to system improvement as nature-inclusive farming through
governance, try to improve the existing situation or system to achieve sustainable goals. System
improvement is a means for system innovation (Ostrom, 2007, p.49). Lastly, nature-inclusive
farming act as innovator if governance is high and the transition is low. It facilities new
development and changes in the socio-ecological system by optimizing ecosystem services in
farm practices to reduce utilization of harmful chemicals. Also, it is related to its integrative role
which connects different sectors and stakeholders resulting in a new regime in sustainable socioecological management.
In terms of spatial structure, scattered agricultural land and high nature area hinder transition
towards nature-inclusive farming (Table 13). It will be challenging to manage scattered
agricultural land in peri-urban floodplain due to measures required (e.g., buffer, field borders,
nature reservation). However, nature-inclusive farming triggers transition if agricultural land is
scattered and nature area is low due to the opportunity to develop multi-functional agriculture in
the area. In this case, nature area is compact so nature-inclusive farming can re-structure
agricultural land into a more functional peri-urban area in the floodplain. It can provide
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recreation, production land, and grazing land. On the other hand, with compact agricultural land
and high nature area, nature-inclusive farming serves as a driver for sustainable production by
connecting agriculture with peri-urban development. Nature-inclusive farming may maximize
multi-functionality of agricultural land and utilizes environment-friendly practice and therefore,
influencing sustainable peri-urban development through sustainable resource use. Lastly, compact
agricultural land and low nature area accelerate the role of nature-inclusive farming in the
transition towards sustainable socio-ecological
management
of
peri-urban
floodplain. Table 13. Spatial structure and nature-inclusive
farming transitions (Kristine Arcena, 2019).
Compactness
enables
implementation
of
sustainable goals in the agricultural area due to
higher proximity and lesser complexity in spatial
measures. For instance, compact agricultural land
concentrated agricultural production while
optimizing other land uses suitable in the
agricultural area such as recreation and grazing.
Hence, nature-inclusive farming as a “breakthrough” contributes to sustainable socio-ecological
management of peri-urban floodplain by addressing location-specific, multidisciplinary, and
multi-functional transitional challenges towards sustainability. The integrated management
embedded in nature-inclusive farming enables the sustainable use and allocation of agricultural
and natural resources which in return beneficial to farmers, residents, and people visiting the area.

5.2. Spatial measures in the peri-urban floodplain
A buffer zone is critical in preventing water pollution as well as reducing the agricultural risk due
to climate change such as flooding. Buffer areas reduce the leaching of nutrients and sediment
that maintain the good quality of ground and surface water (Erisman et al., 2017). Natureinclusive farming implicitly uses buffer through elements embedded in environment-friendly
farming practices, and nature and water management of the agricultural land.
Gumiero et al., (2013) suggested that agricultural landscape shall be unified with wetlands,
riparian zones, and buffers to maximize the ecosystem services in improving for the quality of
water, increasing biodiversity and reducing climate change risks. Rhine river shall overflow in the
floodplains to maintain soil fertility; therefore, the location of flower strips and borders,
hedgerows and willow trees should not obstruct the water flow. In terms of farming practices,
intensive agricultural uses such crop rotation and natural grazing are allowable to attain
conservation goals while providing local recreation opportunities (Gumiero et al., 2013). Cattle
grazing, for example, reduces the fast-growing vegetation in the floodplains. The peri-urban
floodplain offers many benefits for nature-inclusive farming through its ecosystem and urban
services. However, the complex system requires the involvement of various stakeholders and
partnership in managing the river corridor. Although the partnership is vital, a policy guide from
the government is still needed.
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5.3. Policy challenges
Nature-inclusive farming indicates that system change is possible by combining social and
ecological dimensions with economic dimension through integrated management and policies.
However, more comfortable to say than to execute, nature-inclusive farming requires governance
transformations to address challenges related to transitions and implementation (Runhaar, 2017a).
5.3.1. Integrated land use policy
Runhaar (2017a) explained that governance is vital in shifting towards nature-inclusive farming.
He mentioned that nature conservation in Dutch agricultural landscapes should be integrated into
agricultural governance (Runhaar, 2017a). However, this study suggested an integrated land use
policy by mainstreaming not only agricultural governance but land use planning with
development planning and sectoral planning in general. Integrated land use policy brings together
various sectors (e.g., agriculture, environment, economic, social, and climate change) and
encourages participation and cooperation among stakeholders. Urban development should not be
separated in spatial planning particularly in classifying zones, regulating land use and identifying
priorities for future socio-economic development because urban area affects peri-urban and rural
areas and vice versa. The changes in agriculture, environment, and urban systems have
consequences for another. Policy values by Hartmann and Spit (2018), namely, effectiveness,
efficiency, and justice shall guide the formulation of this integrated land use policy.
5.3.2. Land Governance
Land price affects the implementation of nature-inclusive farming. Farmers need to optimize the
use of agricultural land to increase yields and productivity to pay high land rent. Consequently,
farmers cannot just allocate an area of agricultural land for nature due to the reduction in income.
Subsidies and incentives may encourage farmers to adopt nature-inclusive farming. Land price in
urban and metropolitan areas are higher than in peri-urban areas. Unfortunately, this study only
generally explores the elements and indicators for the potential contribution but not assessing the
quantitative impacts of each indicator- for example, land price.
In addition to land price, land management is essential in shifting towards nature-inclusive
farming. Since there are different land ownership in agricultural areas, land management in a way
that benefits all increase the applicability of nature-inclusive farming. Land ownership may delay
or fast-track the process of either directly or shifting towards nature-inclusive farming.
Transitional farming (Model 2) affects the income of farmers due to the allocation of a portion of
farmland to nature without exploring its other functions. On the other hand, nature-inclusive
farming (Model 3) provides additional sources of income for farmers through multi-functional
agriculture. Based on the results, Vianen has the best opportunity for nature-inclusive farming
mainly because of its spatial structure and land ownership (predominantly publicly-owned).
However, it is not the spatial structure that has a higher influence on transition measures but
rather the percentage of nature areas in the municipality. High nature areas resulted to scattered
agricultural areas. Furthermore, the transition to nature-inclusive farming is lower in publiclyowned land and compact agricultural area. Compactness brings people together either for sharing
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of experiences or business connections. On the other hand, the public sector can easily implement
policy based on sustainable goals through incentives and subsidies. Dutch municipalities have the
power to implement specific rules or regulation on development projects through either voluntary
purchase or compulsory purchase in land acquisition (Hartmann and Spit, 2015). The transition is
moderate in privately-owned land since the municipalities work in partnership with the private
actors. Regardless of these challenges, this study found out that municipalities located at IJssel,
Nederrijn, and Lek have equal opportunities for nature-inclusive farming provided that the key
elements are either existing or potentially present in the area.
To address land price and land governance challenges, this study recommends exploring specific
approaches such as land swapping, land sharing, and land sparing. The land swap is the trading of
a publicly-owned site with a privately-owned site through negotiated fair market value of the site
in other locations (The World Bank, no date). According to Baudron and Giller (2014, p.1), the
realistic approaches in managing agriculture and nature interplay are land sparing and land
sharing as both employ “site-specific and evidence-based solutions.” Land sparing is separating
nature conservation from arable or production land (Hazeu et al., 2014). Its main goal is to
concentrate on production and its negative consequences in one area which will increase yield and
protected area (Baudron and Giller, 2014). While land sharing integrates or allows the coexistence of nature and production within the same land units through extensive agriculture (e.g.,
maintaining patches of natural habitat within farmlands) (Baudron and Giller, 2014; Hazeu et al.,
2014).
5.4. Limitations of thesis
The proposed key elements and indicators for nature-inclusive farming are useful in monitoring
the socio-ecological impacts and the municipalities adopting it. Interview with farmers was not
carried out due to their schedule and language barrier. Nevertheless, the study generally collected
expert’s opinion representing the farmers as they conduct consultations and meetings with them.
Also, not all targeted experts were available during the period of the study, so the results are
limited. Developing the indicators are very challenging due to the different priorities of the
stakeholders and data availability. It is evident in Hazeu et al., (2014) study of high nature value
farming on which data is limited at the municipal level. Moreover, the pre-identified elements
focused more on environmental and economic indicators affecting the ranking of pre-identified
elements. The second round of analytical hierarchy process with experts and more importantly
with farmers may improve the results of the study. Unfortunately, it was not conducted due to the
availability of experts. Given that, this study only explores the general impacts of the elements
and indicators to the socio-ecological management of the peri-urban area in the Rhine corridor.
The following list provides the most critical issues related to the indicators:
(i) Ambiguity. Some indicators can indicate either positive or negative contributions of
nature-inclusive farming depending on the relationships of the variables. For example,
the percentage of arable land and nature areas can be judged as positive under
environmental impact and negative in terms of economic impact. While the other
elements clearly distinguish either positive or negative impacts.
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(ii) Disaggregated data and interpretation. There are different meanings associated with the
indicators. For example, the red list may be interpreted as a positive contribution if the
number of endangered species in the area increases. However, it can be interpreted as a
negative contribution if the number of endangered species decreases in the area. Also,
the lack of disaggregated data by municipality or farm level will limit the use of the
indicators in monitoring areas with nature-inclusive farming.
(iii) Temporal parameters required. The contribution of nature-inclusive farming has short
and long-term impacts. Some indicators have a negative contribution in the short-term
period but positively contributing to the socio-ecological management in the long-term.
The temporal parameters mostly apply to economic indicators. For example, the land
price has a negative contribution to nature-inclusive farming in short-term because in
some areas the cost of land is higher. Land price is restricting the use and allocation of
agricultural land into other uses, thus, affecting farmers’ income. On the other hand,
land value will increase in the long-term due to biodiversity increase and diversity in
ecosystem services that improve the quality of the environment and the landscape.
5.5. Implications
Previous studies on agriculture and nature, like Runhaar (2017b), Van Doorn (2017), Zwartkruis
et al., (2018), and Erisman et al., (2017) have taken into account the benefits to biodiversity and
governance transformations. Following these studies, this research found the positive and
negative impacts of nature-inclusive farming on the environment as well as its transition
challenges. The results of this research go beyond those studies by identifying the effects on
social welfare of farmers and residents, local economic development, and urban-rural
connectivity. Also, this research emphasizes the importance of socio-ecological management,
spatial measures, and land governance to sustainable production. Understanding the multi-sectoral
contribution promotes inclusivity and improves the overall quality of nature and life of people.
Nature-inclusive farming has a promising role in integrating various sectors in order to facilitate
the transition towards sustainable socio-ecological management of peri-urban floodplain. The
socio-ecological system utilizes transdisciplinary and resilience concepts that improve
environmental management, yet, it lacks a framework for practice (Virapongse et al., 2016). This
research illustrated the operability and practical translation of the socio-ecological system by
integrating transition theory into a real issue. The socio-ecological system was used to analyze the
complexity of nature-inclusive farming by evaluating its decomposable units using linkages or
connectivity. The combination of transition theory and socio-ecological system provide a
qualitative, quantitative and spatially explicit lens to identify the potential contributions, the
relationship of elements, and the challenges for nature-inclusive farming. Gruner and Power
(2017) tried to integrate organizational and environmental dimension in their study through the
theory of socio-ecological integradation. However, nature-inclusive farming is not only about the
integration of social and environmental components as it includes other sectors. Shifting from
traditional agriculture to nature-inclusive farming is impossible without socio-economic impact
assessment. This study explains not the combination or replacement of components but finding
the right fit for the landscape, agricultural land, urban area, farmers, and the community that
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matter most. Since there are no one-size fits all, nature-inclusive farming promotes an ecologicalsocio-economic metathesis. Like in chemistry, finding the suitable combinations to compensate
the negative effects of one element and make it positive effects, and use the positive element to
reduce the negative effects of an element in a system are the key strategies in nature-inclusive
farming.
Concerning the methods, analytical hierarchy process is a pragmatic decision-making tool.
However, it is a tedious process the needs participation and follow-up workshops to finalize the
criteria being investigated. On identifying river section with the best opportunity for natureinclusive farming, the related ecosystem such as climate-related indicators (e.g., water depth,
inundation, and water flow) which changes the structure of the floodplain were not included in the
study. The lack of these indicators in the analysis limit the discussion of the spatial measures.
Studying these indicators will accurately analyze the impacts of geomorphological changes in
nature-inclusive farming.
Furthermore, extrapolation of the findings from the four case studies is challenging in this
research due to the scope and limited data used. Exploring other areas such as Waal and Nieuwe
Maas can help to augment the spatial measures and provide additional elements to strengthen the
meaning of nature-inclusive farming formulated in this study. Bearing in mind that these areas
have different spatial characteristics and land ownership, the results of conceptual modeling were
not translated into maps to prevent confusion to landowners between the existing and ideal land
use functions of the farmland. Spatial measures and land governance are critical in addressing
these challenges. Further, the stakeholders and farmers want to understand the opportunity cost of
choosing a nature-inclusive way of farming that may provide a statistical analysis of the impacts.
Bridging social, environmental and economic elements as the study had explored, contributes to
the in-depth realization of the future development and opportunities for intervention.
A prospective continuation of this study would be to conduct a participatory land use suitability
analysis using the proposed indicators taking into account the shared vision of the government,
the community, and farmers on the area. The proposed research aims to provide applicable and
acceptable strategies for policy-makers by providing quantitative spatial analysis that explicitly
pointing out the benefits and feasibility of multi-functional land use. The following suggestions
may serve as specific approaches for proposed future research: (i) identifying the potential
combination of other land uses (e.g., recreation, education, and production) in a farm; (ii)
accounting and valuation of ecosystem services of each potential land uses in the farm; and (iii)
exploring applicable land governance strategy (e.g., land sharing and land sparing).
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Appendix 1. Case selection
The Rhine River, which has 1, 320 km length, has river courses from Swiss Alps through
Switzerland, France, Germany, and the Netherlands before going to the North Sea (Brenner et al.,
2004). The Netherlands is located at the Lower Rhine on which water comes from Germany then
enters the lowland area of the Netherlands where river delta was formed. The river delta has three
branches covering 25,000 sq. km with 67 % of the total surface area of the Netherlands (Brenner
et al., 2004). These river branches are the Waal, Nederrijn-Lek and the IJssel rivers (Ministry of
Infrastructure and the Environment and Ministry of Economic Affairs, 2014). The Waal river
discharge 65 % of water, the Lek discharges 21 % ,and the lowest water discharge with 14 % is
the IJssel river (Brenner et al., 2004). According to the FAO (2004), the summer dikes allows
agriculture on the floodplains while the winter dikes provide mitigation measures against flooding
in the peri-urban and rural areas. Rhine floodplains in the Netherlands are connected with various
large water bodies such as rivers. These water bodies are inundated during winter and spring, and
other areas are inundated at high water floods.
Some cities and municipalities adjacent to the floodplain are densely populated and industrialized
which contributed to ecological degradation due to the modifications of the channels for flood
control and waterways (navigation), and effluents from agricultural, industrial and municipal
wastewater discharge (Raith, 1999). There were ten possible study areas, namely, Utrecht,
Vianen, Nijmegen, Arnhem, Rheden, Zwolle, Deventer, Tiel, Wageningen, and Wijk bij
Duurstede (Figure 21). These cities located in the floodplains have both agricultural and
ecological importance. Floodplain functions as natural flood control provide nutrient-rich soil,
prevent soil erosion, preserve the habitat and cultural landscapes, work as breeding areas, and
offer an alternative water source for domestic water uses. In the selection of the research area, the
variety in urban class type was considered as the number of people and industries are associated
with the demand for goods and services. Additionally, the following criteria were used to identify
the study areas: (1) population; (2) population density; (3) agricultural land area; (4) location in
the Rhine River; (5) proximity to WUR; (6) geodata accessibility; and (7) respondents’
availability for interview (Table 14). The deciding criteria for the study areas were the variation in
sociodemographic characteristics, representation of each major river, data accessibility, and the
availability of the respondents for an interview. With this, the selected study areas were Vianen,
Arnhem, Rheden, and Deventer.
Vianen is a peri-urban area in the Province of Utrecht located above Lek with a population of 19,
714 and agricultural area of 38.16 sq. km. Arnhem and Rheden are in the Province of Gelderland.
Arnhem is a metropolitan area located in Nederrijn with a population of 410,00 and agricultural
area of 414.28 sq.km while Rheden is a peri-urban area with a population of 43, 645 and
agricultural area 97.08 sq.km. Moreover, Deventer is a medium-sized area in the province of
Overijssel with a population of 120,000 and agricultural area of 408.18 sq.km. It will be the
reference study because of its existing initiatives on nature-inclusive farming. However, there are
no respondents available for an expert interview.
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Figure 21. Location of case study areas in Rhine corridor
Data source: Urban Atlas 2012, Copernicus Land Monitoring

Table 14. Spatial and demographic characteristics of the study areas

Town
1 Utrecht

Population
Total
density Functional urban
Agricultural
(people per
(inhabitants)2
class type2
(sq.km)1
land area (ha)3
sq.km)
880,000
94
9,362 metropolitan area
3,149.67
Population

Land
area

2 Vianen
3 Nijmegen
4 Arnhem

19,714
320,000
410,000

39
54
98

5 Rheden
6 Zwolle
7 Deventer

43,645
350,000
120,000

82
111
131

8 Tiel

41,488

33

9 Wageningen

38,458
23,502

10 Wijk bij Duurstede

503
5,926
4,184

6

peri-urban area
metropolitan area
metropolitan area

Location in the Rhine
River

Proximity
(km)4

Respondents'
availiability
for interview

Geodata
accessibility

above Lek

38.94

+

+

4,323.77
above Lek
3,183.34
below Waal
4,291.41 above and below Nederrijn

40.24
22.47
16.4

+
+

+
+

above Ijssel
right Ijssel
left and right of IJssel

24.58
66.29
46.08

+
+

+
-

534 peri-urban area6
3,153 metropolitan area
916 medium-sized area

4,722.07
12,034.30
19,956.07

1,262

peri-urban area6

4,004.44

above Waal

19.49

-

-

30

1,264

peri-urban area6

2,212.88

above Nederrijn

1.41

-

-

49

493

peri-urban area6

7,977.29

above Lek and Nederrijn

22.25

-

-

Notes:
1

Data source: cbsnl.maps.arcgis.com, 2017

2

Based on OECD 2019 classfication of urban area and Statistics Netherlands

3

Data source: statline.cbs.nl, 2017

4

Distance from WUR Campus (research area proximity)

5

Not inlcuded on the OECD list which assumed as predominantly rural area

6

Based on van Eupen,M. et. al (2012) defition of peri-urban zone which is has high population density and 60 to 200 min maximum travel time to an average city

80

Appendix 2. Operational definition of terms
The following definitions are used in the study:
Biodiversity refers to species and habitat diversity which represents the diversity of species in a given area and
ecosystem diversity (Croezen et al., 2011).
City has the following characteristics (Alexander Wandl et al., 2014): (1) a density of higher than 1500 inhabitants per
sq.km (all grid cells); (2) no gaps and clustered adjoining high-density cells and the urban center has a cluster with
lower than 50 000 inhabitants; (3) at least 50% of the population are living in the urban center (local administrative
units level 2); and (4) at least 50 % of the city population lives in the urban center from which at least 75% lives in the
city.
Ecosystem in this study will focus on habitat, biodiversity, and landscape.
Ecosystem services are the goods and services that human explicitly and inexplicitly acquires from the environment
and its provisions that have the following categories: provision, regulating, cultural and supporting services (Huang et
al., 2011). It will only focus on food and freshwater (provisioning); climate regulation, disease regulation, water
regulation (regulating); and recreation and ecotourism, educational, sense of place and cultural heritage (cultural).
Environment-friendly agricultural practices also are known as nature-based agriculture promote an ecologically
sustainable type of food production that considers the future conditions of the ecology, economy and social
development (Van Dam, 2004; Province of Gelderland, 2018).
Land-use efficiency is the ratio of farm yields to the average yields of the city/municipality (Lin and Hülsbergen,
2017).
Multi-functional land use is the presence of different land uses in farmland including farm, recreational, tourism, and
education areas that help improve to the overall quality of the peri-urban area.
Nature-inclusive farming is an integrated approach that employs ecologically sustainable farming that deals with the
reduction of negative impact of farming to the environment while maximizing the positive economic returns (Croezen
et al., 2011; Volkers, 2018). Moreover, it is an approach for sustainable production which involves sustainable use of
natural resources for agriculture production, utilizing the resources with environment-friendly practices, and integrating
it into the business model (Erisman et al., 2017; Van Doorn, 2017; Ministry of Agriculture Nature and Food Quality,
2018).
Peri-urban area is an intermediary zone or the functional extension where the transition from rural to urban areas and
the spatial extension was brought by growth in the urban core (Hedblom, Andersson and Borgström, 2017; Svensson
and Nikoleris, 2018). It is characterized by high population density, multifunctional ecological processes and complex
spatial features (Eupen et al., 2012; Arnaiz-Schmitz et al., 2018).
Productivity refers to the farm level productivity which is computed based on the total value of production (sum of the
total output of crops and crop production or total output of livestock and livestock products in euro) divided by working
hours (Looga et al., 2018).
Socio-ecological management is an integrated approach to sustainable resource management that mainstream and
integrate ecological and socio-economic structures in order to achieve synergy between ecology and human needs both
at the present and future (Spurr, 1969; Risser, 1996; Arnaiz-Schmitz et al., 2018).
Socio-economic development refers to the socio-economic benefits such as the establishment and maintenance of jobs
and institution of local investments that include the economic and social competitiveness wherein economic
competitiveness reflects productivity and profitability while social competitiveness is the total well-being of the people
(e.g., living conditions and human capital development) (Schaller et al., 2018).
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Appendix 3. Interview Summary Report
A.

Expert 1
Date of interview: January 17, 2019

Interview guide questions for key institutions:
Perspectives on “nature-inclusive” farming (NIL):
1.

Do you believe that it is important here in the province of ____ to shift from intensive agriculture into
environment-friendly farming system that also help increase agricultural productivity and yields? Why? Which
farming practices do you think are environmental-friendly? Which farming practices increase yields and
productivity? Among these farming practices, which do you think will both increase agricultural production,
produce higher income and are environmental-friendly?

The province has document which sets the goal for nature for the next 5 years.

The agricultural vision will focus on sustainable agriculture including nature.

There are 5 focus points, namely, revenue models, monitoring, knowledge platform, and agribusiness plans.
On the revenue models, the province will not develop new models but adopt and innovate the existing
models. And the knowledge platform will be the avenue to learn and exchange experience of various farmers
to know what is working or not.

Network for nature will soften the boarder of nature network to focus on agriculture. Zoning is implemented.

2.

Are there many farmers utilizing nature-inclusive farming in the province? How about in river floodplain? How is
nature-inclusive farming in river floodplain benefit the farmers, the community and the environment? Do you think
that farm located in river floodplain has more advantage? If yes, what are the benefits and hindrances?

Most of the floodplains are included in the nature- it is possible- Utrecht not focused on floodplains more on
the nature network

Not so many farmers in the province has been adopting nature-inclusive farming. However, there are many
farmers working in nature in different ways.

In agriculture vision in 2030, 50% of agricultural business will be nature-inclusive.

In our province, it is difficult to shift into nature-inclusive farming because of the high cost of land.

It is difficult to mainstream with other development themes such as mobility and infrastructure development.
They think less space for urban development.

Social support in urban area is higher due to socioeconomic status,

Financial space to bur more land is needed.

Floodplains are higher but compare to urbanized land – you cannot graze cow for the whole year because of
water safety.

3.

Is the distance from the river is important to the environment and productivity? Are there any rules/regulations
about the agricultural land and distance from the river in the province? What do you think should the distance from
the river to the farmland should be?


4.

Nature reserve in province – Blauwe Kamer good area to focus on NIL; most of floodplains are extensive;
milk cows

What do you think is/are or will be the positive and negative effects of nature-inclusive farming to farmers, the
environment (river) and the economy? How does it affect agricultural productivity, income, and soil fertility or
river quality?


Negative effects of NIL/challenge
More land is needed
Challenge to earn money
Change perspective is difficult – point of attention
Investing in nature-inclusive farming is costly and the consumers need to pay more. Consumers has
difficulty in accepting the additional cost of nature-inclusive agricultural products.
Additional skills for farmers are needed.
Hard for farmers who invested from the last five years in bigger stable but now wants to change into
extensive agriculture.
Transition of agriculture is hard.
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5.

What do you think will encourage the farmers to adopt “nature-inclusive” farming”? investment

Important is good practices – pilot is important – farmers need to see that it is possible and feasible to others.

Financial support

Appreciation from the consumers

Revenue models

Land use and ecosystem:
6.

What are the spatial measures or guidelines in implementing "nature-inclusive" farming?

Law of nature conservation. Each use of the land should not allow to harm the biodiversity. For example,
clean the ditches not in summer.

Code with agriculture organization to make rules. Punishment and exemptions may be implemented.

Cooperation with landscape coordinator.

Nature-inclusive farming is like a transition zone to the rural intensive agriculture.

Local economy and urban-rural synergies:
7.

B.

What could be the contribution of nature-inclusive farming located in the peri-urban areas to the urban core and
rural area in river corridor?

Nature-inclusive farming link rural and urban.

In the edge of cities and rural areas and nature reserve – also the edge will be really important also for
biodiversity

Expert 2
Date of interview: January 15, 2019

Interview guide questions for key institutions:
Perspectives on “nature-inclusive” farming:
1.

Do you believe that it is important to shift from intensive agriculture into a farming system that has less negative
impact on the environment but increase agricultural productivity and yields? Why?

Yes. Our main activities are to assist and implement nature conservation projects. The Netherlands is
releasing project to recover biodiversity. Agriculture is the main land user in the Netherlands and also main
cause of biodiversity loss and loss quality of nature.

The biodiversity monitor for dairy farming. With key performance indicators, use data which is already
available. Farmers working with nature-inclusive farming, the supply chain or stakeholders can reward the
farmers financially.

To create incentive to farmers financially attractive to take care of the landscape. It must show how natureinclusive farming has better living than those with non-nature agriculture.

Research shows the conventional way of farming has impact on nature and both on farmlands and the natural
habitat. Science-based farms who farm differently in nature-inclusive way were selected to identify the
indicators.

It is really important to have financial rewards and policy coherency.

2.

What do you think is/are or will be the positive and negative effects of nature-inclusive farming to farmers, the
environment (river) and the economy? Food security?
Positive effects




Environment – biodiversity increased, quality of nature improved, cleaner surface water, healthy soil, clean
air, less GHG emission, less climate change. These are all related to biodiversity. Animal welfare is not
necessarily embedded in nature-inclusive farming but nature-inclusive farming has positive impact in dairy
farming. It provides more living space.
Social – social benefits, a nice landscape, culture elements and cultural traditions remain, people feel
embedded, people want to live in rural area, prevent rural-urban migration, and improve the attractiveness of
rural landscape.
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Economy – sustainable farming in research makes more money because it relies more on natural systems
which is free. Nature-inclusive farming has more hours or work but less inputs. Transition from traditional to
nature-inclusive farming is expensive and impossible to find markets.

Negative effects




3.

The indicators shall be integrated. One farmers perform well in one indicator and bad in the other. The
challenge is to have integrated way of stimulating nature and produce food at the same time. Knowledge is
important to become profitable.
Trade-offs is present all the time. Finding the balance is important. It is really a challenge.
Counter Argument is food security. If extensive farming a lot of people will be hungry. Sustainable
production, sustainable consumption and less waste.

What is the future of nature-inclusive farming in the provinces of Gelderland, Utrecht and Overijssel? In the river
floodplains?

Potential of biodiversity is regional specific. The Netherlands has different ecosystems. Water levels differ in
various places. The monitor is specific you can have it in your own region. Nature-inclusive farming has
potential everywhere but have targets on what kind of species are iconic or what kind of nature.

The Rhine corridor has potential - what we can do here or what we want here. Flexibility form of agriculture
will not affect the population. Nature conservation farming for example animals to graze in the floodplains.

Our vision is to promote sustainable agriculture in resilient landscape.

Local economy and urban-rural synergies:
4.

What are the investments/measures needed to ensure the successful implementation of nature-inclusive farming?
What are the financing needed? What will encourage the farmers to adopt NIL farming?

Business model – a lot of lobby work

Policy coherency – coherent policy is really important. They don’t know what kind of investment they made.

Knowledge and innovation. Innovations such as new machines.
Pillars:

Knowledge innovation

Societal support

Business model
Everybody in sector has the same mindset with farmers, government, companies, banks, landowners, water boards.
Many stakeholders in the field has business as usual or include nature in their business.

C.

Expert 3
Date of interview: December 7, 2018

Interview guide questions for key institutions:

1.

What is the future of nature-inclusive farming in the provinces of Gelderland, Utrecht and Overijssel? In the river
floodplains?

80% is engaged in nature-inclusive farming. However, there are different terms or definitions of natureinclusive farming.

In the government there is no clear definition and clear strategy. In policy letter in uly 2017, it is important to
look on nature-inclusive farming in terms of stages.
Stage 1 - no change in production but 10% of land take some nature-inclusive farming measures that
don’t affect the income.
Stage 2 - at least half of the farm change the agricultural practices. If you are dairy farmer, you have
different farms, different cows, marshy lands with a lot of water that affect agricultural practices.
Stage 3 – change the whole agricultural practice, change whole farm and change system. For example,
organic farming. Also, change water streams and small bushy areas. So I really think in agro ecosystem,
these stages are useful. Ecologically what the impact of measures depends on landscape and how
intensive the agricultural practices are.
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D.

2.

How Dutch farmers think about nature-inclusive farming? Are they willing to adopt it or are they hesitant?

Dutch farmers are willing to adopt nature-inclusive farming. They have been studies that many farmers are
willing but on relative simple measures. Extensifying the agricultural production for most dutch farmers are
really possible, however, cost is very high and they need a lot of production while consumers are not willing
to pay extra price,

There is debate on what government should do and if are consumers are willing to pay.

3.

What obstacles or challenges that hinder farmers to shift into nature-inclusive agriculture?

The farmers don’t have trust anymore on the government because the government are not trustworthy. For
farmers, short-term is not good as they look for 10 or 20 year. They don’t want this 4 years’ election changes.

Business model is important.

Few consumers are willing to pay more.

Ecological agriculture not more 10% of consumer pay more for products.

Not sufficient for farmers to support transition.

4.

What are the opportunities that nature-inclusive farming can provide to the farmers and the society? Are there any
opportunities for NIL farming at the river floodplains?

Nature-inclusive farming in the floodplains are for water storage landscape. Farmers already utilizing it in the
Netherlands.

A lot of Dutch of floodplains only allowed quite extensive agriculture.

5.

What are the investments/measures needed to ensure the successful implementation of nature-inclusive farming?
What are the financing needed? What will encourage the farmers to adopt NIL farming?

There are a lot of studies on financing schemes. There has to be how to finance that, what financial to
stimulate farmers.

Clear incentive.

Long term government policy is needed and change in regulations.

Intensify in other regions and extensify near nature areas.

6.

Do you see any relationships or linkages between nature-inclusive farming and urban environment?

Change business model if you want to intensify production. In urban center, there are less cows with cows
produce cheese which they can market. They can market it if saying it was produce in ecological way.

Peatlands. The peat lands are quite important for nature-inclusive farming. For example, in restaurants sell
specific needs for peatlands and pay farmers higher price

Business case not effectiveness is important.

Expert 4
Date of interview: November 30, 2018

Interview guide questions for key institutions:
Perspectives on “nature-inclusive” farming:
1.

In your own perspective, what "nature-inclusive" farming means? How can you say that farming practices are
sensitive to the negative impacts on the environment?

On sustainable farming in general, and we think the "nature-inclusive" farming is a way of achieving of become more
sustainable. so in a way you can ask yourself what's the difference but we one of our main goal is to try agriculture in
this area to be more sustainable. and we try do this by help them become more nature inclusive
One big activity that we cooperate with a lots of other organization in Utrecht and with each other, we say we want to
help farmers to become more nature-inclusive and then we want that the government of the Province of Utrecht makes
the policy more sustainable in two steps. First is the Province of Utrecht, they are writing their own vision of agriculture
and we said we want to have input to this vision so that the Province of Utrecht that also they think that "natureinclusive" farming is the way the farmer should go. And that’s the first step we took and now realize because it is part
now of the vision of Utrecht. And now with the same partners, we want to take next step, we want the farmers
to become "nature-inclusive" farming by helping them to write plan for their own farm and identify measures that they
can take to become more "nature-inclusive" farming. For example, we want to give them information about "nature-
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inclusive" farming and spread the knowledge about it, communicate about it. And by these different ways we try to help
them become more NIL.
Positive impact
Environment





Biodiversity increased
Less pollution, less nutrient from the soil to the water
Less chemical use
Positive impact is that biodiversity can increase and there is less pollution so less nutrients from the soil into
the water. Less chemicals use, so these are the potential positive effect of "nature-inclusive" farming.

Social welfare

Important is to make a living.

Living and work in more inclusive way- more working fun and credits to the society.

Lower cost because less chemical and less artificial manure.

Social welfare is also important because I think of the too much of the ecological but now it is very different.
Of course, first of all, it is important that they can still make a living cause otherwise they will not take make
a step towards "nature-inclusive" farming. But I think that when they get a good living and they work in a
more nature-inclusive way then they have more fun on the working on the farm and also get more credits
from the society.
Local economy

The income may increase in long term.

Short term lower cost and long term more income

It depends on what they do in the farm. Sometimes they make investments that save money sometimes have
large investment and maybe even lower cost because you have to buy less chemicals and less artificial
manure. They even have lower cost.

It is hard to say if "nature-inclusive" farming will increase the income. In general, the income may increase
but in what term it is hard to say. It may take a while in the short term they have lower cost, and in the
long term they have more income. It depends on what they do on the farm which measure they take.
Sometimes you can make an investment or do something that saves money but sometimes you use something
that is large investment and it will pay back in maybe 10 of 15 years. It depends on the measure they take.
Negative impact

3 kinds- already take measures, interested farmer (do nothing yet but willing), and not for me no change

There are group of farmers who are bit hesitant. they don’t feel good about it. There are 3 kinds of farmers
already, the ones that already take measures because they want to do it or ecology. There is a group that is
interested and is looking at what other farmers are doing and the moment they do nothing yet but they are
willing to take a step maybe in 1 or 2 or 3 years. And there is a group that will that says not for me, I want to
go on as the way I am working now. Maybe that is the biggest challenge. Who can you persuade these
farmers to also start more nature inclusive farming. And of course, there a lot challenges, but these are based
on what are the effects. We can think a lot of measure, but do they really work? Do they really pay off on the
long term? So those are the challenges in a way knowledge or scientific challenges.
Challenges

For example, there are organization that say that if you plant more trees you will have more nutrients on the soil
and you will have better micro climate on the fields so the fields are less vulnerable for climate changes, drought
or lower temperatures. That is very interesting ideas I think but is it true? Is it already proven? If you want
to persuade farmers to plant more trees on their fields, you have really to prove that it works or otherwise they will
not do it. Because the prices for land is very high over here. And they want as much as output on the land
as possible. So planting one tree is less production so that's the way they think. So if you come up with
a measure for farmers you really have to prove that it works.

Also working on soil productivity, by that contain more water or more CO2 in the soil. But do they really work?
And in what way?
2.

Do you believe that it is important to shift from intensive agriculture into a farming system that has less negative
impact on the environment but increase agricultural productivity and yields? Why? Which farming practices
increase yields and productivity? Among these farming practices, which do you think will both increase
agricultural production, produce higher income and are environmental-friendly?

Production of nature than production of food
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Producing milk and producing meadow birds and flowers
Make use of soil in very efficient way; productivity of the soil
Try cause less damages to the soil
Soil contain more water in the dry periods
Farmers discuss this measures sharing of experience

3.

Are there many farmers utilizing nature-inclusive farming in the province? How about in river floodplain? How is
nature-inclusive farming in river floodplain benefit the farmers, the community and the environment? Do you think
that farm located in river floodplain has more advantage? If yes, what are the benefits and hindrances?

Nature

Corns or grass in the floods

Grazing and corn – floodplains

If they have land on the floodplains maybe that why they plan the corn and grazing

Grassland – reduce the risk by planting corn or simple crops and low investment on the land

There are farmers that do that. for example, in area, there is farmer who is more focused on production of
nature than production of food. We producing milk this dairy farmer but such a way he also producing
meadow birds and a flowers on the meadows. That's one example, there is also, some farmers who make use
of the soil in very efficient way. The productivity of the soil and try to cause less damage as possible to the
soil and by that the soil can contain more water in dry periods. There are groups of farmers who
discuss these measures with each other so they see if they can do this on their farms.

Floodplains are becoming use as nature, but there are still farmers. Farmers are on the inside they have lands.
Sometimes they utilize floodplain, they plan corns or grass.

I think they will take into account that this risk out there, if they have plants on the floodplains it would be
easier for them. They trying to reduce the risk by for example planting corn or simple crops as possible. And
lower investment on the quality of the land (assumption).

4.

What do you think is/are or will be the positive and negative effects of nature-inclusive farming to farmers, the
environment (river) and the economy? How does it affect agricultural productivity, income, and soil fertility or
river quality?

The biggest challenge is how to persuade farmers.

5.

In your opinion, what will encourage the farmers to adopt “nature-inclusive” farming”?

To see is to believe. If they see it works and it will work for them. Also in economical way, the benefit in
terms of income then there will take the next step.

Land use and ecosystem:
6.

What do you think will be the benefits of having a diverse environment and different land uses in an agricultural
area located in river corridor and peri-urban areas?

Apart from the benefit for the farmers, the social benefit is approval or acceptance of the society on what they
are doing. Sometimes residents or society in general they don’t really understand farmers. They are critical
with the farming process, if farmers can show what they do on their lands, and increasing nature and
improving the quality of the area then they will have more social acceptance /respect.

7.

What are the spatial measures or guidelines in implementing "nature-inclusive" farming?

Planting hedgerows in the floodplains and also more meadows with flowers instead of corn or simple 100%
grass meadow. They do not conflict with the use of floodplains and they can really increase the local
biodiversity in the area.

There are guidelines for them. The water council doesn't want too many trees in the floodplains. So you have
to find the optimum for that into what extent you want to plant trees without trees becoming abstraction for
high water period and now they are cutting trees in the floodplain because the water has to go through. So you
have to find the optimum which is possible.

Local economy and urban-rural synergies:
8.

What could be the contribution of nature-inclusive farming located in the peri-urban areas to the urban and rural
area in river corridor?


There is interaction between farmers and consumers because a lot of farmers are really close to the city so
they sell local products. But it is small percentage of the total consumption so I think farmers and society are
still a bit back towards each other. And even there are even conflicts sometimes farmers build new buildings
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9.

and residents have start to they want to big farms on their own areas then it becomes contradiction on their
relationship.
"Nature-inclusive" farming is a way of creating a process that these two groups of farmers and society
become more link to each other because people see what can happen on the farm, what the positive effects are
and then they feel good about it. And they enjoying the farm or helping or at least have good feeling about it.
It helps improve the relations.

Do you have any suggestions, in terms of economic, social and environmental aspects, what should natureinclusive farming consider? What investments are needed? What is necessary now

There is no real definition. It is a process; you cannot say in 15 years it will finish. It is on-going process
and will take a while and before we can say the whole agriculture sector in the Netherlands is "natureinclusive" farming.

It needs awareness or building knowledge, not only about knowledge on ecological measures or
environmental way but also in economic way on the farm, and spreading this knowledge. Getting farmers
have to take them by the hand, you have to really connect them to what you are doing.

Create knowledge and make sure that these farmers get the information they need and what steps they
want to take. Steps that are good for their own farm and help them with making plans for their farms or what
is good for their farm. Beacuse you can think of a 100 measure but maybe 5 or 6 are good
for these specific farmer. And you need to help them or identifying these measures for his/her farm and help
them to really realize these measures.

It is too general, think about measure goof for the land for the environment and also what kind of measure are
also good for farmers as personal/individual.

10. What do you think on the pre-identified indicators?

That’s what people say about "nature-inclusive" farming, you can do it on different levels, you can do it
on very small scale on your farm but also with very high scale, on a way of cooperation with other
organization. and so you have different levels of "nature-inclusive" farming.

Distance from the river – I don’t understand. Unclear. Creating buffer between the water. Does it really
matter. All floodplains are a buffer area but instead make a plan for the while floodplain. Instead of small
buffer around the river. Because you want to improve the total quality of the floodplains and when water is
high all the floodplains will be wet and not only these areas. I have questions about that indicator.

For the rest, they are general indicators, high yields and per area and production are more effective ways of
producing. But you maybe you can achieve that if you have a higher production on one field maybe that
is interesting for them because by doing that you have lower production on other field with more nature
values and one field with higher production with farmland or one field with lower production but with
more biodiversity. In that way in general, you have a more nature inclusive farming. It could be a
very interesting indicator. You thinking different terms about the way you use the land because in general
when I think about "nature-inclusive" farming, I do not think about higher yields per area, well, or sometimes
you may have higher yields if you have better soil for example.

E.

Expert 5
Date of interview: November 28, 2018

Interview guide questions for key institutions:
Perspectives on “nature-inclusive” farming:
1.

In your own perspective, what "nature-inclusive" farming means? How can you say that farming practices are
sensitive to the negative impacts on the environment?

Positive effects to the social welfare - I don’t know if farmers, we have different programs that we are really
looking into welfare and health benefits of nature. Advertise nature areas close to cities. The positive impact
for farmers, is good if you can use less pesticide, I am sure that farmers who grow biological food that they
will definitely tell story to people to buy it that is healthier. Products produce are healthier, also areas with
nature-inclusive farming are more attractive to look at. People living in the area and farmers will benefit
to beaches it is nice to walk into these areas and it think it must have a positive effect on the social-well-being
of people. I think for one specific form of nature-inclusive farming in the Netherlands that has a lot of
attention at the moment, is agroforestry. It is an excellent form of nature-inclusive farming, where
you grow trees not only for the forest and the biodiversity species but also to harvest. You see that
those developments in nature-inclusive farming that do not have attention. No attention to
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2.

agroforestry. I think it is interesting because most of the initiative come from the people living in the cities.
who are very concerned about the food healthy and safety and of course everyone. biological
food is becoming more popular, people at the moment in Netherlands are pretty aware where the food comes
from. of course it is only part of the population but concerned about what they eat. and initiative as natureinclusive farming, city farming but also agroforestry.
The community is a group of people living in the city that they hire farmer, collective farming they pay
farmer a salary. But the farmer makes farming plan with group of people. The community decides what to
plan or what kind of crops in community farms.
The community is mostly a group of people living the city or village maybe that they hire farmer and that
farmer it is really collective farming and the farmer, they paid the farmer salary so the farmer has enough
money. and the farmer has farming plan with the group of people and the group of people but the food.
Community farming. The community decides what the farmer grows in consultation with farmers. so that
they really know what kind of crops or can be.
a lot of ways - > health; community organization; community participation
There are benefits for health, the food is produced without pesticide, and but also with people it is nice to be
part of a group, and talk about the food and be concerned on the food.
People think completely different about nature inclusive farming some people think that old farming
is nature-inclusive. Other people say no farming, farming can never be nature-inclusive farming.
And farming is for production or at least Dutch farming is for production, and is never nature-inclusive so it
very broad. why we try to do is, there are 4 levels of NIL farming from Louis bolk institute.
The other end of spectrum is the farmers really use nature and nature is also part of the agricultural system
like crop rotation and bees using flowers for pest control. And farms that are really clever in using nature in
their system so they can get rid of the pesticides. We said, our scope is the level 3 and 4 farms, that what
we foresee. So it’s not only farms put houses on birds. But it's very hard to define. And we also know that is
very hard with conversation with farmers. There are some farms in the Netherlands that everyone agrees on
the nature-inclusive farming but that's very small group and there are a lot of farmers who do more for nature
than putting up nest houses for birds. But broad group it’s really hard to see whose natureinclusive farming and who are not. But I guess one of the good things about this whole transition I started
working for 2 /1/2 years ago. 2 or 3 years ago this is for nature is nature and farming is farming.
At the moment you see the willingness as well as from farmers and the organization to see, okay we could
improve the whole biodiversity in the Netherlands also outside nature areas so it’s very important to work
together with farmers so that the farmers are not only managing nature grounds for us and or we paid them or
they pay us. But we really hope that by having more conversations and know more about
nature conservation people know more about farming system and farmers get more knowledge again about
nature so we really hope that it will improve biodiversity outside nature areas so in the farming areas in the
Netherlands because I do think that most of the people agree the last few decades of farming because it
become so intensive. It does have negative impact on the whole biodiversity in the Netherlands. There a lot
more focused for them that is open of the aims of the organization. The most important aim is we
tried together with farmers that we are working with so that we can improve biodiversity in agricultural areas
and it is not only the biodiversity but we also think and because I work a lot with farmer groups also farmers
think that if we get to know our souls better again as well as in nature areas but also in agriculture areas we
could do hopefully a lot less artificial manure that we can come to system with less or that have less pollution.
By having conversation with sometimes from people with nature organizations, we know a lot about nature
but also farmers know about soil fertility by having a lot of conversation. We hope that nature
and farming goes hand in hand.
In the Netherlands, we have a very strict planning system like land use planning system in maps you can see
what is nature and what is agriculture. That is really you can see that on the maps and agriculture has different
rules as nature and has different goals, there no strict line on integrating nature and agriculture. At
the moment, we are trying to improve nature areas. There’s a lot of money with that. Sometimes you think
that it is a bit strange to do that in nature areas and to have just outside the boarder of nature area and you
have intensive farming. If intensive farming close to nature area become less intensive and may
be farmers can use nature areas a lot better than the way they do now. It shall not strict line
between agriculture and nature anymore. And I think we should do that because it feels a bit strange to put so
much common money because its money that people pay for taxes that now goes into the restoration
of nature areas. And not having or not trying to diminish the negative impacts of areas just
outside nature area.

Do you believe that it is important to shift from intensive agriculture into a farming system that has less negative
impact on the environment but increase agricultural productivity and yields? Why? Which farming practices
increase yields and productivity? Among these farming practices, which do you think will both increase
agricultural production, produce higher income and are environmental-friendly?
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It is different in every farmer. They say that yield maybe in production is less but in value they say that
maybe the price in products are higher. And one of things that I had not realized myself but they also say the
cost of production because you do not need any pesticide or artificial food for cows so that production costs
are lower but also the yields are lower. So how it adds up, I guess it is farmer specific. And that’s always very
its conversation you had with farmers and it is really difficult to look into future.
Tough discussion with farmers, every year need certain yields and certainty in income.
The long term the system that we had means that the production costs will increase all the time because the
soil is becoming less fertile. So you need more artificial fertilizers and artificial food for cows so the cost will
make higher so in nature-inclusive, like the costs are lower and the yields at least will level but may be will
rise.
But it is always a pretty tough discussion that you have with farmers and I can understand them completely.
They need to have some sort of certainty with yields every year and not only and not in 10 years but every
year and it’s a partly in the certainty in yields but more certainty in income.

3.

Are there many farmers utilizing nature-inclusive farming in the province? How about in river floodplain? How is
nature-inclusive farming in river floodplain benefit the farmers, the community and the environment? Do you think
that farm located in river floodplain has more advantage? If yes, what are the benefits and hindrances?

One nice example, it is here in the floodplains in Deventer and it is called natuurderij keizersrande. They have
already integrated nature and farm. Very interesting cooperation. ijjsellandhap also owns a lot
of agricultural land and nature lands, but they are really concerned with Ijssel landscape. The way in it used
to be with nature and farming going hand in hand. They own a lot of lands here and work
together with farmers very intense. So it is really good example to look into it. It's really good
example. Apparently, it is possible to have a business model in nature inclusive farm.

Advantage in soil fertility because we have so much attention for our rivers and for the safety of people that
those lands. National or provincial that they definitely compensate these farmers if it comes to naturally safety
or something. I think there's so much in the picture. I think it is an advantage. I am not really sure. Most of
the Netherlands is pretty fertile. And we are river delta and of course there are differences between sandy
soils and clay soils. At the moment, the least beneficial areas in the Netherlands are the peat areas. But on the
other hand, for farmers, I really hope that farmers realize that some of these areas are have outstanding beauty
and you have really famous area just outside Amsterdam. So it maybe extra income for farmers to get from
that or those soils if we, the climate discussion, maybe these soils, become more important in carbon credits,
maybe some of the income on some point become use in preserving carbon in the soil. I guess farming in this
grounds of the Netherlands at the moment is most difficult. I think for the rest in the floodplains is okay.

4.

In your opinion, what will encourage the farmers to adopt “nature-inclusive” farming”?

There is a really huge interview sent to a lot of farmers to the Netherlands with specific discussion. If you
want to go more with nature-inclusive farming what problem, occur or what things are withholding you to
make change.

Insecurity in the business model because farmers know the market, they know how much they will get. The
insecurity of changing the system and not really knowing what the prices for your product would be. I guess it
is the obstacles for farmers.

One obstacles will be the role of the Dutch government but also the EU in what are the next the CAP so the
next CAP what will they ask from the farmers what will the Dutch government ask from the farmers so the
insecurity of not knowing what policy or what the next policy would be.

And more technology so maybe it is also the lack of knowledge in the new group of farmers but also the
existing group of farmers on how to do it farm with nature.

Land use and ecosystem:
5.

What do you think will be the benefits of having a diverse environment and different land uses in an agricultural
area located in river corridor and peri-urban areas?

With more diversity you have more resilience and I guess resiliency especially in times of climate change
when we have a lot of patch in temperature in rain and all intensity in peach will increase. I think to have a
resilient farm I think there would be more important in the future so that's definitely an advantage I think to
try to get farming system or farm as less vulnerable as possible.

6.

Which type of services are most important in your view (e.g. food, freshwater, cool climate, pest control, flood
control, recreation, tourism, local identity, culture) does a farm located in the peri-urban area provide? Is farm
located near the city has more advantages than the farthest one? What are those advantages?

That is the challenge for the Netherlands to try to get those ecosystem services that are mostly for a group of
commons like for example, in health, biodiversity, water resistance, and more fertile soil I guess
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those ecosystem services will pay directly to the farmer either decrease in cost or increase in yields.
So I guess soil fertility are more able to hold water longer. Those two ecosystem services will pay into farmer
but the other ecosystem services is very difficult to farmer because farmers they will not see it for income,
that people are more healthy, more happier have more opportunities to recreate, I think the challenge for the
Netherlands that all these ecosystem services in some way make it into the business model of the farmers and
some farmers are creative because some farmers are able in the marketing of products to put an extra price on
it. And some farmers are also able and like are willing to have for example cow safari on the grounds and
have extra income because and of course a cow safari is nice if you do that to a field with flowers. And people
are willing to pay for that. You ask a lot for farmers to find the payment for the ecosystem services
themselves. It is a challenge for Netherlands but it is so difficult for those ecosystem services a cash flow for
farmers.
7.

What are the spatial measures or guidelines in implementing "nature-inclusive" farming?

I think safety will always come first so you need to find a system as a farmer and it can also you will be paid
in years that you will bot an income because you cannot have income because the rivers are so high. And all
fields are flooded so maybe it’s a compensation that you will get. if you have farm close to the rivers, you
need to realize that in some years your land will be flooded so rivers will have enough space.

Local economy and urban-rural synergies:
8.

F.

Do you have any suggestions, in terms of economic, social and environmental aspects, what should natureinclusive farming consider? What investments are needed?

Land vanwaarde

Group of farmers – asked 10% of land to reserve for biodiversity; water pools or the boarders of areas for
flowers strips but also tree lanes not only tree but with underground

Money because they need to produce biodiversity; take care for 30 years; trying to get the money from
council; businesses willing to pay trying people living; if they have very attractive running or buy or pick
apples or experience the countryside; trying if the scale 25 farms if it will work;

Work together; scale to work on biodiversity ; not too big for people and business that they don’t recognized
it anymore; impact to biodiversity is substantial and people will recognize the areas so it must be able to find
money to get people willing to pay for the investment of the improvement of the landscape and what we
really hope is that the farmers who are participating that they will see that they can benefit in income and that
they will enjoy working in nature in their farms and hopefully it will link also to less cost for ex. Pesticide. So
we hope that this system twill work.

Investments

The farmers who are participating that they will see the they can benefit in income that they will go and enjoy
working in nature in farms; then less cost for pesticides and hope the system will work.

Expert 6
Date of interview: November 27, 2018

Interview guide questions for key institutions:
Perspectives on “nature-inclusive” farming:
1.

In your own perspective, what "nature-inclusive" farming means? How can you say that farming practices are
sensitive to the negative impacts on the environment?





“Nature-inclusive” farming is indeed the topic that you see that is growing now. so more farmers are engaged
in more community groups or governmental organizations.
“Nature-inclusive” farming - one consensus or not among farmers or municipalities. One farmer that I really
like his vision on “nature-inclusive” farming. And what he did is he made his fields into nature areas. It is
important is a lot of biodiversity in the field and having certain area of your field given to nature. I don't know
how much percentage but it is ongoing discussion. some says 10% or some say more. What you see with
dairy farmers who do “nature-inclusive” farming, they rent a part of nature area where the cattle will graze.
And at the same time when the cattle are grazing they maintain the nature area. The management
of nature area is what they do with the cattle so it is like a win- win situation for nature managers and the
farmers.
Nature-inclusive farming - is win- win for more parties.
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10 years ago, they changed the milk quota. in that moment were farmers feel now, that climate change is
more present and all the people in the villages they think it’s dangerous and not good for the cow health.
There are different things coming in so farmers. Farmers who are in better communication with the village
will be happier. He won't have all the stress of what people think about them.
Positive -for the farmers, you see in the NL that like for the dairy farmers, the double percentage of last year
is going to a psychiatrist because of like problems and they don't know how to cope with all the rules but also
with the pressure from society. And I really feel that when farmers are more open to or when they work in a
nature-inclusive way, they are more part of the surroundings so they are more embedded in the society in that
sense instead that they feel to be like the bad guy. Because after new year who locked themselves up. They
make a very big farm that's how it came into existence from history. It is like a political decision that
everyone pushed them into direction. It's not their fault. they feel that everyone now is against them.
Online survey, around 14000 farmers and 80% percent of the farmers said they want to work more
sustainable. Farmers are very traditional, so to have 80% willing to change is very big change. They want to
change because of both pressure and awareness to environmental changes.
Minister of Agriculture, we going to invest towards more circularity in farming. It becomes more internal in
them.
Negative – higher investments for the start; in the transition period you need to invest.
Where farmers in certain area work together where they do they types of management so they can have more
birds. And what is often needed is teaching the farmers how a bird looks like. And you know which bird it is
and it says a lot about the diversity in your soil. and you can say that my field is more close to nature.

2.

Do you believe that it is important to shift from intensive agriculture into a farming system that has less negative
impact on the environment but increase agricultural productivity and yields? Why? Which farming practices
increase yields and productivity? Among these farming practices, which do you think will both increase
agricultural production, produce higher income and are environmental-friendly?

With dairy, it is often more the changes is bigger because they made investments. Also, it if you
are vegetable farmer is also having big investment.

Common agriculture policy - what should happen I believe that these subsidies give space for innovation
towards more sustainable forms of agriculture.

What I feel, and this is like a big discussion in “nature-inclusive” farming type of farming because in the one
hand, the management of the territory is landscape but is also agriculture, and actually the legislators don't
understand this. So what we feel and work and also from other groups, is that this agricultural policy should
have like a budget for areas that are trying to change and not give them nothing because they don’t feel fit in
one category. Transitional phase policy

There is a need of subsidies especially for innovative management of landscape and or fields.

3.

Are there many farmers utilizing nature-inclusive farming in the province? How about in river floodplain? How is
nature-inclusive farming in river floodplain benefit the farmers, the community and the environment? Do you think
that farm located in river floodplain has more advantage? If yes, what are the benefits and hindrances?

Understanding what exactly “nature-inclusive” farming, for example, many organic growers they will never
take a name nature-inclusive because for them it is normal. If you think what is “nature-inclusive” farming, it
should mean working with ecosystem principles or ecosystem services so many organic growers would just
have done that always but never use the words.

It shouldn’t rely on subsidies, but use this as the transition. Cow is better in the management of floodplain
than the other industrial workers in the management in a way that the river will not flood. If the manage it
will keep open.

Cheaper land in the floodplain. it is more from the municipality and they can't do anything with it. So what
they do is they rent it out because there is no other option so the rent is not so high. For dairy farmers, you are
only allowed a number of cows` based on the number of hectares of land that you have.

Grazing is very good if a number of cows are limited. it is better to have a cow that big machinery.

4.

Is the distance from the river is important to the environment and productivity? Are there any rules/regulations
about the agricultural land and distance from the river in the province? What do you think should the distance from
the river to the farmland should be?

For organic cow there are no rules needed. If it is not, like if cow eat artificial then there should be. There is
also soil absorption capacity. I don’t mind seeing cows next to the water because small number will not
pollute.
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5.

For arable farming there is a lot of rules. For example, 1 meter away because of the leaching of chemicals. In
Netherlands, it is not about meters but control the water quality. They will not tell you exactly the distance but
make sure that you don't use more. The rules but not in meters but on the water pollution.

In your opinion, what will encourage the farmers to adopt “nature-inclusive” farming”?

For the first thing, farmers have to free or cheap courses, but most of the farmers don't understand. Many
farmers nowadays are willing but they wouldn’t know and they should learn from each other. Peer-to-peer
teaching. I think it helps best, help other farmers who didn’t do it before, tell them how to change.

Land use and ecosystem:
6.

What do you think will be the benefits of having a diverse environment and different land uses in an agricultural
area located in river corridor and peri-urban areas?

The consumers should understand that this higher price is not reflected in the product but its reflected in
better care of the environment, better for the farmers, actually your money, you shouldn't see that this money
is only reflected on the products itself.

G. Expert 7
Date of interview: November 26, 2018
Perspectives on “nature-inclusive” farming:
1.

In your own perspective, what "nature-inclusive" farming means? How can you say that farming practices are
sensitive to the negative impacts on the environment?

It has to do with history Holland, after world war II we need a lot of food. So the whole system 50, 60s 70, an
80s based on producing food. That is why Holland is the second country for export in the world. The
consequence of system is we forgot the nature. The Netherlands good in producing. We made Holland in
Different areas, agriculture, nature all with boarders nature. So we left the inclusivity. This not the fault of
farmers or the government but the Fault of the system created in the 90s in the 20th century. Now in 2016,
there was a research in Germany, and research said that biodiversity was decreasing. We all see less meadow
birds, insects, all kind of things, does not only by famers, but also by in the last decade we lost maybe
thousands of hectares of land for city, for infrastructures in the lost hectares for conversion to built- up areas,
also in urban environment, biodiversity decreases, because of streets, a lot of people don’t have gardens
anymore because of construction. But also in agricultural area. There are 2 important things, namely, (1)
Farming producing, biodiversity is important because we cannot leave without insects or worms because
necessary for good or fertile lands. There is an impact for farmers themselves and the social has more
biodiverse. The point is that The agriculture does not get paid in our products. When you have the whole
producing chain, from the farmers to the stores, the farmers the end of chain. We can say we want money for
this product, but we are not in the situation to ask them because between the farmers and stores they have
retail and they make the price. And out farmers came to the situation, because we have a lot more production
for export. We are more than self-supporting. There is food enough they cannot ask higher price because it
will go to higher supplier. Farmers not paid enough they have no financial possibility to take care of also for
nature. But now we see, that those roads we cannot go further to it, we have to change into more natureinclusive. More farmers see that and the whole social severity also see that the shift that we cannot go further
and need change to a more nature inclusive. The most farmers see that.

We busy with the plan, because it is not the fault only of farmers or the government. So we said we have to do
it together – do it together, we have 3 areas- nature, agriculture and urban environment. And all together they
have to take their responsibility to do something for biodiversity. Our part is of course agriculture. And now
we made a plan. The plan is called delta plan hestel biodiversiteit (recovering).

Effect to the urban environment

The urban environment is responsibility of the community itself, so also the community, municipality has to
do their things, they have to talk with their residents or people leave there; and maybe also make a sort of
structure where people live in villages or cities getting paid or there has to be. It is not only money. You can
pay less rules. But the most important think is people think about it, it is process of making, everyone’s
responsibility to take care for nature, but we have to think about it. not physical integration but all three parts
do their things it is better.

Not on physical integration. If all three parts do their things they have to become better.

All together they have to take the responsibility.
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We part is the agriculture, the plan called delta plan henstel biodiversitiet. In the plan they step and marks the
goals what to reach in say 23, 24, 25. And the strongest point in the plan is that farmers getting paid for doing
more than they have to do in the own farming; when the farmers initiate a way like flowers for insects then
farmers can get paid. So you can write a lot of things that a farmer can do more.
Awareness is important for all the people– to be aware for the change on how work with nature. For all of us,
it is important to be aware on the change, or how we work in the nature. But also, the nature has to work their
things. In rural area a lot of farmers want to do meadow birds, but the fox is protected but the fox catch all the
birds. So we can do our best to keep more birds but if the government doesn’t shoot the fox then we can do
everything but it. The point is the government has to change rules and facilitate and make us aware and make
a change in other way of production and promote education. The government tell us they want more circular
way of agriculture, less imports of soya from south America and more producing protein here, less transport
which is more sustainable.

The cost is very high at the moment there is no space to that when the farmers want to paid better then we
cannot succeed in nature inclusive farming, that revenue is necessary. If revenue is enough and also we don’t
get enough farmers but the farmers has better salary that is important. The most important point is they should
have revenue/income. If better income with 50 cows than 150 is better for sustainable way. The most
important point is that we have every day good revenue/income and when we have better income with 50
cows instead of 150 then it is better. Good income for producing on sustainable, on circular way and the
whole program is nature-inclusive is very important.
It has impact, the point is we have very production now and the cost is very high and the marge is minimal.
At the moment we don’t have space to do it other ways than we did.

2.

Do you believe that it is important to shift from intensive agriculture into a farming system that has less negative
impact on the environment but increase agricultural productivity and yields? Why? Which farming practices
increase yields and productivity? Among these farming practices, which do you think will both increase
agricultural production, produce higher income and are environmental-friendly?

Organic farming – there is market for it

Organic farming the market will fall if everyone will do it.

Traditional farming is also sustainable but to include nature in farming. The most farmers wanted also but a
lot of farmers in Netherlands are frustrated because of a lot of rules. Entrepreneur cannot work every day with
new things when the government want something new like nature-inclusive farming then the farmers say
wait. And that’s our tasks.

Our task in front side to have a meeting, we do this with NGOs with the government, a lot farmer, Rabobank,
with lot of farmers a lot of partners who are involve in the plan. But the task of our organization to keep all
members with them and that’s not very easy because it is difficult because they are frustrated but it is
necessary to do this for the future of farming in Holland, that we pick up this together, so our task is to tell
that story to tell with the members. Make them aware of the necessary changes / transitional changes; it
comes all together –biodiversity, sustainability, circularity, but also the whole climate transition and we all
see that happen. Also the farmers see that happen. And they can’t do anything if they are paid. In our plan we
make sure that farmers are paid in all necessary transitions.

It is not necessarily to be organic farming and there is market of it. It is a small part of NIL. But if every
farmer in Holland today with organic farming then the market fell down so it is not necessary and not good.
And also the traditional farming is good and also sustainable but we have to pay back nature in our farming.
And most farmers wanted also but a lot of farmers in Holland are frustrated because of a lot of rules.

3.

Are there many farmers utilizing nature-inclusive farming in the province? How about in river floodplain? How is
nature-inclusive farming in river floodplain benefit the farmers, the community and the environment? Do you think
that farm located in river floodplain has more advantage? If yes, what are the benefits and hindrances?

Does not matter, but they are farmers near the floodplain.

River does not have impact, river is dirty.

The point is the groundwater, before we use a lot of pesticides. But at the moment we use less pesticides but
at the moment use less pesticides because they have technology to bring where it should be, and we try every
year to make it lesser but the problem is there must be alternative, and if there is not we cannot do everything
but use pesticide. If use it, we use very special and less dosage.

We use every square meters all near the river. No benefits or not important if farms are near the river.

The river has not impact in Holland; it is the groundwater. Because the river is also dirty in Holland. But it is
not the point, the point is water in the bottom.
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We work together, in the past we are fighting. Today we both see, better is to solve the problem together and
see where it starts. The river is not an issue in Holland because it is more in Europe. All rivers in Holland
starts in other countries.
The river is not the point but we can only make the water in the bottom better. This is what we can do.

4.

Is the distance from the river is important to the environment and productivity? Are there any rules/regulations
about the agricultural land and distance from the river in the province? What do you think should the distance from
the river to the farmland should be?
For irrigation we get water from the bottom or canal, but the water for producing we get from water pipes system.
There are also farmers who pump water from the ground and they have system to clean the water.

Solve the problem together, the river is not an issue in Holland, the water in the bottom better.

Irrigation - groundwater/ canals

Water pipes and pump water.

5.

What do you think is/are or will be the positive and negative effects of nature-inclusive farming to farmers, the
environment (river) and the economy? How does it affect agricultural productivity, income, and soil fertility or
river quality?

Way of farmers to stay farming in the future.

Other way of farming makes young farmers to make interesting to take of. I believe this is the way to stay
farmers in the future. and I hope also, at the moment in Holland. We have 50,00 less farmers and when we are
10 years older, number of farmers will decrease. in a way maybe young people will more interested to take
care of the farms of your parents.

6.

In your opinion, what will encourage the farmers to adopt “nature-inclusive” farming”?

Revenue in glb system or come from Europe.

The Rabobank can take less interest. They should make new loan program for NIL and if farmers use that
program they can get less interest.

It is also important that farmers are aware, education/ knowledge, awareness.

Rules is very important. It is important that the make rules based on the goals the end/ these are the results
you have to take; rules based on results; results-based policy.

Land use and ecosystem:
9.

What do you think will be the benefits of having a diverse environment and different land uses in an agricultural
area located in river corridor and peri-urban areas?

If maximize the use of land, it will be good for nature and agriculture system.

A lot of space in farms that they don’t use; if plant or use it is good for the bees and insects, create other
biotype.

Climate transition – sometimes a lot of rain, the quality of soil better.

The organic material in the bottom is too low and it has to become higher.

Make soil more fertile. It is also important in the whole climate transition but sometimes we have a lot of rain,
and sometimes too dry, if the quality of soil is better, there are more worms, and can hold up water so the
plant is not dried.

H. Expert 8
Date of interview: November 21, 2018
Interview guide questions for key institutions:
Perspectives on “nature-inclusive” farming:
1.

In your own perspective, what "nature-inclusive" farming means? How can you say that farming practices are
sensitive to the negative impacts on the environment?

Is an ecological resisting form of food production up and around under the farming company offer it gives
biodiversity to the farming nature which has less impact to nature? The challenge for nature and biodiversity
is to integrate it to the business plan. Farmers will try find out how ecological and economic system can
balance.
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We always use the definition from Loius Bolk he wrote a letter about "nature-inclusive" farming in last
year in July 10, 2017 and we always use that as a definition and we keep that definition.
So "nature-inclusive" farming is an ecological resisting form of food production that make use of what the
nature on, up or around or under the company has to offer the farming company. It gives biodiversity to
the farmers’ nature. And has less impact on nature and the challenge is for nature and biodiversity to be
integrated in the business plan. And what we also think is that farmer will try to find out how the ecological
and economic system can balance.

2.

Do you believe that it is important here in the province of ____ to shift from intensive agriculture into
environment-friendly farming system that also help increase agricultural productivity and yields? Why? Which
farming practices do you think are environmental-friendly? Which farming practices increase yields and
productivity? Among these farming practices, which do you think will both increase agricultural production,
produce higher income and are environmental-friendly?

"Nature-inclusive" farming is something, there is a lot of there in between, we have agriculture environment
services so in the province a lot of farmers do agri-environment services so is this "nature-inclusive" farming
that's the question. So it’s a part but when you see in here, I think "nature-inclusive" farming should be
without subsidies it should self-sustaining but then you need a system where people will pay for the products
that will be produced like that. And we are not that far without subsidies, it is not possible right now, so
I think agriculture-environment services is a form of "nature-inclusive" farming and there are also farmers
who are trying to do something with their soil with their to make it more organic or something like that
or biological farmers who are already in biological farming they are also already "nature-inclusive" farming
but some of those farms can be more specific on biodiversity even a little bit more so but there is nothing
100%. So there are a lot of farmers who are doing but there is still a lot farmer even more farmers who are
doing nothing about it. So ther has to be, a lot of more to be done.

Challenge is to find a way to fit in their business plan. and there are a lot of farmers are in contract with their
dairy mil company or contracting meat company. So it is very hard for them to change them so the companies
who they have contract with have to change also. It is easier for them when the go to small/direct selling, it is
easier for farmers because then they can influence the price but when they are in the long chain, it is very hard
for them to influence the price.

It takes time. But they have to get knowledge also that’s why we have the subsidy we have is about
knowledge and about the consciousness of their environment so the farmers they will raised like in school, so
we have to do it like very rational and they have to learn other things again. How our system
working around us, the nature system, the soil system the water system. How does it work and how can we
contribute to it to make it more sustainable so they have to learn it about their own environment? And that's
where our subsidy, is that is the first step to learn the people. And the second part is to change the business
plan and think and maybe transitional phases, step by step.

We need a system change. if there is no system change there will no 100% "nature-inclusive" farming. And
there will be always be intensive farming, it will always be mixed. It is all like system thinking, if we
want to produce for the world, then we need intensive farming. But if we don’t want to produce anymore for
the world, we only want to produce for ourselves, we have enough space then we can make it different. but
we also have the world economy is pressuring.

Environmental integrity in Netherlands is very low. We have too much manure, too much phosphate we have
like special, from EU we have special exemption to have more manure and to have more phosphate. We have
so many animals so we produce so many manure. In relation to country it's too much. We have exemption, so
we have to lower it and the question is, can we keep that derogation and if we don’t keep that deregulation
and the no. of animals have to go down.

I make a different between intensive which is in staple like chicken which are only stable or like the ground
farming, milk cattle, or meat cattle like mostly cows. It has to be bounded an area of ground so you have to
get your manure and close it. Now we have the circular agriculture the minister has new vision for
agriculture so we have to close the system more and more. And we have to think what to fit and what do we
do with the manure and close for ourselves and it’s the question what is the distance we measure for cutting
food for the animals. I think if you have to be nature-inclusive it has to be local, regional circular thing.

3.

Are there many farmers utilizing nature-inclusive farming in the province? How about in river floodplain? How is
nature-inclusive farming in river floodplain benefit the farmers, the community and the environment? Do you think
that farm located in river floodplain has more advantage? If yes, what are the benefits and hindrances?


Our policy in the province is in the river bank is about water and nature and outside the riverbanks or behind
the dikes, it’s about agriculture. So in the riverbanks it has to follow water and nature always. So in
the riverbanks there are some places that are more intensive but like Wageningen and it has all agriculture
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4.

environmental services that agriculture there is. So it is not really intensive agriculture so it only behind the
dikes that are intensive agriculture.
On the floodplain there is still agriculture. But it's not really agriculture. Maybe there is farming on it but that
farming is part of nature.
Arnhem is all nature. There is no farming. But if there is farming it is agriculture environmental it is part
of the nature management. Nature is so this is like there no "nature-inclusive" farming but this farming is
more like its nature and you can farm on it. It’s the other way around. It has like rural planning it has the
destination of nature. The system has strict zoning. This is the city area, this farming area, and this
is nature area. And everything is describing and this is the nature area and farmers can do management on it
for nature.
The most greener "nature-inclusive" farming. Since 1992, we are in Netherlands building the nature network
but is has to be free so the farmers have to be willing to change to nature. That's something else than "natureinclusive" farming because farming is going out. it has to be all nature.

Is the distance from the river is important to the environment and productivity? Are there any rules/regulations
about the agricultural land and distance from the river in the province? What do you think should the distance from
the river to the farmland should be?

No certain distance for agriculture land. The policy is very simple, nature plan then that where we have our
nature and other colors is other uses.

Nature plan – green – nature very close to agriculture

Local economy and urban-rural synergies:
5.

I.

Do you have any suggestions, in terms of economic, social and environmental aspects, what should natureinclusive farming consider? What investments are needed?

They have to invest in the soil. Start with the soil then they can do something about landscape. One of the
things are important to make it better and maybe for some specific species. They can start with the soil and a
lot of farmers do this that's the first steps. Agri-environmental schemes what they can do is like. it should be
part of the total business plan.

Expert 9
Date of interview: January 24, 2019

Interview guide questions for key institutions:
Perspectives on “nature-inclusive” farming:
1.

Do you believe that it is important to shift from nature-inclusive agriculture in the floodplain (Rheden and
Arnhem)? Why?

Farmers need to change. But they have to find a way of farming where they can leave from.

The problem in the floodplain is they have several farms which are very big farms, they don’t have enough
land for nature-inclusive farming.

They talk to farmers how they look on the future. The problem was the Lek are off ground. They don’t have
enough land to farm on. If they want to farm more extensive they need more land. There is no more land.
They want it but they need more land.

The only solution we see and also the farmers that we buy one or two farms inclusive more land to make
room for farmers to stay in the area.

There are milk farmers, and also have small amount of grains (tarve) or wheat, maze in Ijssel.

Farmers are used to the overflow of river water. Farmers following the prediction of the water heights and
they know exactly when is going to happen and they have time to get cows out of the floodplain.

5.

What do you think is/are or will be the positive and negative effects of nature-inclusive farming in the floodplains
to farmers, the environment (river) and the economy?

There are no differences. Some parts of the floodplains, there are high nature potentials and more chances to
reach ecological goals. Floodplains are good agriculture soil. When the water has normal height the water is
very low. IJssel is very deep and fast flow. The bottom is getting deeper by 2 cm every year. It’s getting
deeper every year. The floodplains getting higher slowly and bottom of the river is getting deeper. The
farmers don’t use the water for cows or irrigation.
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6.

The project initiative is to recreate the system where farmers can use the vegetation and cow manure and
make organic fertilizer. And collaboration with nature organizations and NMU and Statsosbeheer and
agriculture farmers.
Challenge: land availability
One farmer has shop and sell products to the whole region. And lot of people from Arnhem that sell products
on this farm. Marketing about milk of cows is necessary that products come from nature-inclusive farming
then ask for higher price of milk. The farm is also function for education. It has solar panels in the farm. He
is working with nature. (Arnhem). The farm is open for people in city. There’s a lot of people coming from
his farm.

In your project, what do you mean by “future-proof” or climate-proof landscape? Do you think nature-inclusive
farming will contribute in achieving this? How?

The goal of the project is climate adaptation. During summer the river is very low, the sheep on the river has
problems to travel on the river, one goal is to make river a better use or navigate for sheep. Same situation
when the river is high, water cannot get good enough down streams, dikes water cannot go through. The
project team is investigating to lower the dikes so water can get downstream to prevent flooding.

Future proof is for climate change. And we are also looking on the future of farmers that the farmers have
also future. Therefore, we talked to farmers to ask them how they are looking to the future. What problems
they have on the land.

What problems? (documents on the website)

Land use and ecosystem:
7.

What do you think will be the benefits of having a diverse environment and different land uses in an agricultural
area located in floodplains?

Floodplains, you can only use it for grass. You cannot produce potatoes because you don’t know when the
water will overflow. If that the case, crops will be destroyed. Water level prediction is necessary. Most water
level increase is during spring and winter but also may overflow on summer.

8.

How do you try to balance water safety and development of economy, nature and recreation through agriculture?
(Source: https://www.rivierklimaatpark.nl/default.aspx)
Solution direction 1: Room for dikes and agriculture
With this solution direction, little changes to the appearance of the floodplain area and its agricultural use. The
current river system is maintained by strengthening the dikes. The experience of the area is improved.
Solution direction 3: Space for landscape and cultural history
The character of the historic floodplain landscape of the Upper IJssel is strengthened, cultural-historical elements
are made more visible and there is more space for nature and recreation in the flood plains. There is more
dynamism in the river system by lowering quays, ground level reduction and changes to banks.



9.

Priority is water safety in the project and the area is future-proof.
The project is trying to buy farms to accommodate the goals of the project. But it is very challenging as some
farmers have good location and established marketing models. However, if no land is available for the goals
of the project and for the proposed solutions, the project scope is getting smaller. (land swap or land sharing)

What are the spatial measures or guidelines in implementing "nature-inclusive" farming? Do you think that farm
located in river floodplain has more advantage? If yes, what are the benefits and hindrances? Is the distance from
the water bodies (e.g. river) is harmful to the environment? Or it helps more in terms of productivity? Is farm
located near the city has more advantages than the farthest one? What are those advantages?

Farmers know how to use the area.

Climate-smart agriculture

Local economy and urban-rural synergies:
10. What could be the contribution of nature-inclusive farming located in the peri-urban areas to the urban and rural
area in the floodplains? Do you see any relationships or linkages between nature-inclusive farming and urban
environment?

Agricultural conversion is present in Rheden. However, urbanization also make the area accessible to the
markets. One farmer optimizes the location of his farm area. One farmer sees urban areas as potential clients.

If you Ask farmers to leave the area, they kneed new location to start their farm.
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Appendix 4. Conceptual modelling
Assumptions:
1. Model 1 or business as usual has no changes in agricultural land area
- Willing to buy and consumer confidence points for province asssumed to be the same in the municipalities since no disaggragated
data by municipalities.
2. Model 2 or transitional farming
- 50% reduction in agricultural land area (arable, fallow and grassland).
- Area (ha) deducted will be allocated to nature reserve . Fallow land remain uncultivated.
- Willingness to buy and consumer confidence will increase by 50%. It is assumed that consumers considers not only financial capacity but the way farmers
sustainably produce food.
- There is no disaggregated data by municipality. Estimated gross yields of municipality using CBS sata in 2016 is computed as follows:
Total gross yield of the province X Total arable area of the municipality / Total arable area of province = Total gross yield of the municipality
a. Overijssel
Model 1 No change
2,335,504,000.00 gross yield of Overijssel x 123.000 ha Deventer /
1,405,366.00 = 204,407 kg
Model 2 Transitional farming
2,335,504,000.00 gross yield of Overijssel x

61.500 ha Deventer /

1,405,366.00 = 102,204 kg

b. Gelderland
Model 1 No change
2,165,075,000.00 gross yield of Gelderland x

19.000 ha Arnhem

/

2,052,964.00 = 20,038

kg

Model 2 Transitional farming
2,165,075,000.00 gross yield of Gelderland x

9.500 ha Arnhem

/

2,052,964.00 = 10,019

kg

Model 1 No change
2,165,075,000.00 gross yield of Gelderland x

196.000 ha Rheden

/

2,052,964.00 = 206,703 kg

Model 2 Transitional farming
2,165,075,000.00 gross yield of Gelderland x

98.000 ha Rheden

/

2,052,964.00 = 103,352 kg

c. Utrecht
Model 1 No change
187,307,000.00 gross yield of Utrecht

x

78.900 ha Vianen

/

96,011.00 = 153,925 kg

Model 2 Transitional farming
187,307,000.00 gross yield of Utrecht

x

39.450 ha Vianen

/

96,011.00 = 76,963

kg

3. Model 3 or nature-inclusive farming
- Arable land is used as production land and grassland.
- 25% of arable land was used as grassland
- No reduction in grassland. It has mixed land use functions such agriculture, recreation, and tourism.
- Nature reserve remains nature area but used as educational area as well.
- Willingness to buy and consumer confidence will increase by 100%.
- With additional sources of income
a. Overijssel
Model 3 Nature-inclusive farming
2,335,504,000.00 gross yield of Overijssel x

92.250 ha Deventer /

1,405,366.00 = 153,305 kg

b. Gelderland
Model 3 Nature-inclusive farming
2,165,075,000.00 gross yield of Gelderland x

14.250 ha Arnhem

/

2,052,964.00 = 15,028

Model 3 Nature-inclusive farming
2,165,075,000.00 gross yield of Gelderland x

147.300 ha Rheden

/

2,052,964.00 = 155,344 kg

59.175 ha Vianen

/

96,011.00 = 115,444 kg

c. Utrecht
Model 3 Nature-inclusive farming
187,307,000.00 gross yield of Utrecht

x

kg
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Appendix 5. Selection criteria for best river section for nature-inclusive farming
This table shows the criteria used in identifying the river section and study areas with the best
opportunity for nature-inclusive farming. The criteria were based on the results of map analysis and
conceptual modeling.
Table 15. Summary of socio-ecological characteristics of study areas to determine the river section
with best opportunity for nature-inclusive farming.
Category
River
Urban
classification

Deventer
IJssel
Medium-sized

Vianen
Lek
Peri-urban

Rheden
IJssel
Peri-urban

Arnhem
Nederrijn
Metropolitan

Urban
structure
Advantage

Compact

Compact

Scattered

Compact

Accessibility to urban
markets
Compact

Accessibility to urban
markets
Compact

Accessibility to urban
markets
Scattered

Accessibility to
urban markets
Scattered

Land use
composition

Arable land,
grassland and builtup

Permanent grassland,
natural grassland,
arable land, and
buildings

Permanent grassland,
arable land, natural
grassland, temporary
grassland, and
buildings

Grassland,
permanent
grassland, arable
land and buildings

Dominant
agricultural
land use

Grassland

Grassland

Grassland

Grassland

Percentage of
protected area

Low

Low

Very high

High

Flood
protection

Surrounded by dikes

Surrounded by dikes

Some agricultural
areas are surrounded
by dikes and large
area are located
before the dikes

Some agricultural
areas are
surrounded by
dikes and some are
located before the
dikes

Dominant land
ownership

Private

Public

Small-holders

Public

Transition
measures to
natureinclusive
farming

Moderate

Low

High

Low

Agriculture
spatial
structure

5

5

Percentage of protected area: < 50% = low; > 51 – 80 % = high; > 81 – 100% = very high
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