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I would like to thank my supervisors Gabrielle and Homero for their insights and input.

Towards diverse landscapes

V

ABSTRACT
Dutch cultural landscapes are losing their diversity. Losing landscape diversity leads to
the loss of biodiversity, sustainability, and legibility of Dutch cultural landscapes. Various
disciplines including landscape architects try to reverse landscape diversity decline.
However, there is an intense focus on improving biodiversity, overlooking the other factors
that determine landscape diversity: geodiversity and human activity. These three factors are
conceptualized as the landscape diversity concept. This concept has not been operationalized
within landscape architecture research yet. Therefore, this research aims to combine the
knowledge of the three factors into useable design principles that landscape architects can
use when improving landscape diversity in cultural landscapes.
The Research For Design approach identified important indicators belonging to the three
factors of landscape diversity. These indicators have been used in two ways. First, these
led to ten preliminary design principles, second, the indicators have been used for the indepth landscape analysis. A grid-cell approach was used to analyse the indicators of the
factors. This analysis was done for the Mergelland region in South Limburg. This is a bocage
landscape, a cultural landscape in which landscape diversity is disappearing. The results of the
landscape analysis fine-tuned the preliminary design principles and resulted in opportunities
and problems within the research area. Within the Research Through Design approach, the
final thirteen design principles have been tested by designing. General findings are that
the in-depth landscape analysis was crucial in finding opportunities and problem areas,
especially if this framework will be verified in similar bocage landscapes. To conclude, eight
out of the thirteen design principles appeared to be the most effective since these overlap
multiple indicators. Four out of the thirteen design principles create a landscape structure.
Within this structure, the remaining design principles address issues related to erosion and
biodiversity. These results are relevant as the framework of factors, indicators and design
principles can be used in similar landscapes.
Keywords: Landscape diversity, Framework for landscape diversity, Research For Design,
Research Through Design, Grid cell approach, Bocage landscape, Mergelland
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1. INTRODUCTION
1.1 Landscape diversity at risk

According
to
Vereniging
Nederlands
Cultuurlandschap (VNC) (2010) and Strootman
(2020), Dutch cultural landscapes are losing
their diversity, they crumble, and look more
and more alike, see Figure 1. “The term
“cultural landscape” embraces a diversity of
manifestations of the interaction between
humankind and its natural environment” (WWF,
2020, p. 86). Since humans settled within the
Netherlands the natural landscape, became
a cultural landscape. Human interference and
especially agriculture, changed the natural
environment in different ways, depending on
the abiotic and biotic circumstances. These
different (a)biotic circumstances and human
interference resulted in numerous cultural
landscapes within the Netherlands (Barends et
al., 2010; VNC, 2010b). There are 78 regions
with their own characteristics (Baas & Raap,
2017), that clearly distinguish every region and
gave them their unique identity (Stobbelaar &
Hendriks, 2004), see Figure 2.
Preindustrial agricultural landscapes had higher
biodiversity, they were more sustainable and

more legible than now. Moreover, they were
the by-product of the need to produce food
in a functional way (VNC, 2010b). Since the
industrial revolution, the human population
and its activity has grown progressively (WWF,
2020); resulting in city and infrastructure
expansion and the modernization of agriculture,
this led to the loss and fragmentation of
these cultural landscapes and their diverse
characteristics (VNC, 2010b). The loss of the
characteristics within these cultural landscapes
again has a strong connection with agriculture
(Guldemond & Kloen, 2002). This happened
after the Second World War (WW II), when
scale enlargement and land consolidation
projects resulted in the removal of hedgerows,
microrelief, and herb-rich pastures. These
were replaced by barbed wire, flat fields, and
monoculture grasslands to be able to produce
for the world market (Metz, 1998). By losing
these characteristic elements the landscape
became less biodiverse, sustainable, and legible
(VNC, 2010b).

1.

2.

3.

4.

5.

6.

7.

8.

9.

Figure 1 Some agricultural fields and farms throughout the provinces of the Netherlands. 1. Limburg 2. Overijssel 3. Drenthe
4. Zeeland 5. Friesland 6. Zeeland 7. Flevoland 8. Zuid-Holland 9. Groningen (VNC, 2010a).
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Landscapes have always been altered by
men and this will continue to happen. With
the recent loss of diverse cultural landscape
and their characteristics, future landscape
developments need to be guided. To inspire
future changes within the landscapes it is
important to understand past landscape
changes (good and bad) of a particular cultural
landscape, learn from it and translate them
into the present needs of a specific cultural
landscape (Baas & Raap, 2017; VNC, 2010b).
So, understanding and then reinforcing these
fragmented regions is important because
diverse landscapes contribute to and improve
biodiversity, sustainability, legibility of the
Dutch cultural landscape (VNC, 2010b). One
of these cultural landscapes that needs to be
reinforced is the bocage landscape.

1.2 The bocage landscape
The bocage landscapes within the Netherlands
are disappearing slowly (Nieuwsuur, 2018;
Strootman, Groot, & van den Wittenboer, 2020)
especially since the second half of the 20th
century (Guldemond & Kloen, 2002). Just like
other cultural landscapes bocage landscapes
are calved away by city and infrastructure
expansions, modernization within agriculture
and more recently the placement of large solar
fields due to the energy transition.
Bocage landscapes are, in general, semi-open
landscapes with small irregular plots that are
divided with hedgerows, wooded banks or
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stone walls (A.G. Jongmans, van den Berg,
Sonneveld, Peek, & van den Berg van Saparoea,
2013; Oxford University Press (OUP), 2019)
that functioned as livestock barriers (Strootman
et al., 2020). Within the Netherlands, there
are still some bocage landscapes left, see
Figure 2. Despite an unambiguous definition,
bocage landscapes show a lot of variation. This
can be explained by the difference in abiotic
circumstances, like soil type, in turn resulting in
different types of biodiversity. Also, the natural
environment affected human activity in the
bocage landscapes, resulting in differentiated
Dutch bocage landscapes
Within the Netherlands, there is one bocage
landscape that differs a lot from the rest. It is
in the South of Limburg; this region can also
be called ‘Heuvelland’. Within this region,
there is a bocage landscape called ‘Mergelland’.
These names already explain why this is a
unique bocage landscape in the Netherlands.
Heuvelland can be translated into hillsides;
this is the only region within the Netherlands
that has hills. Mergelland can be translated into
‘Marl land’; only in this region, you can find
marlstone.
Mergelland will be the project area for this
thesis since the characteristics of this cultural
landscape have almost completely disappeared
due to human activity. This resulted in losing
biodiversity, sustainability, legibility of a unique
bocage landscape in the Netherlands.

Legend
The 78 regions with their
own characteristics
Regions with bocage landscapes
South Limburg / Heuvelland
Mergelland

Figure 2 78 regions with different characteristics. The grey and black regions are entirely or partly bocage landscapes. Mergelland is in
the South of the Netherland. The zoom-in map of Mergelland is adapted from (Rijksdienst voor het cultureel erfgoed, 2019a).
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1.3 Project area - Mergelland
As already stated, the bocage landscape
Mergelland in the South of Limburg will be the
project location, see Figure 2. It is a unique
physical geographical region for the Netherlands.
However, it is not unique if you look beyond
the Dutch border (Bureau Lantschap, 2010),
see Figure 3. The region Mergelland is a large
area (10.000 ha) between the river Meuse,
Geul, and Belgium border (Rijksdienst voor het
cultureel erfgoed, 2019a, 2019b). The region is
largely located on the Margraten plateau 140
meters above sea level. Through time multiple
rivers have incised the plateau, resulting
in height differences and corresponding
landscape zones, such as the plateaus/terraces,
slopes, and valleys (Kennisnetwerk OBN, 2017;
Rijksdienst voor het cultureel erfgoed, 2019b).
Because of these landscape zones, Mergelland
has a unique diverse bocage landscape that
cannot be found elsewhere in the Netherlands.
However, this landscape can be found in
Germany and Belgium as well. Therefore, the
results of this research can help improve similar
cultural landscapes beyond the Dutch border.

A2

A79

Maastricht
Aken

Tongeren

E40

Waremme

Luik
E42

Eghezée

Figure 3 Similar landscapes like Mergelland can be
found across Dutch borders. Figure adjusted from (De
Limburger, 2020).

1.4 Problem statement
The focus of this research and design is the
decline of landscape diversity. As stated in the
previous chapters, Dutch cultural landscapes
like the bocage landscape have been fragmented
or erased. This is the result of increased human
activity since the industrial revolution (WWF,
2020). The modernization within agriculture,
city and infrastructure expansion, and more
recently the energy transition are just a few
examples that calve away the differentiated
characteristics of the Dutch cultural landscapes

(Šálek et al., 2018; Strootman, 2020). This
in its turn leads to the loss of biodiversity,
sustainability, and legibility of the Dutch cultural
landscape (VNC, 2010b).

1.5 Knowledge gap
This research addresses the decrease
of landscape diversity of Dutch cultural
landscapes. This will be done with the concept
landscape diversity as explained by Leser and
Nagel (2001). Their concept is divided into
three factors: geodiversity, biodiversity, and
human activity. This concept will be explained
in section 2.1.
Every factor of the concept landscape diversity
as explained by Leser and Nagel (2001) has been
thoroughly researched. However, they conclude
that it has been done monodisciplinary and
through a specific thematic lens this is especially
true for research focussed on biodiversity.
Biodiversity is predominantly researched by the
discipline ecology. Ecologists within the 20th
century had a holistic approach to theory, and
a multidisciplinary approach to methodology
(Leser & Nagel, 2001). However, more recently
it seems to be more and more mono-disciplinary
or mono-sectoral approaches (Leser & Nagel,
2001). Twenty years later, biodiversity is still
researched with a narrow perspective (Pascual
et al., 2021) and ignores the importance of the
spatial dimension (Leser & Nagel, 2001). This
resulted in conservation agendas and legislation
that are not sufficient in stopping biodiversity
decline (Brilha, Gray, Pereira, & Pereira, 2018;
Comer et al., 2015; Leser & Nagel, 2001;
Pascual et al., 2021). This intense focus on
biodiversity results in the fact that geodiversity
is overlooked, without geodiversity there can
be no biodiversity and vice versa (Brilha et al.,
2018; Comer et al., 2015).
Besides biodiversity and geodiversity, Leser and
Nagel (2001) also emphasize the role of human
activity and that earth and biological sciences
have a monodisciplinary view, overlooking the
importance of human influences (Leser & Nagel,
2001). Within section 2.1 all three factors of
the concept will be explained more thoroughly.
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The concept landscape diversity as explained by
Leser and Nagel (2001) is a holistic approach since
it stresses the importance of multidisciplinary
research instead of monodisciplinary. It tries
to “shift away from the biodiversity level and
towards the landscape diversity level, a shift
away from the ‘species richness approach’
and towards a ‘landscape-ecosystem-specific’
approach, and a shift towards the preservation
of the ‘natural dynamics’ of ecosystems (human
activities not excluded)” (Leser & Nagel, 2001,
p. 141). Moreover, the spatial dimension of
all three factors is equally important within
landscape diversity research.
This concept has not been applied within
landscape architecture to reinforce Dutch
cultural landscapes and more specific the
bocage landscape Mergelland. Moreover, every
single factor can be explained with a set of
indicators. This step from factor to indicator
has not been done, especially not in such a way
that landscape architects can use it to improve
landscape diversity.
Thus, the knowledge that is missing is how to
translate the factors (geodiversity, biodiversity,
and human activity) into workable indicators
that can be analysed and translated into design
principles, that landscape architects can use to
contribute to an improvement of diverse Dutch
cultural landscapes.
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Having diverse landscapes is relevant for society
as well. A diverse landscape is a necessity for
all life forms, including that of humans. Since
there are still fragments of cultural landscapes
there is the option and chance to reverse the
situation of landscape diversity decrease.

1.7 Research aim and objective
This research aims to contribute to more
diverse cultural landscapes. This will be done by
making a design that is based on the concept of
landscape diversity.
The main objective of this research is to combine
knowledge from the three factors (geodiversity,
biodiversity, and human activity) of landscape
diversity, into usable design principles. These
design principles then are tested through
designing, resulting in a newly developed
approach that can be used to improve landscape
diversity.

1.8 Research questions
The main research question (MRQ) is as follows:
Which design principles help stimulate
landscape diversity within bocage landscapes
such as Mergelland?
The sub-research questions (SRQ) are:

SRQ I: What indicators can be linked to the
three factors of landscape diversity and how
The scientific relevance of this research is to can these be linked to Mergelland?
develop a more holistic approach that can
contribute to more diverse landscapes in the SRQ II: What design principles can be derived
Netherlands. This will be done by expanding from the indicators of landscape diversity?
the approach of Leser and Nagel (2001) and
making it applicable for landscape architecture The design question (DQ) is:
research and design.
How can a landscape design, that is driven
The landscape architectural relevance of this by design principles based upon the concept
research lies in the extension of the approach of landscape diversity from Leser and Nagel
of Leser and Nagel. The specific indicators of (2001), reinforce the Mergelland landscape?
the three factors can be used in other cultural
landscapes as well because the indicators are
not place-specific yet. The indicators can be
used in a landscape analysis, that leads to placespecific design principles. The tested design
principles can be used by landscape architects
in similar landscapes (beyond the Dutch border)
with the same challenges.

1.6 Relevance

2. THEORETICAL
FRAMEWORK
Within this chapter, the guiding approach of this research will be explained in
section 2.1. The factors of this approach will be defined in section 2.2. These
factors can be expressed by indicators, the chosen indicators will be given in
section 2.3. Based on these indicators and factors some preliminary design
principles can be made, see section 2.4. The landscape analysis, chapter 4, will
fine-tune the preliminary design principles. The factors, indicators, and design
principles together form the theoretical framework for landscape diversity.

2.1 Landscape diversity
The approach of landscape diversity as
explained by Leser and Nagel (2001) will guide
this research. According to the article of Leser
and Nagel (2001), there are three types of
diversity: (1) geodiversity, (2) biodiversity, and
(3) human activity

or organismic approaches. Meaning that
biodiversity research is paying less attention
to the topos-specific dimension (Leser &
Nagel, 2001). There is an intense focus on
biodiversity research on which conservation
agendas and legislation are based (Comer et
al., 2015; Leser & Nagel, 2001; Pascual et al.,
Geodiversity is about the diversity of abiotic 2021). Geodiversity is overlooked, even though
systems such as of relief or soil type. Biodiversity biodiversity depends on geodiversity and vice
is about the diversity of biotic systems, versa (Comer et al., 2015).
important concepts are species richness, intra/
inter species diversity, and ecosystems. Within The third type of diversity is called ‘human
biodiversity research mostly one of these activity. Biodiversity and geodiversity are the
aspects of biodiversity is described, without original environmental system, see Figure
mentioning other aspects that are important 4. This original system has been changed by
for biodiversity as well. Moreover, the spatial human activity. “Political, social, historical and
dimension is ignored or overlooked, and more economical processes” that now function “as
and more attention is going to microbiological input and regulators of the previously natural
landscape system” (Leser & Nagel, 2001, p.
136). This human interference changed the
original environmental system into a cultural
landscape. And there is a large diversity of
cultural landscapes because the original
environmental system was different.

Figure 4 Landscape diversity through time
(Leser & Nagel, 2001).

Furthermore, the concept landscape diversity
takes the spatial dimension of all three factors into
account. “It is not a simple cumulation of these
factors. Instead, it reflects the structural, functional,
spatial and temporal patterns of landscape
ecosystems” (Leser & Nagel, 2001, p. 141). Thus,
the concept landscape diversity of Leser and Nagel
(2001), can be split up into geodiversity, biodiversity
and human activity. Each of these factors will be
introduced and defined in the next section.

Towards diverse landscapes
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2.2 The factors
2.2.1 Geodiversity
The term geodiversity predates the term
biodiversity. Kevin Kiernan used the terms
landform diversity and geomorphic diversity
before 1990, after which it became used more
and more by geologists and geomorphologists,
to describe the diversity of abiotic nature
(Gray, 2013). The term geodiversity has been
defined in many ways since the term was
developed. The landscape diversity approach as
explained by Leser and Nagel (2001), involves
geodiversity. They describe it as follows: “The
term geodiversity designates the diversity of
abiotic systems, such as soil catena or climatic
gradients” (Leser & Nagel, 2001, p. 141). Gray
(2013) gives a more comprehensive definition
of geodiversity.

a list of all species in a large region is almost
impossible nor meaningful. Species change
in time and move around, thus making it hard
for researchers to be precise (Ricotta, Corona,
Marchetti, Chirici, & Innamorati, 2003). In other
words, the definition and a lot of research
ignore the spatial dimension within biodiversity
research, as stated the knowledge gap.
This spatial dimension is already more apparent
in the definition of Leser and Nagel (2001,
p. 135): “biodiversity can be defined as the
diversity of biotic systems; in other words,
the structure, function and dynamics of the
biotic parts of ecosystems such as populations,
species, communities and life forms.”

“Geodiversity: the natural range (diversity)
of geological (rocks, minerals, fossils),
geomorphological (landforms, topography,
physical processes), soil and hydrological
features. It includes their assemblages,
structures, systems and contributions to
landscapes” (Gray, 2013, p. 12).

Since species diversity does not address the
much-needed spatial component an alternative
approach to research biodiversity is needed.
This alternative approach is structural diversity,
see Figure 5. Structural diversity has proven to
be correlated with species diversity (Ricotta et
al., 2003; Uuemaa, Antrop, Roosaare, Marja,
& Mander, 2009; Walz, 2011). Structural
Within this definition of geodiversity, the diversity includes the spatial dimension, that
indicators that express geodiversity are already is much needed (Leser & Nagel, 2001) and can
given. Within sub-section 2.3.1 the chosen be addressed by the landscape architecture
indicators will be explained.
discipline.
2.2.2 Biodiversity
The term biodiversity was used more and more
after the Convention on Biological Diversity in
1992 (Walz, 2011). Their definition is also often
cited: “For the purposes of this Convention .
. . ‘Biological diversity’ means the variability
among living organisms from all sources
including, inter alia, terrestrial, marine and
other aquatic ecosystems and the ecological
complexes of which they are part: this includes
diversity within species, between species and
of ecosystems.” (Walz, 2011, p. 5).
Biodiversity is a complex concept, that can be
analysed through many levels and methods,
see Figure 5. Analysing biodiversity has mostly
been done through the following three different
levels: genetics, species, and ecosystems. The
level of species diversity is and has been used
frequently to describe, analyse, and monitor
biodiversity. However, more recently there have
been concerns if research focussed only on this
level is a good estimate of biodiversity (Walz,
2011). One of these concerns is that making

Structural diversity can be addressed through
a lot of different indicators. However, they
mustn’t overlap (Duelli & Obrist, 2003) when this
happens it can influence the results. Moreover,
multiple indicators should be used (Duelli &
Obrist, 2003; Frank, 2016; Wilson, England,
& Cunningham, 2016). A promising approach
for structural diversity is the ‘ecological
area sampling’ approach from Dierßen and
Hoffmann-Müller (2004) as mentioned in the
paper of Walz (2011). Sub-section 2.3.2 will
describe the indicators of this approach and
why it is promising.
2.2.3 Human activity
Human activity is the third factor addressed
in the concept of Leser and Nagel (2001). As
described in section 2.1. they describe human
activity as political, social, historical, and
economic processes that influence and regulate
the natural landscape system. And within every
historical period, there were different political,
social, and economical processes that steered
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Figure 5 Provisional domain tree of biodiversity based on the survey of 125 text documents in English (Kaennel, 1998).
Image is adjusted from (Duelli & Obrist, 2003). Blue indicates on which aspect of biodiversity this research will focus.

• Which landscape elements from different
periods are still present in the landscape as
remnants or intact. This will give an idea of the
current state of the cultural landscape.
• Which landscape elements have
disappeared. Since these could play a crucial
In the light of this research, the description of role within future landscape developments of
Leser and Nagel (2001) is too broad and abstract cultural landscapes.
to research. Looking into every period and
describing the political, social, and economical Culture is what man creates; it is man-made, or
processes that have steered the landscape to in the words of Leser and Nagel the products
of human actions. Within a landscape the
where it is now can be standalone research.
‘products’ that humans created are multiple
If one were to contemplate the cultivation of landscape elements, think of hedges that
a more diverse landscape, elements from older separate properties.
periods can be a source of inspiration. Thus, for
From now on the factor human activity will
this research it is important to find out:
be ‘Cultural landscape diversity’. Since I
am interested in the diversity of landscape
the layout of the previous natural landscape into
a cultural landscape. The processes of our time
are causing a loss of biodiversity, sustainability,
and readability of the cultural landscapes,
leaving behind hotchpotch landscapes.

Towards diverse landscapes

elements that are the result of human influence
(culture). A literature review will be done to
find the important landscape elements from
different periods, this will be the indicators of
‘Cultural landscape diversity’. These indicators
then will be analysed to find out where and to
what extent they are still present in the current
bocage landscape Mergelland. In sub-section
3.1.3 the indicators of cultural landscape
diversity will be given.

2.3 The indicators of the factors
Within this section, the chosen indicators
for every factor will be given. Starting with
geodiversity in sub-section 2.3.1, biodiversity
in sub-section 2.3.2, and cultural landscape
diversity in sub-section 2.3.4. Before explaining
the indicators of cultural landscape diversity, it
is important to describe the bocage landscape
of the research area in more detail, this is done
in sub-section 2.3.3.
2.3.1 Geodiversity
Five different indicators express geodiversity:
geomorphology, soil, hydrology, lithology, and
mineral occurrence (Dias et al., 2021). For this
research three out of five indicators will be
used, namely: (I) geomorphology (landform
and topography) indicator, (II) soil indicator
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and (III) water indicator. Lithology and mineral
occurrence have not been included since data
could not be found or was not found relevant
for this research. Al three chosen indicators
can be expressed spatially in maps.
2.3.2 Biodiversity
The ‘ecological area sampling’ approach from
Dierßen and Hoffmann-Müller (2004) are
split up into 10 indicators and are related to
the following superordinate issues: “cultural
influence and intensity of use, rarity of threat
of habitats, and structural diversity” (Walz,
2011, p. 12). This approach suits this research:
• because it includes more than one indicator,
• since it is a complete set of indicators,
• and there is no or a little overlap between
the indicators.
All ten indicators are listed in Figure 6,
according to their superordinate issue.
Moreover, every indicator is linked to a special
issue. For example, indicator 4: ‘total length of
all roads in m/ sq. km (5 m wide and outside
settlements)’, is related to fragmentation
and isolation of habitats and belongs to the
superordinate issue of use intensity.

Figure 6 Indicators of the
framework of spatial ecological
sampling. Adjusted table from
(Walz, 2011).
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2.3.3 The Mergelland bocage landscape
The cultural landscape of South Limburg is
unique and one of the oldest in the Netherlands.
Since the stone age, people are living in the
landscape (Kerkstra, Vrijlandt, de Jong, &
Houwen, 2007), this resulted in a valuable and
rich cultural landscape. Within this sub-section
a summary of the historical background of
the landscape will be given, this is needed to
pinpoint the indicators belonging to the bocage
landscape of Mergelland.
Stone age
There is an overlap in the geological time lime
(geodiversity) and the first people living in this
area (cultural landscape diversity), see Figure 7.
In the Old Stone Age when large parts of the
landscape were still formed by abiotic processes
(sub-section 3.2.1), the first settlements were
built by hunter-gatherers. This was after the
last ice age when the climate improved. These
settlements were built on the edges of the
plateaus, where they could oversee the valleys
(Barends et al., 2010; Kerkstra et al., 2007).
In the Mid Stone Age temperature increased
and the tundra changed into forest. This
temperature change influenced their diet and
lifestyle. There was enough food in the forest,
so they did not have to move around anymore
(Kerkstra et al., 2007).

these were the most fertile soils, to grow crops
without any fertilization. They kept livestock in
the forest. These first agricultural settlements
were self-sufficient. Later in the New Stone
Age, agricultural practices changed again. The
plough replaced the heel, this resulted in a mixed
farm with cattle and cropland. The manure of
the cattle was used to improve the declining
soil fertility (Barends et al., 2010; Kerkstra et
al., 2007). Not only agriculture was important,
but these early farmers also used flint that was
found on the surface. This was followed by the
first attempts to dig up the flint in shallow pits,
which turned into underground mining. They
dug narrow vertical shafts (1 – 1,4 m) that were
5 – 16 meters deep (see Figure 8) from where
they horizontally dug away the flint horizons
(Barends et al., 2010; Kerkstra et al., 2007).

Bronze and Iron Age
In the Bronze Age, people started to work
with metal, this resulted in better tools and
great transformations of the natural landscape.
More and more forests were turned into arable
land. And the forest was left impoverished by
ordination and litter robbery, leading to the
first wastelands in the South of Limburg at
the end of the Bronze Age. The settlement
pattern of this time was scattered farmhouses.
At the start of the Iron Age, there were still
unfortified settlements, at the end of this age,
In the New Stone Age, the first farmers the first oppida were built on high places in the
settled in the area. With their arrival, the landscape (Barends et al., 2010; Kerkstra et al.,
natural landscape changed into an agricultural 2007).
landscape. They removed patches of forest,

Figure 7 There is an overlap between the geological timeline and the first people living in South Limburg. Ice ages within the
Palaeolithic changed the geodiversity of the area while hunter and gathers already built their first settlements.
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Roman Empire
The time of the Roman empire is characterized
by an explosive development of new living and
settlement forms. There were large cities such
as Maastricht, smaller agrarian settlements,
and isolated farms. A large amount of food
was produced in South Limburg to feed the
legions. Villas were the core buildings from
which agricultural practices were controlled,
an average size of these villas with land was
between 5 – 10 hectares. There were only 10
villas, that have been discovered so far. All villas
are located on the edges of the plateau close
to valleys (Kerkstra et al., 2007) and nearby
important roads (Barends et al., 2010). So, it
is plausible that during the Roman Empire a
large part of the plateau was still covered with
dense forests or park-like forests. The new
building style of the Roman Empire introduced
new materials as well, such as limestone bricks
and roof tiles. During the mid-3rd century, the
influence of the Roman Empire decreased,
resulting in an abandoned plateau. The forest
took over again (Barends et al., 2010; Kerkstra
et al., 2007). There are not a lot of large/physical
remnants in Mergelland that remind us of the
roman empire. However, the Cristian faith
remained and can be found on almost every
crossroad (Kerkstra et al., 2007), see Figure 9.
Middle Ages
The cultural landscape as we know it evolved
since the early Middle Ages. The church and king
were the main characters. The king’s power was
expressed in manorialism through the nobility
that depended on him. The noble landlords
owned large parts of land called a ‘Heerlijkheid’,
this is the lowest administrative and judicial
unit in rural areas during this time. The farmers
within the Heerlijkheid were protected by
the noble, in return, they worked on the land
and relinquished a part of their harvest. The
church had in influence in multiple ways. First,
they had their farms, from where they started
to reclaim the land. The villages St. Geertruid
and Margraten did this. Second, reclamation
was also interesting for the church because
parishioners needed to give one-tenth of their
income of the harvest to the church. So, more
churches, more reclamation, and thus a higher
income for the church. This power by king and
church can still be found in the landscape, such
as the castles and churches (Kerkstra et al.,
2007).
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Figure 8 A vertical mining shaft.

Figure 9 Almost all crossroads have a small altar or cross.

Some settlement patterns of the Middle Ages
are still recognizable in the current landscape.
Roads were parallel to the streams in the
valleys. Settlements were situated in the valleys
on places where mixed farms could benefit
from: pastures in the valley, arable land on the
gentle slopes, forest on the plateau for livestock
grazing and fruit, and drinking water for people
and livestock. Large settlements like Maastricht
were along larger rivers. There were some
small villages on washouts of dry valleys, and
small ribbon settlements were located along
the brooks. To cross the stream, people made
use of fords. There are still some fords in the
southeast of the research area (Kerkstra et al.,
2007), see Figure 10.
Between 1000 and 1300 A.D. large
reclamations have turned the forest into arable
land. This was done from new villages that
were founded from older settlements located
in the valleys (Barends et al., 2010; Kerkstra
et al., 2007). The former name of the village
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Margraten was ‘Gulpen op den Berg’ this can be
translated into Gulpen on the mountain, named
after the village Gulpen (Barends et al., 2010;
Bureau lantschap, 2009). Village names with
-rade, -rode or -rath are reclamation villages
founded from older settlements, for example,
Eckelrade (Barends et al., 2010). At the start,
the reclamation was somewhat systematic
following the ‘boshoeven’ or in English ‘forest
hooves’ type of reclamation. These were
extended allotments consisting of wide strips
that are often set out perpendicular to the valley
direction. Every strip belonged to one farm, and
in between those strips, the forest remained in
the form of wooded banks. However, this type
of reclamation was not suited in an extremely
incised plateau, relief changed a lot resulting
in winding strips . Moreover, a lot of the forest
was already divided in the early Middle Ages.
This division had erratic boundaries, making a
systematic reclamation difficult. They reclaimed
the land block by block from the forest. The
demand for grain increased resulting in the
removal of wooded banks between the fields,
leaving behind wide-open fields. This image of
a wide and empty plateau became a guiding
principle of how we nowadays think of the
cultural landscape on the plateaus (Kerkstra et
al., 2007), Figure 11.

Figure 10 One of the four fords at the Gulp.

Figure 11 Wide open fields on top of the plateau.

Due to the reclamation, erosion problems
increased. The ‘graften’, are wooded banks
planted parallel to contour lines, were attempts
to reduce erosion (Kerkstra et al., 2007). Some
of these wooded banks are still present in the
landscape, but most of them are remnants of
longer and larger ones, see Figure 12.
Another landscape feature of South Limburg
has its roots in the Middle Ages due to the
erosion, namely the sunken road (Kerkstra et
al., 2007), see Figure 13.
The roads in between the villages on the open
plateau have a spiderweb structure. Older
settlements are at the edges of the plateau,
and younger ones are in the middle. The dry
valleys are a natural connection between the
plateau and valleys (Kerkstra et al., 2007).
Most settlements on the plateau lie at the
origin of a dry valley because run-off water
could be retained in a pool, this was used for
livestock. An example of this is the Bauwerkoel
in Termaar (Bureau lantschap, 2009), see Figure
14. Moreover, there was a road fork in the

Figure 12 A remnant of a Graft.

Figure 13 A sunken road used by a farmer to get to his fields.
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invention, that became used in the 19th century
on a large scale (Woud, 2020). This invention
next to the invention of artificial fertilizer is
responsible for a lot of large transformations
in the Dutch landscapes. The landscape from
before WW II had the highest diversity, that
declined rapidly after the war around 1950.
Maps from 1950 and earlier are often used as
a starting situation when improving landscape
quality and diversity (VNC, 2010b). Looking
at the topographical data of Mergelland in
1950 shows incomplete information about the
New age: 1501 - 1850
In the 16th century, architecture changed. allotment structure of cropland, see Figure 17.
Traditional timber framing or post-andbeam constructions changed into stone
constructions. These changes first happened
along trade routes, and later in all villages. The
ribbon villages were densified because the ‘carré
farm’, a square-shaped farm, was closed off by
connecting the living quarters and barn with
a port. By building with stone, mining activity
for limestone, sandstone, and flint increased.
The geological layers of the landscape became
visible in the houses (Kerkstra et al., 2007), see
Figure 15.
In the 18th-century, fruit farming became
as important as arable farming and livestock Figure 14 Bauwerkooel near Termaar.
because of urban growth in cities like Aken
and Luik. The (fruit) orchards were planted
around the agricultural settlements and
enclosed by hawthorn hedges (Barends et al.,
2010; Kerkstra et al., 2007). There was a large
variety of fruits in one single orchard, making
the orchards that are still in the landscape a
living fruit archive and an important habitat
for wildlife as well. The orchard had a double
function because cattle could graze under the
high-stem fruit trees (Bureau lantschap, 2009).
Until the mid-20th century, this external sight
of a belt of orchards around villages remained
(Kerkstra et al., 2007), see Figure 15. In the 19th
century, the political fragmentation came to an Figure 15 House made from limestone.
end (Kerkstra et al., 2007), in 1815 Limburg
became part of the kingdom of the Netherlands
(Bureau lantschap, 2009). With this change, the
first national policies were made to improve
national infrastructure. In 1825 the road N278
was made between Maastricht and Aken.
middle of these settlements, leaving behind a
‘dries’ this is a small meadow with or without
trees. On some driessen there are wells, and it
is a shared space between farmers to shelter
their livestock (Kerkstra et al., 2007).
At the end of the Middle Ages, almost all land in
South Limburg was cultivated, except for some
heathland, steep slopes and the highest areas
that were not covered by loess (Barends et al.,
2010; Kerkstra et al., 2007).

New age: 1850 - 1950
In the second half of the 19th century, the
industrial revolution started in the Netherlands.
This led to population growth and urbanization,
that continues to this day (Kerkstra et al.,
2007). The steam engine was an 18th-century

Figure 16 This enclosed orchard with hawthorn, still has a
double function. Most orchard don’t.
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Figure 17 Historical map of 1950 does not show all allotment structures, especially for cropland (beige colour) (Kadaster, n.d.).

Figure 19 The different types of allotment structures
(Geodesk Wageningen Environmental Research, 2010) with
an overlay of the current data about the allotment (Kadaster,
2021b).

Figure 18 This map indicates that there have only been
little/moderate changes in the allotment structures since
1830. (Provincie Limburg, 2010a, 2010b).

All reclamations within Mergelland have been
done during the Middle ages (Barends et al.,
2010; Kerkstra et al., 2007) and hardly changed
since 1830, see Figure 18. This simplifies the
allotment structure, the current allotment
structure is projected on top of the map with
the different allotment structures, see Figure
19. The most common allotment type is the
open fields, followed by almost a fifty-fifty
division of large block and mixed allotments.

The previous open field allotment structure
had larger allotments, that became divided
because of inheritance. This downsizing of the
allotments mostly happened near the villages
(Barends et al., 2010), an example of this is near
Herckenrade, see Figure 20.
The large block allotment structure, belonged
to the wealthy farms, churches or monasteries
(Barends et al., 2010), for example, North of
Hoogcrutz, see Figure 20.
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Hoogcrutz
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Bruisterbosch

Figure 20 The first image shows the open field allotment structure around
Herckenrade. The second image shows the large block allotment structure North
of Hoogcrutz. An example of the mixed allotment structure is near Bruisterbosch,
which is a combination of large block allotment and the open field allotment.
(Geodesk Wageningen Environmental Research, 2010; Kadaster, n.d.).

The mixed allotment structure is probably a 1. Bringing appropriate utilities to the
combination of the ones just described, for agricultural companies, such as power
example, east of Bruisterbosch, see Figure 20. 2. Connection of the farms to straight paved
roads, that have a greater carrying capacity that
is needed for the larger trucks and agricultural
New age: 1950 - present
During the second half of the 19th-century vehicles.
farmers in the province of Limburg owned by far 3. Adaptation of the buildings to the
the smallest of the lots compared to the rest of requirements of modern business operations.
the Netherlands. Moreover, the number of lots 4. Improving the grouping of the buildings
per company was twice as large as the national related to land use
average, while the company size was very small. 5. Control of the groundwater level. So that
The size on average was 5 hectares compared the grazing season could be extended, the
to 24 hectares in the rest of the Netherlands. grasslands improved, and the yields of cropland
The interest among farmers in South Limburg increased.
in consolidation and upscaling was low because 6. Improvement of the soil quality, because the
they could not afford to make the changes. mechanisation within agriculture demanded a
Around 1954 this changed in North and Middle better carrying capacity and water permeability
Limburg because the legislation was changed. of the soil.
Now the most active farmers decided how 7. A major change in the allotment. Dairy cows
to organize the consolidation and upscaling had to be milked all summer, so two-thirds of the
farmer’s plots should be adjacent to the (farm)
(Jansen & Rutten, 1992).
buildings. For arable farms, the crops needed to
It took a few more years for consolidations to be concentrated on one or a few plots. In any
take of in South Limburg. Around 1965 the first case, arable and livestock farms were required
consolidation plans were made for Mergelland to have 6 hectares of land around the farm. For
that were executed between 1980 and 2014 horticulture 3 to 6 hectares around the farm
(Regionaal Historisch Centrum Limburg (RHCL), was enough. However, this differed depending
2013; Rijksdienst voor het cultureel erfgoed, on the type of horticulture (under glass or open
2019b). The consolidation in Mergelland ground).
followed the eight goals that were made for the 8. A drastic change in plot shape. All plots had
consolidation projects (Jansen & Rutten, 1992): to be very large - at least 6 hectares in arable
and livestock farming and at least 1,5 hectares
in horticulture, and all regular shape.
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These goals of the consolidation and scale
enlargement led to the removal of farms out of
the villages, leaving behind empty villages when
other economical functions did not replace
them. Moreover, outside the settlements,
traditional landscape elements disappeared.
Some parts of the road network were replaced
(Jansen & Rutten, 1992), hedges and other
green linear elements disappeared almost
completely (Jansen & Rutten, 1992; Wallis de
Vries, 2009), and to improve water conditions
a lot of new ditches have been dug, replaced or
muted (Jansen & Rutten, 1992).

These changes can be seen on map when:
• the allotment structure is projected on
agricultural plots of 2021, see Figure 21
• the allotment structure is projected upon a
map with important cultural linear elements,
see Figure 22.
Within this sub-section, a more detailed
description is given about the Mergelland
bocage landscape. Some of the specific
indicators (remnant or disappeared landscape
elements) of the indicators belonging to cultural
landscape diversity have been described, these
will be displayed in the next sub-section.

Figure 21 The scale enlargement can be seen when zooming in on the map. The red outline shows a lot that is a bit larger
than 6 hectares, just as instructed in the consolidation goals (Kadaster, 2021b; Ministerie van Economische Zaken, 2021).

Figure 22 There are still some green linear elements in the landscape, for example, the graften (light green) and sunken
roads (dark green). The graften are parallel to the (dry) valleys to slow down the erosion. These linear elements are on plot
boundaries. However, the amount of graften and connection between them leaves something to be desired (Kadaster,
2021b; Provincie Limburg, 2005a, 2005b).

Towards diverse landscapes

23

2.3.4 Cultural landscape diversity
The diversity of landscape elements was the be analysed. How these indicators and those of
most before WWII. Some of these landscape geodiversity and biodiversity will be analysed
elements have disappeared or some remnants will be described in chapter 3 methods.
can be found. The diversity of those landscape
elements can be divided into three categories
(VNC, 2010b), namely linear and point elements
and allotment structure. These three categories
will be the indicators that express cultural
landscape diversity, see Figure 23. Moreover,
the figure shows the specific indicators as
well. These are remnant and or disappeared
landscape elements of which spatial data is
available (Figure 21 and Figure 22) and thus can

Figure 23 The three indicators of the factor cultural landscape diversity.
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2.4 Preliminary design principles
Based on the chosen indicators for the three
factors (see Figure 24), some preliminary design
principles can be made. Especially for the factor
biodiversity, since these indicators are linked to
specific problems. Geodiversity is the abiotic
basis for the other two factors, thus, has a
steering role for the other preliminary design
principles. The indicators of cultural landscape
diversity were introduced with a summary of
the bocage landscape Mergelland, sub-section
2.3.3. Leading to indicators that already could be
expressed with more specific indicators, making
it simpler to create preliminary design principles
related to the indicators. The preliminary design
principles related to the indicators of:
Geodiversity:
• Geomorphology, soil, and water are the basis
for the other design principles.
Biodiversity:
• Increasing the natural and semi-natural
habitats
• Change land-use practices
• Reconnect habitats
• Diversify areas with a low number of nontechnical habitats
• Change parcel size
• Increase the number of green linear elements
• Increase the number of small habitats
Cultural landscape diversity:
• Express the allotment structures
• Increase or reintroduce some of the cultural
linear and point elements
Interestingly,
these
preliminary
design
principles already show some overlap with
different design research, such as (Heusschen
Copier, 2019; Kerkstra et al., 2007), for the
same research area.
These preliminary design principles will be
amended since they are not yet related to the
research area. This will be done through an indepth landscape analysis. How this analysis will
be done will be explained in the next chapter.
The results of the landscape analysis will be
set out in chapter 4. Within chapter 4 the
preliminary design principles will be finalized to
apply them in a landscape design, chapter 5.
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Figure 24 Factors of landscape diversity and their indicators.
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3. METHODS
This chapter explains the methodology of this research. Section 3.1 introduces the
methodological structure of the research. Section 3.2 analyses the three factors of
landscape diversity, including how the separate indicators are measured and how
they are stacked into a conclusion map. Section 3.3 will explain how the final map
of the three factors will be made.

3.1 Overall methodological structure
This research can be divided into two parts:
Research For Design (RFD) and Research
Through Design (RTD), see Figure 25. Searching
for theoretical evidence will improve the
quality and reliability of the design (Lenzholzer,
Duchhart, & Koh, 2013). The act of designing
with that knowledge will be done in the
design question (DQ). These two methods will
give solutions on how to improve landscape
diversity in Dutch cultural landscapes by using
the landscape diversity approach from Leser
and Nagel (2001).
3.1.1 Research For Design
Within RFD the first SRQ will be answered. The
output of this SRQ is divided into two chapters.
Within the theoretical framework (chapter
2) every factor and corresponding indicators
have been introduced and defined. Within the
in-depth landscape analysis (chapter 4) this
framework will be applied to the research area
Mergelland.
The indicators have been found through the
following methods:
Method

Data

Why

Output

Literature
study

Articles,
books,
websites

Secondary
report
analysis

Articles,
reports,
books,
websites

To find
indicators
and how
they can be
used in a
landscape
analysis.

Description
of the
indicators
and how
they should
be analysed.
All factors,
indicators
and
preliminary
design
principles
will be
combined
into a clear
theoretical
framework.

Within this literature study, some information
already steered towards some preliminary
design principles. With this almost complete
theoretical framework in mind, an in-depth
landscape analysis will be done. Since the
indicators must have a spatial component; they
are the starting point of this in-depth landscape
analysis of the research area. This will be done
through the following methods:
Method Data

Why

Output

Map
inventory
and
preparation
(desk
and field
research)

GIS
datasets

To find out if the
indicators can be
expressed in maps.
When it does,
some data needs
to undergo some
spatial data analyses
before a conclusion
can be made.
To understand the
maps and landscape,
field research will be
done as well.

(adjusted)
Dataset for
every layer
that can be
analysed with
GIS.

In-depth
landscape
analysis

GIS
datasets

To make a
conclusion,
the individual
indicators will be
stacked, and they
will form the indepth landscape
analysis.

Concluding
analysis maps
of every
factor and
all factors
together.

The results of the in-depth landscape analysis
will be the input for the second SRQ. The
preliminary design principles, that already have
been addressed in the theoretical framework,
will be finalised.
The results of the first SRQ can be translated
into design principles in different ways:
• Every indicator can be translated into one
principle, or
• every indicator can be translated into
multiple principles, or
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• one design principle overlaps multiple Within this last method, there is some flexibility.
indicators.
The design principles can result in multiple
configurations. For example, when there are
To generate this output the following methods two locations where the same principle should
will be used:
be applied it could be the case that their
surroundings differ slightly. This means that the
outcome of the same design principles differs,
Method Data
Why
Output
or that an adjacent applied principle could
Literature Articles, To find out how
Final design
slightly alter another principle.
study
books,
to translate the
principles
websites indicators into
design principles
and what is needed
to implement that
principle in the
landscape.

Secondary
report
analysis

Articles,
reports,
books,
websites

that
finalize the
landscape
diversity
framework.

Secondary reports
will be used when
literature does not
provide enough
information on
how to translate
the indicators into
useable design
principles.

Design principles are an important step
between research and the act of designing. They
guide the designer in finding the right solution
for a specific problem in a specific place. The
output of this second SRQ will be the input for
the design question, in which the ‘Landscape
diversity’ framework with design principles will
be tested in the RTD phase.
3.1.2 Research Through Design
The output of the DQ will be a final landscape
plan in which the design principles have been
applied in the Mergelland landscape. Since the
research location is large, the testing of design
principles will be done on a smaller scale within
Mergelland. This makes it easier to get a grip on
the design principles and where and how they
should be applied for the whole region. This will
be done through the following methods:
Method Data

Why

Output

Review of The
knowledge output of
SRQ I + II

To check if there
are missing links
before the actual
design work
starts.

Some final
adjustments

Designing

To create a
design that
will increase
landscape
diversity and
reinforces the
Mergelland
bocage
landscape.

Landscape
design, with
sections
and visuals.
A final set
of design
principles.

Design
principles

Thus, there is a possibility that because of RTD,
the design principles need to be altered slightly
to have a final set of principles. Moreover,
some of these principles could be placespecific meaning that some principles can only
be applied in the Mergelland region and not in
similar regions as stated in the MRQ. The MRQ
will be answered in chapter 6 of this research.

Towards diverse landscapes

Figure 25 Research approach.
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3.2 Methods and materials to analyse the indicators
Within this section, the methods and materials
that will be used to analyse the indicators
will be discussed. Almost all indicators will be
analysed by a Geographic Information System
(GIS), in the case of this research ArcGIS Pro.
The research area is Mergelland and all data
that will be used will be clipped to the boundary
of this research area. The analytical methods for
the geodiversity indicators will be given in subsection 3.2.1, for biodiversity in sub-section
3.2.2 and cultural landscape diversity in subsection 3.2.3.

conserve those important locations (Zwoliński
et al., 2018). To be able to indicate places with
a high geodiversity is important because these
are interesting places for both biodiversity
and cultural landscape diversity. The indepth landscape analysis will show if these
locations with high geodiversity are linked with
biodiversity or cultural landscape diversity and
if they could be expressed. Thus, reinforcing
geodiversity and thereby landscape diversity.

Multiple steps need to be made to be able to
create this geodiversity index. These steps are
derived from Dias et al. (2021) some deviations
3.2.1 Geodiversity – geodiversity index
have been made that will be explained. Moreover,
There are many different methods to evaluate the following explanation is simplified:
geodiversity. They can be split up into
quantitative, qualitative, and mixed methods, • Step 1, the indicators need to be chosen and
see Figure 26. Creating a geodiversity index explained. These indicators together express
for a certain region is a quantitative method the level of geodiversity.
(Zwoliński, Najwer, & Giardino, 2018). This • Step 2, a grid needs to be made of which the
method is chosen because a qualitative cell size needs to be chosen. This grid will be
assessment of geodiversity requires a deep projected on every single indicator map.
understanding and the expertise of one or • Step 3, every single grid cell will get a
a group of experts (Zwoliński et al., 2018). In numerical expression.
that case, a qualitative or mixed assessment of • Step 4, every score in every cell of every
geodiversity is discouraged since this research indicator map will be added up in a final score
is done from the discipline of landscape for every cell.
architecture.
• Step 5, one single map, the geodiversity index,
will express where high or low geodiversity
A geodiversity index map indicates places with can be found in the research location. These
a low or high diversity within a certain research simplified steps can be seen in Figure 27.
location. By knowing the geodiversity index,
certain actions can be taken to protect or For the complete and technical explanation, I
reinforce those locations. It provides support to refer to the article of Dias et al. (2021).

Figure 26 Different methods to assess geodiversity adjusted from (Zwoliński et al., 2018).
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Figure 27 Simplified explanations of the assessment of indicators that together form the geodiversity
index. Figure adjusted from (Dias et al., 2021).
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Step 1: indicators
The chosen indicators for geodiversity and thus
the geodiversity index are (I) geomorphology
(landform and topography) indicator, (II) soil
indicator and (III) water indicator. These three
indicators can be expressed in maps, see Figure
27 for the chosen dataset, data type, scale, and
source. These maps and their outcome will be
explained in chapter 4.
Step 2: choosing grid size
An important step in making a geodiversity index
consist of choosing the right grid size. Making
the cells too large or too small can result in a
distorted image (Nijdam, 2019). To determine
the grid size the method of Hengl (2006) cited
in (Nijdam, 2019) will be applied. The grid size
can be calculated with the following formulas:
Formula

Cell size

Finest grid size

P ≥ SN * 0.0001

5x5m

Coarsest grid size

P ≤ SN * 0.0025 125 x 125 m

Recommended grid size P = SN * 0.0005 25 x 25 m

Where:
P= grid resolution and
SN = scale number
All three cell sizes have been tested before
choosing the most suitable cell size for this
research. The coarsest cell size (125 x 125 m)
was chosen for this research. When using the
finest cell size (5 x 5 m) every cell was scored
with zero or one and occasionally there was a
cell that scored two. So, this cell size was too
fine to be able to define the diversity of the
area. The same is true for the recommended
cell size (25 x 25 m).
The grid has been made with the data
management tool ‘Create fishnet’ within GIS.
Step 3: numerical expression of the indicators
The next step is to give a numerical expression
to every grid cell. This will be done as follows
for every indicator map:
• Every indicator map has a different numerical
expression and a different amount of legend
units.
• The data type of every indicator is in
polygons, see Figure 27. In some grid cells,
there are two polygons of the same legend unit.
To avoid a double count, the polygons with the
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same legend unit will be merged. This will be
done with the spatial analysis tool (SAT) in GIS
called ‘Merge’.
• Within every grid cell these legend units will
be counted. For example, in grid cell X there are
two different soil types thus the score of the
grid cell will be two. This will be done with the
SAT in GIS called ‘Spatial join’.
Step 4: adding up the scores of the indicators
The next step is to add the score of every single
grid cell of every indicator. This will be done as
follows:
• The attribute table belonging to every scored
indicator map will be downloaded in excel.
• The three scores of the same grid cell will add
up. For example, in grid cell X the soil indicator
had a score of 2, the geomorphology indicator
had a score of 4 and the water indicator scored
0. This resulted in a total score of 6.
• The final list will be imported into GIS, this
shows the geodiversity of the research area.
Step 5: geodiversity index
The geodiversity index map in step 4 will show
where the geodiversity within the research area
is higher and lower. Depending on the results
of this analysis I will specify what scores or
range of scores are considered as high or low
geodiversity. This decision will not be based on
theory or literature. It will be based on some
of the connections that can be made with the
results of the other indicators. Thus, which
scores or range of scores lead to opportunities
to include geodiversity in the design principles
that improve landscape diversity.
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3.2.2 Biodiversity – ecological area
sampling
Within the description of the indicators of the
‘ecological area sampling’ approach of Dierßen
and Hoffmann-Müller (2004) as described in
(Walz, 2011) measurement units are given.
These will be used to do the in-depth landscape
analysis. For five out of ten indicators (indicators
4,5,7,8 and 9) a grid cell approach can be made,
likewise the grid cell approach for the factor
geodiversity.
“The grid cell approach samples the
landscape by an overlay of a tessellation of
cells for which variables that are significant
for physiognomic properties. Most often a
square grid is used overlaid on a detailed
topographical map. Variables used are
indicators of landscape diversity and
complexity and expressed as landscape
metrics” (Antrop & Eetvelde, 2017, p. 288).
The other five indicators will be analysed
differently. Indicator 1, 2 and 3 will be
expressed in surface area (in percentages). This
can be derived from data attached to the maps.
Indicator 6 and 10 will be expressed with tables.
Indicator

Adjusted indicator

4. Total length of all roads (5m
wide) outside settlements
in m/km2

Total length of all
roads (5m wide paved
outside settlements) in
m/km2

5. Number of non-technical
habitat types per square
kilometre

7. Length of linear elements/
edge structures per km2

Legend items

Numerical expression of the indicators - grid
cell approach
In Figure 28 the chosen dataset, data type, and
source are given for the indicators that can be
analysed with a grid cell approach.
This grid cell analysis for the indicators of
biodiversity is different from the one used for
the geodiversity indicators. The differences are:
1. Grid cell size. Namely in square kilometres
instead of 125 X 125 metres.
2. The numerical expression of the indicators.
Within the geodiversity index, the occurrence
of X within the grid cell was counted. Within
this approach, the numerical expression of
some of the indicators differs. These are:
• Length of X per sq. km. (indicator 4 and 7)
• Average number of X per sq. km (indicator 9)
Within this grid cell analysis it is about
quantities per square kilometres, instead of
occurrence within the geodiversity index. The
third numerical expression ‘number of X per
sq. km.’ is similar to the grid cell analysis for
the indicators of geodiversity because it is also
about the occurrence.
Dataset

Data type

Source

BRT top10nl - wegdeel vlak

Feature class

(Kadaster Basisregistratie Topografie (BRT), 2021)

Terrain

BRT top10nl - terrein

Feature class

Kadaster Basisregistratie Topografie (BRT), 2021)

Waterbodies

BGT watervlakte

Banks

BGT ondersteunend waterdeel

Roadside with grass and
herbaceous plants

BGT_ondersteunendwegdeel

Wooded bank

BGT begroeidterrein

Hedge 1

BGT vegetatieobject

Hedge 2

(Kadaster, 2021)
Feature class

(Kadaster, 2022)

BRT top10nl – inrichtingselement lijn

Feature class

(Kadaster Basisregistratie Topografie (BRT), 2021)

Cultuurhistorische elementen

Feature class

(Provincie Limburg, 2005b)

Terrain

BRT top10nl - terrein

Feature class

(Kadaster Basisregistratie Topografie (BRT), 2021)

Semi-natural habitats

NATUUR.pas_habitatkaarten_v

Feature class

(Provincie Limburg, 2016)

Waterbodies

BGT watervlakte

Feature class

(Kadaster, 2021)

Banks

BGT ondersteunend waterdeel
WMS service

(BIJ12 & NDFF, 2021)

Tree line
Graft
Sunken road
8. Number of small habitats
(<400 m2) per km2

9. Average number of bird or
butterfly species per square
kilometre

Relative red list species
diversity per square
kilometre

Soortendiversiteit o.b.v. Rode-Lijstsoorten

Figure 28 The dataset, data type, and source of five out ten indicators for the factor biodiversity. Some small adjustments
have been made to one indicator, moreover, multiple datasets have been used for one indicator.
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Figure 29 Preparation steps in GIS for a few indicators of biodiversity.

3. Use of the output. The output of the
geodiversity index is related to opportunities.
The output of the indicators of biodiversity
are related to special issues or problems. So,
the numerical expression of the indicators of
biodiversity addresses the severeness of the
problems within the grid cells.
4. Single data set versus multiple data sets per
indicator. Some of the indicators of biodiversity
are made with multiple datasets, instead of one.
Thus, the preparation steps within GIS differ for
every indicator to be able to get a score for the
grid cells, see Figure 29.
The grid that will be used within the steps
‘Spatial join’ or ‘Summarize within’ will be made
with the data management tool ‘Create Fishnet’.
The ninth indicator has been adjusted. The
data needed for the analysis of this indicator
is available. The National Database Flora and
Fauna (NDFF), has a limit on how much data
it can provide. The size of the research area
resulted in a dataset that was too large. NDFF
suggested minimizing the research area. In this
phase of the research, this was not a possibility,
because there is no justification for choosing
one area above another.
However, there is a map about the relative red
list species diversity based on observations
from seven species groups, based on the data
from NDFF. This map indicates areas that are
more diverse than others, which addresses
the same special issue or problem related to
the indicator, namely the diversity of selected
species groups. There are no analytical steps
needed because the numerical expression is
already in X per square kilometre.

The numerical expression of the indicators surface area (in percentage)
In Figure 30 the chosen dataset, data type,
scale, and source are given for the indicators
that address surface area (in percentages).
Some data was not available or missing. Thus,
the numerical expression of the indicators
slightly changed, see the second column of
Figure 30.
Indicator 1
All nature in the Netherlands has been altered
by human activity, therefore there are only
cultural landscapes (VNC, 2010b). This suits the
definition of semi-natural habitats better. Seminatural habitats have most of their “processes
and biodiversity intact, though altered by human
activity in strength or abundance relative to the
natural state” (Ipbes, 2019). Therefore, I have
omitted natural habitats from the indicator.
There are no changes made related to the
numerical expression of this indicator. The
surface area of all semi-natural habitats is
included in the attached attribute table. These
surfaces will be added and subtracted from the
total surface area of the research location.
Indicator 2
Because of the data type (tiles) of the second
indicator, there is no detailed data attached to
the map. Thus, calculating how much surface
(in percentage) of the research is sealed is not
possible. However, the location of the sealed
surface can be addressed with a map.
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Adding up the scores of the indicators and final map
Since the indicators of biodiversity will
be analysed differently and have different
numerical expressions they cannot be added
up in the same way as done for the geodiversity
index. Since the individual indicator maps are
related to an issue/problem, the highest or
lowest scores of every indicator map will be
The numerical expression of the indicators– tables selected. These are the areas where biodiversity
Indicator 6 and 10 will be addressed with tables. needs to be improved to increase landscape
The data needed for the table of indicator 6 diversity.
originates from spatial data. The data needed
for the table of indicator 10 originates from Depending on the outcomes, a decision will
reports.
be made what scores qualify as high or low.
Every indicator map (indicator map 1, 2, 3, 4,
Indicator 6
5, 7, 8, and 9) will be projected on top of each
The sixth indicator has been changed slightly, other. Resulting in grid cells with a lot or only
all non-technical habitats have been included a few problems, or interesting combinations of
instead of only arable land and vineyards. problems.
Because not only arable land and vineyards are
related to the monotony of living conditions.
The average size will be calculated based on data 3.2.3 Cultural landscape diversity
attached to the terrain map of the Netherlands. Just like the indicators of geodiversity and
biodiversity, the indicators of cultural landscape
diversity will be analysed with a grid cell
Indicator 10
The last indicator is ‘percentage of endangered approach. The dataset, data type and source of
habitat types (according to red list or Habitat the indicators are listed in Figure 31.
Directive) in %’. For now, there was no literature
on the endangerment of the semi-natural Numerical expression of the indicators
habitat types. However, for every semi-natural Just like the indicators of biodiversity the
habitat type within a natura 2000 area, a relative indicators of cultural landscape diversity have a
contribution is given. Meaning the importance different numerical expression. These are:
of that habitat compared to the rest of the • Number of X per sq. km.
Netherlands (Natura2000, 2009). The relative • Length of X per sq. km.
contribution and targets of these semi-natural
habitats will be combined into one table.
Indicator 3
The third indicator is related to the special
issue of erosion. Some types of land use have
been included since these also play a role in
erosion, see the second column of Figure 30.
To produce a final map of this indicator some
spatial analysis steps are needed, see Figure 29.

Indicator

Adjusted indicator

Dataset

Data type

Source

1. Surface areas of natural and semi natural
habitat types in %

Surface areas of

NATUUR.pas_habitatkaarten_v

Feature class

(Provincie Limburg, 2016)

2. Proportion of sealed
surface in %

Proportion of sealed

Risico op ondergrondverdichting

Tiles

(Esri Nederland, Klimaateffectatlas, &
KWR, n.d.)

3. Proportional area of
arable land, viticulture,
and intensive woody

Proportional area of arable land,
grassland, and tree nursery with
slope > 9%

AHN3 0.5 dtm

Raster

(AHN, 2014)

semi natural habitat types in %
surface

plants with slope > 9%

Figure 30 The dataset, data type, and source of the three out of ten indicators for the factor biodiversity. Some small
adjustments have been made to the indicator based on the data that was found.
Indicator

Dataset

Data type

Source

1. Number of allotment structures per km2

Cultuurlandschappen Zuid-Limburg

Feature class

(Geodesk Wageningen Environmental Research, 2010)

2. Number of point elements per km2

Cultuurhistorische elementen punt informatie

Feature class

(Provincie Limburg, 2005a)

3. Length of linear elements per km2

Cultuurhistorische elementen - lijn Feature class
informatie

(Provincie Limburg, 2005b)

Figure 31 The dataset, data type, and source of the three indicators of the factor cultural landscape diversity.
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This different expression requires different
preparation steps within GIS to get a score for
the grid cells. The used grid will be made with
the data management tool ‘Create Fishnet’. The
scores for indicator 1 and 2 will be done with
the analysis tool ‘Spatial join’, for indicator 3 the
analysis tool ‘Summarize within’ will be used.
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3.3 Landscape diversity
conclusion
The three final maps of every factor will be
combined into one map, showing the current
state of landscape diversity within Mergelland.
Since the individual indicators have a different
numerical expression, the scores cannot
be added up into a number expressing the
landscape diversity. Thus, the final maps of
every indicator will be projected on top of
each other showing grid cells that are the most
problematic or where there is an interesting
combination of problems. With problems I refer
to the indicators of biodiversity and cultural
landscape diversity. The geodiversity map is the
foundation for opportunities for biodiversity
and cultural landscape diversity.

Adding up the scores of the indicators and final map
Since the indicators of cultural landscape
diversity will be analysed differently and have
different numerical expressions they cannot
be added up in the same way as done for the
geodiversity index. However, the scores within
the grid cells can be divided into higher and
lower scores. Depending on the indicator the
higher or lower scores for a single indicator
are more interesting. These will be selected,
comparable to the scores of the indicators of
biodiversity because these are the areas where
cultural landscape diversity could improve and From grid to design
Landscapes are complex systems. A grid cell
thus landscape diversity.
approach within a landscape analysis helps
Depending on the outcomes, a decision will be to abstract the complexity of the landscape,
made what scores qualify as high or low. Every identifies a difference between the cells and
indicator map will be projected on top of each allows the designer to apply focus within a
other, resulting in grid cells with many or only a large research area such as Mergelland. With
few remnant landscape elements, or interesting this outcome, a landscape design will be made
to solve some of the problems that are related
combinations of landscape elements.
to landscape diversity. However, a landscape
is a system that goes beyond the grid cell
borders. Thus, the results of a grid cell analysis
help finding the problems and/or opportunities
related to landscape diversity, but the design
itself should release the boundaries of the grid
cells.

4. LANDSCAPE ANALYSIS
Within this chapter, the results of the in-depth landscape analysis of every factor
will be discussed. This analysis is based on the indicators that belong to one of
these factors. Starting with geodiversity in section 4.1 followed by biodiversity in
section 4.2, and cultural landscape diversity in section 4.3. The description of the
origin of the cultural landscape has already been given in sub-section 2.3.4, hence
only the result of the grid cell analysis will be given. Each of these sections will
end with a conclusion map for every factor. In section 4.4 these three maps will be
projected on top of each other, showing the current state of landscape diversity
within Mergelland.

4.1 Geodiversity
Before explaining the results of the
geomorphological, soil and water indicators that
were used to create the geodiversity index it is
important to describe the geological timeline of
the study area.

meters; however, these differences have been
covered up with loess that was deposited by
glacial and glaciofluvial processes during the
last two glacials (Berendsen, 2008; Jongmans,
2013).

Four geological periods are responsible for
the geological deposits in South Limburg
(Kennisnetwerk OBN, 2017), see Figure 32.
Carboniferous is the oldest period, in which
poorly permeable deposits of sandstone,
shales, and coal were deposited. On these
Carboniferous deposits lie marine limestones
belonging to the chalk lime group of the
Cretaceous period, consisting of Maastrichts
Krijt, Kunrader Krijt, and Gulpens Krijt. Most
of these deposits were covered with marine
deposits during the Tertiary period. In-between
the marine limestones and marine deposits
there is a layer of lignite. During warm periods
in the Tertiary a peneplain was formed. These
warm circumstances led to the weathering
of limestone, from the cretaceous period
(Berendsen, 2008; Jongmans, 2013). Within this
lime, there was flint, that did not weather under
these conditions. Flint eluvium is a residue of
flint, limestone, and clay; this is a phenomenon
in South Limburg (Jongmans, 2013).
During the Quaternary period two processes,
tectonic uplift, and climate change resulted
in a terraced landscape. The river Meuse, and
smaller streams, incised the peneplain due to
the uplift. The Quaternary can be divided into
different sub-periods. Warm and cold periods
alternated. During interglacial periods, the
peneplain was incised and during glacial periods
deposits of sand and gravel accumulated.
The terraces have height differences of a few

Having this geological timeline helps in explaining
and understanding the geomorphology, soil,
and water maps of the study area These three
indicators are used for the factor geodiversity.
Before explaining the results of the indicator
maps and final geodiversity index (step 3/4/5),
every indicator of the area will be described
shortly based on their corresponding map (step
1).

Figure 32 Geological timeline of the study area.
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Step 1.1: Geomorphology within Mergelland
The morphology of the research area is
diverse, there are 29 unique morphologies, 21
of these have been described in detail. For a
detailed description, I refer to the document of
Peeters (2012). Figure 33 shows all 29 unique
morphologies sorted by the main morphology
they belong to, these are the plateau, terrace,
valley, slope, and other.

2. Moderately sloping 4○ -8○. These slopes are
found as plateau boundaries or as valley wall of
deeply incised dry valleys. In the slopes of these
valleys old geological deposits can be found.

The plateaus are relatively flat or sloping, high
terrain and, the relief is lower than 1○(Peeters,
2012), that are surrounded by steep slopes (>
4○) (Kerkstra et al., 2007). The plateau is the
oldest morphology in the area, a remnant of the
peneplain that was formed during the Tertiary
and incised and uplifted during the Quaternary
(Berendsen, 2008).

There are multiple springs on the slopes.
Rainwater is not only discharged superficial, a
large part infiltrates in the soil until it comes
across an impermeable layer, for example, clay.
Then the groundwater flows horizontally and
emerges as a spring (Kerkstra et al., 2007).

The terraces are relatively flat or sloping, inbetween high and lower terrain, and the relief
is lower than 1○ (Peeters, 2012).
The slopes can be dived into three different
slope classes (Kerkstra et al., 2007):
1. Slightly sloping 1○ - 4○ can be found in three
different locations:
• At the foot of the steep slopes in the
valley as a boundary of low-lying young
loess terraces and loess slopes
• At the ‘dalhoofdbekken’, that are
relatively shallow, upstream parts of
streams and/or dry valley systems.
• As a transition to the steep plateau
edge.

3. Strongly sloping >8○. These slopes can be
found south of the Kunrader fault. The research
area is south of this fault, so these slopes can
be found in the research area.

The valleys are the counter form of the plateaus.
The valley of the Meuse is the largest, in
addition to this valley there are multiple smaller
subsystems in South Limburg. The valley of the
Geul lies outside the borders of the research
area. The Gulp discharges on the Geul, a stream
that is within the research area. Next to this
permanent stream, there is a small part of the
brook ‘Voer’ and ‘De Noor’ in the research area.
There are a lot of dry valleys that occasionally
drain water. Most valleys have an asymmetrical
cross-section, this can be explained by the
conditions of the time they were formed.
During the last ice age, the soil was almost
permanently frozen, in the summer one slope
of the valley had more sun hours and thawed.
This led to mudslides and thus one side of the
valley that is steeper (Kerkstra et al., 2007).
There are a few morphologies that fall under
the category ‘other’, these morphologies are
the result of human influence (Peeters, 2012).

Plateau
Terrace
Slope
Valley
Other
Figure 33 Simplified geomorphology map of Mergelland.
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The third main group are the river clay soils,
these can be split up into ‘Poldervaaggronden’
and ‘Ooivaaggronden’. These soils are made of
‘zavel’ which consists of two components: clay
and sand. These soils are young and not fully
developed yet. Moreover, they have no humusrich topsoil (ten Kate et al., 1995). These soils are
not fertile, and thus not useable for agricultural
Before starting to explain the main soil group, purposes.
it is important to explain that loess is fine
loam that mainly consists of silt. That has been The fourth main group is old river clay soils and
deposited in the South of Limburg by aeolian more specific ‘Ooivaaggronden’ that consists
processes, this is a geomorphological process in of heavy ‘zavel’ and clay. This soil type does
which a landform is shaped by wind (van Trikt & not cover a large part of the research locations
when compared to the others.
Ahrens, 2009).
Step 1.2: Soil within Mergelland
There are 20 unique soils in the research area,
all are described in much detail by ten Kate, van
Holst, Kleijer, and Stolp (1995). For this research
that level of detail is not necessary, so the main
soil groups that can be found in the research
area will be discussed, see Figure 34.

The first main group is the brig soils and a little
bit more specific ‘Leembrikgronden’ (ten Kate
et al., 1995). ‘Leem’ means loam and thus these
soils are a result of aeolian processes, the loess
deposits. These soils are ideal for agriculture
purposes because they are generally very
fertile and retain water for a long period. It
can retain water and oxygen because it has an
open structure. Water and air led to chemical
weathering of the soil. Lime, clay and other
particles dissolve and seep into deeper layers
where they precipitate into a hard impermeable
layer (van Trikt & Ahrens, 2009).

The fifth main group is slope soils. Soils that
have a slope between 8-16% and even more
than 16% differ a lot on short distances. So,
they are divided into different associations
(Verhoeven, 2007). Four different associations
are within the research area, for more detail
about the associations I refer to the document
of Verhoeven (2007).
The last main group is other. They consist out of
build area and sand, loam, or gravel pits. These
two cannot be classified as soil, because in a
pit, soil is removed and in a built area it has not
been classified.

The second main group are the loam soils, and
more specifically the ‘Ooivaaggronden’. Just
like the ‘Leembrikgronden’ these soils mainly Step 1.3: Water within Mergelland
consist of loam, hence making them fertile (ten To create a geodiversity index, the layer ‘water’
first needs to be prepared. One important step
Kate et al., 1995).
is to divide all streams according to Strahler
stream order (Dias et al., 2021). This analysis
has been done, however, the data, at this time,
was incomplete. Missing different streams led
to a distorted stream order of the research area.
Hence, distorts the geodiversity index.

Old river clay soil
Brig soil
Loam soil
River clay soil
Slope soil
Other
Figure 34 Simplified soil map of Mergelland.
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Geul

Meuse

(Dry) ditch
Waterway
Water
Figure 35 Water map of Mergelland.

To make the geodiversity index, therefore I
deviated from the described method of Dias
et al. (2021). Within the dataset that is used
to make the water map, the layer ‘waterdeel_
vlak’ was chosen. This layer has three unique
units, based on the field ‘class’ in the attribute
table. The units are waterway, ditch/dry ditch,
and water surface. These units are included in
the water map of Dias et al. (2021), the only
difference is that this research did not order the
streams according to the Strahler stream order.
Within the research area, the units water
surface and ditch/dry ditch are mostly located
in the middle. The unit waterway can be found
in the southeast and southwest of the research
area. There are three brooks called ‘Gulp’,
‘Voer’, ‘De Noor’ and the river Meuse. The Gulp
streams into the brook ‘Geul’, a river outside the
research area, which on its turn comes together
in the Meuse. The water system can be seen in
Figure 35.

Step 3.1: Geomorphology indicator
The geomorphology indicator ranges from 1
to 5, see Figure 36.1. The highest value of five
occurs 22 times. They are spread out over the
research area and are isolated from each other.
This value is mostly surrounded by value four.
There are only two places where two values
of five are adjacent to each other. The value of
four occurs 291 times. One single cell with a
score of four is located on a combination of the
dry valleys and slopes, with two small surfaces
of differing geomorphologies. The value three
occurs 1.673 times and is less scattered than
value four and five. One single cell is mostly
located on two larger geomorphologies and a
smaller one. The value two occurs the most,
namely 3.390 times. These are located on the
edges of two geomorphologies, for example
between terrace and slope or slope and valley.
The value one occurs 1.955 times. These values
are in the centre of one geomorphology.

Step 3.2: Soil indicator
The soil indicator ranges from 1 to 5, see Figure
Step 2: Grid size
36.2. The value five is almost negligible, it only
As stated in sub-section 3.2.1 the grid size of occurs once. The value four occurs 66 times.
125x125 m will be used for the grid cell analysis This value is mostly with slope or loam soils,
of the previously described indicator maps.
combined with two types of brig soils. These
brig soils lie like thin ribbons next to each other
on steep slopes, so getting a value of four in
one grid cell is obvious. Moreover, in some
cells, small surfaces also contribute to having a
‘higher score of four’. So, having a higher score
does not mean that the four different soils are
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evenly distributed in one grid cell. The value
three occurs 918 times and is located on, or
follows the ribbons of the slope and loam soils,
combined with one differing soil type. The value
two occurs the most, namely 3.681 times. This
value is mostly located along the edges of two
different soil types. The value one occurs 2.670
times and lies in the centre of one soil type.

one. They are in the centre of every single
unit within the two mentioned indicators. The
value one occurs only five times and can be
neglected because they are on the boundaries
of the research area with Belgium. This can be
explained by missing data from the indicator
geomorphology. This did not cross the border
and the soil data did.

Step 3.3: Water indicator
The water indicator ranges from 1 to 3, see
Figure 36.3. The value three occurs 24 times.
Mostly it is in the brook valleys of the Gulp and
Voer and along the highway A2 near Rijckholt.
The value two occurs 288 times in places
where water surfaces encounter a (dry) ditch or
waterway. These water surfaces mostly are in
(dry) valleys, the lower places in the landscape.
The value one occurs the most, namely 1.070
times. This value is located on the (dry) ditches
and waterways. These scores are the most
connected with each other compared to two
and three.

When the values 6 and higher are combined
geodiversity ribbons become visible, see Figure
36.5. This makes sense since these scores are
formed by:

Step 4 and 5: Geodiversity index
Stacking the individual indicator maps results
in the geodiversity map, see Figure 36.4. The
geodiversity within the research area ranges
from 1 to 10. The value ten occurs only three
times, almost negligible. The value 9 occurs 13
times, randomly spread out over the research
area. The indicator layer water plays an
important contribution to a high score. A few
of these grid cells are located in places that
have a cultural-historical background, such as
a watermill, quarry, and an old farm. The value
eight occurs 77 times and follows the dry
valleys and brook valleys. Also, for this value
water is an important contribution to a higher
score, because (dry) ditches and waterways
are one linear element all with the same score.
The value seven occurs 226 times, this is the
first value that has a coherence within the
score itself. Again, water plays an important
role in its value. The scores six, five and four
occur 687, 1.456 and 1.897 times. Combined
they form a well-connected unity. The value 3
occurs 1.607 times and is formed by the lowest
scores of every single indicator. They are mostly
locater on the edges of every single unit within
every single indicator. The value 2 occurs 903
times. This score is a combination of the soil
and geomorphology indicators that scored

• Linear elements, like the waterways and (dry)
ditches
• ‘Soil ribbons’ of loam, river clay, and loam
soils
• ‘Geomorphology ribbons’ of valleys
All in all, looking at the geodiversity hotspots
there is an opportunity to connect them.
Moreover, the main morphologies (plateau,
terrace, slope, and valley) are determining other
principles.
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1. Scores geomorphology indicator

1

4

2

5

3

2. Scores soil indicator

1

4

2

5

3

3. Scores water indicator

1
2
3
4. Geodiversity index

1

6

2

7

3

8

4

9

5

10

5. Opportunity map

Lower geodiversity (a score between1-5)
High geodiversity ( a score between 6-10)

Figure 36 Geomorphology (1), soil (2), and water (3) indicator. Combined into a geodiversity index map (4), which is translated
into an opportunity map (5).
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4.2 Biodiversity
Within this section, the results of all 10 indicators
of the ecological area sampling approach
of Dierßen and Hoffmann-Müller (2004) as
mentioned in Walz (2011) will be explained.
This section will be rounded with a conclusion
map indicating the grid cells that have the most
problems related to their indicator(s).
Results of the ten indicators
The first indicator is ‘surface area of seminatural habitat types in %’, as described in subsection 3.2.2 semi-natural habitats have most
of their “processes and biodiversity intact,
though altered by human activity in strength or
abundance relative to the natural state” (Ipbes,
2019).
Within the research area, there are four
Natura 2000 areas (see Figure 37), in which
all semi-natural habitat types appear. Two
of these Natura 2000 areas are completely
within the research area, namely Savelsbos
and Noorbeemden & Hoogbos. Geuldal and
Bemelerberg & Schiepersberg are partly within
the research area. The total surface of these
habitat types within the research area is limited,
namely, 3%, see Figure 38.
Figure 38 Only 3% of the research area consists of seminatural habitats which are within the Natura 2000 areas
(first graph). The second graph shows the distribution of
every habitat type within the Natura 2000 areas.

The second indicator is ‘proportion of sealed
surface’. A sealed surface is the degree in which
a subsoil is compacted. This compaction is a
result of how the land is used in combination
with soil type (Akker, de Vries, Vermeulen,
Hack-ten Broeke, & Schouten, 2013).

Moist alluvial forests (stream conducting forests)
Field wood-rush - beech forest
Bushwood and seams (dry forestbelts)
Oak - hornbeam forest (Heuvelland)
Calcareous grasslands
Pioneer vegetation on rocky soil
Nardus grasslands, dry and calcareous
Beaach - oak forest with holly
Lime - peat springs
Natura 2000 area

Figure 37 The four natura 2000 areas and their semi-natural
habitats within the research area.

There are different degrees of sealing within
the research area, see Figure 39. There is a very
high level of sealing around the Gulp, this can
be explained by the soil type. The soil consists
of clay and therefore it is more vulnerable for
sealing (De Commissie Bemesting Akkerbouw/
Vollegrondsgroententeelt
(CBAV),
2017).
Within the research area, a large part has a high
level of sealing, this is mostly on arable land and
grassland. This can be explained by the large
machines that are used within agriculture, the
weight of those machines compacts the soil
(Akker et al., 2013). A moderate level of sealing
is nearby forest, forest patches, orchards, and
orchards, in these areas there is less use of
large machines that compact the soil. Under the
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Very high level of sealing
High level of sealing
Moderate level of sealing
Naturally sealed
Figure 39 Proportion of sealed surfaces within the research area.

Slope > 9%
Figure 40 Areas within the research area that have a slope greater than and equal to 9%.

forests, there are naturally sealed soils because
there is limestone direct under a layer of humus
(Akker et al., 2013).
There are a few problems related to the sealed
surfaces. Rainwater cannot or partly infiltrate
into the soil, resulting in a superficial runoff (or
mudslides) with nutrients and artificial fertilizers
to surface water in lower areas. When there is
high precipitation, it can also lead to flooding
lower areas (Akker et al., 2013), this happened
Valkenburg in 2021. In different words, sealed
surfaces can lead to erosion.

The third indicator is ‘Proportional area of
arable land, grassland, and tree nursery with
slope > 9%’. This indicates the erosion risk
caused by water and the depletion of arable
land. Figure 40 shows the areas that have a
slope of 9% or more.
If there is permanent vegetation the erosion
risk caused by water will be less or it will retain
the run-off. When arable land, grassland or a
tree nursery is located on those steep slopes
erosion risk will be larger (de Waal, Bijlsma,
& Massop, 2017) and thus the consequences
of erosion will be bigger, as described in the
second indicator.
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As described in chapter 3 methods, all spatial
data will be clipped to the boundary of the
research area. The upcoming maps of indicator
4, 5, 7, 8 and 10 of the factor biodiversity have
been analysed by using a square kilometre grid.
Some of these grid cells are located on the
undulating border of the research area. These
grid cells only represent the data within the
research area. These grid cells therefore can
give a distorted image of reality, for that reason
they have been omitted from the analyses,
see Figure 41. Grid cells on the south border
of the research area have not been omitted.
This border is between the Netherlands and
Belgium and therefore includes complete data
of the Netherlands. The same grid cells will
also be excluded for the indicators of cultural
landscape diversity.

The fourth indicator is ‘total length of all roads
(5m wide, paved, outside settlements) in m/km2’,
see Figure 42. This indicates fragmentation and
isolation of habitats. All selected roads within
the research area are wider than 5 meters,
paved and outside settlements see Figure 42.
All other roads are semi-paved or unpaved and
less wide. As described in sub-section 3.2.2 and
Figure 29 a couple of spatial data analyses have
been done to create a map that shows the total
length of road in m/km2, see Figure 43. There
are a few square kilometres that do not fragment
and isolate habitats (0 m/km2). Moreover,
there are quite a bit of square kilometres that
is below 1.000 metres. However, most square
kilometres of fragmenting roads are between
1.001 and 3.000 meters. The least number of
square kilometres is between 3.001 and more,
and thus only a few places where fragmentation
and isolation of habitats is a problem. The length
and width of these roads can be an obstacle for
some fauna and therefore isolate them, and
when they do cross these roads, they can be hit
by cars or other large traffic.
The fifth indicator is the ‘number of nontechnical habitat types per square kilometre’.
This indicates the diversity of living conditions.
See Figure 44, for the map that is used for the
analyses. Within the research area cropland
(40%) and grassland (34%) together cover more
than half of the terrain in the research area.
These percentages do not express the structural
diversity of living conditions well. They sketch
an image of an area that is not so diverse.

Figure 41 The red grid cells have been omitted.

When looking into the number of these nontechnical habitat types per square kilometre,
gives a better picture of the structural diversity
in the area, see Figure 45. There are a few
grid cells that are between 10 and 11 nontechnical habitat types per square kilometre,
meaning that 10 or 11 different habitats occur
in that cell. Almost 50% of the grid cells has a
score between 7 and 9 non-technical habitat
types per square kilometre. More grid cells are
between 1 and 6 non-technical habitat types
per square kilometre than 10 and 11. Within
these low scoring cells of non-technical habitat
types, structural diversity is the lowest.
Paved roads, wider than 5 m, and
outside settlements
All other roads

Figure 42 Paved and all other roads.
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0 - 1.000 m/ km2
1.001 - 2.000 m/ km2
2.001 - 3.000 m/ km2
3.001 - 4.000 m/ km2
4.001 - 5.000 m/ km2
Figure 43 Total length of all roads (5m wide, paved, and outside settlements) in m/km2.

Cropland
Grassland
Fruit orchard
Tree nursery
Deciduous forest
Mixed forest
Coniferious forest
Orchard
Poplars
Waterway
(Dry) ditch
Water
Bank/ ditch side
Other (including terrain coverage in N2000)
Figure 44 Terrain map of the Netherlands, as the non-technical habitat types.

1 - 3 non-tech. habitat types/km2
4 -6 non-tech. habitat types/ km2
7 - 9 non-tech. habitat types/ km2
10 - 11 non-tech. habitat types/ km2
Figure 45 Number of non-technical habitat types per km2
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The sixth indicator is ‘average size of nontechnical habitats in hectare’. The average size
of all non-technical habitat types can be seen in
Table 1. This indicator indicates the monotony
of living conditions in the research area. Within
the area, cropland has on average the largest
parcel size , followed by grassland, fruit orchard,
mixed forest, tree nursery, poplars, orchard,
deciduous forest, and coniferous forest.

elements goes back to medieval reclamation.
They are leftovers of the forest or unploughed
edges along fields. In the past, the vegetation
existed largely out of low (thorn) thickets and
grasses. Sheep herds kept the vegetation low,
after their disappearance around 1900 most
of the vegetation on the graften changed.
Nowadays they have the same vegetation as
wooded banks.

These average parcel sizes once were a lot
smaller, namely five hectares or lower. The goals
that were made for the scale enlargement and
land consolidation projects in Mergelland were
achieved, namely an average allotment size of
six hectares or more (Jansen & Rutten, 1992).
This enlargement, especially for cropland, has
led to the loss of landscape elements.

The first four are not unique for this landscape,
they can be found in every landscape in the
Netherlands. The last two are unique because
of the hills in South Limburg. Since the upscaling
of agriculture, the use of pesticides and larger
machines within agriculture a lot of these
elements lost their purpose or were simply
removed (Wallis de Vries, 2009).

The seventh indicator is ‘length of linear
elements/ edge structures per square kilometre’.
This indicates the number of linear refuge
places and wildlife dispersion axis. Mergelland
is part of a larger region called ‘Heuvelland’,
within this region, there are a few important
linear elements (Wallis de Vries, 2009):

The above-described linear elements have
been used in the analysis , see Figure 46. Most
grid cells are between 4.001 and 8.000 metres
of linear elements per square kilometre. The
extremities with a low and high number of
meters per square kilometre are almost the
same. The high amount (8.001 and higher) is
mostly located near the natura 2000 areas, see
• Roadsides are linear derivatives of grassland. Figure 47.
In the past, they were of great importance for
itinerant flocks of sheep.
• Treelines are trees planted in lines most of
the time along roads or parcels.
• Hedges consist exclusively of shrubs and are
narrower than wooded banks
• Wooded banks are linear derivatives
of forests and include shrubs, trees and
(herbaceous) grass. In the past they were used
for firewood, to enclose livestock and to keep
livestock out of gardens and orchards.
• Sunken lanes are old connection roads on
the loess rich slopes. They have incised the
landscape because of human usage and erosion.
These lanes are most of the time unpaved,
some are paved with gravel or cobblestones.
The larger lanes have been asphalted. Because
these lanes incised the landscape there is a
large diversity of different subsoils and a unique
microclimate, resulting in diverse and unique
biodiversity. Moreover, there is a differentiation
between the two slopes since one of them faces
more sun hours.
• Graften are small walls between terraces
on a slope. They used to function as a planted
boundary between two plots, to prevent
erosion. The origin of these linear landscape
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Cropland
Grassland
Fruit orchard
Tree nursery
Deciduous forest
Mixed forest
Coniferious forest
Orchard
Poplars
Table 1 Average size of non technical habitat types in hectare. Table made with data from Kadaster Basisregistratie
Topografie (BRT) (2021).

Graft
Sunken road
Sunken road (older than or concurrent with medieval allotment)
Sunken road (before 1810)
Sunken road (1810 - 1955)
Tree lane
Hedge
Roadside with grass and herbaceous plants
Wooded bank
Figure 46 Linear elements and edge structures.

0 - 4.000 m/km2
4.001 - 8.000 m/km2
8.001 - 12.000 m/km2
> 12.001 m/km2
Figure 47 Length of linear elements and edge structures in m/ km2.
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0 - 3 small habitats /km2
4 - 6 small habitats /km2
7 - 9 small habitats /km2
10 - 12 small habitats /km2
> 13 small habitats /km2
Figure 48 Number of small habitats (<400 m2) per km2.

0 - 10 RRLSD /km2
11 - 20 RRLSD /km2
21 - 30 RRLSD /km2
31 -40 RRLSD /km2
41 -50 RRLSD /km2
51 - 60 RRLSD /km2
61 - 80 RRLSD /km2
> 80 RRLSD /km2
Natura 2000 area
NNN
Figure 49 Relative red list species diversity (RRLSD) per km2.

The eight indicator is the ‘number of small
habitats (<400 m2) per km2’. This indicator
is related to the density of small-scale
steppingstones and network structures for
species with a low range of action. Having a
high number of small-scale steppingstones per
square kilometre is good for species with a low
range of action. Within the research area, more
than half of the grid cells have a low number
of these small steppingstones, see Figure 48.
The grid cells with a higher number of smallscale steppingstones are less and some are
surrounded by a low number of small habitats,
isolating certain species completely.

The ninth indicator is ‘Relative red list species
diversity per square kilometre’. This indicator
addresses the diversity of selected species
groups. The species groups are vascular
plants, amphibians, reptiles, fish, butterflies,
dragonflies, and birds. This map indicates areas
that are more diverse than others, see Figure
49. Observation bias has been considered in
the making of this map, as said in sub-section
3.2.2.
In and around the natura 2000 areas the
relative amount of red list species diversity
is high. Further away from these areas the
relative amount of red list species becomes less,
probably because these are agricultural areas.
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The last indicator is ‘percentage of endangered
habitat types (according to red list or Habitat
Directive) in %’. As stated in sub-section 3.2.2,
there was no literature on the endangerment
of the semi-natural habitat types. However, for
every semi-natural habitat type within a natura
2000 area a relative contribution is given, see
Table 2. Meaning the importance of that habitat
compared to the rest of the Netherlands
(Natura2000, 2009).
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outside the research area of this thesis. All seminatural habitats and their contribution, give a
good insight into why they are important. Next
to the relative contribution, every semi-natural
habitat type has a national target to reach. This
target is split up into distribution, surface, and
quality, see Table 2 for the target description.

Only Savelsbos and Noordbeemden & Hoogbos
fall completely within the research area,
therefore their relative contribution is correct.
For the other two areas, the relative contribution
is for the whole natura 2000 areas, that partly is
Natura 2000
area

Habitat type (Dutch)

Habitat type (English)

Relative
contribution

Target

Source

Savels bos

H6110 - Pionierbegroeiingen
op rotsbodem

Pioneer vegetation on rocky
soil

6 – 15 %

Preserve spreading, extend surface area
and improve quality.

(Ministerie van Landbouw Natuur
en Voedselkwaliteit, 2008d)

H6210 – Kalkgraslanden

Calcareous grassland

2–6%

Preserve spreading, extend surface area
and improve quality.

(Ministerie van Landbouw Natuur
en Voedselkwaliteit, 2008c)

H6430C - Ruigten en zomen

Bushwood and seams (dry
forest belts)

< 2%

Preserve spreading, extend surface area
and improve quality.

(Ministerie van Landbouw Natuur
en Voedselkwaliteit, 2008h)

H9120 - Beuken-eikenbossen
met hulst

Beech-oak forest with holly

< 2%

Preserve spreading, extend surface area
and improve quality.

(Ministerie van Landbouw Natuur
en Voedselkwaliteit, 2008i)

H9160B - Eiken-haagbeukenbossen

Oak – hornbeam forest
(Heuvelland)

15 – 30 %

Maintain spreading, maintain surface
area and improve quality.

(Ministerie van Landbouw Natuur
en Voedselkwaliteit, 2008g)

H6110 - Pionierbegroeiingen
op rotsbodem

Pioneer vegetation on rocky
soil

6 – 15%

Preserve spreading, extend surface area
and improve quality.

(Ministerie van Landbouw Natuur
en Voedselkwaliteit, 2008d)

H6210 – Kalkgraslanden

Calcareous grassland

6 – 15%

Preserve spreading, extend surface area
and improve quality.

(Ministerie van Landbouw Natuur
en Voedselkwaliteit, 2008c)

H6230 - Heischrale graslanden

Nardus grasslands, dry
calcareous

2 – 6%

Improving distribution of well-developed
shapes, expanding surface area, and
improving quality in all landscapes
where the type occurs

(Ministerie van Landbouw Natuur
en Voedselkwaliteit, 2008f)

H9160B - Eiken-haagbeukenbossen

Oak – hornbeam forest
(Heuvelland)

2 - 6%

Maintain spreading, maintain surface
area and improve quality.

(Ministerie van Landbouw Natuur
en Voedselkwaliteit, 2008g)

H7220 - Kalktufbronnen

Lime – peat springs

2 - 6%

Maintain spreading, maintain surface
area and improve quality.

(Ministerie van Landbouw Natuur
en Voedselkwaliteit, 2008e)

H91E0C - Vochtige alluviale
bossen

Moist alluvial forest

< 2%

Preserve spreading, extend surface area
and improve quality.

(Ministerie van Landbouw Natuur
en Voedselkwaliteit, 2008b)

H9160B - Eiken-haagbeukenbossen

Oak – hornbeam forest
(Heuvelland)

< 2%

Maintain spreading, maintain surface
area and improve quality.

(Ministerie van Landbouw Natuur
en Voedselkwaliteit, 2008g)

H9110 - Veldbies-beukenbossen

Field wood-rush – beech
forest

> 75%

Preserve spreading, extend surface area
and improve quality.

(Ministerie van Landbouw Natuur
en Voedselkwaliteit, 2008a)

H6230 - Heischrale graslanden

Nardus grasslands, dry
calcareous

< 2%

Improving distribution of well-developed
shapes, expanding surface area, and
improving quality in all landscapes
where the type occurs

(Ministerie van Landbouw Natuur
en Voedselkwaliteit, 2008f)

H9120 - Beuken-eikenbossen
met hulst

Beech-oak forest with holly

<2%

Preserve spreading, extend surface area
and improve quality.

(Ministerie van Landbouw Natuur
en Voedselkwaliteit, 2008i)

H6210 – Kalkgraslanden

Calcareous grassland

30 – 50 %

Preserve spreading, extend surface area
and improve quality.

(Ministerie van Landbouw Natuur
en Voedselkwaliteit, 2008c)

H91E0C - Vochtige alluviale
bossen

Moist alluvial forest

2 – 6%

Preserve spreading, extend surface area
and improve quality.

(Ministerie van Landbouw Natuur
en Voedselkwaliteit, 2008b)

H6430C - Ruigten en zomen

Bushwood and seams (dry
forest belts)

< 2%

Preserve spreading, extend surface area
and improve quality.

(Ministerie van Landbouw Natuur
en Voedselkwaliteit, 2008h)

H9160B - Eiken-haagbeukenbossen

Oak – hornbeam forest
(Heuvelland)

30 – 50%

Maintain spreading, maintain surface
area and improve quality.

(Ministerie van Landbouw Natuur
en Voedselkwaliteit, 2008g)

Bemelerberg

Noordbeemden
& Hoogbos

Geuldal

Table 2 Relative value and targets of semi-natural habitat types compared to the rest of the Netherlands.
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Conclusion map - biodiversity
Eight out of the ten indicators have been
analysed through a grid cell approach, resulting
in maps with relatively high and low scores. To
improve landscape diversity certain grid cells
have been selected to focus on, as explained
in sub-section 3.2.2. Stacking the maps of the
individual indicators of the factor biodiversity
results in one map that illustrates where the
problems are the most severe, see Figure 50.9.
The first indicator showed the surface area of
semi-natural habitats, which was limited. Only
3% of the research is covered with semi-natural
habitats. The tenth indicator is about the
percentage of endangered semi-natural habitat
types. For more than half of the habitat types
the target is to enlarge the surface area, a few
habitats need better spreading and distribution,
and some are important because of their
relative contribution to the total surface area
of that habitat in the Netherlands. Thus, within
the other 97% of the research area locations
should be found to expand the semi-natural
habitat types, see Figure 50.1. The focus should
be on the following semi-natural habitat types:
•
•
•
•
•
•
•

pioneer vegetation on rocky soil,
calcareous grassland,
bushwood and seams (dry forest belts),
beech-oak forest with holly,
nardus grasslands, dry calcareous,
moist alluvial forest, and
field wood-rush – beech forest,

to increase the surface area of these habitats
and thus landscape diversity.
The second indicator showed the proportion of
the sealed surface. The focus area is to improve
the soil quality of terrain that has a very high
and high level of sealing. This is a large part of
the research area, see Figure 50.2. The third
indicator showed the locations within the
research area that are on a slope of 9% and more.
Since cropland, grassland and tree nurseries
have a higher risk for erosion, these have been
selected to focus on, see Figure 50.3. These
locations with a (very) high level of sealing and
steep slopes have a high erosion risk that could
be solved by improving soil quality.

can root deeper resulting in better crop yields.
There will be fewer flooding events in the valleys
outside the research area. And there will be
less runoff of artificial fertilizer that can cause
a disbalance in low lying nature areas. Certain
plants or non-natives thrive on those fertilizers,
resulting in a loss of our native biodiversity (de
Waal, Bijlsma, & Massop, 2017). These are just
a few of many more examples of the benefits
of improving soil quality. There are three ways
that can change the risks of erosion (de Waal,
Bijlsma, Hessel, et al., 2017): (i) changing how
we tillage the soil, (ii) changing land use, and
(iii) changing the design of arable land and
grassland. These changes will contribute to a
more diverse landscape (Rutgers & Dirven-van
Breemen, 2012).
The fourth indicator showed the amount of
fragmentation and isolation due to roads. There
should be more emphasis on grid cells with a
higher score, in the case of the research area
2.000 and more, because these cells cause the
most fragmentation, see Figure 50.4. To solve
isolation and fragmentation it is important to
reconnect habitats so that certain fauna can
move around safely. This indirectly can improve
the dispersal of flora as well, for example, seeds
that stick to the fur of animals or seeds they
excrete (Wallis de Vries, 2009). These changes
will contribute to a more diverse landscape
(Dramstad, Olson, & Forman, 1996).
The fifth indicator showed the non-technical
habitat types, expressing the diversity of living
conditions. There should be an emphasis on grid
cells with a lower score because these could be
increased. In the case of the research area, 1 to
3 is extremely low and 4 to 6 is low, see Figure
50.5. The sixth indicator showed the average
parcel size of these non-technical habitat types,
expressing the monotony of living conditions.
Especially cropland areas could be more diverse.
The low scores of the fifth indicator are mostly
within cells that mostly consist of large patches
of cropland. Improving the structural diversity
within these cropland areas will contribute to a
more diverse landscape(Dramstad et al., 1996).
This can be done in many ways through the
other biodiversity indicators:

• When abiotic and biotic circumstances allow
By improving the soil quality (less compacted it, some of the semi-natural habitats (indicator
soils) there will be less runoff, of nutrients for 1 and 10) could be given more surface
agricultural purposes. Moreover, plant roots • In between cropland allotments linear

Towards diverse landscapes

51

1. Semi-natural habitats

elements could be restored and/or
extended (indicator 7)
The seventh indictor showed the total
length of linear elements expressing
the density of linear refuge places and
dispersion axes. There should be more
emphasis on grid cells with a lower score
because these are the places in which the
chance to increase landscape diversity
is the highest. For this research, a cell
with zero to 4.000 m/km2 is relatively
extremely low and 4.000 to 8.000 m/
km2 low, see Figure 50.6. It is not only
about the increase in linear landscape
elements within the low scoring grid
cells; even important is the placement of
the linear elements. Some only belong
to a certain morphology, for example,
the graften and sunken roads belong to
the slopes.
The eighth indicator showed the number
of small habitats expressing the density
of small refuge places and dispersal
centres of wildlife. There should be more
emphasis on grid cells with a low number
of small habitats because increasing the
number of small habitats and connecting
them with linear elements (indicator
7), improves structural diversity and
could contribute to a higher landscape
diversity (Dramstad et al., 1996). For
this research area, a cell with a score
between one and five habitats per km2
are extremely low, and 6 to 7 are low,
see Figure 50.7. Increasing the number
of smaller habitats will be done through
indicators 1/10, 5/6 and 7. If cropland
allotments are split up with linear
elements the amount of smaller nontechnical habitats emerge.
The nineth indicator has been altered
since data was not available. It showed
the relative red list species diversity,
indicating places with relatively lower
or higher diversity. By improving for
example indicators 7 and 8, species
diversity in lower-scoring cells could
increase (Dramstad et al., 1996). For
this research area, a cell with a score
between zero and 40 is extremely low
and 41 to 50 is low, see Figure 50.8.

Lack of semi-natural habitats

2. Sealed surface
Terrain with (very) high level of sealing

3. Area with slope > 9%
Cropland, grassland, and tree nursery
that are completely or partly located
on a slope >9%

4. Fragmentation by roads
Very high (2.000 - 2.500 m/ km2)
High (2.501 - 5.000 m/ km2)

5. Low amount of non- tech.
habitats

		

Very low (1 - 3 non tech. habitats / km2)
Low (4 - 6 non tech. habitats / km2)

6. Low amount of linear elements
Very low (0 - 4.000 m/ km2)
Low (4.001 - 8.000 m/ km2)

7. Low amount of small habitats
Very low (1 - 5 small habitats / km2)
Low (6 - 7 small habitats / km2)

8. Relatively low amount of red list
species (RRLSD)
Very low (0 - 40 RRLSD/ km2)
Low (41 - 50 RRDLSD/ km2)

9. Conclusion map
Grid cells with a darker shade of red have
multiple problems.

Figure 50 Indicator 1 (1), indicator 2 (2), indicator 3 (3), indicator 4 (4),
indicator 5 (5), indicator 7 (6), indicator 8 (7), indicator 9 (8). Indicator
6 and 10 are not expressed in maps. Conclusion map (9) of the factor
biodiversity.

52

Towards diverse landscapes

4.3 Cultural landscape diversity
Within this section, the results of all 3 indicators
of the factor cultural landscape diversity will be
explained. This section will be rounded with a
conclusion map, indicating grid cells with the
most problems related to the indicator(s).

(16 counts). The score of two allotment types
per km2 occurs mostly because there is only a
splinter of another allotment structure within
that square kilometre. A more even distribution
between different allotment types within a grid
cell occurs for a score of three and higher.

Indicator 1: allotment structure
Figure 53 shows the number of different
allotment types per km2. In total there are
ten different allotment types within the area,
see Figure 51. The maximum number of
allotments per grid cell is seven. A cell with this
maximum score occurs nine times. The lowest
score of one allotment per km2 only occurs
eight times in the south of the research area.
Four allotment types per km2 occur the most,
namely 27 counts followed by five (23 counts),
three (21 counts), two (17 counts), and six

Indicator 2: linear elements
Figure 54 shows the total length of linear
elements in m/km2. The different linear
elements can be seen in Figure 52. More meters
of cultural linear elements per square kilometre
indicates a larger diversity. A lower amount of
cultural linear elements per square kilometre
indicates a lower diversity. The maximum of
linear elements is just below 10.000 m/km2.
The range of 9.000 – 10.000 m/km2 occurs six
times and the lowest range of 0-1000 m/km2
occurs 10 times. The range of 6.000 – 7.000
m/km2 occurs the most, namely 23 times,
followed by 5.000 - 6.000 (20 counts), 4.000
– 5.000 (17 counts), 7.000 – 8.000 (13 counts),
8.000 - 9.000 and 3.000 – 4.000 (10 counts),
1.000 – 2.000 (8 counts), and the lowest count
in the range 2.000 – 3.000 (5 counts).

Figure 51 All ten allotment types (Geodesk Wageningen Environmental Research, 2010; Kadaster, 2021b).

Figure 52 All linear and point elements (Provincie Limburg, 2005a, 2005b).
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1 allotment type/km2
2 allotment types/km2
3 allotment types/km2
4 allotment types/km2
5 allotment types/km2
6 allotment types/km2
7 allotment types/km2
Figure 53 The amount of different allotment types per km2.

0 - 1.000 m/km2
1.000, 01 - 2.000 m/ km2
2.000, 01 - 3.000 m/ km2
3.000, 01 - 4.000 m/ km2
4.000, 01 - 5.000 m/ km2
5.000, 01 - 6.000 m/ km2
6.000, 01 - 7.000 m/ km2
7.000, 01 - 8.000 m/ km2
8.000, 01 - 9.000 m/ km2
9.000, 01 - 10.000 m/ km2
Figure 54 The total length of linear elements in m/km2.

Indicator 3: point elements
Figure 55 shows the total amount of point
elements per square kilometre. The different
point elements can be seen in Figure 52.
Approximately 70% of these point elements
are the characteristic standard orchards, 13%
are entrances to the underground limestone
quarry, and 10% are small pools. The last 7%
is divided over the other six specific point
indicators. The grid cells with the highest
amount of point elements are mostly because
of the orchards and small pools. The score of
zero elements per square kilometre occurs the
most (31 counts). Followed by 2 (19 counts), 4
(15 counts), 5 (15 counts), 1 (12 counts), 3 (11
counts), 6 (7 counts), 11 (4 counts), 7 (3 counts),
9 and 10 (2 counts), 8 and 15 (1 counts).
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0 point/km2

7 point/km2

1 point/km2

8 point/km2

2 point/km2

9 point/km2

3 point/km2

10 point/km2

4 point/km2

11 point/km2

5 point/km2

15 point/km2

6 point/km2
Figure 55 The total amount of point elements per km2.

Conclusion map - cultural landscape diversity
The just described indicators have a relatively
high or low score. To improve landscape diversity
certain grid cells have been selected to focus
on, as described in sub-section 3.2.3. Stacking
these maps results in one map showing grid
cells with different shades of red. The dark red
grid cells have the least amount of remnants or
disappeared specific indicators (Figure 56.4),
and thus within these grid cells, the landscape
elements could increase in the future.
The first indicator showed the number of
different allotment types per km2. Distinguishing
between high or low diversity regarding this
indicator sounds like an unnecessary step, as
it is not the intention to add more allotment
structure types. Why introduce something
new into a grid cell if it was never there?
Nevertheless, a distinction is made because
grid cells with more structure types probably
have a greater chance that each allotment
type still has some elements that express that
certain structure, which makes them more
diverse. The lower amount of structure types
will have proportionately fewer elements that
still express that structure type, which makes
it important to emphasize grid cells with a
lower score. For this research, grid cells with a
score between 1 and 2 are extremely low and
3 and 4 is low, see Figure 56.3. By increasing
elements that express the allotment structure,
for example, green linear elements, landscape
diversity could increase.

The second indicator showed the total length of
linear elements in m/km2. The emphasis should
be on the grid cells with a lower score because
these could become more diverse. This could
for example be done by bringing back graften
that are related to a certain allotment structure
and morphology. A score between 0 and 3.000
m/km2 can be seen as extremely low and a
score between 3.000 and 4.000 m/km2 is low,
see Figure 56. 2.
The last indicator showed the total amount of
point elements per km2. Grid cells with a low
amount of point elements could become more
diverse, for example by increasing the number
of orchards or small pools for wildlife. The
emphasis should be on the cells with a lower
score, a score of 0 to 2 is extremely low and
between 3 and 4 low, see Figure 56.1.
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1.Low amount of cultural point elements
Very low (0 - 2 points/ km2)
Low (3 - 4 points/ km2)

2. Low amount of cultural linear elements
Very low (0 - 4.000 m/ km2)
Low (1.001 - 8.000 m/ km2)

3. Low amount of recognizable allotment structures
Very low (1 - 2 allotments/ km2)
Low (3 - 4 allotments/ km2)

4. Conclusion map
Grid cells with a darker shade of red
have multiple problems.

Figure 56 Point elements (1), linear elements (2), allotment structures (3), and conclusion map (4) of the factor cultural
landscape diversity.
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4.4 Current landscape diversity of Mergelland
Within sub-section 4.4.1 the chosen design
area will be given, where the design principles
will be tested. This area will be chosen based on
the conclusion map. This map arises from the
results (section: 4.1, 4.2, and 4.3) of the three
factors of landscape diversity. Followed by a
concise overview of the factors, indicators, and
principles of this research in sub-section 4.4.2.
All principles will be explained in sub-section
4.4.3.

1.

2.

4.4.1 Design area
In the previous sections of chapter 4, every
indicator belonging to one of the three
factors has been analysed. Stacking these
different outcomes (see Figure 57.1 cultural
landscape diversity, 56.2 biodiversity and 56.3
geodiversity) results into one map, see figure
56.4. The whole research area is covered in
different shades of red, indicating that this
bocage landscape has lost its diversity. This
can be improved by design principles related
to the indicators. Testing these principles does
not have to be done for the entire Mergelland
region, because there is a lot of overlap and
repetition between the different grid cells. Ten
grid cells have been chosen to test out the
design principles, see Figure 58. Within these
cells,
• the overall landscape diversity score is
the highest, meaning that there are a lot
of problems and opportunities to increase
landscape diversity. These areas will benefit
the most from the proposed design principles
that increase landscape diversity.
• different combinations of indicators occur,
i.e. different opportunities and problems. The
design principles may be the same, but the
final effect on landscape diversity within the
grid cells may be different.
As stated in section 3.3, landscapes are
complex. A grid cell analysis helps to abstract
the complexity of the landscape, identifies a
difference between the cells and allows the
designer to apply focus within a large research
area. However, a landscape is a system and
therefore you cannot design between the
boundaries of the chosen grid cells. Figure 59
shows the ten grid cells and the problems that
occur in them.

3.

4.

Figure 57 Conclusion map cultural landscape diversity (1),
biodiversity (2), geodiversity (3), and total conclusion map (4).

Figure 58 Current situation of the design area.

Figure 59 Problems and opportunities in the design area.
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Figure 60 This table gives a concise yet complete overview of the concept landscape diversity. The following example
illustrates how to read the table: The factor geodiversity has multiple indicators of which geomorphology is one. This
indicator has not been adjusted during the analysis. To solve some of the problems related to this indicator two design
principles have been made, namely ‘1. geodiversity ribbons’ and ‘2. Morphology is leading’. These principles will lead to an
increase in landscape diversity; the problem this research addresses.

4.4.2 The framework
Figure 60 shows the complete framework for
landscape diversity of this research. Within this
table, landscape diversity is split up into the
three factors and their related indicators. Some
of these indicators have been adjusted, as
explained in the previous chapters. Moreover,
the 10 preliminary design principles described
in section 2.4 have been finalized into 13 design
principles that are related to the indicators.
Within the next paragraph, the principles will be
explained in detail. Below the table, an example
is given on how to read it, see Figure 60.

Towards diverse landscapes

59

4.4.3 Design principles
Within this sub-section, the 13 design principles (DP) will be listed explaining for each principle
to which problem it relates and thus to which indicator and factor it is linked. There are a few
principles (3, 4, 5, and 6) with a subdivision, which is made because it is guided by principle 2. This
will become clear when reading the first two principles.
Indicator: 1.1, 1.2, 1.3

1. Geodiversity ribbons

Making geodiversity hotspots visible above ground will
create geodiversity ribbons that function as the green
backbone within the landscape. A more intricate green
network will be created between the backbones.
2. Morphology is leading
Terrace

Indicator: 1.1
Slope

Valley

The three main morphologies (valley, slope,
and terrace) will guide the configuration of
other principles.
3. Increase semi-natural habitats

Indicator: 2.1 and 2.10

Slope

The semi-natural habitats within Natura 2000 areas will be expanded on appropriate places outside
these areas. Seven habitat types could occur on slope soils. These are oak-hornbeam forest, bushwood
and seams (dry forest belts), beech oak forest with holly, pioneer vegetation on rocky soil, calcareous
grasslands, nardus grasslands (dry calcareous), field wood-rush-beech forest.
4. Changing land use

Indicator: 2.2 and 2.3

Slope

To stop or catch erosion land use needs to be changed. This changed land use is linked to one
morphology, namely the slopes and the edge between slope and terrace. Non-permanent grassland,
cropland, tree nurseries, and coniferous forest need to change into one of the following:
• Deciduous forest. There is more undergrow since the canopy is not year-round.
• Permanent natural and/or flower-rich grassland with some shrubs on the edges.
• Orchards, there is, even more, undergrow under orchards than in the deciduous forest.
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5. Changing tillage

Indicator: 2.2 and 2.3

Slope

To stop or catch erosion, landscape interventions can steer the agricultural practice of tillage. This
can be done through:
• Design principle 6. Adding green linear elements on contour lines, such as graften. These elements
make it impossible to plough perpendicular to the contour lines. Moreover, they catch sediments
early on.
• Strip farming. Having different crops with different harvest times assures that soil is covered yearround. Moreover, strip farming can be done easily in between linear landscape elements, such as
graften.
6. Increase and/or improve green linear landscape elements

Indicator: 2.7 and 3.3

Increasing the mileage of the green linear structures is important because they make up the bocage
landscape of Mergelland and function as corridors, refuge places, and habitats for fauna and flora.
These structures are subdivided to their morphology.

Terrace

• Flower strips. Terraces are wide open landscapes; flower strips do not detract from this. They are
important for pollination and pest control of crops.
• Tree lanes. The highest places on the plateau will be accentuated with tree lanes. It is important to
have free sightlines over the wide and open terrace.
• Soft forest edges or natural/ flower-rich grasslands
• Soft forest edges and large strips of natural/flower-rich grasslands are important for biodiversity.
However, they have a double function as well. They are an important buffer zone for erosion.

Slope

• Contour lines. All linear elements that are related to the slopes should be perpendicular and parallel
to the contour lines. The ones that are parallel to the contour lines are also important for erosion.
• Graften. They are terraces consisting of a diversity of herbs, shrubs, and trees.
• Sunken roads. Replanting and giving more room around sunken roads for (unique) flora to improve
and fauna to find shelter, habitat or move around.
• Small patches. Where graften and sunken roads meet, small patches arise.
• Hedges. All kinds of hedges (e.g. laid/breaded and even dead hedges) mark the old allotment
structures.
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Dry valley

• Emphasize the longitudinal direction of the dry valleys. This can be done through the linear
elements on the slope such as graften and hedges. Hedges are not only common on slopes, but they
can also accentuate the old allotment structures within the valleys.
The following seven principles are not guided by DP 2. Some still have a subdivision, but this has
nothing to do with another principle.
7. Changing the arrangement of cropland and grassland

Indicator: 2.2 and 2.3

To prevent erosion in areas that are less vulnerable to erosion, smaller/more minor interventions
than DP 4 and 5 can be done. This includes changing the arrangement and size of cropland and
grassland. This will be done by reducing plot size, through expressing the old allotment structure (DP
12) for which green linear elements are used (DP 6).
8. Reconnect habitats

Indicator: 2.4

To prevent the fragmentation and isolation of semi-natural and non-technical habitats three
infrastructure interventions are required.
• Removing or relocating roads. Roads that are not logically situated should be removed, relocated,
or modified.
• Fauna passages. Roads that cannot be relocated or removed should be modified. Think of fauna
passages under or over roads.
• Green and blue road verges. With the right dimensions and plant species, verges are linear elements
that can function both as corridor and habitat for some species (e.g. flower strips, tree lanes, rough
banks of ditches). Moreover, having verges on the highest side of roads on a slope helps preventing
erosion.
9. Improving structural diversity within cropland area

Indicator: 2.5 and 2.6

By reducing plot size and diversifying land use, structural diversity will improve. This can be done
through DP 3,4,5,6, and 7.
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10. Increase small habitats

Indicator: 2.8

Diversifying large areas of cropland and grassland, requires more small habitats that can function as a
steppingstone and refuge place for certain species. Examples of those small habitats are small ponds,
patches of woodland, heaps of branches, natural grassland, and shrubs.
11. Species diversity

Indicator: 2.9
To increase or diversify the amount of species (flora
and fauna) depends on the implementation of other
principles. For example, ponds (DP 10 and 13) for
amphibians (e.g., yellow-bellied toad) or hedges
with thorns (DP 6) for birds such as the red shrike to
prod beetles.

(Herder, n.d.)

(Jan, 2018)

12. Express allotment structures

Indicator: 2.7 and 3.1

To make the bocage landscape of Mergelland visible again, old allotment structures need to be
expressed through DP 6, for example by hedges.
13. Emphasize, restore, and connect important point elements

Indicator: 3.2

Diversifying the landscape important historical point elements, within the landscape should be
emphasized, restored, or connected. For example, small ponds or old orchards.
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As stated in section 3.1, each indictor could be
translated into a design principle in different
ways. A single indicator could be translated into
one principle, a single indicator can be translated
into multiple principles, or one design principle
overlaps multiple indicators.
The previously described principles have
been linked to their indicator as well. Design
principles 2, 8, 10, 11, and 13 are all originated
from a single indicator. Indicators 2.7, 2.2, 2.3,
and 1.1 have been responsible for multiple
principles. Design principles 1, 3, 4, 5, 6, 7, 9,
and 12 are based on multiple indicators.
When a design principle is based on multiple
indicators or one indicator is used more than
one design principle, these design principles
are more robust. Especially when the design
principles can be linked back to more than
one factor, they have a wider and more stable
foundation in literature. This is the case for
design principles 1, 4, 5, 6, 7, and 12.
In the next chapter, the design will show
whether these design principles stand out more
than the others.
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5. DESIGN
Within this chapter, the thirteen design principles will be presented through a
landscape design for the chosen ten grid cells. This will be done by first explaining
the design motive in section 5.1, followed by a more general overview of the
design and how ‘more general’ design principles are implemented. This will be
done in section 5.2. Some design principles require a more detailed explanation
this will be done in section 5.3.

5.1 Design motive
Past and present
Before the industrial revolution, and more specific
from before WWII, the human interference
within the landscape was in balance with the
original environmental system. Resulting in
a cultural landscape that did not outbalance
one another. After WWII the interference by
humans started to outbalance the natural and
anthropogenic influence within the landscape.
Scale enlargement and land consolidation led
to the depletion of the natural system, the loss
and decrease of important landscape elements,
and thus landscape diversity within cultural
landscapes declined.

Design concept
The cultural landscape will once again become
the backbone of the landscape, where the natural
layers will be the foundation for landscape
development. The geodiversity along and in the
dry valleys is high. The individual geodiversity
hotspots follow the valleys, these are locations
where specific habitats can flourish. These
geodiversity hotspots will be made visual as
green offshoots from the Natura 2000 area
Savelsbos. These backbones are connected
with a fine-meshed green network of linear
landscape elements. Within this structure there
is room for a lot of diversity, for both natural
processes and human activities, see Figure 61.
Hence, this structure stimulates and will be the
Future
backbone for an increase in landscape diversity
Landscapes have always been altered by men; within the bocage landscape Mergelland.
this will continue to happen. With the recent
loss of our diverse cultural landscapes and their
characteristics, future landscape development
needs to be guided. Learning from past
landscapes, translating, and implementing
important elements of those past landscapes
in the present and future can bring back the
balance and thus the diversity within the
cultural landscapes.

Figure 61 Concept.
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5.2 Design

Build area

Cropland with flower strip

Strip farming with graften

Wide flower strip

Grassland

Natural grassland

Forest

Fruit orchard

Orchard

Tree nursery
Sunken road connected
to graften
Hedges

Ponds

Figure 62 Landscape design.
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Terrace

Figure 63 The green backbone.

Five design principles can be explained on the
scale of the landscape design that is made for
a part of the Mergelland region, see Figure 62.
The rest of the principles require more detailed
images and figures, see section 5.3. These will
be given through storytelling.
The first design principle (DP 1) is: Geodiversity
ribbons, see Figure 63. Some geodiversity
hotspots were already suitable for the proposed
green backbone, such as patches of forest on
the slopes. Others were not, think of large plots
of arable land or non-permanent grassland. The
land use of this last group of hotspots has been
changed to create large green structures on

Figure 64 Morphology is leading.

locations where geodiversity is high and thus
interesting natural opportunities arise for the
increase in semi-natural habitats, DP 3. With
the right type of management, for example
with the Mergelland sheep, the semi-natural
calcareous grassland can occur on moderately
dry to dry soils with chalk that are not fertilized.
The oak-hornbeam forest, beech–oak forest
with holly, and bushwood and seams (dry forest
belts) can be expanded on the slopes as well.
These semi-natural habitats on the hotspots
are connected with the green linear structures,
as explained further on.

Slo

ope
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Valley

Figure 65 The fine-meshed green network between the backbones.

The second design principle (DP 2) is:
Morphology is leading, see Figure 64. Based on
the different morphologies within Mergelland
certain habitats can occur, as just explained.
Moreover, from a cultural-historical point of
view, certain green linear structures only occur
on a specific morphology. Thus, it is a principle
that leads other principles.
The third design principle is DP 6: Increase and/
or improve green linear landscape elements,
see Figure 65. These linear elements will
connect the semi-natural habitats that are the
green backbone of the landscape. These linear
elements are different hedges (braided hedges,

smaller clipped hedges, wider hedgerows, and
even dead hedges), graften, planted sunken
roads, and flower strips. The function of these
structures, the interdependence with other
design principles, and what they contribute
to, within the landscape can best be explained
through the eyes of a future hiker. We will follow
Remo and Hanneke on their hike that starts in
the village Honthem and ends in M’heer.
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5.3 The future

Figure 66 The hiking route going from Honthem to M’heer is 10,2 km.

We started this morning early. We packed
the tent, had some breakfast, and started our
hike towards M’heer, see Figure 66. We left
Honthem, walked through an oak-hornbeam
forest (DP 1 and 3), which is an offshoot from
the forest Savelbos. The route brought us to
one of the many dry valleys of South Limburg.
The diversity in flowers and grasses was
amazing, especially because they were covered
in morning dew. On our right side, we heard
some rustling in the shrubs of a graft, probably
a badger (DP 11) going home after a night of
foraging in the fields. The fields at our right side

were the perfect place for foraging and shelter.
Within the contour strip farming (DP5) they can
forage. Within strip farming, crops alternate
each other and follow the contours of the slope,
just like the wooded graften. A graft is unique
green linear elements (DP 6) that are bound to
the slopes (DP 2), that can be used as shelter.
On the other side of the valley, the slopes are
covered with forest (DP 3), see Figure 67.
We pursued our hike through the diverse
calcareous grasslands (DP 3). We couldn’t resist
deviating from the route, because we heard

Towards diverse landscapes

71

DP 2 Morphology is leading
DP 11 Species diversity
DP 13 Emphasize,
restore and connect
important point
elements
DP 1 Geodiversity
ribbons
DP 3 Increase seminatural habitat

Slope

DP 6 Increase and/or
improve green linear
landscape elements

DP 5 Changing tillage,
stripfarming

Valley

Slope

DP 7 Changing the
arrangement of
cropland and grassland

Terrace

Figure 67 A section of the dry valley, showing how the design principles have been applied. On the right side of the valley, the
land-use of the slope is strip farming with graften (DP 5 and 6). On the edge between the slope and terrace, there is a wide
flower strip (DP 6). On the flat terrace, there is a larger plot of arable land split up with flower strips (DP 6 and 7). The left side of
the slope of the valley is covered with oak-hornbeam forest (DP 1 and 3). In the valley there is a small pool (DP 13). The edge of
the forest has a smooth transition towards grasslands (DP6). Some principles, such as the graften, are only on the slopes (DP 2).
All linear elements and semi-natural habitats will result in a higher species diversity (DP 11).

some positive effects on surrounding nature as
well. In between a set of strips for crops, there
are graften. These help prevent erosion (de
Waal, Bijlsma, Hessel, et al., 2017; Kerkstra et
al., 2007), the deeper rooting trees and shrubs
retain rainwater (de Waal, Bijlsma, & Massop,
2017) this helps in preventing floods in towns
along the Gulp and Geul. Over the past five
Twenty minutes later we have a nice view from years, we have had no more floods due to the
a bench through the tall trees on the place large-scale planting of graften (DP 6).
where we saw the badger. It appeared not to be
a small forest patch (DP 6), but a graft that ends
in the sunken road, creating a tiny forest that
is large enough for badgers to make their setts
(DP 10). It was nice to see a small tractor riding
through the landscape, mowing the strips of
grass in between the strips of cropland. Instead
of the larger machines that have caused a lot
of erosion on the slopes in the past (de Waal,
Bijlsma, Hessel, et al., 2017). A few years ago,
farming in the South of Limburg changed into
strip farming (DP 5), see Figure 68. This way
of farming especially helps with preventing
erosion on the slopes, less need for pesticides
and fertilizers since it is harder for pests to
spread around (de Waal, Bijlsma, Hessel, et al.,
2017; Hendriks, Sijmons, Thoral, & Eo Wijersstichting, 2020; Osman, 2014), see Figure 69.
The reduced use of artificial pesticides had
that there were some observations of badgers
in a sunken road (DP 6), see Figure 73, close
to the hiking route. The road is deeply incised
in the slope and on both sides, there is a large
diversity of plants. We stopped in what seemed
to be a larger patch of forest and observed a
badger that was going into its sett.
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Figure 68 A view from the bench, seeing the stripfarming and graften on the other side of the valley.

Present

Future

Figure 69 Two technical sections showing the present landscape and future. Present: because of large monoculture plots there is
a higher chance of erosion, plagues that can destroy the crops, and a low amount of biodiversity. Future: strip farming (DP 5) and
graften (DP 6) will decrease the amount of erosion, less need for pesticides and a higher biodiversity.
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We left the forest behind and walked on top of
the plateau through some arable plots. The plots
were divided by flower strips and hedges (DP 6
and 12). Unfortunately, we have not seen the
European wild hamster (DP 11). Years ago, they
had the status of critically endangered on the
IUC Red List of Threatened Species (Banaszek
et al., 2020). However, since more landscape
elements such as hedges and flower strips
returned to the landscape they thrive again.
When we crossed a sunken road, we walked on
the highest point of the plateau. This path is a
remnant of the main structure of the medieval
allotment (DP 12) (Provincie Limburg, 2005b).
The trees that accentuated this path (DP 6),
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gave a comforting shadow since it was getting
warmer to the end of the morning. We walked
down the slope along one of the many hedges
(see Figure 70) we had some beautiful sights of
the valley. The graften and hedges accentuate
the relief of the landscape. Yesterday it rained
a lot, so there was a small water stream at the
lowest point of the valley. We saw some frogs
hopping through the grass (DP 11), probably
on their way to another pool close by. We even
saw an alpine newt crawling through some high
grasses near the pool (DP13), see Figure 71.

Figure 70 A biodiversity diagram of different hedges (DP 6 and 11).
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We walked along a graft, into a small forest.
We saw a high diversity in trees, shrubs, and
herbs attracting a lot of different insects and
birds, see Figure 72. The graft ended at two
small ponds in a high stem orchard (DP 4, 9,
and 13). We were being watched by a group
of cows that grazed under the fruit trees. We
crossed a hedgerow and walked into another
orchard, that was grazed by Marlland sheep.
The sheep thrive on calcareous grasslands on
the slopes (DP 2 and 3) (Stichting Zeldzame
Huisdierrassen (SZH), 2019; Wallis de Vries,
2009). And since the number of hectares of
this type of grassland increased a lot over the
past few years, so did the herds. We crossed
the road, in which a small passage for fauna (DP 8) was made as well. Once again, we
walked along a graft of almost half a kilometre. This is the maximum length of a single
graft in this region (Balck & Durinck, 2012).
We walked down the hill along a dead hedge
(see Figure 70), that was made from pruned

wood of the trees in the graften. Some insects,
such as woodworms, eat the deadwood and
turn it into a dust that benefits the soil (Onze
Natuur, 2022). Other dead material, such as
leaves, becomes humus, which is crucial on
the slopes. Humus retains water, and thus
good for erosion and the many crops in the
fields (de Waal, Bijlsma, Hessel, et al., 2017).
These dead hedges are not only important for
insects, birds, amphibians, and small animals
such as hedgehogs, mouses, beech marten or
the european polecat use them as well (DP 11)
(Onze Natuur, 2022).They can even turn the
dead hedge into a living one since they spread
seeds.

Figure 71 A biodiversity diagram
of a pool (DP 13 and 11).

Towards diverse landscapes

Figure 72 A biodiversity diagram
of the graft (DP 6 and 11)

Figure 73 A biodiversity diagram
of a sunken road (DP 6 and 11)
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DP2 Morphology is leading
DP 4 Changing land-use
DP 9 Improving structural ddiversity within cropland area
DP 11 Species diversity
DP 3 Increase seminatural habitats

DP 13 Emphasize,
restore and connect
important point elements

DP 6 Increase and/ or
improve green linear
landscape elements

Figure 74 A view on diverse land-use on a less steep slope (DP 4 and 9). There are more green linear elements, such as hedges
and a tree lane, on the slope (DP 6). Moreover, the oak-hornbeam forest and calcareous grasslands are increased (DP 3). Some
point elements such as a pool and high stem orchard have been restored (DP 13). Some principles, such as the graften, are only
on the slopes (DP 2). All linear elements and semi-natural habitats will result in a higher species diversity (DP 11).

In the valley, we stopped at a small temporary
pond that was filled with rainwater from last
night. These dynamic habitats are a perfect
place for a yellow-bellied toad (Ravon, 2018).
We walked through the fields and up the slope
and saw quite some diversity in land use on
the other less steep slope of the valley (DP 9
and 10). Fruit nurseries, orchards, grasslands,
and some small arable plots with flower strips
alternating each other, see Figure 74.
We leave the valley behind and once again we
go up the hill. The path leads us through ano-

ther beautiful sunken road. These roads have
been here since the Middle Ages, carts and
run-off water have made them wider and the
sides steeper (Kerkstra et al., 2007). Due to
their sunken location, a microclimate prevails
in sunken roads, especially when the verges
are wooded (Wallis de Vries, 2009). In summer
they are cooler and, in winter, less cold. The
steep verges cut through different soil layers,
that can cause a large diversity on just a few
square meters (Wallis de Vries, 2009). Not all
sunken roads are wooded, on open spots a
large diversity of herbs and flowers can thri-
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ve. Even patches with no plants are important
for example for certain bees (Wallis de Vries,
2009). These roads are quiet, most of them
are used by hikers or occasionally a tractor.
Thus, the perfect place for animals to roam
around through the landscape. On top of the
terrace, we walk to a patch of forest (DP 10);
we saw a deer with young standing in the
forest edge.
We walked down the slope and once more
up the hill, we went into what appeared to
be a forest. However, after a few meters, we
saw a large fruit nursery on or right side and
to the left, you saw glimpses of the strip farming and graften. It was more an outgrown
wooded bank. On the road, we saw a sign of
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the small village, M’heer. However, the route
sends us with a detour to the village. This was
our last decent but steepest descent into one
of the many dry valleys that have incised the
plateau. We heard some noise coming out of
the valley once we came out of the woods
and we saw a wedding party in the orchard. It
was beautiful, it almost looked like we stepped back in time. The day we had, walking in
such a diverse landscape, and then ending it
with this setting in the warm light of a summer
afternoon is a day to remember, a day to write
about. When I visited this landscape as a child
with my parents, we could not imagine seeing
a badger and now almost thirty years later the
landscape is thriving. Finally, the landscape is
in balance again.

6. CONCLUSION AND
DISCUSSION
6.1 Conclusion
The objective of this research was to combine
knowledge from the three factors of landscape
diversity into useable design principles; to
explore if they can reverse the decrease in
landscape diversity within cultural landscapes
in the Netherlands. These principles have
been tested in the bocage landscape in South
Limburg called Mergelland.
This research sought the answer to the following
main research question (MRQ): “Which design
principles help stimulate landscape diversity
within bocage landscapes such as Mergelland?”.
This MRQ is answered through a Research For
Design (RFD) and Research Through Design
(RTD) approach to first expand the three
factors of the landscape diversity concept
into indicators of which an in-depth landscape
analysis could be made. This was done through
literature study and map analysis. Finding
suitable indicators led to some preliminary
design principles. The results of the analysis
refined the preliminary design principles
into final design principles, which started
the RTD phase of this research. The design
principles were tested within a smaller part
of the Mergelland landscape. A final set of
thirteen design principles proved themselves in
stimulating landscape diversity within bocage
landscapes such as Mergelland. The conclusions
of this research are further explained based
upon the sub-research questions (SRQ), design
question (DQ), and MRQ.
SRQ 1: What indicators can be linked to the
three factors of landscape diversity and how
can these be linked to Mergelland?
The factor geodiversity has been split up
into five indicators, of which three have been
applied in this research. The indicators are
geomorphology, soil, and water. An existing
method has been chosen to analyse the

indicators, namely a geodiversity index.
The factor biodiversity has been divided
into ten indicators, based upon an existing
approach that is related to structural diversity.
The following ten indicators belong to the
‘ecological area sampling’ approach,
• surface areas of natural and semi-natural
habitat types in %,
• proportion of sealed surface in %,
• proportional area of arable land, viticulture
and intensive woody plants with slope > 9%,
• total length of all roads (5m wide) outside
settlements in m/sq. km.,
• number of non-technical habitat types per
sq. km.,
• average size of parcel of arable land and
vineyards in ha.,
• length of linear elements/ edge structures
per sq. km.,
• number of small habitats (<400 sq. m) per
sq. km.,
• average number of bird or butterfly species
per sq. km., and
• percentage of endangered habitat types
(according to Red List or Habitat Directive) in %.
Some adjustments have been made to these
indicators, which has been described in previous
chapters and will be discussed in the discussion.
The factor cultural landscape diversity can be
addressed with landscape elements that have
been split up into three indicators: the number
of allotment structures per sq. km., the number
of point elements per sq. km., and the length of
linear elements per sq. km.
A criterion for the indicators was that they
had a spatial component so that they could
be linked to the research area Mergelland. To
conclude, fourteen out of sixteen indicators
complied with this criterion and have been
analysed through a grid cell approach. First, the
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analysis showed that the scores of the indicator
maps of geodiversity could be added up in a
final score since they have a similar numerical
expression. Higher scores of this index resulted
in geodiversity hotspots, which have been
used as opportunities to focus on within the
research area. Second, the analysis showed
that indicators of biodiversity have a different
numerical expression and therefore they could
not be added up. However, the indicators are
related to specific problems thus projecting
these maps on top of each other shows areas
where problems are more severe or not. Third,
the same applies to the factor cultural landscape
diversity.
All in all, it was still possible to overcome the
different numerical expressions of the indicators.
The final maps of the three factors have been
projected on top of each other. The geodiversity
factor map highlights opportunities and forms
the foundation that can help solve the problems
related to the other factors. The factor maps of
biodiversity and cultural landscape diversity
addresses problem areas within the research
location, that can be addressed with design
principles. Ten representative grid cells have
been chosen to test if the design principles help
improve landscape diversity.
Factor 1: Geodiversity
DP 1

Indicator 1.1, 1.2, 1.3

DP 2

Indicator 1.2

SRQ 2: What design principles can be
derived from the indicators of landscape
diversity?
The conclusions from the in-depth landscape
analyses finalized the ten preliminary design
principles, as stated in chapter 2 theoretical
framework. To conclude, there are thirteen
design principles (DP) derived from the
indicators of landscape diversity, see Table 3.
These principles have been made in different
ways, namely by one or multiple indicators
and some indicators have been addressed in
multiple DP’s. Moreover, within some DP’s
another DP is mentioned, see Table 3.
The principles that have been made based
upon multiple indicators or the indicators that
have been addressed in multiple principles
have a stronger foundation in the theory that
is behind the indicators. Therefore, these can
be considered more promising, this will be
concluded in answering the DQ.

Factor 2: Biodiversity

DP 3

Indicator 2.1 and 2.10

DP 4

Indicator 2.2 and 2.3

DP 5

Indicator 2.2 and 2.3

DP 6

Indicator 2.7

DP 7

Indicator 2.2 and 2.3

DP 8

Indicator 2.4

DP 9

Indicator 2.5 and 2.6

DP 10

Indicator 2.8

DP 11

Indicator 2.9

DP 12

Indicator 2.7

DP 13
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Factor 3: Cultural DP
landscape diversity

DP 6 (DP 2)
Indicator 3.3

DP 2
DP 6 (DP 2) and
12
DP 3, 4, 5, 6 (DP
2), and 7
DP 6 (DP 2), 10,
and 13

Indicator 3.1

DP 6 (DP 2)

Indicator 3.2

Table 3 The relation between design principles and indicators. For example: DP6 can be led back to indicator 2.7 and 3.3,
which belong to the factor’s biodiversity and cultural landscape diversity. Moreover, DP 6 is led by DP 2 which belongs to
the factor geodiversity.
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In total there are two DP’s that can be led back
to the indicators of geodiversity, there are nine
DP’s that can be linked to the indicators of
biodiversity, and there are two DP’s that can
be led back to cultural landscape diversity, see
Table 3. To conclude, the more promising design
principles are 1, 4, 5, 6, 7, 9, and 12 because:

is based upon the three main morphologies in
the research area. When projecting different
data maps on one another it became clear that
certain landscape elements only occur on a
certain morphology, thus morphology leads to
other design principles. DP 6 ‘increase and/or
improve green linear landscape elements’, led to
a green fine-meshed structure in between the
• Principle 1 is constructed out of three green backbones of the landscape. Connecting
indicators of geodiversity.
habitats but also providing more and new
• Principle 4, 5, and 7 is constructed out of habitats as well.
two biodiversity indicators.
• Principle 6 is constructed out of two indicators As concluded in SRQ2, DP 1 and 6 were found
belonging to two different factors, namely to be strong. When applied in a design they
biodiversity and cultural landscape diversity. indeed had a prominent role. Based upon SRQ2
Moreover, principles 6 is steered by principle 2 DP 2 and 3 did not emerge as a leading principle.
which relates to the factor geodiversity.
However, it can be concluded that DP 2 is a
• Principle 9 is constructed of two biodiversity structuring precondition for other principles
indicators.
and DP 3 expresses DP 1.
• Principle 12 is constructed of two indicators
belonging to two different factors, namely Within these structural principles, there is space
biodiversity and cultural landscape diversity.
for the other design principles to be applied.
DP’s 4, 5, and 7 ‘changing land use, tillage, and
Some of the DP’s implies the use of other DP’s, the arrangement of cropland and grassland’, on
see the last column of Table 3. A reference to paper and within the design had a prominent
DP 6, also implies a link to DP 2 since DP 6 is role. DP 9 ‘improving structural diversity within
steered by DP 2.
cropland area’ on paper and within the design
had a prominent role as well, which was not the
DQ: How can a landscape design, that is case for DP 10 ‘increase small habitat’. However,
driven by design principles based upon the in the design, DP 9 and 10 showed some overlap
concept of landscape diversity from Leser with DP 7. DP 11 ‘species diversity’ will be a
and Nagel (2001), reinforce the Mergelland result of the other principles. The likelihood of
an increase in species diversity is high since the
landscape?
The proposed design for a small part of amount of linear elements increases a lot.
Mergelland has shown that the thirteen design As stated before, DP 12 ‘express allotment’
principles based upon the concept of landscape appeared to be less prominent when trying to
diversity can reinforce the landscape, thus apply the principle in a design. This research
improving landscape diversity. On paper, is focused on improving landscape diversity
design principles 1, 4, 5, 6, 7, 9, and 12 have a concerning the landscape of the past. There are
strong foundation in multiple indicators. While a few places within the design where the old
applying the design principles in a landscape allotment types could be expressed. However,
design for a smaller part of Mergelland, these addressing recent/future problems were
indicators indeed had a more prominent role considered more important. Erosion is one of
than other principles. However, principles 2 these problems, therefore DP 4, 5 and 7 have
and 3 appeared to be prominent as well, and been favoured since they address this problem.
principles 12 turned out to be less prominent. DP 8 ‘reconnect habitats’ and DP 13 ‘emphasize,
restore, and connect important point elements’,
Three design principles (DP) came forward as are only used to a limited extent, which makes
structural principles. DP 1 ‘geodiversity ribbons’, sense since these two together with DP 10 were
are created with geodiversity hotspots that are considered less prominent design principles
along the valleys and mostly on the slopes, they when answering SRQ2.
form ribbons in the landscape. These ribbons
have been made visible through the semi-natural To conclude principles 1, 2, 3, 4, 5, 6, 7 and 9
habitats of DP 3. This is the green backbone of are the most prominent design principle for the
the landscape. DP 2 ‘morphology is leading’, Mergelland region.
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MRQ: Which design principles help
stimulate landscape diversity within bocage
landscapes such as Mergelland?
Mergelland has been used as a case study to
test if the design principles of the landscape
diversity framework can help stimulate
landscape diversity within similar bocage
landscapes. All design principles have been
applied, however, some principles were more
prominent than others, because they overlap
multiple indicators and factors. Therefore,
these have been proven to stimulate landscape
diversity more than some other design
principles. Thus, these principles especially are
recommended to stimulate landscape diversity
in similar bocage landscapes. These principles
are geodiversity ribbons, morphology is leading,
increase semi-natural habitats, changing land
use, changing tillage, increase and/or improving
green linear landscape elements, changing the
arrangement of cropland and grassland, and
improving structural diversity within cropland
areas.
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Since the approach of Leser and Nagel (2001)
has not been extended and made applicable
for landscapes architecture, the result in the
form of design principles cannot be compared
with other research results. Moreover, the
results of all indicators within the in-depth
landscape analysis cannot be compared with
other research results since this is the first case
study that applied this framework and design
principles.

It is important to address the following nuance:
the results of different design research, such
as Kerkstra, Vrijlandt, de Jong, and Houwen
(2007) and Heusschen Copier (2019), the same
area show some overlap with the results of
this research. Although the goals and different
research methods have been used, there is
an overlap in proposed design principles to
improve the landscape. To a certain extent, this
observation confirms the landscape diversity
framework that has been made and tested in
this research. Only a true validation can be
made when this framework is carried out in a
This does not mean that the other design similar area and the same results emerge.
principles are irrelevant in improving landscape
diversity in similar landscapes. The results of an While it is not yet possible to compare literature
in-depth landscape analysis might result in more on the results, it is possible to substantiate the
problems around fragmentation due to roads fact that this approach makes an important
(indicator 2.4) instead of erosion (indicators 2.2 contribution in closing the knowledge gap.
and 2.3). This could alter the importance of the
design principles.
Walz (2021) states that landscape metrics
and indicators have become part of assessing
6.2 Discussion
and monitoring landscapes in recent years.
The problem is that only a few indicators are
Comparison of the results with existing
constantly used. Making it hard to compare if
literature
the indicators are useful or not. A standard set
Leser and Nagel (2001) addressed that a lot of of indicators is missing. Within this research,
research is focused on biodiversity to contribute an existing set of indicators from Dierßen and
to an improvement of landscape diversity. Hoffmann-Müller (2004) has been used for the
Overlooking the two other factors geodiversity factor biodiversity, which can be become the
and human activity; both play an even more standard set that is missing now. Moreover,
important role in improving landscape diversity. Walz (2011) mentions just like Leser and Nagel
Moreover, the spatial dimension of the three (2001) the importance of geodiversity and
factors of landscape diversity is not prominent human interference within landscape diversity
enough in landscape diversity research (Leser research. Not only biodiversity is important for
& Nagel, 2001). This research is focused to fill research that is in trying to improve landscape
in the knowledge gap of making the landscape diversity. Within this research, these two
diversity approach of Leser and Nagel (2001) factors have been included equally. Both
useable for landscape architects to contribute Zwoliński, Najwer, and Giardino (2018) and
to an improvement of diverse Dutch cultural Dias et al. (2021) again address what Walz
landscapes. This has been done by finding (2011) and Leser and Nagel (2001) state, namely
indicators for the three factors of landscape the importance of geodiversity in relation
diversity that can be spatially analysed and to biodiversity and landscape development.
translated into design principles.
Zwoliński et al. (2018) state the relevance of
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methods assessing geodiversity to “to raise
awareness on the importance of geodiversity
for ecological, territorial and landscape studies,
and to understand its relevance for human
development.” (2018, p. 27). Dias et al. (2021)
state that the results of the method of a
geodiversity index assist in the “protection of
the natural environment, as well as projects and
various problems to assess opportunities, risks,
and impacts associated with geodiversity.”
(2021, p. 15). Within this research, it is shown
that by including geodiversity through the
indicators of a geodiversity index opportunities
for improving landscape diversity arise, through
expressing the geodiversity by biodiversity.
Leser and Nagel (2001), Walz, (2011) state
the importance of human activity, which in
the Netherlands indeed is important since the
Dutch landscape is inextricably linked with
human activity (VNC, 2010). Human activity
has been addressed in this research as cultural
landscape diversity in which the products
of human activity in the form of landscape
elements have been analysed and translated
into design principles that just like biodiversity
and geodiversity principles help improve
landscape diversity.
In comparison to the mentioned research, the
landscape diversity approach of Leser and Nagel
(2001) has been extended into a landscape
diversity framework with design principles.
That equally incorporated every factor and is
addresses the important spatial component,
making this research relevant in filling in the
knowledge gap The framework can be applied
in similar case studies, hopefully resulting in a
similar outcome. This will improve the validity
and reliability of the framework and thus also
the design principles.
Internal validity
As stated in the knowledge gap, every factor
of the landscape diversity concept has been
researched monodisciplinary, overlooking
other factors and more specifically the spatial
component of the factors. Since this research
is done monodisciplinary as well, this could
have affected the validity of this research.
However, landscape designers and architects
are educated in a way that they have a broad
understanding of multiple disciplines and topics,
and therefore have a broad understanding
of multiple disciplines. Therefore, I think that
landscape architecture is a discipline that can

overcome this issue of monodisciplinary. Thus,
ensuring the internal validity of the research.
The validity is ensured in multiple ways:
First, the internal validity of this research is
ensured since landscape diversity is addressed
equally by all factors that influence landscape
diversity. Not one factor was made more
important than the other. All three factors of
the concept have been defined based upon
the existing literature. Moreover, every factor
has been expanded by indicators that can
be measured spatially. These indicators and
methods to analyse them have been selected
from existing literature. Second, internal
validity is ensured because of the transparency
of all research steps and results (van den Brink,
Bruns, Tobi, & Bell, 2017). In finding data for the
in-depth landscape analysis, some alterations
of the indicators have been made since data
was missing. By being transparent about these
changes, they can be solved and improved
if needed in future research, see section
limitations. Third, internal validity is ensured
because the design principles have been altered
and refined throughout multiple steps. Firstly,
they are based upon the indicators which are
based upon the existing literature. Secondly,
they have been made place-specific with the
results of the landscape analysis. At last, they
have been successfully applied in the research
area.
External validity
The result of this research in the form of
design principles can be applied to the whole
Mergelland region. Since they are deducted
from an analysis that has been made for the
entire region.
To a certain extent, the design principles can be
applied in similar bocage landscapes, across the
Dutch border. The design principles as described
in this research have been finalised by a placespecific landscape analysis, therefore they
cannot be copied. First, the right dataset for that
region needs to be found. Second, with this data,
a similar in-depth landscape analysis can be done.
Third, the outcome of the landscape analysis
will pinpoint where the design principles can be
applied. Fourth, it might be that other principles
are more important than the ones in this research.
Moreover, the results of the landscape analysis
require some alterations of the design principles
as proposed in this research.
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A part (the factors and indicators) of the
proposed framework can be applied in
other cultural landscapes as well. The design
principles cannot be used since these are too
place specific.
Reliability
The reliability is ensured since all steps have
been documented before undertaking the
steps; think of the dataset used for the analysis
or the analysis steps within GIS. However,
during the analysis, some small adjustments
to the indicators have been made. This could
have influenced the reliability of this research,
but it was documented and therefore reassured
reliability.

83

incorporated semi-natural habitats from Natura
2000 areas. Working together with ecologists
could have expanded this list and given a more
accurate image of the different semi-natural
habitats outside the nature2000 areas. This
would be a recommendation for further research
for experts in the field of ecology. Fourth,
indicator 2.2 ‘proportion of sealed surface’
originally should be addressed in percentages.
The underlying data was not available for
now. At last, indicator 2.10 ‘percentage of
endangered habitat types (according to red list
or habitat directive) in %’ had been changed
into ‘relative contribution and targets of seminatural habitats. There was no data found
about the endangered habitats in percentage.
However, the contribution and targets of the
semi-natural habitat types exist. This can also
indicate the importance of habitats. Therefore,
I have changed the indicator slightly.

The reliability of the framework that is built in
this research could be improved, when testing
it first on a similar landscape and second on a
different cultural landscape as well. In other
words, multiple different case studies will make Lack of knowledge
the framework more reliable in improving There are two limitations within this section.
landscape diversity.
First, I am a landscape architect with a
large curiosity about how to use GIS within
Limitations
landscape architecture. However, there are
As stated in the validity and reliability of this always experts with more knowledge. Maybe
research, some adjustments have been made the data that was found missing is overlooked
to the initial indicators. Since these have been since it only required a few more preparation
documented they do not interfere with the steps. Second, indicator 2.9 ‘average number of
validity or reliability of this research.
bird or butterfly species per sq. km.’ has been
changed into ‘relative red list species diversity
However, when testing the framework in per sq. km’. The NDFF was not allowed to give
similar landscapes the involvement of experts such a large data set, a smaller one with only
can limit the number of adjustments that have red list species was possible. However, this data
been made within the used indicators. They can set was too complex for a landscape designer.
help improve the framework by improving the Therefore, an existing map was chosen.
adjustments that were made and thus validity
and reliability will only improve. The most Interpretation
important examples in which experts can help There are two limitations related to
improve the framework are related to missed or interpretation. First, since the ‘ecological area
missing data, lack of knowledge, interpretation, sampling’ approach has not been used within
and quantity and quality.
landscape architecture, there are no examples
of how the indicators should be used. Most
Missed or missing data
of the indicators are clear, you can’t deviate
There are multiple limitations within this section. from them. The interpretation of non-technical
First, originally there were two more indicators habitats, as the categories of a land-use map,
within the geodiversity index. This data was could be wrong. Expert involvement could verify
missing or not found at that moment. Second, or improve the interpretation of this indicator.
to prepare the indicator water, a Strahler stream Second, a more general limitation, related to
order needed to be made (through GIS). This the interpretation, is the judgement on what
was done; however, the underlying data were scores were considered low or high within the
incomplete or could not be found. Together landscape analysis focused on biodiversity and
with a water specialist and GIS expert, this can cultural landscape diversity. The ecological area
be made and done correctly. Third, I have only sampling approach has not been used, thus
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finding examples on what should be considered
as high or low was not possible. Again, involving
experts will make the results more reliable.
Quality and quantity
All indicators are focused on quantity, not
on quality. To illustrate this, having a onekilometre hedge with native species is better
than two kilometres of hedges with non-native
species. Experts can help improve the dataset,
by incorporating data that is related to quality
as well.
Future directions
As a landscape architect, a solid foundation
for a promising framework to improve
landscape diversity is made. However, expert
involvement is key in the further development
of the framework. A first step would be to solve
or improve some of the listed limitations. A
landscape architect must be involved in every
step so that the framework does not become
too complex with detailed expert knowledge.
It is still and should be a framework that
landscape architects can use and apply to
improve landscape diversity.
At last, it is important to test the framework
with design principles in similar landscapes.
Moreover, I am interested to see if the
framework can be applied in other cultural
landscapes as well.
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