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Editors’ Preface

Dear Reader,

We are pleased that the title of this book and the contents of some of its chapters
have caught your interest. The subject is, of course, landscapes and their explo-
ration. If you are about to click straight on to the next page, or put the book back
down, you should know that our titles and topics are more than just scientific talk
about regional and local problems caused by tensions between humans and nature.
They examine existential questions of mankind from different perspectives. These
questions and challenges are always related to specific regions and landscapes; to
their functions and values for us.

Landscapes emerged as a result of cosmic and geological processes. This is the
basis on which soils, water, flora, fauna, diverse ecosystems and we ourselves (as
the dominant species) could develop. Landscapes are crucial for our existence, our
plans and our actions. We have used and designed them. They are a living archive
that bears witness to our cultural history. A variety of landscapes shape the present
face of our planet and secure our existence and well-being. Landscapes will be
crucial factors in our survival as a species. Their condition can be used as an
indicator of how good the chances are for our descendants.

What are the Framework Conditions and Motivations
for This Book?

The grave problems and conditions facing humans and nature in the twenty-first
century are basically well known. All processes of nature are subject to permanent
change, hence the constant changes to our planet’s landscapes. However, the
existential problems of today are man-made. These problems consist in a crowded
world with a deficient world order, with extreme gradients in terms of ensuring
basic human needs and rights, with unresolved social, economic, ethno-cultural,
and religious issues and conflicts. This affects humanity and nature. Effects include
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the increasing degradation of our resources of fresh water, healthy food, fertile soil,
clean air, energy and raw materials. These entail the irreversible disruption of food
webs and natural cycles, the extinction of species and the man-made aspects of
climate change.

People’s fundamental rights have been addressed in the United Nations
Sustainable Development Goals, which are considered a compass for all responsible
citizens and decision-makers. In terms of landscapes, the European Landscape
Convention already provides good guidelines for responsible action. The imple-
mentation of such goals and conventions requires wise decisions at all levels. At the
regional level, the problems and conflicts arising from tension between humans and
nature are very specific. Today’s landscapes are multifunctional and networked in a
globalized world. Depending on a landscape’s natural features and the desired
development goals, the functional mechanisms and gaps in our knowledge can be
addressed.

The state and development of landscapes can and must be explored. Knowledge
has to be disseminated and understood. Only then can improvements be made for
the benefit of man and nature. As editors, we see it as our mission to support this
process of sharing knowledge about solutions for more sustainable landscapes.

What Can Landscape Research Do?

Landscape research can significantly assist the process of knowledge generation.
This includes coming up with scientific and technological innovations to better
understand, monitor and manage landscapes, and making responsible decisions
about them that must be based on ethical and humanistic principles. Landscape
research creates insights and solutions at the regional, national and international
level. Many of the decision-making algorithms, models, technical innovations and
environmental standards that have been developed are transferable and only need to
be refined locally.

We would like to go into more detail. What general criteria and indicators can be
used to explore the characteristics of phenomena and processes in landscapes and
identify landscape functions? How should reliable, efficient monitoring systems for
essential landscape features be designed? How do we perceive landscapes and how
can we shape or preserve them as sustainably as possible? How can decision-
making processes at the landscape level be made professionally, involving dialogue
between science, citizens, decision-makers and other stakeholders? Our aim is to
address these problems and communicate current knowledge.

Many scientific book projects end by addressing and analyzing problems. Many
offer impressive proof of how mankind can destroy nature and eventually the
foundations of our own existence. That is right. However, such projects often give
the impression that there are no alternatives or solutions.
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Why the New Springer Book Series “Innovations in Landscape
Research” and Why This Book?

Within our series of books, and in this particular book, we would like to go one step
further: to reveal concepts and solutions. That is not possible without reviewing
existing knowledge about landscapes and their exploration, analyzing basic con-
ditions and providing status analyses and definitions. This book, “Current Trends in
Landscape Research”, is dedicated to that task. Other books in this series will then
deal more with specific sub-problems of landscape research and highlight the latest
developments. Scientific and technological innovations and information technolo-
gies are needed more than ever to keep a finger on the pulse of the landscape and to
initiate sustainable solutions.

Landscape research—and this book—can help to overcome boundaries and bar-
riers, especially linguistic ones. Onemain aim is for knowledge to be exchangedwithin
the international community of scientists. Language barriers have prevented the broad
exchange of novel ideas and technologies across the globe. Russia has great traditions
in landscape research. Numerous contributions by Russian authors reveal the advan-
tages to be gained by improving the East-West dialogue in science. The book will
benefit many authors by encouraging them to improve the quality of their disciplinary
work and launch inter- and trans-disciplinary projects for landscape sustainability.

What Is the Basic Content of This Book and What Key Message
Do We Want to Convey?

The book consists in 4 parts:

1 The Essence and Mission of Landscape Research
2 Concepts for Landscape Assessment and Evolvement
3 Tools for Landscape Planning
4 Landscape Characterization: International Case Studies

Every part contains 5–9 chapters written by invited authors.
All in all, we would like to inform you about the interesting and important

contributions that landscape research can make to leave us and our descendants
with a planet where pleasant, meaningful life is possible.

This information is not just for decision-makers and responsible citizens. It also
applies to scientists who, following the mainstream, only publish within their
specialty and no longer have time to read. As a result, they cannot understand
ecosystems and barely communicate with colleagues from other disciplines.

Landscape research implies a focus on regional studies. However, there are
increasing numbers of international joint projects and well-networked scientists
from international teams who can develop and implement innovative, sustainable
solutions in interdisciplinary and transdisciplinary work.

Editors’ Preface vii



Comments and Thanks to Authors and Supporters

To develop new solutions and projects, different approaches, perspectives and
opinions are required. This is ensured in the book by its internationally experienced,
innovative authors and research teams from different disciplines and from different
regions of the world. They are responsible for the content of their chapter, and are
free to point out aspects of their study from their individual perspective. It is
desirable and natural for their approaches and opinions to diverge. Consequently,
as editors, we also accept approaches and conclusions that are not shared by us in
every technical detail.

In some chapters, trade names are used to provide specific information.
Mentioning a trade name does not constitute a guarantee of the product by the
authors or editors. Neither does it imply an endorsement by the authors or editors of
comparable products that are not named.

The editors would like to thank all the book’s authors, contributors and
supporters for their work and engagement. It was our pleasure to serve as editors by
coordinating and reviewing the manuscripts of highly motivated scientists drawing
on considerable expertise.

Ms. Anne Koth (Dresden) provided proofreading for some chapters with care
and scientific expertise. We would like to thank Springer International for picking
up the topic and publishing this book. Special thanks also to Michael Leuchner
(Aachen). While working for Springer, he was the publishing editor responsible for
launching the book series “Innovations in Landscape Research”. The cooperation
with Robert Doe and his team as the publishing editor for this book was also
constructive and smooth.

Finally, we are aware that the publication of this book can only offer a snapshot
of a broad and diverse topic. We are hopeful that you will gain some information
and inspiration for your own work. You are encouraged to find an individual,
optimum approach for drawing conclusions and acting imaginatively.

Müncheberg and Letschin/Sydowswiese, Germany Lothar Mueller
Müncheberg and Paulinenaue, Germany
April 2019

Frank Eulenstein
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The Essence and Mission
of Landscape Research



Chapter 1
Territory and/or Scenery: Concepts
and Prospects of Western Landscape
Research

Marc Antrop and Veerle Van Eetvelde

Abstract Landscape has etymologically multiple meanings, hence a wide variety
of interpretations and approaches to study it. The word originated in Western
Europe during the thirteenth century, denoting both a tract of land organized by
people and its visual appearance. The way the land was organized and shaped
created a distinct scenery. Therefore, the landscape is essentially a holistic concept.
As a spatial unit, it characterizes the identity of the land of a community and defines
a territory where custom rights apply. Both territory and scenery are manifestations
of local, regional or national relationships between a community and the way it is
using the environment. The landscape also gives the basis of cultural identity and
defines value systems. During history, this dynamical relationship changed and so
did the meanings and ways of seeing the landscape. This resulted in different
approaches in the study of the landscape and its visualization. We summarize the
development of landscape research along these two dimensions, territory and
scenery. We discuss how landscape research differentiated and diffused with the
Western culture all over the world. Many of the shifts were caused by cultural
differences, in particular, linguistic and semiotic, resulting in a growing divergence
of interpretations and applications. Also, environmental, economic and techno-
logical driving forces steered the development of landscape research, adding new
related concepts, new methods to analyze and new perspectives. In a globalizing
world, the polarization and compression of the geographical time–space resulted in
faster urbanization and land abandonment simultaneously, so all landscapes are
affected. The demand grew for more proactive and applied research and transdis-
ciplinary approaches to landscape management. Formal definitions, in particular,
the European Landscape Convention, offer platforms for integrating all fragmented
efforts.
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Keywords Western culture � Landscape disciplines � Landscape science �
History � Holism � Approaches � Ways of seeing

1.1 Introduction

Landscape research developed along different paths following conceptual changes
of the meaning of the word landscape and changing perspectives of seeing the
landscape. Landscape research is a recent generic term for all studies ‘dealing with
the landscape,’ ranging from pure academic research, landscape design, artistic
expression and visualization, and landscape policy. However, since the time human
lifeways started transforming the environment, people have been ‘dealing with the
landscape’ but called it very differently. Antrop and Van Eetvelde (2017) and
Antrop (2019) summarize the history of landscape research and the development of
different disciplines involved, as well as the important moments of change caused
by new paradigms and emerging new technologies. The general picture is one of
a tree growing and stretching out divergent branches. Landscape research today is
not one unified discipline in a specific academic research domain, but an attempt to
integrate all activities ‘dealing with the landscape’ embracing the whole of the
alpha, beta and gamma domains of science, purely academic and applied. Earlier
attempts for such an integrated approaches were found in the concept of nature (von
Humboldt 1849–1858; Wulf 2015), in geography as ‘landscape science’
(Landschaftskunde, Landschaftslehre) (Kant 1764; Sauer 1925; Granö 1929;
Passarge 88, 89; Neef 1967; Paffen 1973; Granö and Paasi 1997), in holism (Smuts
1926) and in landscape ecology (Forman and Godron 1981; Naveh and Lieberman
1994; Zonneveld 1995; Moss 1999).

We will first focus on the linguistic and semiotics of the concept landscape to
formulate the fundamental holistic nature of the concept. The two basic pillars of
the meaning of the word landscape are territory and scenery. We will use these to
explain important new landscape-related concepts and the important consequences
for research and policy. We summarize the possible approaches as different ways of
seeing or perspectives on the landscape. A key set of new concepts that are essential
for reading and understanding the landscape is presented. Landscapes are dynamic,
and change is their nature. The driving forces help understanding how transfor-
mation occurs and how to make scenarios for future landscape development.

1.2 The Development of Landscape Research

1.2.1 From the Description of Nature to a Proactive
Transdisciplinary Science

From the perspective of Western European culture, where the word landscape
originated, Antrop and Van Eetvelde (2017) recognized six consecutive phases in
the development of landscape research:
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1. The proto-scientific phase of describing, depicting, imagining and designing
landscapes (before the nineteenth century)

2. The emerging scientific research: the landscape as object of study of geography
(nineteenth–early twentieth century)

3. The landscape seen from the air: aerial photography with its holistic perspective
and the emergence of historical geography (approximately 1920–1960s)

4. The loss of the holistic synthesis due to specialization and quantification in a
world driven by economic and urban expansion (approximately 1960–1980s)

5. The humanistic approach and the revival of landscape ecology for dealing with
increasing economic and environmental crises (approximately 1980–1990s)

6. The ‘landscape crisis’ caused by increasingly faster changes and growing
uncertainty, and the shift toward applied and transdisciplinary landscape studies
(since approximately 1990).

With the global spreading of the Western European culture, landscape and
related concepts were introduced in many parts of the world and adapted to fit in the
local culture. Antrop (2019) gives an overview of the divergence of the landscape
concept and key research domain in three core regions of the world, i.e., North
America, Europe–Middle East and Southeast Asia. As an example, Fig. 1.1 illus-
trates the filiation of the concept of landscape ecology and its diffusion of all over
the world.

Fig. 1.1 Filiation and diffusion of landscape ecology over the world. The numbers are the Google
hits of ‘landscape ecology’ in thousands (situation 2018)
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1.2.2 Filling the Gap: Landscape as an Integrating Concept

Failing to make the landscape a ‘universal’ core concept in scientific research
(Paffen 1973) reduced landscape studies after the Second World War to marginal
descriptions and monographs, being considered the ultimate synthesis mainly in
regional and historical geography. This approach became obsolete with the growing
specialization and the introduction of quantitative methods for analyzing and
modeling. The regional synthesis, and with it the study of the landscape, became
lost when the ‘new orientation’ of geography expanded. In many countries, inter-
disciplinary geography split in social/human geography and physical geography,
the first belonging to the alpha and the second to the beta sciences.

Jan Zonneveld called it ‘the gap in geography’ (Zonneveld 1980), deplored the
loss of the holistic synthesis and predicted that this gap would rapidly become filled
by new disciplines focusing on the importance of holism and interdisciplinary
research.

Indeed, the renewed focus on landscape studies developed from different sour-
ces. In the applied natural sciences emerged land evaluation and the need for
landscape surveying and mapping, in particular, in developing countries where
detailed maps were missing. Aerial photography became the most important tool in
surveying and methods developed for making landscape classification maps
(Zonneveld 1995).

Noteworthy is the development in England where the fast-growing interest for
the local landscape by the general public was more important than the academic
interest. This ultimately stimulated new research, in particular in landscape history
and archaeology (Taylor 2006). The interest for the landscape in cultural geogra-
phy, initiated by Sauer mainly based on the territorial concept (Sauer 1925), but was
heavily criticized by Hartshorne (1939) and the developing ‘regional sciences.’
However, the landscape found a new élan in humanistic geography where the focus
shifted more toward the scenery concept and landscape as a social construct driven
by culture (Tuan 1974; Lowenthal 1975; Cosgrove and Daniels 1988; Olwig 1996).

All these approaches had different ways of reading the landscape and used
different methods. One common shared landscape concept was still missing. Forced
by continuous and aggravating environmental deterioration, an interdisciplinary
cooperation became progressively necessary.

An important momentum was the Veldhoven meeting in 1981 when many
researchers ‘dealing with the landscape’ from the most diverse disciplines
(Tsjallingii and de Veer 1982) initiated the revival of landscape ecology followed
by the founding of the International Association of Landscape Ecology in 1982.
This new ‘umbrella of thinking’ of landscape ecology opened a transdisciplinary
approach to landscape research (Zonneveld 1995). As Moss (1999) formulated it:
“To me, landscape ecology is simply about the study of landscapes and of the need
to derive understanding about landscapes in order to enhance our abilities to
manage them more effectively. Landscape ecology is not the only field to focus on
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the landscape, but it has emerged in the last few decades because, quite clearly,
existing approaches that sought to address a whole range of landscape scale
environmental issues were proving to be inadequate” (p. 138).

1.3 Etymology and Semiotics in Action

1.3.1 The Word ‘Landscape’ in Common Language

One of the oldest references to the word landscape is found in the Dutch language
around the year 1200 AD. The word ‘lantscap’ (also spelled as ‘lantscep’ and
‘landscip’) denotes a tract of land or region. It is composed of the word ‘land,’ in
the sense of a bordered territory, and the suffix-scep, which refers to reclaiming or
creating, as in ‘scheppen’ (to shuffle) and in the German
‘Landschaft’—‘schaffen’ = to make (Antrop and Van Eetvelde 2017). In Old
English, this became ‘landscip,’ the suffix having the meaning of -ship as in kinship
and friendship (Olwig 1996; Cosgrove 2002). Thus, it focuses on land cleared for
settlement in a rural community. Consequently, it also made the distinction between
the rural and the urban lands (town, nowadays also referred to as townscape). In this
sense, landscape is intimately connected to the terrain, the soil and the territory, i.e.,
the area created and managed by the community who lives there. In the Western
culture, land also means property and wealth and many customs and laws were
created to regulate the use of rights for all. When land clearing was defined by the
physical conditions and the available technology, the organization and shaping of
the land reflected the cultural identity of the local community or landowner. Thus,
landscape became the visual manifestation of the interaction between land and
people, and the identity of a society. In Western culture, the representation of the
landscape in prints and paintings only became a distinct genre in pictorial arts in the
fifteenth century. In particular, in the Low Countries, it became a commercially
successful genre, making the word landscape synonymous with a painting of a
landscape scenery. With the Dutch Golden Age of the seventeenth century, the
word became introduced in English language in the meaning of a painting or scene
of the countryside.

The landscape does not only refer to a tangible and complex reality ‘out there’
that can be described and analyzed using objective scientific methods, but also refer
to the subjective experience of its perception generating a ‘mindscape’ as well
(Lowenthal 1975; Cosgrove and Daniels 1988). Unsurprisingly, the approaches to
the landscape are very diverse and not always clearly defined. Most disciplines and
interest groups are dealing with the same tract of land but conceive different
landscapes. There are different ‘ways of seeing the landscape,’ and its meaning
shifts with the context, with the background of the observers and users, and with the
methods and technology to study it (Cosgrove 2002).
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1.3.2 Overcoming the Babylonian Confusion

In common language, the word landscape has multiple meanings and, according to
the focus one makes, different perspectives, readings and interpretations are pos-
sible. Different linguistic interpretations and translations are added to the com-
plexity. The beginnings of landscape research were dominated by a search of the
scientific definition of the new object of study in geography, but failed to resolve in
‘universal’ accepted definition (Zonneveld 1995; Olwig 1996; Claval 2004; Antrop
2005). To clarify the exact meaning one is using, adjectives were added, such as
natural or cultural landscape, rural or urban landscape or designed landscape, and
even in a metaphorical sense as in political landscape. Nevertheless, such precisions
raised new problems and did not solve the loss of holistic thinking about the
landscape as shown in the following examples.

Natural and cultural landscape.

The German geographers from the end of the nineteenth and first half of the
twentieth century debated a lot on the definition of landscape (Paffen 1973). They
introduced the difference between natural and cultural landscapes as the main
paradigm. The distinction was characteristic of an environmental determinism of
the cultural landscape. Geographers elsewhere opposed to this deterministic
approach (Sauer 1925; Vidal de la Blache 1922; Claval 2004), which caused the
development of environmental ‘possibilism’ for the development of the cultural
landscape. Jones and Daugstad (1997) discussed the many problems in using this
distinction as it causes a fundamental split in the holistic nature of the concept
landscape. Nowadays, there is the awareness that the environment is globally
affected by human activities. So, it is more relevant to consider the landscapes in a
continuum on an intensity scale of human impact. As Sauer formulated it: “culture
is the agent, the natural area is the medium, the cultural landscape is the result”
(Sauer 1925). It placed humans as important actors of the changing environment,
which was recognized in the first important symposium on Man’s Role in the
Changing Face of the Earth in June 1955 (Thomas 1956).

When concepts as natural and cultural landscapes have become obsolete in
scientific research, it is not the case in policy as can be seen, for example, in the
definition of ‘cultural landscape’ by UNESCO (see further). In many countries, the
protection of landscape and nature depends on different administrations and follows
different rules and legislation.

Rural and urban landscapes.

The distinction between rural and urban landscapes is based on two different life-
styles and visions about the environment. This distinction was already used in
Roman times and clearly does not correspond to the distinction of built versus
unbuilt land. Rural areas often refer to agricultural (agrarian) land that contains
villages and small towns. Forests, wasteland and wilderness are not included. In the
British tradition, the rural landscape is called countryside and the French speak of la
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campagne. The difference between rural and urban is more defined by customs and
law than the landscape composition and scenery. However, the distinction is still
used in policy, such as in the Rural Development Programs 2007–2013 of the EU
(European Commission 2008).

Geographers studied the rural landscape from a structural, functional and his-
torical perspective. They considered it as a specific form of cultural landscape,
characterized by settlement patterns, land use zoning and field systems. Rural
landscapes reflect a long history of land reclamation and management that can be
studied as a palimpsest to reveal successive layers of time depth (Claval 2004).

In the past, the distinction between rural and urban was clear, spatially, legally
and socially. With the Industrial Revolution and the general urban sprawl, stimu-
lated by the increasing mobility by railway and cars, the border between rural and
urban has become fuzzy. Also, the settlement types form a continuous gradient
according to size, area and power (Antrop 2000) and ‘the urban’ needed to be
redefined as well. Highly dynamical urban areas affect more than their morpho-
logical extent. New concepts such as functional urban regions (Cheshire 1995),
functional urban areas (Antikainen 2005; OECD 2012) and urban morphological
zones (European Environmental Agency 2002) have been introduced. Many of
these contain fragments of the former natural or rural landscape.

Sublime and ordinary landscapes.

This pair of extreme landscape types is based on a scale of aesthetic appreciation
and preference. It basically refers to the scenery, but not merely to the visual
landscape, but to the experience with all senses when standing in or crossing the
landscape. Sublime and spectacular landscapes refer to the nineteenth-century
romantic travel experiences and in a lesser extent to the beautiful and the pic-
turesque landscapes depicted in arts (Schama 1995; Bell 1999). The ordinary or
quotidian landscapes are the ones experienced daily by urban commuters (Groth
and Bressi 1997).

1.3.3 Formal Definitions of Landscape

Formal definitions are based on an agreement between different parties and are
consolidated in a convention that all parties agree to apply in their policy and
legislation. Two formal definitions of landscape have an international scope and
stimulate integrated research of the landscape.

Cultural landscapes in the UNESCO World Heritage Convention.

In 1992, the UNESCO World Heritage Convention introduced a new category for
the list of protected properties, i.e., cultural landscapes (UNESCO 1992). It contains
the first formal definition of landscape. Cultural landscapes are to “represent the
‘combined’ works of nature and man.”

1 Territory and/or Scenery: Concepts and Prospects … 9



Three main categories are recognized:

(1) Designed landscapes have been created intentionally by men, such as gardens
and parks. They are constructed for aesthetic (and sometimes political) reasons
and are often associated with monumental ensembles.

(2) Organically evolved landscapes are the result of and have developed from the
interactive process between a specific culture and in response to its natural
environment. They fall into two sub-categories:

(a) Relict (or fossil) landscapes are the ones that still show characteristic
material features resulting from the processes that made them but came to
an end.

(b) Continuing landscapes are the ones that are sustained by a still active
traditional way of life in the contemporary society.

(3) Associative cultural landscapes refer symbolically to powerful religious,
artistic or cultural associations of the natural element rather than material cul-
tural evidence.

The UNESCO Convention only applies on ‘properties’ that are selected for their
‘outstanding universal value.’ Categories (1) and (3) are clearly ‘special’ landscapes
which are often considered spectacular or sublime. Category (2) deals with tradi-
tional agrarian and pastoral landscapes, which constitute the main part of charac-
teristic landscape diversity in the countryside. Important problems related to this
category are already recognized in the two sub-categories. When lifestyle changes
and does not sustain anymore the landscape it created over centuries, the living
landscape dies and becomes a relic. Properties that lose their qualities are put on a
list of endangered world heritage.

The European Landscape Convention.

In 2000, the Council of Europe presented the European Landscape Convention
(ELC) for signature, which entered already into force in 2004. Article 1 formulates
clearly a consistent landscape definition and several other related definitions:

1. “Landscape is defined as an area, as perceived by people, whose character is the
result of the action and interaction of natural and/or human factors.

2. Landscape policy means an expression by the competent public authorities of
general principles, strategies and guidelines that permit the taking of specific
measures aimed at the protection, management and planning of landscapes.

3. Landscape quality objective means, for a specific landscape, the formulation by
the competent public authorities of the aspirations of the public with regard to
the landscape features of their surroundings.

4. Landscape protection means actions to conserve and maintain the significant or
characteristic features of a landscape, justified by its heritage value derived from
its natural configuration and/or from human activity.

5. Landscape management means action, from a perspective of sustainable
development, to ensure the regular upkeep of a landscape, so as to guide and
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harmonize changes which are brought about by social, economic and environ-
mental processes.

6. Landscape planning means strong forward-looking action to enhance, restore or
create landscapes.”

(http://conventions.coe.int/Treaty/en/Treaties/Html/176.htm)
The definition of landscape is a consensus between policy-makers and scientific

experts from the committees on diversity and landscape (CO-DBP, representing
IUCN) and cultural heritage (CC-PAT, representing ICOMOS). The definition fits
closely the etymological meanings of the original word. It refers to a territory or
land unit and to the perception people have of it, but broader than the scenic aspects
alone. The character refers to its holistic quality and as well as the identity and
uniqueness. Finally, the interactions between natural processes and human activities
make the landscape a dynamic, always changing phenomenon. However, the per-
spective is clearly human-centered, which makes it more specific than the general
organism-centered focus as used in landscape ecology (Fahrig 2005; Mac Nally
2005).

Most important is the scope of the ELC, which encompasses the entire territory
of the member states and “covers natural, rural, urban and peri-urban areas. It
includes land, inland water and marine areas” (ELC, Article 2). There are no
non-landscapes. This makes it completely different from the UNESCO definition of
cultural landscapes.

The great merit of this convention is that it offered a broadly accepted and
operational definition of landscape including its inherent complexity and holistic
character. This allowed initiating many programs for studying the landscape as
never before and stimulating interdisciplinary and international cooperation. This is
remarkable as the convention has not been a legal basis such as an EU directive and
no financial means are provided.

1.4 Perspectives on the Landscape

1.4.1 Territory and Scenery

The two pillars of the landscape are territory and scenery. Territory refers to a
delimited tract of land owned by someone has rights over its use. Land is a property
and means also value, mostly expressed in monetary terms. This makes that the
concept of land is fundamentally different from that of the landscape. The landscape
can be experienced by everyone, at least as an observer. The landscape is a common
good, and its quality is expressed by its scenery and some rights of using it.

A territory is marked in space by borders and landmarks, separating it from
neighboring territories. Often, a settlement is the control center from which the land
is organized and the landscape is shaped. Characteristic is a land zoning of inten-
sively used and valuable infields near the settlements, surrounded by more
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extensively used outfields and further away vast areas of wilderness (forest and
marshland). For each zone, special regulations are applied. Outfields and wilderness
remained common land until the important land clearings were needed to absorb the
growing population. Growing population caused growing territories, which ulti-
mately connected, and competition for the land could result in territorial disputes.

Antrop and Van Eetvelde (2017) showed that the settlement–territory model can
be used as a holistic building block (a holon) to understand the spatial configuration
of the landscape, allowing landscape typology and classification. Also, scenic
elements have been proven significant for the visual control of the territories.

1.4.2 Ways of Seeing

Cosgrove (2003) distinguished two basic approaches or discourses to the landscape,
which he called ecological and semiotic. The ecological landscape discourse focuses on
the complex interactions of natural processes that shape land areas and the interaction
with human activities. The semiotic landscape discourse puts emphasis on the context
and processes through which cultural meanings are shaping our world. Thus, the
landscape becomes a social construct full of symbolic meaning. The first discourse is
typical in natural sciences such as geography and landscape ecology, while the second
is found in social sciences, such as humanistic and cultural geography.

Luginbühl (2012) discussed the relationship between society and landscape, and
between the landscape as a tangible reality and its representation. He recognized
that two groups of societies exist: one without the notion of landscape and one with
the notion of landscape. The first group has only a utilitarian or symbolic relation
with the land and does not contemplate the landscape. The second group con-
templates the landscape and recognizes different types and regions, which receive
proper names that reflect their identity or character. Also, various artistic expres-
sions and representations are characteristics in this approach.

Antrop and Van Eetvelde (2017) defined four perspectives for the study of land-
scape according to the (virtual) positions of the observer: standing in the landscape or
the ‘interior’ perspective, the bird’s-eye perspective from above the landscape, the inner
or mental perspective and the transcendent abstract perspective. Thus, the landscape
can be comprehended or modeled using different paradigms and theories in three
different ways:

• As a complex spatial system of objects (also referred to as elements) and
continuous phenomena varying continuously in space. The elements of that
spatial system are in dynamical interaction. The following concepts are used in
this approach: structure, pattern, functions, ecosystem, change and dynamics.
System theory is the basic paradigm of this approach.

• As a scene or image that can be described using concepts and rules of perception,
which are also related to preference and experience. Theories of environmental
perception and Gestalt psychology (also based on holism) apply here as well as
design principles.
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• As an existential phenomenon with strong symbolic meanings and values. This
fits in Cosgrove’s semiotic discourse and is the approach followed in arts,
philosophy and sociology. Basic concepts here are: homeland, heritage, history,
genius loci, character and identity.

1.4.3 Multiple Scales

The way the landscape can be studied depends primarily on the scale it is observed.
The spatial scale defines the extent of the landscape seen as well as the degree of
detail (or grain) that can be observed. Scale is a function of grain and extent:
scale = f(grain, extent). Scale, grain and extent define the outcomes of spatial
analysis using landscape metrics (Li and Wu 2004; Cushman et al. 2008).

In geography and cartography, the scale is expressed as the ratio between
standard lengths represented on the map to its corresponding length on the terrain.
Hence, a ‘small scale’ means a long view distance so objects are represented very
small and a broad coverage (extent) is seen. In this case, small objects cannot be
represented on maps in their real size and shape as they are not resolved with the
given grain size (i.e., pixel resolution or minimum mappable unit—MMU). They
have to be generalized and represented by symbols. Similarly, ‘large scale’ means
that a small extent is seen in great detail (fine grain or high resolution).

The confusion arises when the reverse is meant, which is often the case in
applications of landscape research in landscape architecture and planning. Here, a
‘large project’ refers to a large area (extent), and a ‘small project’ to a small area,
which has to be represented, respectively, on a small-scale and large-scale map. To
avoid this confusion, scale levels are often denoted according to the policy levels:
micro, meso and macro, or better local (municipal), regional (provinces, district,
etc.), national and international.

Besides the spatial scale, landscape research uses also temporal or timescales,
and organization and planning scales. Table 1.1 gives and overview of the
dimensions of the scale concept is different application domains in landscape
research.

Essential in landscape research is alternatively zooming in and out on the
observed landscape, i.e., changing scales, and thus revealing the overall landscape
structure and the detailed context of each element and changing perspectives
(Forman and Godron 1986).

Table 1.1 Dimensions of the scale concept and application domains in landscape research (after
Antrop and Van Eetvelde 2017)

Application domain Degree of detail Coverage size

Spatial or geometrical scale Resolution, grain, MMU Extent

Time or temporal scale Time interval Duration

Organization of planning scale Agent (actor) Competence domain
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1.4.4 Classification: Typology and Chorology

Classification is the phase in scientific research where all the individual and unique
objects that have been described are systematically ordered. This results in a general
framework that helps understand, formulate theories and make extrapolations.
Zonneveld (1989, 1994) defined two approaches to the classification of land units:
(1) by agglomeration, leading to typification, similar to taxonomy, and (2) by
subdivision of larger spatial units into smaller and more detailed ones. These are
also called, respectively, typology and a chorology and result in hierarchical clas-
sifications according to the scale of organization. The methods for the two
approaches differ, but combinations are possible (Antrop and Van Eetvelde 2017).

Landscape classification is not only important in pure academic research, but also in
applications in land evaluation (Zonneveld 1995) and various forms of landscape
character assessment (Swanwick 2002; Aldred and Fairclough 2002) and in visual
landscape assessment and design (Fry and Sarlov Herlin 1995). The results are also
presented in different forms. Early landscape classifications consisted of atlases (Aalen
et al. 1997), i.e., a collection of thematic maps. More recent forms consist of digital map
databases that can be consulted interactively. Some of these ‘atlases’ are also heavily
illustrated with iconographic and photograph documents and contain essays about dif-
ferent themes. When the approach chronologically tell the history and genesis of the
landscapes in a specific region, they are called landscape biographies (Kolen et al. 2015).

Landscape classification gained new significance with the European Landscape
Convention, in particular with the special measures that were proposed: “each Party
undertakes: (a.i) to identify its own landscapes throughout its territory, (a.ii) to analyze
their characteristics and the forces and pressures transforming them, (a.iii) to take note
of changes, and (b) to assess the landscapes thus identified, taking into account the
particular values assigned to them by the interested parties and the population con-
cerned” (Council of Europe 2000, Art. 6 Special measures, C Identification and
assessment).

1.5 Landscape-Related Key Concepts

1.5.1 Holism and Landscape as a Multi-scaled Hierarchical
System

Clearly, landscape contains elements from the natural, physical world and from the
cultural world and human society. The concept bridges the alpha and beta domains
of science in search of a unified integration. This was already the goal of the early
naturalists, clearly expressed by Alexander von Humboldt, when setting off his
voyage to the Americas in June 1799: “I must find out about the unity of nature”
(Nicolson 1995). He was not speaking of the landscape, which he mainly saw as a
visual representation of nature in painting, but his unifying concept was nature. He
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did not use either the word Gestalt or holism, which both would be introduced
much later. The German concept Gestalt was introduced by psychologists between
the two World Wars in relation to the way human perception and learning work. As
perception is an essential part of experiencing the landscape, Gestalt theory is
significant in landscape research as well (Antrop and Van Eetvelde 2017). Gestalt
theory also supports the concept of holism, which was first introduced by Jan
Christiaan Smuts in 1926. In his book ‘Holism and Evolution,’ he based his theory
on Darwin’s theory of evolution and Einstein’s theory of general relativity to
conclude that holism expresses “the tendency in nature to form wholes that are
greater than the sum of the parts through creative evolution” (Smuts 1926).

Naveh and Lieberman (1994) used later term the Total Human Ecosystem to
denote the holistic hierarchy and the organization of the eco-sciences, in which
landscape ecology forms a significant scale level. Important is also the concept of a
‘holon,’ defined as an open subsystem in this hierarchy that functions partially
autonomous depending on its situation in the whole context. Ies Zonneveld, a Dutch
landscape ecologist active in land evaluation and one of the founders of landscape
ecology, considered land units at different scale levels as holons that he called
‘black boxes’ (Zonneveld 1989, 2005).

1.5.2 Models and Layers: Reducing Landscape Complexity

To help understanding landscapes, the reduction of the complexity is necessary as
well as searching relationships between the composing parts. Several models have
been developed for different purposes. Antrop and Van Eetvelde (2017) describe
different groups of models related to the different perspectives discussed above:

• Model 1: elements (discrete objects), components (continuous phenomena),
structures (ensembles of elements and components that are spatially and func-
tionally related).

• Model 2: points, lines, polygons and surfaces are basic primitives for geocoding
landscape features into a GIS (Burrough and McDonnell 1998).

• Model 3: patch, corridor, matrix and mosaic are the basic primitives used in
landscape ecology (Forman and Godron 1986).

• Model 4: mass, screen, space, and open and solid volumes are examples of
primitives used in the analysis of the visual landscape (Bell 2004).

• Model 5: landmark, district, path, node and edge are the primitives introduced
by Lynch (1960) in the mental mapping of places.

Often, several themes are described and mapped in separate layers. Map over-
laying of selected themes allows to study relationships and reveal patterns of
coherence. Decomposing a landscape in layers is a common research technique,
which existed already long before GIS made it easy.
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1.5.3 Some Meta-Realities of Landscape

Dealing the ‘more’ than the sum of the components.

In the holistic sense, landscape as ‘a whole is more than the sum of its composing
parts.’ Principally this means that a reductionist approach analyzing all components
separately never can be added together to describe this holistic ‘more.’ This was one
of the arguments to dismiss the holistic approach as not operational and useless.

However, holism is not claiming such a reductionist analytic approach. Instead,
it advocates to define the real meaning of each composing element in its contextual
relationship to the whole. Also, it supports methods to describe meta-properties of
the holistic ensemble. Examples of such meta-properties of the landscape are
diversity, heterogeneity, coherence, information entropy and order. The use of
landscape metrics has been an essential innovation from landscape ecology in
landscape research (McGarigal and Marks 1995; Botequilha Leitão and Ahern
2002; Li and Wu 2004, 2007; Ode et al. 2008) (Fig. 1.2).

Fig. 1.2 Holism at work—pattern analysis, Gestalt rules and context: (a) regular geometrical shapes
form a hard Gestalt with a pronounced (symbolic) meaning; (b) series of similar element group
together according to their spatial pattern (discrete elements forming lines), shape and color, and
continuity is restored when elements are missing; (c) linear shapes can form borders of (invisible)
spaces (a room and corridor); (d) the vertical dimension dominates: both lines have equal length, but
we cannot help see the vertical one longer; tall objects in the landscape form landmarks; (e) the power
of context: the whole is more than the sum of the components and (f) each element gets its meaning
from its place in the whole: the information (‘message’) of this pattern is transferred by signs we
attribute a meaning, so we can decode the message. Some signs are confusing and do not fit in our
decoding table, the alphabet in this case. Nevertheless, we can read and understand the message as
these signs get the full meaning from the context, even when elements are missing
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Composition and configuration.

The landscape is structurally defined by its contents and by the spatial arrangement
of the items that make the content. The first property is called composition and the
second property configuration. The distinction between both is important in pattern
analysis, in particular when using landscape metrics for the quantitative description
and expression of meta-properties such as landscape diversity and heterogeneity
(McGarigal and Marks 1995) (Fig. 1.3).

Coherence, fragmentation and order.

Coherence is defined as how the parts of something fit (logically) together or are
internally consistent. Consequently, it also refers to a degree of order. In the context
of landscape research, it refers to the degree in which landscape elements or features
are consistently associated with each other in space or time. In landscape research,
coherence is defined in various ways. Van Mansvelt (1997) classified the concepts
of the ecological coherence of the rural landscape into three groups: the vertical (on
site), the horizontal (landscape-level) and the cyclical (temporal) coherence. Phipps
(1984) called to the first two groups spatial–ecological and topological organiza-
tion. In spatial analysis, coherence is described by spatial autocorrelation, statisti-
cally represented by correlograms and often measured by Moran’s I metric (Mander
et al. 2010). Spatial autocorrelation is scale dependent, in particular, dependent on
the grain or spatial resolution of the data (Burel and Baudry 2003). Thus, it also
relates to spatial heterogeneity and fragmentation.

Zones and fields–borders and fuzziness–gradients and ecotones.

The territorial concept implies a mosaic of areal ‘tiles’ or patches that are bordered
in some way. The borders can be crisp or fuzzy and materialized (as with stonewalls
or hedgerows) or not (as administrative borders which are just abstract lines on a
map). Basically, the tiles forming the mosaic are considered internally homoge-
neous and different from the adjacent ones. In choropleth maps, they are repre-
sented by zones, which demand special precautions when making interpretations. In
reality, most of the zones representing real landscape features on maps are not
homogeneous in reality. Their internal heterogeneity can be revealed when zooming
in on direct landscape observation. This is not the case of zoning plans, where each
zone means one homogenous status of the land within the zone.

Many forces and processes in landscape are not bound by bordered zones, but
show gradients and variation in space. These are in fact (power) ‘fields’ where the
intensity of a characteristic variable changes from place A to place B (Longley et al.
2001). Conceptually, these are geographical surfaces that are represented on maps
by isolines (Unwin 1981). This is the case for physical components such as slope
degree, water table depth, temperature and rainfall. Map overlaying of different
landscape themes of result in gradients that according to their width and scale are
considered transition zones or slivers (Granö 1929). In landscape ecology, borders
and edges are conceived as ecotone transition zones, and gradients represent eco-
clines and eco-fields (Farina and Belgrano 2006; Farina 2009).
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Fig. 1.3 Composition, configuration, landscape diversity, heterogeneity, entropy, fragmentation
and autocorrelation. The shades show the different categories of landscape types A, B and C that
compose the landscape, and their number gives the landscape diversity or richness. The spatial
arrangement of the landscape units (‘patches’) defines the configuration of the landscape. The
complexity of the pattern increases with the number of spatial units. Complexity combined with
diversity defines the landscape heterogeneity which can be described by information entropy
measures such as Shannon’s diversity and evenness. The way units of the same type are spatially
distributed defines the fragmentation, contagion, interspersion and autocorrelation between the
patch types. The area/edge length ratio gives the compactness of the patches. Borders can be crisp
or fuzzy and eventually form transition zones or gradients
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In human geography, political and administrative units are normally represented as
zonal features, as is also land use and land cover. However, in urban studies, many
features show gradients away from the city centers. Urban places act as centers of gravity
for many features and activities. A classic example is the population density and the
provision of services, like transportation. Gravity models are used to analyze the patterns.
Examples are the land use zoning model by von Thünen, the central place theory by
Christaller, which gives a basis for the hexagonal model settlement of settlement patterns
(Antrop and Van Eetvelde 2017). In settlement geography and historical geography,
gravity models are also significant. They explain the distribution of the infield–outfield
zoning or the distribution of hortus-ager-saltus-silva (Antrop and Van Eetvelde 2017).

Also, scenic aspects of the landscape can be represented by zones and fields and
show gradients and fuzziness. Frequently used are viewsheds and geographical
surfaces (Nijhuis et al. 2011).

1.6 Drivers of Landscape Transformation

1.6.1 Landscapes Change Naturally

Landscapes are dynamical systems and are continuously transforming. The basic
paradigm is balancing the spatial, morphological structure with its functioning or
the continuous interaction between patterns and processes as described by Forman
and Godron (1986):

An endless feedback loop:

Past functioning has produced today’s structure;

Today’s structure produces today’s functioning;

Today’s functioning will produce future structure.

This is not only one of the basic paradigms of landscape ecology, but is also
significant in landscape management when it comes to controlling landscape
changes. Basically, two ways of acting are possible: (1) acting upon the spatial
structure, e.g., making material changes in spatial planning, and (2) steering upon
the processes, e.g., by-laws and regulations (Antrop and Van Eetvelde 2017).

According to the time considered, the distinction is made between landscape
genesis and landscape history. The first encompasses the geological timescale. The
second roughly corresponds to the period where the human impact on the landscape
is obvious and hence stretches beyond the written record of history into prehistory.
The first is studied by geology, palaeogeography and climatology and ecology, and
the second by historical ecology, landscape archaeology and historical geography.
However, landscapes can have very deep time depths and most of the research
demands an interdisciplinary approach between all these disciplines.
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1.6.2 From Human in the Land to the Great Anthropocene
Acceleration

Early humans wandered through the landscape almost without leaving any trace.
The agricultural revolution in the Neolithic meant also the creation of landscapes
and settlements that changed gradually the face of the earth. During history, cultural
and technological changes correspond to successive landscape transformations,
some of which wiped away the previous ones. The frequency and magnitude of
landscape transformation varied in time. The speed, frequency and magnitude of the
landscape changes showed an exponential increase since the eighteenth century,
corresponding to a series of linked revolutions: the agricultural innovations and
‘invasion’ of new foreign crops, the Industrial Revolution and political–social
revolutions (e.g., the French and American revolutions) and World Wars. All these
changes made the transition from an agrarian–rural to an urban–industrial way of
life with corresponding landscape changes (Antrop and Van Eetvelde 2017).
Antrop (1997) called the landscapes before these devastating changes ‘traditional’
in the sense they were sustainable for at least three generations and hence consti-
tuted a common heritage. Nowadays, landscape changes so quickly that everyone
will live in several completely transformed environments during one’s lifetime.
According to the philosopher Lemaire (2002), this causes a growing discontent and
discomfort and creates a mentality that landscapes and the environment are
makeable and hence have no inherent value.

These landscape transformations are coupled with important environmental
transformations that characterize the trajectory of the Anthropocene, which Steffen
et al. (2015) called the Great Acceleration. There are indications that since 1800 AD
‘techno-stratigraphic’ deposits globally mark the landscapes and it makes sense to
place the beginning of the Anthropocene here, with the Industrial Revolution (Saul
and Waterton 2019). Steffen et al. (2007) recognized two stages in the
Anthropocene: the industrial phase until 1945/1950 and the Great Acceleration
since then (Fig. 1.4).

Fig. 1.4 Periods and scale of human impact related to the evolution of world population and
moments of landscape transformation in Europe
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1.6.3 The Landscape: A Highly Dynamical System
Far from Equilibrium

In 1955, the Nobel Prize Winner Ilya Prigogine wrote “the majority of the phe-
nomena studied in biology, meteorology, astrophysics and other subjects are irre-
versible processes which take place outside the equilibrium state” (Prigogine 1955).
Prigogine (1987) spoke of dissipative systems, which could suddenly change when
their characteristic factor became unstable. Landscape certainly belongs to the
‘other subjects’ and can be seen a manifestation of the actual state of a complex
system far from equilibrium. Pinto-Correia et al. (2018) speak of a landscape in
disequilibrium and illustrate this with examples of the current landscape transitions
in rural Europe.

Following the ideas of Laszlo (1994), Naveh (2007) saw the development of
different landscape types as successive bifurcations in evolution caused by unstable
conditions related to cultural advancement. He recognized following revolutionary
cultural steps resulting in new landscape levels: fire making > natural–pristine,
toolmaking > sub-natural, agriculture > seminatural, Industrial Revolution >
agro-silvo-pastoral, Industrial Revolution > industrial–agro-urban and information
revolution > postindustrial. The new states are only temporary semi-stable until
new disrupting factors occur (Fig. 1.5).

1.6.4 The General Trends and Driving Forces

The general trends of contemporary environmental changes and landscape trans-
formations are well known as are the main, global driving forces (Vos and Klijn
2000; Klijn 2004; Antrop and Van Eetvelde 2017). At the global scale, two dis-
courses drive competing agendas: an economical discourse of the free market and
trade (the WTO agenda) and an ecological discourse focusing on (the UN agenda

Fig. 1.5 Landscape as a dissipative system. When all factors that sustain a traditional rural
landscape become unstable, sudden disruptive changes may occur, creating new landscape types
such as the ones indicated here
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for sustainable development) (Primdahl and Swaffield 2010). However, the prac-
tical outcomes on the local level and the processes involved remain poorly
understood and very unpredictable (Pinto-Correia et al. 2003, 2018).

Plieninger et al. (2016) made a review of the 144 studies on the driving forces of
landscape change in Europe. Following Geist and Lambin (2002), they made the
distinction between proximate and underlying drivers. The first group consists of
human activities at the local level, such as agricultural expansion or extension of
settlements. The underlying drivers comprise social and natural processes, such as
population dynamics, agricultural policies, markets and cultural factors, which have
an indirect impact on the national or global level. They found how driving forces
have been addressed according to medium-term timescales and local spatial scales.
Their review showed that land abandonment/extensification is the most prominent
(62% of cases) proximate driver of landscape change. They also found that distinct
combinations of mainly political/institutional, cultural and natural/spatial underly-
ing drivers are determining landscape change.

Jepsen et al. (2015) made a survey of the evolution of the land management
regimes in 28 European countries over the past 200 years and related these to
changing technological, institutional and economic drivers. They recognized seven
successive land management regimes with different effects on the management.
They denoted these the era of peasantry, innovations and rights, intensification,
industrialization, collectivization, de-intensification and commercialization and
environmental awareness. They concluded that land system changes are not uni-
directional developments following predefined trajectories, but path-dependent
processes that are affected by various drivers and sudden events.

These complex interactions of very different driving forces act at scales ranging
from global to local. The combined effect can be summarized as a polarization of the
geographical space between relatively small core areas of intensification and vast areas
of extensification (Antrop and Van Eetvelde 2017). The core areas are characterized by
a concentration of people and activities in urban and industrial areas, congested by
traffic and fragmented by infrastructure. The peripherical areas suffer from land
abandonment, lack of essential services and rewilding. The core areas are often located
in along coastal zones and rivers in areas with high risk for calamities.

1.6.5 The Uncertain Future

The uncertainty about our future grows because of the increasing speed and
magnitude of the contemporary environmental changes and the numerous agents
making changes often acting in a non-concerted way. The uncertainty refers to the
predictability (probability) of some future—as predicted by scenarios—becoming
realized. The uncertainty of a scenario depends on the quality of the data it is based
on, the time horizon in the future, the feasibility of the goals set, the means invested
and the consistency of the willingness to achieve this by all stakeholders involved
(Fig. 1.6).
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1.7 The Value of Landscape

Both approaches to landscape, territory and scenery, are valuated, but differently.
The value of a tract of land depends primarily on its natural resources and the
productivity it may yield. Utility defines value, which is often expressed in mon-
etary terms as the price of the land. The potential for different uses is essential.
Classic examples are changing wasteland and forest or agricultural land to urban
development. Such changes are essential to increase the benefits for the landowners,
but might be perceived by others as a value loss of the landscape qualities. In this
case, the value is based on other qualities, such as ecological ones, and most often
on scenic qualities. While the territory of a landowner is a private good, the scenery
of the landscape is regarded as a common good.

It all comes to an ethical matter, and an assessment of right or wrong forms a
specific perspective of the observer. The distinction between the concepts’ quality and
value is essential. Qualities describe properties and characterize the landscape area or
a place, making it distinct from another area or place. Qualities can be measured
principally on four different scales: Nominal measurement is qualitative description,
or ranked on an ordinal scale, and measured quantitatively using interval and ratio
scales. In a second step, qualities can be assigned values according to predefined
criteria, depending on the perspectives and goal of the valuation. For example, the
assessment of the ‘outstanding universal value’ of a property to be listed on the
UNESCO World Heritage is an example of a qualitative evaluation by experts fol-
lowing the criteria defined in the World Heritage Convention.

Fig. 1.6 Uncertainty and predicting the future and the probabilities of the outcome. On the short
term, forecasting gives the most certain outcomes. Predictions based on facts and scenarios range
from probable over preferable, plausible to possible outcomes, and some are unlikely. Even the
most probable scenario has no absolute certainty to become realized as planned. When data are
lacking or unreliable, which becomes often the case for very long-term speculations, or the
scenario models are wrong, no probability of any outcome can be guaranteed
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Valuing is also a matter of axiology and raises the question of right and wrong as
Leopold (1949) formulated it in his land ethics: “A thing is right when it tends to
preserve the integrity, stability, and beauty of the biotic community. It is wrong
when it tends otherwise.” This was developed further in the environmental ethics
where the idea was introduced that “wild nature and healthy ecosystems as holistic
entity have intrinsic value” (Rolston 1988). The following categories of landscape
values are significant (Antrop 2012):

• Instrumental or extrinsic value: the value which something has for someone as a
means to an end that they desire. This is the basis for the discussion of the
economic land value expressed in monetary terms, the utility of landscape and
landscape services.

• Inherent value: the value which something has for someone, but not as a means
to a further end. These are typically aesthetic values of landscape scenery but
also environmental qualities as quietness, healthy air and feeling of space.

• Intrinsic value: the value something has. No appeal needs to be made for those
for whom it has value. It is simply valuable and is so independently of anyone
finding it valuable. For landscape qualities, this is the most difficult to make
operational and rather similar to the intrinsic value of nature.

1.7.1 Essential Landscape Qualities

There are numerous landscape qualities, and each can have assigned values in very
different ways all depending on the perspective and goals of the assessment. Many
qualities are abstract concepts with multiple facets. Hence, they are described by
multiple attributes, variables or criteria, which can be used for subsequent assess-
ment, qualitatively or quantitatively, or monetary or not. Thresholds can be defined
as well, e.g., to delineate spatial units of defined critical values.

Several lists of criteria to assess landscape qualities are available. An example is
found in the UNESCO World Heritage criteria for selection (https://whc.unesco.
org/en/criteria/). However, no heuristic is provided on how to use these. Very
popular, in particular in environmental impact assessment, is the use of comparative
tables, such as the popular Leopold matrix (Leopold et al. 1971). Using GIS, even
interactive and participatory assessment became possible (Eastman et al. 1993).

Antrop and Van Eetvelde (2017) defined three main groups of criteria for land-
scape assessment, depending on the content of the landscape (i.e., territorial per-
spective), the perception and experience (i.e., the scenery perspective) and the use of
the landscape (i.e., the right of use and access). For example, the first group consists of
criteria as rarity, uniqueness, authenticity, coherence, diversity and heterogeneity.
The second group contains criteria as legibility, identity, character, order, naturalness,
variation and atmosphere. The third group has accessibility, utility and stewardship.
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From these, landscape diversity, character and identity are the essential ones as
concisely formulated in the First Assessment of Europe’s Environment (the Dobříš
Assessment):

The richness and diversity of rural landscapes in Europe is a distinctive feature of the
continent. There is probably nowhere else where the signs of human interaction with nature
in landscape are so varied, contrasting and localised.

Despite the immense scale of socio-economic changes that have accompanied this century’s
wave of industrialisation and urbanisation in many parts of Europe, much of this diversity
remains, giving distinctive character to countries, regions and local areas (European
Environmental Agency 1995).

1.7.2 A Common Heritage and a Human Right

The landscape is regarded as both a natural and a cultural heritage, meaning it
witnesses from our past and still has actual significance in our society (Antrop
2005). Subtle linguistic differences are important here. The Cambridge Dictionary
defines heritage as all “features belonging to the culture of a particular society,
such as traditions, languages, or buildings, that were created in the past and still
have historical importance.” The Oxford Dictionary adds “things of special
architectural, historical or natural value that are preserved for the nation,”
essentially including ‘nature’ as well. On the contrary, patrimony, or inheritance,
is a property that someone gets from an heir and is often private. Heritage refers
more to common values for the public and society. The UNESCO World Heritage
considers ‘properties’ to be listed. These differences indicate that heritage can be
seen as (i) immovable, real estate or movable, material artifacts, and (ii) as
intangible. The first group refers to objects and areas, and is territorial, and the
second group refers to perception, thus more scenic aspects, and to traditions,
hence practices in using the land. This makes a difference when it comes to
protection and conservation. In many countries, landscape protection is situated in
administrations of nature conservation (for natural properties) or spatial planning
(for real estate, cultural landscapes and monuments). Consequently, landscape
protection, conservation and management are fragmented over several policy
domains, which do not always pursue the same goals and consider the same
values.

The European Landscape Convention (Council of Europe 2006) “recognises a
human right to landscape” (p. 18), in particular in the context of public participation
where landscape is seen “both as a human right and a social responsibility” (p. 120).
Linking landscape and human rights is a complex matter and varies again with a
territorial or scenic perspective (Egoz et al. 2011).
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1.7.3 The Economics of Landscape and Landscape Services

Certain landscape qualities have economic values, of which some can be expressed
in monetary terms. This became the recent research field of the economics of
landscape (Price 2019). It covers both the territorial aspects, such as the price of the
land in relation to its potential utility or location, and scenic aspects as the access
price to certain viewpoints and the price of lodging depending on the view.

Processes in the landscape result in functions that have value as well, which
introduced the concept of landscape services as a special and extended form of
ecosystem services (de Groot et al. 2010). Tremorshuizen and Opdam (2009) see
landscape services as a bridge between landscape ecology and sustainable
development.

1.7.4 Landscape as an Indicator

Most policy domains demand easily obtainable, reliable, up-to-date and transparent
indicators to monitor and assess their actions (Parris 2003). Examples are sus-
tainable development (Agenda 21), multi-functional agriculture (Common
Agricultural Policy), environmental reporting (European Environmental Agency),
economy and development (OECD), trade agreements (WTO), ecosystem and
nature conservation (Ramsar Convention), landscape policy and protection
(European Landscape Convention, UNESCO World Heritage Convention). These
policy domains have direct or indirect impact on the landscape, both on the terri-
torial, spatial and structural characteristics and its scenery. For example, OECD
defined agricultural landscapes as “the visible outcomes from the interaction
between agriculture, natural resources and the environment, and encompass ame-
nity, cultural, and other societal values,” and hence the visual landscape can be used
as an indicator (Wascher 2003).

As a result of these demands, several kinds of methods for measuring the
landscape have been developed (Botequilha Leitão et al. 2006). Uuemaa et al.
(2009) gave an overview of the available landscape metrics and indices. They are
used mostly in analyzing changes in land use/cover patterns, but proved to be still
less powerful in assessing functions and values (Uuemaa et al. 2012).

1.8 Prospects on Future Landscapes

1.8.1 Paradoxes—Sustainable Landscapes?

A paradox arises when a positive process—desired and well intentioned—initiates
parallel negative side effects or feedbacks. A classic example is described in the
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Tragedy of the Commons by Hardin (1968) and related to the concept of carrying
capacity. Carrying capacity has been defined “the average maximum number of
individuals of a given species that can occupy a particular habitat without perma-
nently impairing the productive capacity of that habitat” (Rees 2001). Carrying
capacity depends on the potential of natural and cultural resources of a tract of land.
It is described by the logistic growth model that strives toward a ‘sustainable’ level
of a population after a stage of almost exponential growth. The concept was used to
define the ecological footprint to express the impact of a population on the envi-
ronment. Different types of carrying capacity can be recognized (Mitchell 1979).
For example, biophysical carrying capacity is used to define the number of animals
on grazing land without disrupting the ecosystem. Behavioral carrying capacity is
used in social sciences and refers to human pressure, population density, congestion
and crowding.

Carrying capacity and the related concepts are variables that depend on lifeways
and technological innovations (Antrop 1991). Most landscape transformations in
history were made to increase the carrying capacity of the land people lived on. The
most important ones were the introduction of agriculture and sedentary lifeways
and the different forms of urbanization. Among the many other innovations to
increase the carrying capacity are manuring, crop rotation, irrigation and
multi-functional land use.

As landscapes change continuously, the idea of sustainable landscapesmight seem
to be a paradox (Antrop 2006). He formulated two possible perspectives on landscape
sustainability. The first perspective focuses upon the preservation of inherent land-
scape qualities and values. These consist of both natural resources, such as biodi-
versity, and cultural capital, such as heritage. Sustainable preservation demands
maintaining the practices and functions that created and managed these qualities. The
second perspective focuses upon sustaining rural economies in areas suffering land
abandonment. Hence, landscape sustainability is in this case not the target, but
landscape is a means to sustain and develop a lifeway. A classic example that also
results in a paradox is the development of tourism. Tourism often proposed a solution
to stimulate new development in declining regions. The tourism paradox describes
the inconsistent nature of tourism’s relationship with the environment. The tourism
carrying capacity could be defined as the possible maximum number of visitors or
accessibility of a site without deterioration of the physical environment and landscape
scenery, so that the qualities for tourist attraction and satisfaction become lost
(Salerno et al. 2013). Often, valuable landscape sites can become lost completely.

Sustainability also depends on the scale, and time horizon one is aiming. The
first perspective clearly demands a long-term and mostly unmonetized value. The
time horizon is here ‘as long as possible.’ On the contrary, in economy, the scale,
the time horizon and planning horizons are a priori defined and they depend on the
investment engaged. Landscapes are seen as makeable products that have to be
depreciated.

Essentially, many global processes, both the natural ones and certainly also the
demographic and economic ones, are not sustainable, but steer a unidirectional
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evolution. Economical processes are characterized by increasing productivity,
reducing the time/cost distance (time–space compression), networking via hubs
(world cities) and replacing or displacement to sustain market profit. At the local
scale, the responses to these global drivers attempt sustainability, for the simple
reason that for local people, displacement and migration are always the worst
options (Antrop and Van Eetvelde 2017). Options at the local scale are
multi-functional land use (specialization, intensification, upscaling), restructuring
and innovation and maintenance. Sustaining landscapes at the local and regional
scale is important for protection of the natural and cultural heritage and lifeways
(Buttimer 2001), the natural and social capital (Potschin and Haines-Young 2006),
landscape and ecosystem services (Wu 2013) and aesthetic qualities (Nohl 2001).

1.8.2 Climate Change, Migration and Energy Transition

During the geological history of the earth, climate change, tectonics and
geo-morphogenesis have been the main factors of landscape formation and trans-
formation. As long no people were witnessing this, concepts such as landscape,
territory and scenery were irrelevant. It is the awareness of the risk for the existing
lifeways that makes these natural processes—‘as perceived by people’—significant.
The details of the spatial impact of climate change are still uncertain. Nevertheless,
we can be certain that it will affect all types of landscapes and ecological processes
and system services and will affect the behavior of people (Opdam et al. 2009).

During history, climatic changes in some regions threatened subsistence, so whole
populations moved on to more comfortable areas. Migration is primarily linked to
climate changes and natural calamities combinedwith a loss of vital natural resources,
often leading to social crises and conflicts. Climate changes and migration changed
civilizations and landscapes several times (Zhang et al. 2007, 2011). Population
movements are now associated with terms such as displacement, relocation and
refugees. Concerning the landscape, new challenging questions arise: How do
landscape and place attachment affect the newcomers’ experience? How can deci-
sions of resettlement also be based on the existing landscape qualities and identity?
How can the principle of ‘a right to landscape’ from the European Landscape
Convention be implemented? (Egoz et al. 2011, 2018; Egoz and De Nardi 2017).

The actual lifeways are characterized by increasing demand for energy con-
sumption. During history, all energy transitions marked the landscape profoundly, as
both territories and scenery. Pasqualetti and Stremke (2018) proposed a conceptual
framework for a typology of what is now called energy landscapes. They recognized
thirteen new landscape types based on substantive (the type of energy source),
spatial (scale) and temporal (duration) qualifications. Five are based on renewable
energy sources: wind, biomass, solar energy, geothermal energy and hydropower.
The others are based on fossil fuels (peat, coal, oil, natural gas, unconventional fossil
fuels, e.g., tar sands) and nuclear energy, and on collated energy (using two energy
sources) and complex energy (using several technologies together in one landscape).
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1.8.3 Dealing with the Landscape

Stakeholders, competencies and participation.

Selman (2006) showed the important differences that exist between the valuing of
insiders and outsiders when planning at a landscape scale. Both can be ‘expert’ or
‘layman.’ Insiders are often also ‘locals’ or residents, while outsiders can be public
authorities or recreationists and tourists, just passing by.

Studying environmental politics, Hägerstrand (2001) identified two main types
of competencies stakeholders may hold: the territorial and spatial competence. The
territorial competence is the one (private and public) landowners possess to make
material changes in the land and is by far the most important one. The spatial
competence refers to the power of the politicians, civil services, administrations
and agencies have to regulate, stimulate and prohibit actions in land-management,
which Hägerstrand called ‘symbolic transactions.’ These are organized in two
ways: by functional specialization, i.e., sector authorities, and geographically by a
specific territorial authority, such as a nature reserve.

Naveh (2007) argued that a transdisciplinary approach and participation are
mandatory to solve all divergent issues in landscape planning. Since the Aarhus
Convention, public participation in decision making is required (United Nations
1998) and included in the European Landscape Convention (Jones 2007).
According to the ELC, participation includes “the general public, local and regional
authorities, and other parties with an interest in the definition and implementation of
landscape policies” (Council of Europe 2000, art. 5c).

Different types and levels of participation are recognized, ordered according to
the engagement of the citizens: informing, consultation, cooperation, communica-
tion, advisory committees, management boards, partnership and community control
(Jones and Stenseke 2011). Often, only the lower levels of participation are applied
in practice, such as informing, consulting and communicating. Participation in
landscape transformation decisions cannot be expected to result in stable solutions
forever. In the present rapidly changing society, participatory processes need to be
creative and flexible and have to include risk and uncertainty for long-term out-
comes (Roe 2019).

Landscape as the scene of action.

The landscape scenery shows the result of actions. Olwig (2002) demonstrated how
big landowners consciously used landscaping of their large estates to exhibit their
power and wealth and to promote their ideology or political vision. However, most
of the highly valued traditional landscapes today are not made by planning and
design, but resulted from the labor of peasants and local communities trying to
survive (Muir 2000).

Local landscape management becomes increasingly driven by centrally defined
policies and decisions made by outsiders and at scales far above the local level.
Often, this demands a long chain of communication with an important time–lag and
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a lot of noise. Intentions and objectives at the top level ensuing indirectly in dis-
torted side-effects at the bottom. It is a challenge to understand how the information
transfer works, evaluate the outcomes for both the policy intentions and the local
development and find new balances and priorities beneficial for locals and outsiders
(Pinto-Correia et al. 2006).

Landscape as an integrating concept.

As a holistic phenomenon, the landscape combines very different perspectives in
one place or area, which makes it a common integrative concept for all stakeholders
involved. ‘Planning at a landscape scale’ allows to agree on different visions and
goals (Selman 2006). Nassauer (2012) proposed the local landscape to serve as a
flexible boundary concept for landscape ecology, offering a common ground to
scientists and practitioners with different backgrounds, values and interests.
However, Pinto-Correia et al. (2018) defined five inherent tensions when it comes
using the landscape as an integrating concept:

1. Landscape has no boundaries, but management arrangements depend on
well-defined ones. Essentially, this means that while landscapes are perceived as
scenery, policy and management exercise a territorial authority.

2. Many policies have significant landscape impacts, but landscape competence
itself is not addressed. A classic example is the impact of the EU CAP on
landscapes, while the European Commission has no direct competence for direct
actions in the landscape and does not assume real responsibility in the matter.

3. The rural landscape is increasingly multi-functional, but in most regions, it is still
structured as if agriculture were the only function. This monofunctional thinking
is found in all sectors aiming at full control of their own singular interests.
Multi-functionality should be a basic principle in all landscape planning.

4. Landscape heritage should be preserved, but a living landscape is a developing
landscape. The general principle is that what loses its function and becomes
obsolete degraded and finally disappears. Protection by ‘freezing’ as a museum is
a paradox. This is the problem, for example, trying to preserve cultural land-
scapes as the ‘organically evolved landscapes’ in the UNESCO World Heritage.

5. Landscape is a common good, but it managed individual tract of land. Basically,
this is the dichotomy between landscapes as scenery and territory.

Effects of introducing formal definitions of the landscape.

When early landscape research was mainly descriptive and academic, it gradually
broadened its scope and field of application. After the Second World War, land-
scape research made a leap with aerial photograph survey and applications in land
evaluation. A new step forward in landscape research came with the introduction of
formal definitions of the landscape and the goals and measures formulated in
international conventions relevant to the landscape. As an example, Table 1.2
summarizes the approaches and knowledge before and after the introduction of the
European Landscape Convention (ELC) in 2000.
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Table 1.2 Difference between landscape concepts, research and applications before and after the
European Landscape Convention (ELC)

Ante-ELC Post-ELC

Definition of landscape

Many different definitions and concepts
– Territorial vision in regional, historical
geography

– Scenic vision in landscape architecture and
gardening and pictorial arts

– Natural and cultural landscape

One formal definition
– Both territorial and scenic vision
– Character and identity
– Interaction of natural processes and human
activities

– All is landscape, and there are no
non-landscapes

Significance of landscape

Landscape as heritage
– Only special landscapes and places: the
sublime, the spectacular, the iconic and the
symbolic

– Landscape as environment for nature and
human living

Landscape as common heritage and a
human right
– All natural, rural, urban and peri-urban
areas, including land, inland water and
marine areas

Landscape research

From classical geography
– Regional monographs
– Chorology of national and European
landscapes (atlases)

From historical geography
– Landscape genesis and history
– Typology of settlements, field systems and
rural landscapes

From landscape ecology
– Scale, context, holons and hierarchy
– Dynamics of change, processes and spatial
structure

– Composition and configuration patterns and
landscape metrics

From archaeology
– Geographical and territorial context of sites
as explaining factor

Academic research: integrated landscape
studies
– Multi- and interdisciplinary
– Using common methods and technology
(GIS, (spatial) statistics, remote sensing,
etc.)

Applied research
– For the people, by the people
– Transdisciplinary
– Participation of the public and civil
authorities

Perspective of sustainable development
– Conserve, protect, maintain and create
landscapes

1.9 Prospects on Landscape Research

Considering the measures proposed in the landscape significant conventions, the
actual landscape dynamics and the potential effects of the major driving forces, the
following list of research priorities for the future can be formulated (after Antrop
2008):

1. There is no such thing as a non-landscape. So, all landscapes should be con-
sidered in all policy domains. This makes the landscape a central theme in all
strategic, environmental and policy assessments. It means also that appropriate
data and methods need to be widely available.
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2. The contribution and impact of different landscape disciplines in policy are
often very unequal and biased. To contribute equally, all landscape disciplines
need to develop, besides pure academic research, also practical tools for
applications in policy-making.

3. Much landscape research is still descriptive (the actual situation and the his-
torical development) and mainly contributes to the understanding and knowl-
edge of landscapes. Landscape research should be also proactive and focus
more on prognosis and scenarios for the future.

4. Although inter- and transdisciplinary approaches are hype, rare are really
integrated landscape studies. All disciplines need to work together from the
beginning of a research project to the end. They have to understand each other’s
language (jargon) and formulate the problems and solutions together.

5. Participation is too often restricted to ‘informing the public’ or ‘making
inquiries.’ Real and fair stakeholder participation should start at the beginning
of a project. This is often the key to a successful implementation afterward.

6. Indicators of landscape change that are significant for policy-makers should be
developed and tested (Parris 2004). Complex, abstract and ‘black box’ indi-
cators are occasionally not transparent enough to be understood easily and,
therefore, are not trusted. This is often the case with landscape metrics, which
demand cautious interpretation and understanding the effects of factors such as
scale, time and data quality. Also, thresholds need to be defined.

7. Expressing landscape values and services in monetary terms could be only
helpful for some aspects. Most landscape values, however, are immaterial and
cannot be monetized meaningfully. Economical assessments already applied in
environmental impact studies could be adapted. This can be a strategic research
option, as most of the driving forces that cause landscape change are econom-
ical. Possible examples are linking heritage to recreational and touristic services.

8. Available digital data with full spatial (and transborder) coverage are dealing
with environmental themes such as topography, soils, land cover, vegetation
zones and climate variables. Most landscape data are obtained indirectly from
these environmental themes and inferred from census data collected from sta-
tistical sample units that are seldom representative for the actual landscape
variation. There is a bias in favor of themes related to the material content (terrain,
land cover, composition and configuration) of the landscape, while information
about processes, functions and cultural themes is often lacking or fragmentary.

9. There is an urgent need for efficient monitoring of landscape changes to keep
the date reliable. Landscape changes more rapidly than data are collected.

10. Administrative and political borders cause policies to increase landscape frag-
mentation. These territories are often discordant to landscape structures, and
processes in the landscape are rarely controlled by such borders. The subsidiary
principle stimulates bottom-up participatory planning and policy, promoting
decision at the local level, which is often adapted to the landscape scale. This
causes landscape fragmentation and may deteriorate identity and character of the
landscape as a whole. The practical implementation of applying the ‘aspirations’
of the (local) public may not be favorable for a holistic view on the landscape.
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1.10 Conclusions

The landscape is a complex, multi-scale and dynamical system, which essential
nature is holistic. The etymology of the word combines intimately two essential
properties, territory and scenery. Hence, the word landscape has multiple meanings
and there are several ways of seeing the landscape. Humans are dealing with the
landscape since they began organizing the land to fit their lifeways and shaped the
landscape in a characteristic way reflecting their identity, community and culture.
Scientific research with specific landscape as object began in the eighteenth century
in geography, after landscape in arts was already a successful genre in painting and
the literature, which stimulated landscaping as custom practice and the precursor of
landscape architecture and planning.

In the early beginnings, landscape research integrated all aspects of the meaning
and aimed at a holistic synthesis. The specialization of the sciences after the Second
World War caused a temporary loss of the holistic approach and interest in the
landscape. The fast environmental and societal changes in the late twentieth century
resulted in the search of a new interdisciplinary synthesis, which was found in a
renewed interest in landscape research. When in the past, landscape research was
mainly descriptive, the present development focuses more on proactive and trans-
disciplinary applications in policy, planning and management.
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Chapter 2
Landscape Concept in History
of Russian (Soviet) Geography

Nikolai M. Dronin and John M. Francis

Abstract Our historical review aims to clarify the modern meaning of the term
“landscape” in the context of historical evolution of the notion in the twentieth
century. A remarkable feature of the history of Russian geography was the coex-
istence of multiple readings of the term “landscape.” In the 1910s, landscape notion
had an important human dimension, whereas Soviet geographers interpreted land-
scape as a principally natural object. Nor was there ever a monopoly on reading the
term “landscape” in the Soviet period. For some Soviet geographers landscapes had
definite scale (Solntsev’s landscape) while for many others, the term was applicable
for a complex of any scale and rank. For some scientists the terms “landscape” and
“geosystem” were synonymous but for others—not. All too often collisions of
different interpretations of landscape were a matter of definition. Imperfect argu-
mentation resulted in marginalization of the study of landscape morphology, the
most original concept in Soviet geography, and blurring the term. Most modern
Russian geographers use the term “landscape” as a synonym of natural complex
applicable to units at any spatial scale. The term “geosystem” also is used widely by
modern geographers referring in a generalizing and non-selective way to all natural
complexes regardless of their spatial scale and rank. For the bulk of modern
Russian geographers, the terms “landscape,” “natural complex,” and “geosystem”
are loosely interchangeable.
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2.1 Introduction

“Landscape” as an organizing concept in Russian geography appeared at the very
beginning of the twentieth century and still widely used by modern Russian
geographers. At its core, landscape theory presents the earth’s surface as composed
of landscapes, natural units or cells of highly interrelated natural components. From
the very beginning the idea in Russian geography was characterized by extreme
confusion in interpreting the very notion “landscapes.” It could refer to most
anything—scenery, individual territories, and homogeneous territories—and was
applied at very different spatial scales—from local to regional. In the work of a
single author, one readily finds quite diverse uses of the term “landscape.” This
ambiguity was somehow sustained during the Soviet period. Clearly, most geog-
raphers were little concerned about the multitude of possible readings of the key
term in their discipline or with resolution of the ensuing ambiguities. This flexi-
bility, on the one hand, guaranteed long-standing of the notion but, on the other
hand, any science should avoid ambiguity of its key term.

There is a rich literature on the historical evolution of the landscape concept in
the first half of the twentieth century (Zabelin 1959, 1969; Isachenko 1971;
Sukhova 1981; Preobrazhenskij and Makarov 1988; Dronin 1999). Nor does the
most recent work on the history of Russian geography go beyond 1960 (Shaw and
Oldfield 2016). Our review covers the same period from the early 1900s to the late
1960s, as we see these years as the most important for shaping contemporary
Russian physical geography. Many historians noticed unsettled coexistence of
different interpretations [traktovki] of the term landscape, especially, in early years.
The diverse interpretations used to be regarded as difference in personal views of
Russian geographers. At the same time, different readings of the term landscape
found in the works of a single author were considered by some authors as an
example of a logical flaw (Isachenko 1971; Sukhova 1981; Dronin 1999). In
general the phenomenon of coexistence of different interpretations of the term has
never been a distinct subject for historical and epistemological investigation. We
show that this historical phenomenon is important for understanding the modern
state of landscape geography in Russia.

2.2 Diffusion of Landscape Notion in Russian Geography
(1900–1910s)

Many authors have agreed that the appearance of the landscape concept was
associated with the crisis of geographical science in the late nineteenth century.
Semenov-Tyan-Shanskij (1928) stated that the crisis manifested itself as a com-
prehensive uncertainty as to the subject of geography as a fundamental science.
According to Zabelin (1959, 1969), the crisis was associated with the “exhaustion
of descriptive methodology of geographical science.” Nobody would perceive
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geography as a real science if it only presented nature and folk portrayals of
different countries. Isachenko (1971) saw the explanation in the appearance of
discrete disciplines (hydrology, meteorology, geomorphology, and others) with the
concomitant fracturing of geography as holistic science.

This identity crisis of geographical science should be regarded in the broader
context of the so-called Big Science project of the late of nineteenth century (Shaw
and Oldfield 2016). New universities and scientific institutions were appearing in
industrialized states.

In Russia, geography was beginning to establish itself within higher education
system after a special decree issued by Ministry of Education in 1884. Russian
geographers welcomed the appearance of their science at universities in Moscow,
Saint Petersburg, Kazan, Kiev, Kharkiv, and Novorossijsk, but they had no answers
to the tough questions about their subject, its structure, and methodology. In 1875, a
special survey among professors of Russian universities revealed uncertainty and
skepticism as to the location of the subject within the system of higher education.
Most thought of geography as a supplementary discipline somewhere within the
historical-philological faculty (Esakov 1959). In 1887, the Russian Geographical
Society (RGO) proposed to establish a separate geographical division within the
faculty of physics and mathematics. The new division would comprise a chair of
general geography and several additional ones on astronomy, geodesics, physics,
chemistry, comparative linguistics, world literature, world history, and history of
Russia (Petri 1892a). While some geographers found the project “beautiful”
(Krotov 1892), others described Dokuchaev’s characterization of geography as
“diffluent in all directions” or Krasnov’s description as a “vinaigrette of sciences”
(Krasnov 1912).

This uncertainty around geography had been overcome with spreading ideas of a
German geographer Alfred Hettner. In 1905, he published a methodological article
“Substance and Methods of Geography” in a German journal Geographische
Zeitschrift, specializing in human geography. Hettner proposed a classification of
sciences into three groups of disciplines: systematic, chronological, and choro-
logical. The goal of the systematic sciences (physics, chemistry, biology) would be
to discover the universal natural laws while chronological (history), and choro-
logical sciences would study, respectively, phenomena in relation to time (history
and philology) and space (geography and astronomy). Implementation of this
classification with respect to geography implied a principled rejection of the search
for general laws for Earth as a whole as such research would fall in the turf of
physics as systematic science. It occasioned doubt as to the scientific status of
General Physical Geography which some geographers regarded as a variety of
natural philosophy but not positivistic science.1 Following Hettner, the task of
geographical science would be to investigate the spatial differentiation of natural

1Petri (1892b), the head of the first chair of geography at Saint Petersburg University, wrote that
geography could be a successor to the Hegelian philosophical system, which, in his words, had
collapsed some time earlier.
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and human phenomenon on the earth’s surface as interrelated following natural
boundaries or landscapes, but not, for example, administrative or political ones.2

Thus, Hettner’s ideas offered fertile soil for the bulk of Russian geographers at
sea between the extremes of geography as the highest synthesis of geology, geo-
physics, hydrology, meteorology, and other disciplines (Petri 1892b) and a
heterogeneous collection of the spatial aspects of the naturalist and humanitarian
disciplines (Anuchin 1949). Geography as a chorological science studies quite
different phenomena in their interaction with Earth’s surface. This approach
resolved another thorny issue, namely how to combine natural and anthropogenic
elements in geographical studies. A German geographer, Ed. Banze, who had done
yeoman’s work in promoting Hettner’s ideas in Russia,3 claimed that any phe-
nomenon could be investigated by “chorological” methods—fancy ladies’ hats, for
example, if they were interconnected with other elements of landscape (Yarilov
1913).

In the 1910s, Hettner’s chorological model gained great popularity among
Russian geographers. On October 11, 1913, no less an authority on questions of
geography than Lev Semenovich Berg delivered a programmatic speech The sub-
ject and tasks of geography at the RGO in which he vigorously affirmed Hettner’s
view of geography as the chorological science (Berg 1915). Following Hettner,
Berg decisively rejected General Physical Geography. This antagonistic attitude
toward global geographical research would become an index of the principal
commitment of those Russian geographers (e.g., Borzov 1912) who identified as
firm supporters of the chorological vision.

This first diffusion of the chorological reading in Russian geography was
characterized by extreme confusion in interpreting the very notion “natural com-
plex” or “landscapes.” It is safe to say that nobody knew what the term meant. It
could refer to most anything and could be applied at very different spatial scales—
from local to regional. In the work of a single author, one readily finds quite diverse
uses of term. In one and the same publication, “landscape” could be synonymous
with “scenery,” with depictions of smells and sound at sunset, while used at the
same time to denote the macro-regions of European Russia (e.g., Central
Agricultural Region) (Nechaev 1905; Borzov 1908).4 Clearly, most geographers

2Systematic sciences also have geographical aspects. For example, as a systematic science eco-
nomics could investigate spatial aspects of economy. But these two disciplines “geographical
economy” and “economical geography” would be, in principle, distinct. The former studies
peculiarities of spatial distribution of economic phenomenon, while the latter investigates how the
economic phenomena interact with all other natural and human elements in landscapes.
3Russian geographers first encountered the chorological concept through the publications of
Edward Banze (Dronin 1999). Some of the geographers (e.g., Berg) criticized Banze for his
“vulgarian–feuilleton” language.
4Understanding landscape as a scenery [peizazh] was one of the earliest interpretations of land-
scape notion. As early as in 1905, A. P. Nechaev published a small book Pictures of the
Motherland. According to Sukhova (1981), the book was the first publication in Russian geog-
raphy in which landscape was called as the major subject of geographical science. Nechaev defined
landscape as formed by “all objects located on the Earth surface—stones, streams, plants, animals,
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were little concerned about the multitude of possible readings of the new key term
in their discipline or with resolution of the ensuing ambiguities. Sometimes, they
mentioned competing views of colleagues but did little to take issue with the
disparities. On occasion, they referred to views of their colleagues but did so
wrongly. Berg in one publication (Berg 1915) rebuked Hettner for considering
administrative states as landscapes, although Hettner had never advanced such a
claim. This evident failure to endow the key notion underlying their endeavor with
precise definition of scope and structure can be only explained by the observation
that the major aim of Russian geographers during this period was to justify the place
of geography as a fundamental discipline in the family of other university sciences.
Chorology offered this justification.

An alternative version of origin of Russian landscape geography was proposed
by Soviet historians in the course of ideological reconstruction of Soviet science in
the 1930s. According to this version not Hettner, but a nineteenth-century Russian
soil scientist, V. V. Dokuchaev, was proclaimed true founder of landscape theory.
However, there is considerable historic evidence against this version of history. In
the beginning of the twentieth century, Soviet historians were prone to proclaim
Dokuchaev the master of thought [vlastitel’ dum] of all Russian geographers
(Preobrazhenskij et al. 1997). This is not true. When Dokuchaev died in 1903,
geographers did not react to the passing of this renowned soil scientist. There was
only A. A. Kruber’s brief obituary which did not mention any of Dokuchaev’s
contributions to geography (Kruber 1904). Some Soviet geographers have even
identified Berg as Dokuchaev’s student. However, there is direct evidence from
Berg himself that he learned of Dokuchaev’s work on natural zones only in 1927
from an article written by the soil scientist K. D. Glinka (Berg 1962). These
discussions on natural zones were of a popular character and appeared in a local
newspaper Caucasus in 1889 and were republished only in 1949 (Dokuchaev
1949).

and humans with diverse results of their activities.” The leading role in formation of scenery was
given to geomorphological structure of a site, while vegetation and cultural objects were essential
but secondary. In 1908, A. A. Borzov published a book under the similar title Pictures on
Geography of Russia. In the preface he stressed that “landscape” could be synonymous with
“scenery,” with depictions of smells and sound at sunset (Borzov 1908). The book presented
descriptions of 12 regions of European Russia [borrowed from the scheme of Kruber (1898)] with
reference to their scenery characteristics. For example, the Central Agricultural Region was
described with such language as: “…all contours and colors here are so elegant, so soft, all
transitions are so gentle, that only here could have appeared the melancholic and heartfelt poetry of
Turgenev and the graceful miniatures of Fet. The month of May is captioned: greeneries are fresh
and brighter being washed by recent rain.” (p. 9).

There was no reflection of this exotic interpretation in Russian geography. For example, in
German geography this interpretation of term “landscape” was justified as a positivistic attempt to
restrict geographical research to visual subjects thus excluding mental ones like ideas, faiths,
morality, etc.
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2.3 First Interpretations of “Landscape” (1920s)

Despite of all political and social turmoil, the 1920s witnessed an impressive
expansion of the education system in Soviet Russia. All universities were open to
young people without regard to entrance examinations. Petrograd (as the newly
Russified Sankt-Peterburg was briefly known), where the first Institute of
Geography was established in 1918, emerged as the center of education in the field.
The institute employed, among others, such famous scientists as Berg himself (a
biologist and geographer), the statistician V. P. Semenov-Tyan-Shanskij, the
botanist V. N. Sukachev, the geologist A. E. Fersman, the meteorologist
P. I. Brounov, the economist S. V. Bernshtein-Kogan, the linguist and historian N.
Y. Marr, and the physiologist L. A. Orbeli. By 1919, the institute had enrolled 100
students, by 1920, 340, and by 1923, 641, when an additional 889 were registered
as auditors. However, postgraduate statistics were less impressive: In 1921, just five
people were enrolled in postgraduate studies, a number that reached 50 by 1925. In
1926, the Institute of Geography was united with the Geography Faculty of
Leningrad University. This was accompanied by a reduction in the number of
students.

In general, publication by Russian geographers was modest, especially, in the first
half of the 1920s. In 1925, a collection of methodological articles by Russian
geographers under the title Questions of Country Studies (Voprosy Stranovedeniya)
was published by the Institute of Geography. The collection opened with a translation
of Hettner’s famous paper of 1905 The State of the Art and Methods of Geography
(Hettner 1925). The contributors to the collection all paid tribute to Hettner and the
chorological methodology. Berg, in his article “Geography and its place among other
disciplines”, repeated the principal arguments in favor of the chorological method and
the understanding of geography as a science of landscapes. He accepted characteri-
zation of General Physical Study as embracing only landscapes on earth’s surface.
The collection is interesting for the presence of papers written by economic geog-
raphers who argued that that the subject of economic geography was “the economic
region” which spatially either somehow “correlated with” (S. V. Bernshtein-Kogan)
or essentially “matched” (A. A. Grigor’ev) landscapes. Their participation in this
collection made sense in respect to the ongoing discussion between regional and
branch approaches in economical geography. Both scientists found purchase in
Hettner’s distinction between systematic and chorological disciplines. The choro-
logical interpretation gained important support as well from secondary school
methodologists who found the chorological approach appealing as a way to present
geography to younger students (Sukhova 2018).

At the same time, lacking crisp definition in practice, the term “landscape” itself
continued to present a confused profile in the work of leading geographers. Some
continued to employ the term as synonymous with “scenery,” as a visually fixed har-
mony whole of different natural and cultural elements (peizazh).
Semenov-Tyan-Shanskij, in particular, promoted this interpretation in his very original
work Region and Country (1928). He believed that Berg shared this understanding of
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“landscape.” Indeed in his article of 1925, Berg defined “landscape” abstractly as “an
organism” and “harmonic unit” and added the term “scenery” in brackets to illustrate
his thought. At the same time Berg, insisting on homogeneity as criterial for landscape
delineation, criticized Hettner for his reading of landscape as administrative or historical
territory such as Crimea. Berg argued that Crimea was not sufficiently homogeneous to
be taken as a landscape and consisted rather of several landscapes. At the same time,
Berg offered as his own example of “landscape” the entire West Siberian plain. Thus, in
the 1920s, three major and divergent interpretations of the term “landscape” coexisted
in Russian geography: landscape as scenery, as individual region, and as homogeneous
territory. Geographers provided no arguments to substantiate their choice in favor of
one or another of these interpretations. Nor did they offer counterarguments challenging
alternative definitions. Sometimes they provided contradicted examples of landscapes.
In his 1925 collection, Berg again offered unsorted examples of landscape: sand
deserts, river valleys, and west Siberian plain. Hettner’s own position was more con-
sistent: In his major theoretical work Geography, its history, meaning, and methods,
published in Germany in 1925 and translated into Russian in 1930, he reflected on
different interpretations of landscapes: the individual (Crimea), the homogeneous
(steppe), and the functional (river basin). He concluded that, depending on the purpose
at hand, any of these three variants was appropriate.

The same confusion can be seen with respect to the spatial scale of “landscape.”
Most geographers, including Hettner, considered landscape as one taxon in the
hierarchy of natural complexes: the most general being “parts of the world”
(continents), followed by macro-region (oblast’ or zone), then landscape and site
(mestnost) as the most specific. Thus, most geographers thought of landscape as a
unit located somewhere between regional and local. They provided no arguments,
however, for this hierarchy or for the presence of one privileged taxon—landscape.
It was mere intuition that dictated that landscape should be more important than any
other taxon (site is too small, zone is too large). Berg (1925) proposed a hierarchy
of natural complexes on the analogy with the classical biological taxonomy: sites
correspond to species, landscape to genus, and zone to family. However, there is a
key difference between geographical and biological taxonomies. There is no
requirement that plants or animals of a particular taxon (species, genus, or family)
be distributed contiguously. According to Berg, sites constitute a homogeneous
landscape and several neighboring landscapes constitute a zone, also a relatively
homogeneous unit. Armand (1975) said of the logical problem for any such
regionalization: We can’t demand of nature to locate similar subjects together.

However, a number of publications in the 1920s presented pioneer landscape
maps with concrete geographical descriptions of landscapes of different regions of
Russia. In some works, landscapes were interpreted as individual units or regions
(rajony) (Dobrynin 1924; Gunbina 1928). The first graduates of the Institute of
Geography—they had been able to attend Lev Berg’s “Introduction to the study of
geographical landscapes”—arrived in the field ready to map landscapes as types of
territories. They discovered that if homogeneous territories existed at all, they were
miniscule. They dubbed them “elementary landscapes” or “micro-landscapes”
(Markus 1922; Larin 1926). Other geographers raised questions about the
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methodological warrant of combining “elementary landscapes” into “landscapes” at
regional scale. The problem was that “elementary” landscapes could be quite
diverse in their natural characteristics (relief, geology, soil, and vegetation)
although located in close proximity (Gozhev 1930a, b; Polynov 1926). The famous
soil scientist Polynov (1925) proposed that different elementary landscapes could be
united into more general ones by a hidden factor. His suggestion was that within
one landscape all “elementary” landscapes (micro-landscapes) had one dominant
type of spatial interrelation. Although he provided some anecdotal evidence of such
spatial interrelations of different complexes (mostly involving runoff and deposition
of soil materials), his idea was not particularly instructive and not supported by
Soviet geographers either at the time or later.

2.4 “Dehumanization” of Landscape (Late 1920s)

In the 1920s, the geographical faculty of Russian universities was organized along
three principal lines: physical geography (i.e., hydrology, geomorphology, etc.),
country studies (i.e., landscape study), and human geography (i.e., anthropogeog-
raphy). Human geography included a number of courses such as the systematic
geography of human races, demographic statistics, colonial geography, ethnogra-
phy of USSR, geography of resettlement regions, history of culture, and economic
geography. In 1929, leftist students initiated protests against instruction in human
geography as “bourgeois relics” (Bykov 1980). According to historical materialism,
the main driver of human history was the class struggle while geographical con-
ditions played a minor role in the fortunes of nations. Human geography was
denounced as an example of vulgar geographical determinism. As a result of the
student protests, in 1929, all disciplines of human geography except economical
geography were terminated. Despite endless and stormy criticism by external and
internal opponents, economic geography as an area of instruction survived here and
there. In 1931, the RGO ethnography division was closed. Human geography
disappeared from Soviet geography forever.5

The denunciation of human geography concerned the landscape geography.
Interactions between humanity and nature had been a favorite theme for many
chorologists. Hettner first came to the attention of Russian geographers with the
appearance of his European Russia: Anthropogeographical etudes translated and
published in Russia in 1907 (Hettner 1907).6 V. P. Semenov-Tyan-Shansky in his
Region and Country (1928) presented many original observations documenting

5In the Moscow State University Geography Department, this structure has changed little since
1929. There are more than dozen chairs in physical geography disciplines (physical geography and
landscape study, hydrology, geomorphology, etc.) and a sole chair in economical geography.
6It is worth to remind that his most important methodological publication of 1905 became
acknowledged by Russian geographers only in the early 1910s.
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how natural environments influence people. Berg in his first textbook Landscape-
geographical zones of the USSR (1931) systematically described a close correspon-
dence between landscape features and folk culture in boreal forests, forest-steppe,
steppe zones, etc. The art of anthropogeography was to discern the very fine influences
of nature on ordinary human life. There was no ambition to explore the geographical
drivers of human history as did, for example, Lev Gumilev in his theory of ethno-
genesis. Another target of landscape theory was the impact of human presence on the
landscapes themselves, also important for geographers. Semenov-Tyan-Shanskij (1928)
was the first to propose a classification of landscapes according to the extent of their
anthropogenic transformation. A similar system and the very term “cultural landscape”
were proposed by Berg (1931). As a result of the suppression of anthropogeography
from Soviet science, landscape studies focused on exploration of natural landscapes and
their transformation by human activities. This understanding of the scope of landscape
study, inherited from the ideological discussions of the 1930s, is still characteristic of
modern Russian geography.

2.5 Landscape as Homogenpous Territory (1930s)

In the very beginning of the 1930s, Marxist philosophers initiated the philosophical
reconstruction of Soviet sciences. Each academic discipline would be required to prove
its compliance with the fundamental “laws” and other principals of historical and
dialectical materialism. Reconstruction got its start a bit earlier in economic geography
than in physical-geographical disciplines. Publication of the Russian translation of the
main theoretical work of A. Hettner’s Geography: its history, nature, and methods in
1930 (Hettner 1930) was the best fuel for ideological battles that time.

In landscape geography, the most important “reconstruction” publication was
that of M. A. Pervukhin’s On subject and method of modern physical geography
(1932) in the most prominent philosophical journal Under the Flag of Marxism. In
his article, Pervukhin declared the existence of a serious crisis in the chorological
approach in Soviet geography. To his eye, this approach did not resemble the truly
scientific methods of hydrology, meteorology, and other disciplines of physical
geography. The latter used precise methods and analyzed primary data, while
chorological geography utilized descriptive methods and compilation of secondary
data. He referenced works of Hettner and Berg. Berg, he claimed for example, in his
Landscape-geographical zones of the USSR (1931), crammed all natural and human
phenomena including relief features and ethnographic composition into “the
Procrustean bed” of natural zones. Pervukhin called for the further development of
landscape studies at a new level. He regarded the history of the landscape concept
as passing through three stages: In the first stage, landscape was understood as
scenery, in the second, as individual region, and in the new stage, landscape should
be investigated as a type of territory. Semenov-Tyan-Shanskij represented the first
stage, Hettner was “stuck” somewhere between the first and second stages, while
Berg’s work belonged entirely to the second stage. Pervukhin was thus the first to
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clearly distinguish different interpretations of landscapes within in Soviet geogra-
phy, distinctions which most other Russian geographers had poorly noted.7

During the 1930s, Pervukhin had sought to be consistent in promoting his view
of landscape as a type of territory. Some other geographers joined him in this view.
There were already in use a number of terms for small, homogeneous natural
territories: elementary landscapes (Polynov), micro-landscapes (Larin), natural
landscapes of first order (Gozhev), landscapes in the narrow sense (Berg), and types
of area (Pervukhin). Most such terms had been proposed in the 1920s. But the key
difference between landscape works in the 1920s and those of the 1930s was that
earlier researchers had regarded these units only as parts of a genuine, larger
landscape while the later ones regarded them as genuine instances of landscapes. At
the first geographical congress in 1934, Pervukhin (1934) made it clear by
proposing that field landscape study should include two major steps—identification
of elementary landscapes and their classification as types of area. He stressed that
elementary landscapes could belong to an identical type even if they were remote
from each other. These methodological recommendations were advanced in several
works in the late 1930s. For example, Ponomarev (1937) mapped elementary
landscapes of the steppe of Priural’e. He mapped every small depression occupied
by birch thicket and denoted each as a “concrete elementary landscape.” These
concrete “elementary landscapes” differed from each other by size of depressions,
their depth, and details of species composition, but all could be classified as a single
“elementary landscape” (similar to species in a biological taxonomy). Then, this
type could be combined with a second type of “elementary landscape” represented,
for example, by small depressions covered by aspen thickets. This would be a
“geographical landscape” (similar to a genus). Larger region or natural zones
(steppe, forest-steppe, and other) consist of very different types of geographical
landscapes. It is why zones were called in this work as subjectively drawn indi-
vidual territories in contrast with Berg’s view zones as classification units (types of
territories).

Despite its compelling logic and consistent analysis of landscapes as types,
Pervukhin’s interpretation was not shared by the bulk of geographers. Many (e.g.,
Gozhev 1934; Berg 1936) continued to imagine landscapes as fundamental natural
units of regional scale despite the clear logical defects of their work. “Elementary
landscape” could not provide a secure anchorage for landscape study. Works
similar to Ponomarev’s produced a sense of gridlock rather than a sense of new
horizons opening before geographers. Polynov (1925) was the first geographer who
proposed that different elementary landscapes could be united into more general
ones by a hidden factor. His suggestion was that within one landscape all “ele-
mentary” landscapes (micro-landscapes) had one dominant type of spatial

7It is difficult to understand why Berg (1936) even in the second edition of his textbook
Landscape-geographical zones of the USSR repeated obviously inconsistent instances of land-
scapes: on the one hand, a pine standing with lichen flora as one type of ecosystem, on the other,
Valdaj Upland, which was an individual unit (region), very diverse in terms of types of
ecosystems.
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interrelation. Although he provided some anecdotal evidence of such spatial
interrelations of different complexes (mostly involving runoff and deposition of soil
materials), his idea was not particularly instructive and not supported by Soviet
geographers either at the time or later. However, his publication was important due
to definite formulation of the problem which seemed to be solved by the study of
landscape morphology elaborated by N. A. Solntsev in 1947.

2.6 Landscape as Individual Territories (1940s)

The postwar period was extremely difficult in many regards and no actual field
research had been conducted for some time. Even where geographers were able to
undertake actual fieldwork, they were able to find here and there only elementary
landscapes, areas small in size and relatively homogeneous in soil-vegetation cover.
They wanted something different—to discover large scale yet somehow indistin-
guishable areas corresponding more closely to the image of the main cells of nature
packed onto Earth’s surface.

Sometimes geographers expressed this aim quite simply. S. Kalesnik, a geog-
rapher at Leningrad University, who preferred the term “geographical envelope” to
“unified process” but was, at the same time, sympathetic to the landscape approach,
devoted several paragraphs of his textbook Fundamentals of General Earth Study
(Osnovy Obshchego Zemlevedeniya) to discourse on the size of the “true landscape”
(Kalesnik 1947). He offered his own definition of landscape as a part of the
“geographical envelope” with individual structure but typically presented the sur-
face of the Earth as having considerable spatial extension. Elementary landscapes
could be only parts of “true landscapes.” At the same time, Kalesnik ran into a wall
in his efforts to define the size of a true landscape. “It is impossible to decide
whether a marsh or lake is a landscape or not. A very small bog in the forest, a pond
in the steppe are probably not landscapes but only components of landscapes. But
boggy Poles’e or Vasjugan’e8 are already landscapes, and the Caspian Sea captures
a group of landscapes.” (p. 474) In another place, he again warns geographers not to
consider every hassock or pond or slope a landscape. One additional argument of a
practical nature was that identification of Gozhev’s small units as landscapes would,
as they number in the millions or tens of millions, the present geographers with an
insuperable descriptive challenge. These citations spectacularly demonstrate that by
the end of 1940s, 25 years after landscapes had been declared the central focus of
geographical science, no Soviet geographer had a clear vision of what they were.

In 1946–1947, a geographer at Moscow University, Nikolai Solntsev, seemed to
succeed in addressing the challenge of identifying the true landscape during
fieldwork in the Moscow region. Solntsev called his discovery “the study of

8Poles’e is a very large lowland in Belarus, Vasugan’e is an even larger boggy plain in Western
Siberia (spreading across three administrative provinces: Tomsk, Novosibirsk, and Omsk).
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landscape morphology.” The first presentation of his approach was delivered at the
Second Geographical Congress in 1947. According to Solntsev, a landscape could
be identified in the field thanks to a morphology consisting of multiple small units
(micro-landscapes) whose combination remained generally constant within a single
landscape. A change in the bundle of micro-landscapes would signal to the
researcher that he had entered a new landscape. Thus, each landscape was char-
acterized by a specific combination of micro-landscapes.9 Solntsev offered a simple
justification for his approach. The most important element of landscape was its
geological-geomorphological foundation. It was this factor that determined the
combination of smaller and simpler units. Solntsev (1949) described the importance
of his discovery this way: Geographers following Berg recognized landscape as the
main subject of geographical study “but for long it was not clear what this territory
was—large or small, how it could be identified in the field, which parameters one
needed to know in order to distinguish it from other landscapes” (p. 6). His simple
approach and explanation were well received by Soviet geographers. Many
believed that the defining character of this fundamental notion had at last been
established, 35 years after its first appearance in Russian geography and 20 years
after Polynov’s insight on landscape as “homogenous inhomogeneous” [in words
Isachenko (1951)].

2.7 Landscape as Physical-Geographical Unit (1950s)

In this period, research and instruction in geography became a massive enterprise in
the Soviet Union. By the end of the 1950s, geography was being taught in 31 of the
country’s 39 universities and in 62 pedagogical institutes. Two the most important
centers of geographical education remained Moscow University and the Leningrad
University. Moscow State University still developed the concept of landscape as the
key subject of physical geography. The position of Leningrad University was in
favor of General Earth Study. To bridge the divide between general (global)
physical geography and (regional) landscape geography, Leningrad geographers
proposed the notion of “the geographical envelope” as the major focus of Soviet
geography. The “geographical envelope” was considered by them as a natural
complex of the highest rank. The major trend in Soviet physical geography became
the unification of the majority of Soviet geographers under a new scheme of
physical geography as a science of natural complexes of different rank—from
landscape to the geographical envelope.

According to the new concept, Soviet physical geography combined three dis-
ciplines in one coherent system: General Physical Geography, the investigation of

9Solntsev renamed micro-landscapes in fatsii and urochishch (as combination of several fatsii) in
Russian, denoting a separate terrain with particular features, a word difficult to render literally in
English.
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the geographical envelope, the study of landscapes as landscape or regional
geography, and physical-geographical regionalization as the exploration of natural
complexes on scales intermediate between landscape and the geographical enve-
lope. Though, the notional core of physical geography—the geographical envelope
—was a rare subject for these discussions which remained restricted to secondary
questions such as its lowermost and its uppermost borders (in km).

The main focus of discussion was physical-geographical regionalization, its
methodology, and logical basis. Disagreement marked every question, including the
most basic ones. Reflecting general disagreement as to the logical basis of
regionalization, some geographers held that all units of all ranks of
physical-geographical regionalization were homogeneous territories, while others
considered them individual (unique) territories. Armand (1952, 1955) insisted that
regionalization was the same procedure as classification: “classification of territo-
ries via mapping is regionalization” (Armand 1975, p. 161). Kalesnik (1955) held
the view that regionalization was a particular approach to scientific analysis
alongside typology and taxonomy. Isachenko (1965) held that regionalization and
classifications were contrasting and distinctive procedures: The former individu-
alize objects, while the latter seek common features in different objects. Some
geographers (Gvozdetskij 1957; Milkov 1954) proposed that there were two kinds
of regionalization—typological and individual—and that their differences were
caused by the existence of two kinds of natural complexes—internally homoge-
neous ones and internally diverse. For example, some complexes although formed
by different processes show a similarity in soil and vegetation cover. Such com-
plexes would belong to “typological” units. Some territories of the same genesis
could be quite diverse internally and were subjects for individual regionalization.
Rodoman (1956) suggested a very original idea that individual regionalization was
a special case of typological regionalization when one type was presented by only
one region. Finally, most geographers reached agreement that the goal of region-
alization was to identify initially individual regions which could then be classified
by type of territory (Mikhajlov 1956; Isachenko 1965). This understanding con-
tinues to dominate Russian geographies today.

Anyway, the view of landscape as a basic unit of analysis in geography was
questioned by the majority of Soviet geographers. In the course of several dis-
cussions about the privileged position of landscape, geographers came to the
conclusion that all complexes of all ranks differ from each other but not in a
principled way (Armand 1952). Isachenko (1953) and others made attempts to
elaborate schemes of physical-geographical regionalization in which landscapes (in
Solntsev’s terms) occupied a basic (privilege) position in the hierarchy of com-
plexes. But their schemes had been the target of quite reasonable criticism by other
geographers. Kalesnik (1955) finally recognized the futility of such attempts and the
use of “landscape” to refer to any complex of any rank came under renewed
scrutiny (Milkov 1954; Obsuzhdenie 1956).

This was a serious blow to landscape theory. Landscape geographers held that
landscapes were basic entities which constitute Earth’s entire surface. Landscapes
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were analogous to cells in biology or atoms in chemistry. Elements of lower rank
figured only as components of landscapes. Any component of higher rank (region,
province, oblast, or whatever) belonged to a different taxonomy, determined with
reference to classificatory systems beyond the landscape. The difference was one of
principle—landscapes were units that could be identified only in the field, all other
ranks were the result of armchair analysis. The determination of landscapes and
their boundaries required actual fieldwork. According to Solntsev’s instruction,
landscape could be identified with reference to typical combination of repeated,
smaller, and sometimes contrasting, complexes. However, this instruction did not
cover all possible field situations. Landscapes could be quite diverse internally
making it impossible to partition them into, say, regular cells with the expectation
that all cells would be similar in terms of a set of smaller complexes. Landscapes
could be very patchy. Moreover, a landscape could comprise units located in serial
order (e.g., a macro-slope or landscape surrounded by a large lake) but without
spatial repetition.10 Geographers had to rely on intuition for identification of
landscapes in the field, a quality that endowed landscape, in contrast with com-
plexes of higher rank, with a deep reality. As it was directly open to visual scrutiny
landscape carried for geographers, an absoluteness, they could observe it, take
pictures of it, dig in it, and cross it on foot. Some included direct observability as a
defining property (Lidov1949; Saushkin 1951).

Increasing misunderstanding and even mistrust of landscape geographers led to
their some kind of isolation. Still, they continued fieldwork, mapping landscapes in
different regions of the country and did so with great enthusiasm. Field landscape
mapping began in many universities across the country (Kazakova 1955).
Solntsev’s methodology of landscape mapping spread through the country. When in
1955 the RGO excluded landscape geography from the agenda of the All-Union
Geographical Congress, landscape geographers gathered in Leningrad for an
alternative assembly. To settle the scandal, Kalesnik, President of the RGO, sent an
official greeting to the first All-Union seminar of landscape geographers. Thus, was
launched a tradition of annual seminars on landscape mapping. Other seminars were
held in L’vov (1956), Tbilisi (1958), Riga (1959), Moscow (1960), and Alma-Ata
(1963). The seminars came with a principled condition: All presentations were
required to offer results of concrete fieldwork along with new landscape maps. An
important part of each seminar was an extended field excursion. Tellingly, even at
the fourth seminar in Riga (1959), of 70 presentations on landscape research, only
two were the work of geographers from the Institute of Geography of the Academy
of Sciences.

10These examples were given by D. Armand, one of the critics of Solntsev’s “study on mor-
phology of landscape.”
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2.8 Landscape as Geosystem (1960s)

In the 1960s, geographical science continued its expansion in Soviet universities
and institutes of the USSR. There were already several new geographical scientific
centers, for example, the Geography Department of Voronezh University led by
professor F. N. Milkov and the Institute of Geography of the Siberian division of
the Academy of Science in Irkutsk headed by academician V. B. Sochava.
However, the centers that made the weather in theoretical matters in Soviet geog-
raphy were still the Moscow University and Leningrad University.

In the 1960s, many questions that were first raised in the 1950s still provoked
confusion. These concerned the number of ranks, concrete indications for each step
in regionalization, the character of natural borders (fuzzy or sharp?), objectivity11

and subjectivity of regionalization, and others. All these questions served rather as
the reasons for divergence of different (especially provincial) scientific schools.
This centrifugal trend was clear and explained the prolonged character of many
discussions which had never been resolved in Soviet geography.

Some of the discussions were no doubt especially painful for landscape geog-
raphers. For example, during the 1960s and peaking in the 1970s there was pro-
longed discussion of the so-called most powerful component of landscape.
According to Solntsev’s study on landscape morphology, the strongest component
of landscape was its geological-geomorphological foundation (Solntsev 1961).
Solntsev maintained this position throughout his entire academic career (see
Solntsev 1984) because it derived logically from his definition of landscape. The
geological-geomorphological component determined the set of smaller complexes
which regularly intersected within the borders of the landscape. This point was
self-evident for scientists who had field experience in landscape mapping and who
confirmed this thesis many times while delineating landscape borders. But for other
geographers who knew about Solntsev’s landscapes only theoretically, it was easy
to present elementary evidence of how different components impact other com-
ponents in a natural complex. Some evidence favored climate (Armand 1975), some
—biota (Sochava 1978; Isachenko 1991), some, both (Sochava 1978), and some,
three of them (lithology, biota, and climate) (Krauklis 1979). Milkov (1975, 1977),
the leading geographer at Voronezh University, went further by proposing a clas-
sifications of landscapes according to the most salient component, a factor that
varied with the situation. According to the most salient component (climatogenic,
lithogenic, biogenic, anthropogenic, etc.), he distinguished 12 categories of land-
scapes. Isachenko (1974) disagreed only with the category “anthropogenic” as, in
his view, humans could generate anthropogenic complexes only at levels lower than
landscape. One can only imagine how daunting such discussions were for landscape
geographers! Their landscapes were directly observable, simple, natural, and the

11Despite recognition that different schemes of regionalization were very different even for the
same territory, all authors insisted on the objective character of regionalization and that outlined
“regions” exist objectively.
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most important feature in the hierarchy of natural complexes, and certainly formed
on the basis of geological-geomorphological foundations rather than climate or
biota or some combination thereof.

In the 1960s, meanwhile, a new generation of geographers was coming to Soviet
geography, one imbued with a modern way of thinking and relatively free of
ideological stereotypes. They wanted nothing to do with discussions of
physical-geographical regionalization, geographical envelope, and the hierarchy of
natural complexes. They wanted geographical science to be a modern one with
quantitative methods, modeling, and more sophisticated theory.12 Many younger
geographers thought that systems analysis would modernize Soviet geography.
However, the first was academician Sochava (1963), who suggested a new term
“geosystem” to apply to all natural complexes regardless of rank—from elementary
landscape to geographical envelope. Many older geographers welcomed this move
as they traditionally thought of geographical units as a manifestation of close
interrelations of different components of landscape. Only a few (Milkov 1967)
criticized the new term as excessive. However, the younger generation of Soviet
geographers went further, questioning whether physical-geographical units
including landscape possessed features of real geosystems. There were two posi-
tions on this question. Solntsev (1977) suggested that analysis of system properties
was the correct path rather than the identification of the individual properties of
particular components. In this case, any object could be explored in relation to its
structure, elements, environment, links, and integrity. He regarded systems analysis
as a new “paradigm” of physical geography in Kuhn’s terms. But others considered
systems were only objects if their integrity, spatial, and temporary borders were
determined by energy flows and matter (Armand 1966; Retejum 1971). According
to the second view not all complexes could be automatically categorized as
“geosystems.” According to some geographers, among traditional complexes only
the lowest rank—Gozhev’s elementary landscapes and Solntsev’surochishche
(several associated elementary landscapes, for example, located in the upper and
lower parts of a slope)—could be considered geosystems but not landscapes and
natural complexes of higher ranks. Retejum (1977) referred to his research of
landscapes submerged by a water reservoir, claiming that such large units as
landscape do not demonstrate functional integrity. As might be expected, many
geographers showcased river basins as examples of geosystem (D’yakonov 1974).
Armand (1975) joined the discussion suggesting a distinction between territorial
natural complexes (all ranks) and non-territorial geosystems. He presented the first

12This was, to a great extent, a matter of taste. V. N. Solntsev (son N. A. Solntsev), who actively
promoted the systems approach, characterized the language of theoretical discussions of older
geographers as “tongue-tied” (Solntsev 1977). To some extent, it was a generational conflict
(literally, a father/son thing). A. D. Armand (son of D. L. Armand) also considered as an essential
property of geosystems their capacity for self-regulation. He also stated that information flow
could be taken into account along with energy and matter flow in “geosystems.” However, D.
L. Armand criticized renaming of well-known processes in terms of information theory and called
on his son personally to call a cat a cat.
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classification of geosystems, dividing them into hydro-meteorological (systems of
atmospheric circulation), hydro-geomorphological (a ravine), and ecosystems (a
lake). This move reached its logical conclusion in a scheme of classification of
different geosystems of Earth’s surface as elaborated by Retejum (1977). Among
more than a dozen types of geosystems, Solntsev’s landscape occupied only the
modest position of a so-called geoit—a special type of geosystem formed by the
presence of a large geological body that clearly determines (transforms) both
direction and intensity of energy and matter flows in the natural environment.

For landscape geographers, such sorts of geosystem classification would mean
yet once again scrapping landscape as the linchpin in the basic nature complex and
relegating it to the status of a single item in a panoply of peripheral features
stipulated by geographical geosystem theory (after dissolving Solntsev’s landscape
in the hierarchy of physical-geographical units). Fortunately, (for landscape geog-
raphers, at least), such a radical view failed to gain support among Soviet geog-
raphers and remained a separate intellectual exercise. Most Soviet geographers were
content with formally renaming natural complexes regardless of their rank as
“geosystems,” thus effectively neutralizing the efforts of modernizers.

2.9 Conclusion

The landscape notion has survived the turbulence of quite different historical
moments. Paradoxically, however, landscape theory has never been close to
dominant. It has never been unreservedly supported by Russian (or Soviet) geog-
raphers. On the contrary—the concept has been questioned by many leading Soviet
geographers. Most curious is the fact that until the late 1940s, i.e., after three
decades of development, none of its advocates were able to identify landscapes in
the field or to map them! The vitality of the landscape notion can only be explained
by strong adherence to the idea of the existence of definite geographical regions
(there was no alternative mode for conceptualizing geographical reality)—a variety
of archetype in geographical thinking. In other words, the failure of geographers to
map geographical regions for decades did not imply that regions or landscapes were
non-existent. It is especially true for the first two decades when the highest priority
was to demonstrate the authority of geography to stand as a fundamental discipline
alongside others at Russian universities.

The multitude of interpretations of the term “landscape” was a remarkable
feature of Russian geography in the twentieth century. Reading the term “landscape
geography” in the 1910s was a very different from that in the 1930s and later. Some
geographers held an exotic view of landscape as “scenery” or a visually fixed
harmony whole of different natural and cultural elements. The human dimension of
landscape was very important for Russian geographers in the first two decades of
the century. After 1930 Soviet geographers interpreted landscape principally as a
natural object. Nor was there ever a monopoly on reading the term “landscape” in
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the Soviet period. For some Soviet geographers landscapes had definite scale
(Solntsev’s landscape) while for many others the term was applicable for complexes
of any physical-geographical scale and rank. In the 1960s this diverse picture was
supplemented by notion of “geosystem”. For some Soviet scientists the terms
“landscape” and “geosystem” became synonymous but for others—not.

Reflection on different interpretations of landscape had been always weak in
Russian geography. Different readings of the term could be easily found in the work
of a single author. Either most geographers hardly realized that collision of different
interpretations of landscape was a matter of definition. When Berg rejected
examples of landscape suggested by Hettner (the Crimea), he did it so wrongly as
Hettner did not regard “homogenous” as a principal criterion of landscape. Berg’s
argument against Hettner was obviously tautological: Landscape must only denote
homogeneous territory; Crimea is not homogeneous. Therefore, Crimea is not a
landscape. Berg contended that landscape was “harmony” and “organism” but
failed to argue why homogeneous territory should be regarded as “harmony” or
“organism.” In the 1950s most Soviet geographers denounced Solntsev’s landscape
by questioning its privileged position in the system of physical-geographical
regionalization. They did so wrongly as this criterion—status as a basic
physical-geographical unit—was absent in the study of landscape morphology.
For N. Solntsev units of any higher rank possessed much less actuality than
landscapes identified “in field.” In his logic other physical-geographical units could
only result of classification of “true” landscapes. In other words, the difference of
landscape and other physical-geographical units was non-issue in his study of
landscape morphology. In the 1960s a new generation of Soviet geographers
rejected Solntsev’s approach on the ground that landscape boundaries were not
formed by distinct matter/energy flow (as supposed to take place in a river basin).
Either they did it wrongly. By definition landscape was a combination of repeated,
smaller, and sometimes contrasting, natural complexes. That is it. It was a logical
flaw to question the very existence of these combinations because of dispersed
character of matter and energy flow within the territories. The historical fact is that
such imperfect argumentation resulted in marginalization of the study of landscape
morphology and blurring the term “landscape”. Most modern Russian geographers
use the term “landscape” as a synonym of a natural complex applicable to units at
any spatial scale. The term “geosystem” also is used widely by modern geographers
referring in a generalizing and non-selective way to all natural complexes regardless
of their spatial scale and rank. For the bulk of Russian geographers the terms
“landscape,” “natural complex” and “geosystem” are loosely interchangeable.
Finally, the study of landscape morphology, the most original concept in Soviet
geography, has been further marginalized. Few modern geographers are trained to
make actual landscape mappings in the field. Solntsev’s aspiration to cover the
entire USSR with landscape mappings and to give a unique name to each has not
been realized. A handful of regions have been provided with detailed landscape
maps, but even these lack clear practical applications. In regional and local
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environmental studies, Russian geographers prefer to use electronic land use maps
(e.g., CORINA) which synch readily with satellite images and other global data
sets.
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Chapter 3
Landscape Ecology Culture and Some
Principles of Sustainable Nature Use

Lev K. Kazakov

Abstract Economic activity, as a rule, is accompanied by negative changes to
landscapes and ecological conditions, and by a depletion of natural resources. The
main causes of these processes are analyzed. Two possible aspects of sustainable
nature management are highlighted: ideas from the natural sciences about the
formation of a culture of nature management, and the emergence of natural and
human-made landscapes, cultural landscapes included. These ideas are based on the
paradigm of evolutionary synergy. This serves as a methodological basis for
developing principles and approaches to sustainable nature management. An
important component of this paradigm is the concept of a culture of nature man-
agement. This concept roughly describes ecological culture, its components and the
reasons why it lags behind the material and production culture of nature manage-
ment, as well as describing landscapes and their resiliency. Definitions of basic
concepts are a subject of theoretical and applied research. The consideration and
development of various aspects of an ecological culture, including a culture of
landscape ecology and nature management, is a key element of sustainable nature
management. The principles underlying the landscape ecology planning of eco-
nomic activity and the ecological and technological culture of production are
mutually complementary. They make it possible to create a natural-economic
system of cultural landscapes and sustainable nature management. Some mutually
complementary approaches are presented. These can be used to optimize nature
management in terms of landscape ecology, to preserve the most important ele-
ments of landscape diversity, and to create favorable environmental conditions.

Keywords Ecological culture of nature management � Ethics of nature manage-
ment � Material and industrial culture � Landscape � Cultural landscapes � Natural
and economic systems � Resiliency � Landscape ecology planning � Universal
evolutionism � Ecological imperative

L. K. Kazakov (&)
Faculty of Geography, Lomonosov Moscow State University, Leninskie Gory, 119991
Moscow, Russia
e-mail: kazakovlk@yandex.ru

© Springer Nature Switzerland AG 2019
L. Müller and F. Eulenstein (eds.), Current Trends in Landscape Research,
Innovations in Landscape Research, https://doi.org/10.1007/978-3-030-30069-2_3

63

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-30069-2_3&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-30069-2_3&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-30069-2_3&amp;domain=pdf
mailto:kazakovlk@yandex.ru
https://doi.org/10.1007/978-3-030-30069-2_3


3.1 Introduction

The population of the earth is growing rapidly. Accordingly, economic activity has
intensified, and more and more natural resources and territories are required. Based
on material and technological forms of nature management, economic activity and
consumer ideology have led to a rapid depletion of natural resources and to negative
changes in landscapes and the ecological state of the environment (Millennium
Ecosystem Assessment 2005). All this, accompanied by resource emergencies and
environmental crises, is beginning to slow down the further development of
mankind. Therefore, in the 1970–1990s, scientists and progressive public figures
began to pay more attention to the creation of various models of sustainable
development and the development of principles for sustainable nature management.
At the same time, considerable attention is now paid to the generation of ideas
about an ecological culture. It has become a fundamental theoretical and practical
category, which is intended to underlie the paradigm of the “sustainable develop-
ment” of a gradually ecologized technocratic, anthropocentric civilization.

Sustainable nature management. Two aspects of sustainable nature management
can be considered:

(i) sustainable nature management without development: relatively efficient
management without increasing damage to the ecological state of the envi-
ronment, including the natural environment,

(ii) sustainable nature management with development: the development of eco-
nomic activity and an increase in the efficiency of production, without
increasing environmental damage to landscapes and the state of the
environment.

The first aspect, nature management without development, is realizable only if
renewable natural resources are used. In the field of peasant economics, it is of
limited use only for small farms or closed communities living according to the
traditions of subsistence farming in remote areas, such as the “Old Believers” in
Siberia.

The second aspect, nature management with development, is an element of the
sustainable development of mankind while maintaining a favorable ecological sit-
uation, natural landscapes and biodiversity. This aspect of sustainable nature
management includes the optimization of nature management and economic
activities in general in terms of technology, resources and environmental, economic
and landscape planning, based on the accelerated development of an ecological
culture of nature management (ECNM). In an ECNM, in turn, a difference is made
between its natural science and socioeconomic components.

Natural science aspects of sustainable nature management. The natural science
fundamentals of nature management are based on modern ideas about the landscape
envelope and its evolution under the influence of humanity into the anthroposphere
and the noosphere. According to the concept of V.I. Vernadsky and P. Teilhard de
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Chardin, the anthroposphere is increasingly moving into the noospheric stage of its
development (Vernadsky 1967, 1988, 1994). Accordingly, the development of new
scientific directions, patterns and concepts connected with this is accelerating. In
particular, it has become obvious that the ecological culture of nature management
lags far behind the material and industrial culture, which is focused on meeting
people’s exaggerated, growing needs. Because of this, as N. N. Moiseyev stated,
the noosphere cannot arise by itself: it must be created by ecologizing thinking and
developing an ecological culture of nature management (Moiseyev 1995; Kazakov
2003a, 2012; Kazakov and Chizhova 2001).

3.2 The Lagging Ecological Culture of the Use of Nature

Historical aspects. What are the reasons for the lag in ecological culture and when
did it start? In the Paleolithic, humans were almost completely dependent on nature
and in order to survive they had to know it well and adapt to it. In the Neolithic
period, when a type of economic activity was born (the “Neolithic revolution”) and
technological mechanisms and methods (material and production culture) of nature
management were actively developed, human dependence on various natural
phenomena decreased. With the transition to a productive type of vital activity, in
accordance with the landscape features of the territories in which they lived, there
was a change in ethnic groups’ adaptive instincts, mechanisms and skills. The
culture of farming (cultivation of the land) and animal husbandry was born, the
tools and technology of cultivation were improved, and irrigated agriculture was
created. In other words, humans had learned to use nature to gain more material life
benefits. As a result, the adaptive instinct began to become dulled, and the customs,
collective consciousness, world view and behavior of people in ethnic communities
changed. Humans began to stand apart and be alienated from nature. This is
reflected in the Judean and Christian anthropocentric elements of cultures. In these
creeds, humans appear as the highest divine creation and rule over all the living and
inanimate nature on earth. As a result, the development of the environmental and
humanitarian aspects of the cultural and environmental ethics of nature manage-
ment began to lag significantly. As a result, an anthropocentric, material and
pragmatic, production-based culture of nature management was formed. In it, all
nature is viewed as an inexhaustible material and production resource, the value of
which is determined by its usefulness to humans. That is, the pragmatic imperative
was made the basis of the collective ideological culture of nature management—
everything is right that is useful to humans, and natural resources are inexhaustible.
The hypertrophied development of one of the components of culture, namely the
technological culture of nature management, which is oriented toward meeting
humans’ increasing material demands and needs—often at the expense of nature—
is leading to the degradation of nature and the depletion of its resources. Under the
influence of the technological culture of nature management, a second, “humanized
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nature” was formed. Karl Marx wrote in 1868 that “… culture, if it develops
spontaneously, and is not directed consciously … leaves a desert behind it …”
(Marx 1964).

Some meanings of culture. Culture as a complex, fundamental concept has many
definitions. From the point of view of the natural sciences, it can be defined as
follows:

1. Culture is a way of life and the fruits of labor of a particular society, based on its
collective mind and captured in anthropogenic-natural landscapes. In the
broader philosophical understanding, culture is any superstructure of nature
associated with human activity.

Other meanings are

2. The formation factor of a second, humanized nature.
3. The form or method of organizing the vital activity of mankind and its results in

nature and society, focused on the best way of humans’ adaptation to the
environment.

4. The set of means and forms of a person’s social adaptation to their environment:
the techniques, technologies and rules for a person’s purposeful material,
industrial and spiritual life, aimed at optimizing their relationship with the
environment.

The aggravation of environmental problems of nature management and the study
of their causes determined the relevance of the accelerated development of an
ecological culture of nature management, or environmental management as a
special theoretical and applied direction. When the anthroposphere enters the
noospheric stage of development, an ecological culture based on science, education,
high technologies and the ethics of nature management and life activity in general
begins to play a leading role. According to V. I. Vernadsky, scientists, including
geo-ecologists, are faced with the tasks of consciously organizing
natural-anthropogenic landscapes through the co-adaptation of economic activity
and nature. They cannot move away from this, as they are guided by the sponta-
neous growth of scientific knowledge, and are still being pushed today by growing
environmental and economic situations (Vernadsky 1988).

3.3 Basics and Components of the Ecological Culture
of Nature Management

Ecological culture is one of the theoretical and practical aspects of the concept of
“culture.” It underlies the paradigm of escaping the systemic ecological crisis and
creating sustainable nature management within the development of a modern
technocratic, anthropocentric civilization.
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In the ecosystem model of the anthroposphere, the culture of nature management
proceeds from the understanding that nature is a habitat, an arena for the economic
activity of mankind and a source of the resources people need. In turn, humanity,
with its economic activity, in evolving has already become a habitat for nature. That
is, in this natural and economic ecosystem, nature and humans are fully fledged
subjects of coexistence and interaction. The most active, reasoning factor in their
joint long-term development, co-adaptation and co-evolution is humanity, with its
collective mind and environmental ethics. In order to survive, it is obliged and
compelled to maintain the auspicious conditions of the coexistence of nature and
society. To do this, when cultural landscapes are designed as elements of the
noosphere, natural ecosystems should become analog models for the ecologized
technological culture of nature management. An important component of ecological
culture is its humanitarian, spiritual part, represented by the ethics of nature man-
agement. It is based on education, traditions and a way of thinking that form an
ecological outlook (Moiseyev 1995; Kazakov and Chizhova 2001; Kazakov 2013).

Nature management ethics can be defined as the voluntary restriction of free-
dom of action in order to preserve the material, spiritual and environmental benefits
of nature for a long time. These restrictions are imposed by natural science con-
cepts, education and the environmental imperative formed in the public
consciousness.

The evolutionary synergetic concepts and paradigms of V. I. Vernadsky,
P. Teilhard de Chardin, I. R. Prigogine, G. Hagen developed and concretized in the
works of other scientists, including N. N. Moiseyev, serve as the natural science
basis for the development of an ECNM (Kazakov and Chizhova 2001). They are
the basis of methodological developments connecting universal evolutionism and
the self-organization of nature. According to the synergistic paradigm which is of
enormous ideological significance, the processes of the creation, development and
evolution of open systems, regardless of their nature, are subject to a single algo-
rithm and are characterized by an increase in the complexity and orderliness of their
organizational structure. This paradigm has been tested in relation to explanatory
models of the evolutionary transition of the biosphere into the noosphere, as well as
the transformation of natural landscapes into natural-anthropogenic and cultural
landscapes. They are special cases of the synergetic model of development
(Vernadsky 1967, 1994, 1988; Kazakov 1999, 2008; Kazakov and Chizhova 2001).
Table 3.1 shows the main components of ecological culture which define the
principles of sustainable nature management that have to some extent developed in
theoretical, methodical and practical plans.

For geography and landscape studies, aspects and areas of environmental culture
are of great and direct importance, such as the creation of general schemes for
introducing different types of environmental management in large regions, as well
as planning schemes at the regional level and at the level of construction projects.
The choice of the types of environmental management to be introduced in large
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regions determines the environmentally safest and most cost-effective way to
develop certain types of production, recreation or settlement in each natural area or
regional landscape, and which landscapes should be left as specially protected or
reserves. This is the level of the master plan for the development of production and
settlement in a country or a large region thereof. The planning aspect suggests
whether it is environmentally safer to place certain types of environmental man-
agement in the selected region or industrial zone, or in the agricultural or natural
landscape. At this level, landscape planning is determined by the structure of a
territory’s landscape and ecological framework. Construction aspects determine the
environmental safety of production or settlement, as well as their design within
industrial zones and individual settlements and parts thereof. It is important to
create or maintain all the elements in a territory’s landscape-ecological framework,
including sanitary protection zones and strips.

The natural science foundations of the ecological culture of nature management
are the basis for its technological and humanitarian (ideological) components.

Table 3.1 Components of the culture of nature management

Ecological culture of nature management (ECNM)

Material and production culture World view (ways of thinking and understanding)

Technological Natural science Ideological (humanitarian)

Technologies
production,
ecological
and
technological
features of the
resources
used,
protective
structures,
filters,
circulating
systems,
closure of
technological
systems,
emission
standards in
the operating
system, etc.

Accommodation,
planning and
construction
aspects of
ecological culture

Natural science
models of the
universe, the laws
of organization
and evolutionary
development,
universal
evolutionism,
synergy and
self-development,
landscape,
landscape ecology
and ecological/
geographical
concept of nature
management,
ideas about the
sustainability of
landscapes

Beliefs, religions,
cults, customs,
traditions,
ideological
ecological flows
and associations
(alarmism,
biocentrism,
environmentalism,
universal ethics,
extending the
scope of human
ethics to include
nature)

Philosophical,
political,
economic
theorized
constructions,
models,
legislative
systems, to
substantiate
the interests of
countries,
peoples, ethnic
groups,
communities
and their
leaders in
resources, the
environment,
power and
other issues

Ecotechnologies of nature
management, conservation and
melioration of nature

Ethics of nature management, environmental imperatives
(e.g., something is correct and allowed if it does not
violate natural laws and the ecological balance)
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3.4 Landscape Ecology Approaches and Principles
of Sustainable Nature Management

Scientific approaches, principles and methods behind sustainable, inexhaustible
environmental management, especially of landscape-based farming, have been
actively developed since the end of the 19th century and the early twentieth century.

Definitions of terms and basic concepts. Landscape. The term “landscape”
(German Landschaft, Russian Лaндша  фт, French paysage)—a type of terrain, a
limited relatively homogeneous stretch of a terrain, region or country) is entrenched
in geography and soil science and has acquired a deep scientific meaning in Russia.
The concept of landscape is now widely used both in natural science and in the
humanitarian sphere. In natural history, landscape has become a fundamental
concept.

The definition of concepts is an important component of any science. In geog-
raphy, landscape is a complex, multifaceted scientific concept. Therefore, it can
have many definitions reflecting its different aspects. One thing they share in
common is the idea of an interconnected set of landscape components (natural and
other unity) and their binding to a certain territory. The following definitions of the
scientific concept of “landscape” are the result of generalizations of many defini-
tions available in Russian-language reference books, dictionaries, encyclopedias,
textbooks and manuals on physical geography, landscape ecology and nature
protection. In addition, the definitions take into account the views of the author and
other scientists working in the field of theoretical and applied landscape science,
engineering geography and geo-ecology (Berg 1947, 1958; Milkov 1970, 1973,
1986; Nikolaev 2000; Solntsev 2001; Sochava 1978; Kazakov and Chizhova 2001;
Kazakov 2004, 2005, 2008, 2013).

1. As a natural territorial complex (NTC), a landscape is a morphologically
(structurally) and functionally expressed part of the earth’s mantle, formed in a
narrow contact zone of the abiotic and biotic environments. Examples include
the landscape of the earth, a continent or its parts.

2. L. S. Berg (one of the first disciples of V. V. Dokuchaev) defined a landscape as
an area in which the nature of the elevation, climate, vegetation and soil cover,
wildlife, population and human culture “merge into a single harmonious whole,
typically repeated throughout the known zone of the Earth.”

3. A natural geographical landscape is a natural territorial complex of any
dimension. It stands out morphologically from its surroundings and is a
genetically relatively homogeneous area of the earth’s surface where a geo-
graphically stable set of naturally related and interacting natural components,
functioning as a whole, producing a specific new substance, energy and
information. The landscape is characterized by natural combinations of prop-
erties of surface sediments, mesoforms, climates, soils, hygrotopes, vegetation
and animal populations. Under economic development, the landscape performs
the functions of natural ecological and technological conditions of human
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activity and also provides the basic resources for production, turning into a
natural-anthropogenic landscape (NAL). Some synonyms of the term “natural
geographical landscape” are “natural landscape,” “landscape geosystem,”
“landscape complex” or “natural territorial complex” (NTC).

4. A natural geographical landscape is a NTC of a certain rank—the lowest
regional level of the landscape hierarchy, relatively homogeneous in origin,
with zonal and azonal features, forming on a genetically individual lithogenic
morphostructure on the macro-level and characterized by naturally repeated
interrelated combinations of natural complexes of local levels (facies, tracts and
localities), known as its morphological parts, as well as its local climate. It acts
as a link between local and regional landscape geosystems. The horizontal
dimension is n 10–n 100 km2.

5. As a natural territorial complex (NTC), a landscape is a relatively small,
specifically homogeneous section of the earth’s surface, delimited by natural
boundaries, within which natural components are closely interconnected and
mutually depend upon one another and human beings (with elements of their
culture) and are historically adapted to one other.

6. As a typological or generic concept, the term “landscape” is used with an
adjective denoting a species or other generalizing classification, reflecting its
specificity and relative genetic and other homogeneity in terms of a certain
attribute. Examples include taiga, steppe, marsh or mountain landscape(s),
cultural, domestic or marginal landscape(s), natural or natural-anthropogenic
landscape(s), ecotone, geochemical, eluvial or elemental landscape(s), indus-
trial or agricultural landscape(s), spiritual and ideological landscape(s): politi-
cal, ethno-cultural, folklore, sacral or criminal landscape(s).

7. The natural-anthropogenic landscape is a landscape transformed to some extent
by economic activity (positive or negative), often saturated with various ele-
ments of material culture.

8. A cultural landscape (from Latin cultura—cultivation, processing) is pur-
posefully transformed and regularly used by man for the sustainable production
of environmental, material and spiritual benefits, a landscape complex that
includes interrelated elements of culture and nature, functioning as a whole.

9. A geographical landscape is an environment-forming and resource-replicating
geo-ecosystem that serves as a habitat and arena for the economic activities of
socio-ethnic groups and communities. This interpretation of the term “land-
scape,” supplementing its former classical definitions, offers a broader picture
of its modern use.

10. A landscape can also be a visually limited part of the earth, its external
appearance, perceived through the senses, the appearance, image and generally
visible part of the terrain. In French literature, landscape architecture and
landscape design, the terms “landscape” and “paysage” are often used as syn-
onyms. Examples of a landscape include forest, forest-field, steppe, mountain,
field, rural, urban, open, visually shielded, deep, multi-composition, etc.
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Other definitions of the landscape, with their humanitarian interpretations, are also
presented in textbooks, manuals and articles by the author. The concept that a
landscape is fundamental is now applied in different spheres of human activity and
fields of knowledge. The main feature of the extended concept of a landscape is that
it is linked to a certain territory, terrain or surface, and that interrelated, interde-
pendent elements perform certain functions in the natural, natural-anthropogenic or
anthropogenic environment.

Examples of landscape modifications in the twentieth century. In the second
half of the nineteenth and the early twentieth century in Russia, the questions and
principles of optimizing nature management and inexhaustible, sustainable farming
on a landscape basis were actively developed by Dokuchaev (Dokuchaev 1994), his
students and followers. The practical implementation of these developments in the
Soviet Union (Russia) was reflected in the State Plan for the electrification of the
country (1920–1930) and, especially, in the State Plan for the transformation of
nature (1948–1954). On the scientific basis of that time, the implementation of this
plan allowed a system of interconnected forest belts of various ranks (state, district,
kolkhoz, etc.) to be created in the steppe, forest-steppe and treeless southern regions
of the non-black-earth zone of the European territory of the Soviet Union. Most of
them were tied to river valleys and other erosional forms, following the thalwegs.
Therefore, the forest belts fulfilled a complex role in anti-erosion, water protection,
snow retention, anti-deflationary and other amelioration, with a favorable effect on
crop yields and the local climate. However, in the years 1960–1990, funding for
forest reclamation and fire prevention in the system of state and collective forest
belts was gradually reduced, and in 1993, it stopped. Therefore, by 2015, many
forest belts were degraded, or had been destroyed by fires and excessive economic
activity.

In the countries of Western and Central Europe, such theoretical and practical
developments in landscape ecology at the end of the twentieth century can be
associated with attempts to create ecological networks to preserve the most valuable
elements of the landscape and biodiversity.

Geo-ecological studies in developed regions have shown that the negative con-
sequences of economic activity there are usually associated with a poorly developed
culture of ecological technology and landscape planning. The negative effects, as
well as economic losses, can be eliminated or reduced by using the landscape
ecology approach to designing business activities. An important part of such an
approach to optimizing nature management is the concept of landscape resiliency.

3.5 Landscape Resiliency

Resiliency (stability, resistance) is one of the most important properties of any
natural, natural-economic and economic system. It determines the existence of
landscapes and other geo-ecosystems, their development, efficiency and the
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favorableness of their economic use. Resiliency often determines the choice of the
type and intensity of landscape use in economic activity and nature conservation.
The natural resiliency of landscapes is one of the main prerequisites for efficient
production. At the same time, the persistency of the negative properties of land-
scapes (waterlogging, salinization, etc.) complicates their amelioration, increases
costs and reduces production efficiency.

In Russia, ideas about the resiliency of landscapes began to actively develop in
the 1980–1990s. Research has established that landscape stability is a complex
phenomenon, and therefore, it has many definitions (Moiseyev 1987, Kazakov
1999, 2008).

In a generalized form, the stability of landscape geosystems is their ability to
remain relatively unchanged or vary within a structural and functional range, or
return to it during the period of their life cycle or the cycle of external influence.
Like any complex phenomenon, stability has many aspects. It is possible to assess
the stability of landscape geosystems or NTCs in terms of the amplitude of natural
fluctuations of their parameters within the invariant range or deviations from it, or
the deviations of these parameters under anthropogenic loads. When the stability of
geosystems is measured and evaluated, it acts simultaneously as a relative value and
as a very specific concept. For example, a clear definition is needed of the type of
resistance that is being tested (to mechanical, chemical effects, etc.), and a point of
reference is required when measuring and evaluating—an invariant of a specific
NTC or changes in similar parameters in adjacent geocomplexes of other types. The
indicator used also needs to be specified. Even relying on the concept of an
invariant, one should take into account the phase characteristics of geosystems
changing in the course of their functioning or development, since many parameters
of geosystems change the speeds and directions of their “drift” and how informative
the data is in different phases of functioning and development. For example, in
winter, the photosynthetic activity of plants and the erosion activity of sloping
NTCs in Russia are significantly lower than in the spring and summer periods.

Examples of different kinds of landscape resiliency. The differences in the nat-
ural stability of landscape geosystems and their resistance to anthropogenic influ-
ences can be shown by the following examples. Thus, natural zonal tundra and
forest-steppe landscapes, mudflow or avalanche geocomplexes in the mountains
and valley geosystems on the plains, in modern environmental conditions, are very
stable both in space and in time. However, they differ greatly in the dynamics
(variability) of their states. It has been established that there are landscape
geo-ecosystems with strongly and weakly fluctuating organizational structures. For
example, geocomplexes of floodplains and gentle watersheds differ sharply in the
dynamics of their structure and state. In NTC watersheds, fluctuations of their
parameters relative to the mean are less than in floodplain geosystems. However,
these are their stable norms or invariants under natural environmental conditions.
That is, floodplain NTCs are stable in terms of their increased natural variability or
dynamism. At the same time, their resistance to various specific anthropogenic
influences varies. In particular, naturally occurring tundra and north-taiga
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geo-ecosystems react very unstably to acid pollution, and forest-steppe and
dry-steppe landscapes react to this type of impact very poorly. Moreover, even the
reaction to acid pollution in different landscapes can take different directions. In
taiga landscapes—especially those composed of outwash sand, with poor plant
nutrients in podzolic soils—zonal coniferous forests and moss-lichen communities
are actively dying out under the influence of acid emissions. In the steppe zone, acid
emissions are easily neutralized by chestnut and chernozem soils with a saturated
base-absorbing complex. At the same time, geosystems with wormwood plant
communities can even occur on alkaline soil varieties. That is, under the influence
of the same pollutant in taiga and tundra landscapes, the effect of one of the factors
limiting the biodiversity of geosystems, lack of nutrition, is increased. The effect of
ash emissions on the ecological situation in the same geosystems will have the
opposite effect: a positive one in the taiga and a negative one in the dry steppe.

The resistance of sloped and flat geosystems to mechanical loads caused by
recreational use, motor vehicles and grazing varies significantly. For example, for
dry whitewood bogs on poor, highly podzolic sandy soils, the permissible recre-
ational load which does not lead to the development of landscape ecology crises, is
1–2 persons/ha. For natural territorial complexes (NTCs) with fresh grass birch
forests on weakly podzolic light loamy soils, it increases to 15–20 people/ha. In the
examples given, different properties of landscape NTCs are shown: the factors that
influence landscapes’ passive or static (buffer) stability to various types of
anthropogenic loads (Kazakov 1999, 2008).

Factors, mechanisms and types of landscape resiliency. The factors and mech-
anisms behind the stability of landscape geosystems are divided into passive/static
and dynamic. Passive/static factors are usually determined by the mass, capacity,
stiffness or strength characteristics of a substance, or the power of the energy flow.
The passive (static) stability of landscape complexes is manifested in their invari-
ance with respect to their structural and organizational invariant within the “char-
acteristic time cycle” of their development. In contrast, dynamic factors are related
to the plasticity of landscape geosystems—their adaptive capabilities, and elasticity
—and the ability of landscapes to quickly return to a state of relative dynamic
equilibrium after the load is removed (IGAN USSR 1989). A common property or
factor combining the passive and dynamic stability of landscapes is their hierar-
chical organization.

Studies in areas of anthropogenic influence show that the properties of the
natural components of different landscapes have very different effects on their
stability. Therefore, hard scales for assessing the resiliency of landscapes can
produce errors when used in large areas with different landscapes. However, studies
have revealed some patterns to how the stability of landscape geosystems depends
on the properties of their individual components (lithogenic basis, moisture, cli-
mate, biota, soils).

Landscape components and their resiliency. Other things being equal, the fol-
lowing relationships were revealed between the properties of natural components
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and landscapes’ stability when exposed to anthropogenic loads (Kazakov 1999,
2008).

(1) The gravitational or denudation potential of a territory—the larger it is, the less
geo-resistant it is to denudation, erosion, mechanical stress and even to
toxicants,

(2) The slope of the surface—the greater it is, the lower the stability, but with
slopes less than 10° stability may fall due to possible waterlogging and low
self-purification from pollutants,

(3) The length of the slope—the longer it is, the lower the stability,
(4) The mechanical composition of the soil is usually more resistant to stress when

the NTC is composed of light loam and sandy loam, but the maximum can be
shifted somewhat depending on the type of impact (when exposed to acid
precipitation, the NTC’s stability distribution graph is sharply asymmetric),

(5) Soil thickness—if loamy soils have a thickness of less than 1.0–1.2 m, then as
it decreases, the stability of the NTC decreases,

(6) Hygrotopes (or moisture)—maximum resistance to stress in geo-ecosystems of
fresh habitats, dry and wet, stability decreases,

(7) Climatic characteristics—NTCs with the optimum ratio of heat and moisture
have the highest resistance (hydrothermal coefficient and coefficient of
moistening are close to 1), while NTCs with pronounced limiting factors for
heat and moistening and a wide range of oscillations have the lowest resistance
and moderate winds of 2.5–4 m/s also contribute to the stability of landscapes,

(8) Soils—the greater the thickness of the humus horizon, the humus content,
capacity and saturation with the bases of the absorbing complex of the soil, the
more resistant the NTC,

(9) Biota—the more capacious and intensive biogeochemical circulation (BIC),
the denser the projective surface coverage, the higher the stability of the NTC,
conifers and forests are on average less resistant to impacts than hardwood,
meadow-steppe grass species are more resistant than forest ones, and roadside
grasses and other synanthropes have the most resistance, species with a deep
and dense root system are more resistant than those with a superficial and
loose one, modified plant communities in the middle of a highly productive
stage are the most resistant to anthropogenic impacts (e.g., forests at 50–
70 years of age)

(10) The following landscape geo-ecosystems are potentially more resilient:
(a) those with increased diversity and repeatability (duplication) of structures,
(b) those in the central range of typicality for their zone and region,
(c) trans-accumulative landscapes are more stable compared to trans-eluvial
ones, (d) those which are more ambitious in size and substance, higher hier-
archical ranks (landscape zone > landscape > tract > facies).

The stability of dissipative landscapes of hills, which mainly dissipate matter and
energy in the environment, is lowered. It is also reduced in the NTCs of the extreme
accumulative units of landscape catenas characterized by maximum entropy.

74 L. K. Kazakov



In the Soviet Union (Russia), several maps have been published to assess the
potential passive stability of landscapes of the territory of the USSR/Russia and its
individual regions with regard to various types of pollution and erosion hazard.
Examples of these include maps with an analysis of the geochemical prerequisites
of landscape resistance to pollutants (Glazovskaya 1988), or a map of landscape
resistance to acid emissions from thermal power plants (Kazakov 1999).

Due to the different stability of natural complexes, the same processes or
environmental factors can, with varying likelihood, cause environmental crises in
some geosystems and hardly affect others. Thus, in the areas of influence of acid
emissions from thermal power plants and steel mills, damage and shrinkage of
coniferous taiga forests in eluvial habitats are common. In the trans-accumulative
units of the same landscape catenas, as well as in landscapes of deciduous forests
and forest-steppe, there is less visible damage to vegetation in zones of influence of
acid emissions is less. This is explained by the different stability or buffering of
NTC data with respect to acid emissions. They can differ in their stability levels by
as much as 50–200 times.

Hierarchical level of landscape geosystems and their resiliency. An important
factor determining landscape geosystems’ passive stability and other types of sta-
bility in natural and anthropogenic conditions is their hierarchical organization
(Kazakov 2003b). The increased stability of geosystems at higher hierarchical
levels is primarily based on their greater mass and area, and therefore on inertia.
The stability of large regional geosystems, which include significant masses of
matter and energy, can only be disturbed by the impact of a more powerful natural
or anthropogenic factor than those required to change the state of small local
geosystems. This is most clearly manifested differences in the passive stability of
geosystems of different ranks. A similar pattern occurs in ecology as applied to
living organisms: The individual is less stable than the population or species.
Accordingly, landscape dominants are usually more stable with respect to sub-
dominants, etc.

However, as natural geo-ecosystems evolved, other mechanisms were developed
in addition to passive stability: dynamic mechanisms for overcoming crises, aimed
at stabilizing environmental protection systems in the environment and their further
development. The key mechanism is the various types of adaptive variability found
in the structures and functions of geo-ecosystems that are in crisis situations. This
mechanism determines the adaptive type of landscape resiliency.

Often, adverse factors that cause crises and even disasters in some organisms and
landscape geo-ecosystems are favorable factors for the development and prosperity
of others. As a result, the latter begin to flourish, functionally replacing the former
and stabilizing the changed landscape as a whole during the environmental changes
(ECs). It is not without reason that the image of the concept of “crisis” in Chinese
consists of two hieroglyphs denoting “danger” and “opportunity.” For example,
river valleys or mudflow-avalanche complexes, though generally stable in natural
environmental conditions, can easily change some elements of their planned
structure. In floodplain landscapes, depending on the nature of the floods, some old
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landscape elements disappear, but new ones appear, new channels appear and the
river banks are formed and disappear. Accordingly, the vegetation and soil are
rebuilt. That is, depending on the specific states of the environmental parameters,
landscape geosystems can change their structure somewhat and even sacrifice part
of the NTC on smaller, local levels.

Adaptive capabilities of landscape geosystems (elasticity and plasticity). The
greater stability of the landscapes at the highest hierarchical levels is determined not
only by their greater inertia in terms of mass and size but also by their great
adaptive capabilities. More complex geosystems of higher ranks are more diverse in
their constituent structural elements than geosystems of lower ranks. Due to their
greater diversity, the range of possible and permissible adaptive changes in the
states of complex geosystems is wider, without any loss to their stability. Different
landscape complexes included in complex geosystems react differently to interan-
nual or even seasonal changes in weather conditions. In some, biological produc-
tivity increases, while in others, it decreases with the same changes to the
hydrothermal environmental factors. As a result, the bioproductivity of the land-
scapes that contain plant associations, on average, changes less than the biopro-
ductivity of each of the separate associations. A similar picture is observed in the
landscapes of large river systems with diverse watersheds. There, too, the average
changes in the water level in the main river artery change to a lesser extent as
compared with the river geosystems, which have smaller and simpler catchments in
the landscape plan.

A moderate agricultural development of the moraine-glacial plain geosystem as
a whole will not lead to a loss of stability and complete degradation. At the same
time, the same moderate loads on its slope elements or subsystems can lead to a loss
of stability and a radical restructuring of some local landscape geosystems of lower
rank when erosion is activated. As a result of such local adjustments to the land-
scape of the plain, it will retain its stability in general.

In the cases considered, the stability of geosystems is supported on the one hand
by the ability of more diverse geosystems to better absorb external impacts, vari-
ously mediating them, and on the other hand, by the fact that geosystems which are
more complex and diverse in structure are easier to rearrange in accordance with
environmental changes (ECs). Such properties and mechanisms for maintaining the
stability of geosystems can be called adaptive plasticity or elasticity.

Studies have shown that NTCs of the following types have greater adaptive
stability due to the plasticity of geosystems: ecotone landscapes, due to the greater
species diversity of elements and their ability to easily replace each other, NTCs
with highly fluctuating modes of operation and structures, NTCs with a high variety
of elements, actively developing NTCs at the secondary bioproductive stages of
succession. Geosystems with pronounced limiting factors, with reduced diversity,
have low plasticity and adaptive stability.

Ability of landscape geosystems to self-repair. Another of the mechanisms that
support the stability of geosystems is their ability to self-repair after disruption. This
ability is described as a landscape’s elastic stability.
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Examples include the rapid recovery of destroyed vegetation or intensive
self-cleaning of pollutants. The stability of geosystems can therefore be evaluated
by the speed of their self-healing. Thus, tundra landscapes are less stable measured
by the criterion of self-restoration in comparison with floodplain geosystems, which
can restore not only disturbed meadow-shrub vegetation, but even the lithogenic
basis in 2–6 years. Landscapes of tropical rainforests, characterized by
high-capacity, intensive biogeochemical circulation (IBC), also have a great
restorative ability. However, this mechanism for maintaining the stability of land-
scapes works mainly with periodic and occasional impacts. If the disturbed
geo-ecosystem is restored during the time between impacts, it is assessed as
resistant to them. Comparing the stability of different NTCs, elastic stability is
assessed by the speed of their self-healing, and passive resistance by the degree of
degradation or alteration.

Analysis of landscape geosystems shows that the mechanism of sustaining
stability due to self-healing works better in geosystems with powerful real energy
flows. An example of this is the landscape geosystems of river valleys, with such a
powerful system-forming factor as a water flow, possessing high-capacity and
intensive IBC. Other examples are delta-type landscape geo-ecosystems with a
powerful stream of nutrient and biophilic nutrient elements and landscapes of
humid subtropical, tropical and equatorial forests. These geosystems are charac-
terized by a powerful stream of solar radiation and a significant amount of pre-
cipitation supporting active and high-capacity IBC.

An analysis of the general mechanisms and processes that generally determine
the stability of geosystems shows that the geosystems least resistant to anthro-
pogenic influences are the following:

– relict and young geosystems whose structure and functioning are not fully
consistent with the modern conditions of their natural environment,

– geosystems with increased or, conversely, reduced reserves of potential dissi-
pation energy (dissipation), but with increased concentration potential of a
substance (mountains, hills or lowlands),

– geosystems with pronounced limiting hydrothermal factors (tundra—lack of
heat, desert—lack of moisture, swamps—excessive moisture) or trophic factors
(geosystems on well-washed fluvioglacial or alluvial sands),

– stability decreases with a decrease in the hierarchical rank or level of geosys-
tems, as well as geosystems decreasing from dominants to subdominants and
rare NTCs.

The most stable landscape geosystems are those which are located at the
penultimate, long-term, highly productive stages of restorative successions. They
are characterized by relatively high passive stability, including natural fluctuations
of the environment, high potential for directional development, enhanced biopro-
ductivity and a variety of structures. These properties also determine the wide
possibilities of their adaptive variability, which helps to preserve the stability of the
geosystem as a whole. That is, a small artificial rejuvenation of climax
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geo-ecosystems and their maintenance at highly productive stages of successions is
one of the important geo-ecological directions for maintaining geo-ecosystems in a
steady state, even under conditions of increasing anthropogenic influence and
development.

Economic activity destabilizes and violates the stability of landscapes in the
environment both by itself and through the intensification of destructive natural
processes. As a result, natural-economic systems (NESs) function less efficiently and
dangerous crisis situations develop in nature and society. Therefore, one of theways to
optimizeNESs and naturemanagement is to stabilize them in the natural environment,
by creating sustainable cultural landscapes and preserving natural diversity.

In landscape science and geo-ecology, ideas about the elements of ecological
culture of nature management have been developed: cultural landscapes as
natural-economic systems, ecological and landscape ecology frameworks of terri-
tories, ecological planning and design of economic activities (Vernadsky 1988;
Dokuchaev 1994; Kazakov 1999, 2008, 2013).

3.6 Landscape Ecology Principles and Approaches
to the Optimization of Nature Management
and Natural-Economic Systems

Landscape ecology principles. The landscape ecology culture of nature manage-
ment and environmental technology allows us to gently overcome multi-scale
environmental crises by mutually adjusting and adapting natural landscapes and
technologies of economic activity. This is the essence of co-adaptation and the
joint, sustainable evolutionary development of nature and society.

Important components of the ecological culture of nature management include
the rationalizing of life, tied to the landscape, the development of environmentally
friendly high technologies, focused on minimizing the consumption of natural
resources and waste products discharged to the environmental.

The types of nature management, specialization and technical levels of pro-
duction (agriculture, mining or processing industries, recreation) form a different
organizational structure of cultural and marginal landscapes. Studies in industrial
regions with localized powerful pollutant emissions have allowed us to identify
patterns in the formation of unfavorable environmental conditions and combat the
degradation of landscapes (Kazakov and Chizhova 2001; Kazakov 2008).

The environmental problem of the degradation of nature can to some extent be
solved, and crisis situations mitigated, with the help of technological methods and
technical means, for example, the integrated use of extracted raw materials and cir-
culating water supply systems. In analog ecosystem models and natural-economic
systems implemented in practice with cultural landscapes, the waste of some indus-
tries is partly used in others and partly incorporated into natural processes, assimi-
lating elements of nature. This allows the economic subsystems to function more
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efficiently, preserving the valuable properties and elements of natural complexes,
biodiversity and a favorable environmental situation. However, with poorly orga-
nized, diffuse emissions and impacts on the landscapes of the regions, it is not possible
to solve the problem of environmental degradation by technical methods alone.

A greater effect is achieved if, to solve this problem, a location is planned in
terms of landscape ecology and the territorial structure of economic activity is
organized. To prevent the development of acute environmental crises in industri-
alized regions, it is necessary to use all available scientific and methodological,
administrative and educational principles and techniques, including those devel-
oped in the culture of landscape ecology and nature management.

Approaches to the optimization of natural-economic systems. Studying the
interaction of different economic systems with landscapes shows that the following
complementary approaches can be used to optimize nature management in terms of
landscape ecology.

1. An ecological and geographical territorial approach associated with the planning
and design of economic activities in terms of landscape ecology. For example,
in large areas of Russia, from the points of view of ecology, economics, land-
scape ecology and hygiene, it is more expedient to design and place thermal
power plants (TPPs) operating on solid fuel in the landscapes of the forest zone.
TPPs using fuel oil are ecologically safer and more effective in steppe land-
scapes. If it is necessary to locate them in the forest zone, it is better to choose
landscapes formed on carbonate rocks or cover loams for this purpose. The
stability and productivity of landscapes composed of sandy soils with coniferous
and mixed forests in the areas of influence of thermal power plants operating on
fuel oil can be greatly reduced (Kazakov 1999, 2008).

A well-known example is the optimization planning of agricultural activities
depending on the slope and slope exposure. Slopes with a gradient of less than 2–4°
are optimal for arable farming. As the gradient increases, the intensity of erosion
processes sharply increases and the stability and efficiency of the functioning of
agro-landscapes of this type decreases.

2. Another approach to the geo-ecological optimization of natural-economic sys-
tems is an adaptational one. This is associated with adaptive adjustments of
small, less stable natural complexes and their components to new environmental
conditions. Examples of such adjustments are the application of fertilizers or
neutralizing agents to contaminated geosystems, the creation of new geosystem
elements or the replacement of the least stable ones (replacement of coniferous
trees with other trees that are more resistant to pollutants). When
agro-landscaping NESs, such new or specially conserved elements include a
variety of anti-erosion flux-scattering and windbreak forest belts and grass strips
on the slopes near the top of ravines and on convex watersheds.

Another example of adaptive adjustments of recreational areas to improve the
resiliency of landscapes is phytomelioration and various technical measures.
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Phytomelioration can be carried out by grafting and planting species of trees, shrubs
and herbaceous plants which are resistant to trampling, or creating artificial
multi-species lawns. Technical means of improving the resiliency of recreational
landscapes include the creation of an artificial road and footpath network, small
architectural forms, etc. These activities increase a landscape’s ability to withstand
excessive loads, while maintaining a high level of biodiversity and attractiveness.
The stability of NTCs increases, and hence, the maximum permissible recreational
loads on them can significantly increase, sometimes tenfold. Standards have been
developed for the density of the road and path network, depending on the recre-
ational loads in parks and forest parks.

An important geo-ecological trend in maintaining landscapes in a steady state
under the conditions of various anthropogenic impacts is the artificial rejuvenation
of climax communities and their maintenance at highly productive stages of suc-
cession. These activities and new elements of the natural-economic landscape
dramatically increase its stability and efficient functioning.

3. The third approach is technological. It is associated with the geo-ecological
optimization of the technology used in economic activity (production) and
environmental protection measures. In particular, coal-fired thermal power
plants located in arid and sub-arid landscapes, in order to comply with EC
hygienic standards, must keep all their equipment running well in the long term,
and adjacent geosystems in a steady state require more efficient ash-collecting
filters and more powerful and efficient cooling systems.

Using these principles of co-adaptation and techniques aimed at ecological
modifications of low-level landscape geosystems, in accordance with new envi-
ronmental conditions, allows us to prevent environmental crises of nature man-
agement, or shift them to micro-levels, reducing possible damage. As a result,
restructuring in nature comes with less negative consequences for both the land-
scape and humankind.

The landscape ecology planning of cultural landscapes and technologies of
economic activity is one means of actively promoting the co-adaptation of human
beings and their economic activity in the natural environment. At the same time, an
important role in the conservation of nature and biodiversity is played by the idea of
the territories’ landscape ecology complexes (LECs), which determines the favor-
ableness of the ecological situation. LECs are an important element of landscape
ecology planning and environmental stability (Kazakov 2008).

3.7 Conclusions

1. The lagging ecological culture from the material and production culture of
nature management and consumer ideology are the main causes of environ-
mental and resource crises, hampering the development of humanity.
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2. The ecologization of the technological culture of nature management, the
development of landscape ecology regulation and the planning of economic
activities, as well as environmental ethics, are the basis of sustainable nature
management.

3. The further development of natural science and other fundamentals of the
ecological culture of nature management and the definition of its basic concepts
should contribute to the formation of a new ecological world view in the society.

4. The use of landscape ecology principles and approaches to optimize nature
management in practice will allow many environmental problems of nature
sustainability to be solved or mitigated.
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Chapter 4
Landscape Science for Natural Resource
Management in a Globalised World

Guy M. Robinson

Abstract This chapter addresses key issues tackled by landscape scientists in the
study of natural resource management (NRM). It outlines the nature of landscape
science, emphasising that its practitioners originate from several disciplines, but
shares a focus on problems occurring at the intersection of the natural and
human-created environments. It stresses the role of the modelling of land system
dynamics in studies of NRM, but recognises that, increasingly, landscape science
has sought to utilise information and knowledge that sits outside traditional sci-
entific data. This is addressed in one of three sections dealing with prominent
aspects of landscape science. The first of these addresses the issue of the need to
engage with ‘stakeholders’: the land managers and interested parties engaged in or
directly affected by NRM. The attitudes, values, behaviour, and knowledge of
stakeholders plays a vital part in determining the nature and consequences of NRM,
so understanding how these elements can be incorporated into schemes and policies
has been a vital facet of landscape science. In Europe, the term NRM is largely
synonymous with agri-environment as applied to policy (AEP) or in specific
schemes (AES). Again, key stakeholders are land managers, with one aspect of their
input addressed here, namely their stewardship of the land. The nature of stew-
ardship is discussed, with different types of stewardship recognised and their sig-
nificance for the management of cultural landscapes. The next section considers the
growing importance of studies focused on ecosystem services (ESS) and their
measurement. It is argued that the analysis of changing ESS can be used as a means
of assessing the nature of agricultural transformations associated with the impact of
both global and local forces. Finally, the need for landscape science to engage both
with the general public and policy makers is discussed.
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4.1 Introduction

Research in landscape science focuses on the development of new methods and
integrated assessment to help conceptualise and represent the land use system
(Lovett et al. 2015). Recent advances include work on vulnerability assessments for
different scenarios, examining landholder attitudes towards land use change, and the
policy development implications of various changes in land management. This
work engages directly with societal interests through the identification of processes
and actions to assist communities adapt to both growing population numbers and
limited resource availability at different spatial scales, set against the context of
changing societal expectations and globalisation. This presents a challenging
interplay between biophysical, societal, and policy elements, increasingly being
brought into sharper focus by public acknowledgement of new pressures associated
with global climate change and the effects of global markets on communities
worldwide.

This chapter examines the development of research on landscape change in
regional social–ecological systems. The research is centred on the desire to obtain
an improved and more renewable balance between commercial land-based pro-
duction and conservation of natural and semi-natural ecosystems. So, the chapter
deals with tensions between production and conservation, especially (though not
exclusively) in regions where land use is dominated by agricultural production. The
research it reviews focuses on interconnections between the environment, the social
setting and the principal issues arising when considering how changes to land use
might deliver multiple benefits. The latter involves interrogating the interface
between management, policy, and societal issues, which ‘must be understood to
enable different land users, locales, and regions to adapt to a myriad of future
challenges’ (Robinson and Carson 2013, p. 1).

The primary focus herein is on the application of landscape science with respect
to natural resources management (NRM), a term that generally refers to a particular
set of natural resources rather than the entire resources spectrum. NRM has been
applied primarily to management associated with agriculture and protected areas,
rather than other industries such as mining. The use of this term has its roots in late
nineteenth-century North America when there was interest in understanding the
ecological nature of the rangelands, and the emergence of a national conservation
movement in the USA (Mitchell 1981). Its use has been popularised in Australia
whilst in most other developed countries, a narrower terminology,
‘agri-environment programmes/policies (AEP)’, which incorporates conservation
measures, has been employed more frequently, though the two terms are often used
synonymously.
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The chapter starts by providing a brief overview of the nature of landscape
science before focusing on four key issues within the contemporary development of
the discipline. The first of these is the need to incorporate the knowledge and views
of ‘stakeholders’ (especially land managers and community groups) within models
and scenarios created within landscape science. This presents landscape scientists
with the challenge of dealing with qualitative and non-scientific information in
conjunction with ‘hard’ data they may have collected. The next section deals with
the incorporation of ecosystem services within landscape science, noting that much
of the data assembled for ecosystems exists at a landscape scale and increasingly is
being used to drive NRM policy. Finally, there is consideration of the need for
landscape scientists to develop greater engagement with the general public and
policy makers to extend the dissemination and impact of their work.

4.2 Landscape Science

‘Landscape’ itself is a chaotic concept as it has several components but is difficult to
define. However, as virtually all landscapes are created or modified to varying
degrees by people, then it is possible to regard them all as comprising ‘cultural’
landscape, though with gradients of human impact. Within these cultural landscapes,
there are also different balances between nature and culture, the latter including the
historical and cultural values attached to the landscape. For natural resource man-
agement, the focus is primarily on the natural and cultural values in the ‘everyday’
landscapes of farming. These possess a ‘concrete’ physical reality, but they are also
experienced by individuals and groups who have different understandings of these
landscapes. These understandings influence people’s behaviours and decision
making, leading to different management decisions and consequent actions.

The term ‘landscape science’ refers to research seeking to understand the rela-
tionship between people and their environment, focusing on land use change and
data referring to land resources at the landscape scale. It originates in different
disciplines, including the natural sciences (notably landscape ecology) (Wu 2017),
the human sciences (via human geography and human ecology) (Steiner 2008), and
humanistic and symbolic approaches to landscape (Antrop 2000; Antrop and Van
Eetvelde 2017). It deals with understanding of drivers of change, structures, pro-
cesses, and their varying states in terms of anthropogenic uses of landscapes.
Landscape science is a meta-discipline, evolving from synergistic theories, meth-
ods, and knowledge of different scientific disciplines applied to study landscapes.
The disciplines include agricultural science, forestry science, conservation science,
geoscience, biology, the social sciences (especially geography), engineering sci-
ences, and mathematics. Thus, landscape science has fostered interdisciplinary and
solution-oriented approaches that foster collaboration between scientists and
stakeholders in society, in which landscapes are conceptualised as social–ecological
systems resulting from the interaction between societal and natural processes
(Norberg et al. 2008).
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Some of the key aspects and concerns of landscape science are summarised in
Table 4.1. These overlap with the content of the closely related ‘land system sci-
ence’: ‘an interdisciplinary field [that] seeks to understand the dynamics of land
cover and land use as a coupled human-environment system to address theory,
concepts, models, and applications relevant to environmental and societal problems,
including the intersection of the two’ (Turner et al. 2007, p. 20, see also Verburg
et al. 2015).

Both landscape science and land system science are multi- and interdisciplinary
and operate at the meeting point of nature and society (Bloemers et al. 2010). So,
researchers working in these areas consider the behaviour of people and commu-
nities, multi-level decision making that affects multifaceted land units, and the
contexts within which decisions about landscape and land issues are made and in
which the land itself exists (Lambin et al. 2006). Much of this research has used
empirical analysis to tackle problems associated with human–environment inter-
actions, including changing land use practices and associated changes in land cover
(e.g. deforestation), responses to climate change and impacts of diverse environ-
mental changes on agriculture, forestry, biomass production, and ecosystem func-
tioning (e.g. Brose and Hillebrand 2016; Plieninger et al. 2015b).

There are some compelling reasons for research on NRM to use landscape
science. Perhaps, the most overriding one is the growing realisation that successful
NRM requires integration of the management of different types of resource, with
the development of system understanding that can be best provided by landscape
science. It is also the case that much management of NRM occurs at the landscape
scale which is also the main scalar focus of landscape science.

Modelling of land system dynamics often accompanies studies of NRM, fre-
quently involving structural analysis of complex interactions within the land system
between people and the environment, generating information that assists evaluation

Table 4.1 Content of
landscape science

∙ Environmental, economic, and social processes induced by
land use or land use changes

∙ Spatial interactions of processes and driving forces in
anthropogenic landscapes

∙ Studying multiscale processes and cross-scale dynamics

∙ Spatial data analysis and modelling

∙ Landscape systems analysis and landscape modelling (e.g.
scaling approaches, scenario techniques, indicator
identification, complexity reduction)

∙ Discrete and integrated impact assessment of land use

∙ Methods and understanding of participatory approaches for
land use development and decision making in land management

∙ Fundamentals and tools for decision support systems as well
as providing scientific methods in decision implementation of
landscape management

Based on Antrop (2000)
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of policy outcomes or develops new policy prescriptions. These models usually
utilise physical, mathematical, or numerical approaches to help develop better
understanding of existing processes and interactions and to tackle ‘what if?’ sce-
narios, e.g. the possible outcomes of a new policy or land management activity. The
models make use of environmental data in various forms, with decision makers
requiring information systems capable of integrating large and diverse datasets and
also providing tools for analysing and visualising key information.

Models have been used to explore systems behaviour, for ex-ante assessments of
policies, inputs to the planning process, and scenario creation (e.g. Zagaria et al.
2017). Increasingly, landscape science is developing new models, acknowledging
that these will need to progress beyond single-sector foci to capture the complexity
of human–environment interactions across different scales (e.g. Vaz 2016).
Modelling strategies have been adapted to meet this challenge, including economic
models (e.g. Munroe et al. 2014), models integrating socio-economic and envi-
ronmental processes (Leimbach et al. 2012) and agent-based modelling for simu-
lating complex decision making (Millington and Wainwright 2016). However,
landscape science has explicitly attempted to develop methods combining ‘hard’
scientific data with input of a qualitative nature, in the form of knowledge from
landholders, land managers, and other community stakeholders. These methods
have often used models both as an aid in understanding how landscapes can be
managed and in developing management scenarios that can incorporate mitigation
of and adaptations to environmental change (Turner et al. 2016). A major concern
in model formulation and operationalisation has been how to incorporate the views
and actions of different human ‘stakeholders’.

The starting point for much work in landscape science is the assembly of data,
both quantitative and qualitative, with which to understand the complex, often
nonlinear processes that frequently produce systems operating at or understandable
at a landscape scale. Yet, an ongoing problem, also highlighted frequently in studies
on climate change, is ‘the lack of long-term data capable of showing the state of the
environment and the direction in which it is heading’ (Lefroy et al. 2012, p. 3). So,
despite the frequent availability of data in various forms, interpretation and analysis
must necessarily develop innovative ways of combining the different forms,
including surrogates for historic and prehistoric changes and employing modelling
that can both provide estimates for missing data and generate management scenarios.

The growth of studies incorporating inputs from different disciplines, groups,
and individuals as well as comprising both quantitative and qualitative data has
produced a growing realisation that policy development should acknowledge this
multiplicity of approaches, sources, and inputs. To develop policy capable of
producing future landscapes that can meet multiple goals and satisfy demands from
various stakeholders, it is necessary to incorporate inputs from a broad spectrum of
disciplines. This multiplicity must extend beyond academe to inputs from land
managers and communities affected by policy, enabling participation in the research
process and in formulating policy to embrace a wide variety of individuals and
groups. It is this that forms the next aspect of landscape science addressed in this
chapter.

4 Landscape Science for Natural Resource Management … 87



4.3 Engaging Stakeholders

A central characteristic of recent research in landscape science has been its use of
inputs from the individuals and groups who manage the land: individual land
managers, rural communities, groups (including indigenous peoples), and other
individuals who play a role in landscape management. In the past, the knowledge
possessed by these managers (usually termed ‘stakeholders’) has often been
neglected by researchers and policy makers. A key reason for this, as discussed by
Raymond et al. (2010b) in an examination of various environmental management
projects in different countries which were attempting to integrate knowledge from
different sources, is that integration of stakeholder knowledge is inherently com-
plex, and it is frequently dealt with in arbitrary fashion employing various
knowledge integration perspectives by different researchers/policy makers. Western
paradigms and scientific systems of knowledge do not readily address the full
complexity of environmental management, nor are they sufficiently able to integrate
perspectives of local stakeholders into the development of environmental man-
agement strategies (Eden 1996).

New approaches to environmental management have recognised the problem,
developing approaches to landscape science that explicitly include local knowledge.
This has been given various terms: community-based NRM (Dyer et al. 2014),
sustainability science (Folke et al. 2016), and adaptive co-management (Wilson
et al. 2018), which are all approaches recognising the need to integrate knowledge
possessed by academic researchers (frequently extending across traditional disci-
plinary boundaries) and non-academic participants. They emphasise the need to
build on different (and sometimes disparate) bodies of knowledge to tackle a
research or applied question by formulating shared theory, methods, and new
knowledge to promote common understanding of environmental management
problems.

Previous reliance on ‘hard’ scientific data and numerically based models is
giving way to the inclusion of different types of input to models and landscape
analysis. This has generated scope for innovative approaches, such as participatory
action research and the incorporation of qualitative data as a routine component of
analysis. Furthermore, they frequently utilise participatory research methods, aim-
ing to facilitate participatory, multi-level governance processes to both enhance the
validity of knowledge elicited in research and to increase stakeholder inclusivity in
decision making. This may follow iterative processes of knowledge creation,
application, reflection, learning, and feedback to science or decision making.
A common aim is to integrate knowledge across different spatial and temporal
scales. These characteristics have become integral components of contemporary
landscape science.

There has been a growing emphasis on direct engagement with policy makers,
often explicitly embedding them within the research process rather than treating
them as recipients of research findings or as commentators on modelled scenarios.
Research designs incorporating knowledge exchange between different
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stakeholders are now more prominent, with landscape scientists taking responsi-
bility for engaging with policy makers and politicians to remove traditional barriers
and entrenched mindsets. Given the speed with which landscape science has
evolved in the past two decades, there can be much hope that such shifts in
approach and innovative frameworks within which the research develops can
enable new successes to be realised.

A good example of innovative approaches being introduced into landscape
science, and which laid a solid foundation for subsequent research, is the Landscape
Logic project in Australia (Lefroy et al. 2012). This focused on knowledge dis-
covery, integration, and ‘broking’ (maintaining a two-way flow of information
between researchers, end-user partners, and stakeholders). The latter was intended
to generate desirable management outcomes, explicitly incorporating the knowl-
edge possessed by landholders and managers as well as that from scientists and
stakeholders in government and industry. There were five basic components within
the project’s system thinking, which are typical of the landscape science approach:

• Research involved clearly defined, measurable, and widely accepted end points,
including both environmental and socio-economic goals.

• The system boundaries were large enough to incorporate the major factors
whilst not attempting to encompass all external devices.

• Research articulated each of the major influences acting on the variables of
interest.

• It identified major factors providing appropriate or sufficient measurement of the
effect of one major variable on another.

• Data collection was at a spatial and temporal resolution sufficient for testing of
relationships.

As illustrated by Landscape Logic, a heightened role within landscape science for
local knowledge has been strongly supported in many quarters in the past two
decades (see Girard 2015). Such arguments recognise that knowledge can take
many forms and can be derived from different sources, with government and sci-
ence not having a monopoly on information that is of practical value in NRM.
However, power relations may restrict locally held knowledge from being valued or
utilised effectively by decision makers in government, especially the knowledge
possessed by farmers, which ‘represents various degrees of localised, expert, tacit,
and implicit knowledge which may have been derived through formalised or
informal processes’ (Raymond et al. 2010b, p. 1767). Formalised processes do not
usually generate experiential and local knowledge. Yet, this type of ‘hybrid’
knowledge which is obtained from various sources can be produced through social
learning processes that combine scientific knowledge with that developed through
personal experience, interpretation, and interaction (Stringer et al. 2017). Hybridity
may then be explicitly applied in NRM, such as in agricultural development pro-
grammes, e.g. in Mexico’s Yaqui Valley (McCullough and Matson 2016), agro-
forestry in India (Singh and Dhayani 2014), and European viticulture
(Krzywoszynska 2016). Yet, in developing these programmes there are epistemo-
logical challenges to be overcome regarding fundamental differences in how people
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perceive the nature of knowledge or come to know something. Moreover, ‘any
knowledge integration process needs to be sufficiently flexible to take into account
changes in perceptions emerging during the project and to deal with new infor-
mation arising after application’ (Raymond et al. 2010b, p. 1770).

Fortunately, there are now increasing numbers of good examples demonstrating
successful knowledge integration between scientific and local, and top-down and
bottom-up (e.g. Girard et al. 2015; Moschitz et al. 2015). These include projects
facilitating adaptation to climate change (e.g. Xu and Grumbine 2014; Bocco and
Napoletano 2017). For example, in south-east Australia, Cross and Ampt (2017)
report on successful adoption of a rotational grazing scheme using few purchased
inputs to develop a more sustainable agroecological farming system. They describe
the adoption of the grazing system as occurring through the work of a community
of practice (comprising farmers and their advisors) centred on farmers and their
knowledge, but also with some input of scientific knowledge and principles.
However, they acknowledge that there is often limited support from formal insti-
tutions (such as government departments) in the actual implementation of such
schemes, especially for the integration of different types of knowledge or for a
‘bottom-up’ farmer-centred approach.

In discussing this issue, Bjerkes (2010) presents the argument that effective
management of resources requires devolution of rights over resources and property
to local user groups and organisations. This is not merely decentralisation from one
government agency to another. Shared understandings are extremely important in
the context of climate change, especially given the diversity of views about causes
and their likely consequences (Raymond and Spoehr 2013). Robinson (2018)
argues that if longer-term adaptive strategies are to be implemented with respect to
climate change, then it is vital for government to develop more effective dialogue
with communities of practice (such as farm systems’ groups) and individual farmers
(Fig. 4.1). Based on Bjerkes (2010), he presents a three-step approach to promote
greater adaptation to climate change by farmers and the wider rural community:

1. Encourage groups of actors/stakeholders to reach a shared understanding of
issues and identify their vision for the future.

2. Translate the vision of each group into action plans.
3. Support multiple cycles of joint and collaborative action.

Input to NRM from community stakeholders has been regarded as increasingly
important, in part because this input can ensure that a variety of views is heard.
There remains, though, the question of what constitutes successful engagement. In
general, research has shown that understanding on both sides may be enhanced
using qualitative methods, with deliberate attempts to link the values of individuals
and groups to places. For example, when a particular ecosystem service directly
positively impacts the viability or enjoyment of the community the more likely the
community advisors are to support the management and preservation of that ser-
vice. However, community consultation that deals with policies falling outside a

90 G. M. Robinson



group’s or individual’s immediate ambit tends to be regarded as ones in which they
do not have a direct stake, and this can affect their advice and input (MacDonald
et al. 2013).

4.4 Agri-Environment Schemes and Stewardship

Agri-environmental schemes (AES) are mechanisms enabling landowners and other
individuals and bodies who manage land to be incentivised to manage their land in
an ‘environmentally friendly’ fashion. The European Union (EU) has pioneered
many such schemes and between 2007 and 2013 spent €23 billion on AES that
affected 46.9 million ha as part of the Common Agricultural Policy (CAP). For
2014–2020, this spending is scheduled to grow to €25 billion, representing 30% of
total spend compared with 25% in the previous period (European Commission
2013). The rise reflects the adoption of broader objectives, including climate change
mitigation, promotion of organic farming and so-called climate and environment
investment measures. In addressing these objectives, landscape scientists have
adopted participatory techniques to assist in integrating multiple objectives into
landscape planning. These have included collective visioning for the future, map-
ping of local stakeholder values to inform priorities for conservation, and

Fig. 4.1 A farm systems group inspecting livestock in the Yorke Peninsula, South Australia. This
group formed one of a series of focus groups for research reported in Robinson (2018). Photograph
by C. M. Raymond
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segmenting land managers according to different types of values and/or farming
motivations to improve targeting of policy (Forrester et al. 2015).

Overtime AESs have evolved and taken on the following three characteristics:

• increased complexity of scheme design and evaluation,
• a range of innovative collaborative governance models has been developed to

support the design and evaluation of the next wave of AES, and
• encouraging collaboration across institutional levels.

Key issues in recent AES policy development are how to manage trade-offs
between competing objectives, and how to engage local stakeholders in setting
priorities for land management, as per the considerations raised above.

AESs have been a component of policy in the EU since 1986, with the desig-
nation of environmentally sensitive areas (Robinson 1994). However, AES and
their associated payments for environmental/ecological services (PES) have a much
longer history in North America. Probably, the world’s largest and longest running
PES programme is the Conservation Reserve Programme in the USA. This has
operated in various guises since the 1930s (Hellerstein 2017) and currently provides
around $1.8 billion p.a. through 766,000 contracts with farmers and landowners
who place a total of 140,000 km2 of what are defined as ‘environmentally sensitive
lands’ into the programme. The farmers agree to plant ‘long-term,
resource-conserving covers to improve water quality, control soil erosion and
enhance habitats for waterfowl and wildlife’ (FSA 2014).

Another scheme on a vast scale is the much-celebrated Chinese PES scheme, the
$43 billion Grain for Green programme, known also as the Conversion of Cropland
to Forest and Grassland Programme or the Sloping Land Conversion Programme,
established in 1999. This has removed marginal land from agricultural production
to deliver ecological gains (Wang et al. 2017). It is China’s largest ecological
restoration programme and rewards farmers for not clearing forested slopes for
farming, thereby reducing erosion and reducing the flow of sediments from farm-
land into rivers. Satellite remote sensing has revealed that across China’s Loess
Plateau, Grain for Green has increased tree cover by about 41%, with major
increases in the enhanced vegetation index (EVI), leaf area index, and the fraction
of photo-synthetically active radiation absorbed by canopies (Xiao 2014). By the
end of 2012, Grain for Green had converted 9.1 million ha of cropland to forest and
0.64 million ha to grassland (Song et al. 2014).

In the EU, AES has included various farming intensity reduction measures,
notably management of low-intensity pasture systems, integrated farm manage-
ment, promotion of organic farming, conservation of high-value habitats, and
conservation of target flagship species. There have been numerous different
schemes, which are usually voluntary in terms of farmer participation, possessing
different aims and levels of support, but many of which have attracted researchers’
attention in terms of understanding farmer motivations. Financial incentives are
usually provided to encourage participation, especially through promoting greater
security of income, a commitment to the scheme’s environmental conservation
aims, the fit with farm management plans and lack of alteration required to existing
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management arrangements (Lastra-Bravo et al. 2015; Reed et al. 2017; Riley 2016).
Typologies of farmers have been formulated based on the characteristics of par-
ticipants and non-participants or on adopted pro-environmental behaviours (Burton
2014; McGuire et al. 2015; Riley 2011).

Many AES measures are aimed at securing a better balance between agricul-
ture’s environmental impacts and the demand for food. Yet, they have generally not
focused on specified sustainability targets, though promotion of organic farming has
been an option in several programmes. Through AES farmers have been encour-
aged to move away from the industrial, productivist model of farming as part of
what has been termed ‘the Naturalization Food and Agricultural (NFA) paradigm’
(Rausser et al. 2015). The paradigm subsumes diverse arguments relating to food
safety, obesity, the role of agriculture in climate change, the demise of family
farming, and the concentration of agribusiness. It has grown in popularity, espe-
cially in the West, through increased interest in organic and environmentally
friendly farming and concerns over negative externalities from industrialised agri-
culture. It is exerting growing political influence, despite champions of alternatives
to the industrial–productivist system often struggling to produce economically
rational policy proscriptions. In part, this is because the paradigm is an amalgam of
various socio-economic and biophysical conditions and their attendant diverse
potential ‘solutions’, which themselves may be problematic. For example, a
wholesale change from an industrial model to farming systems favoured by NFA
could seriously reduce food security if output is compromised (Leifield 2016). As
shown in several studies (e.g. Servon and Pink 2015; Oostindie et al. 2016), the
reality is that there is increasing coexistence of both globalised and local systems of
production, serving different markets. This implies that policies which are applied
on a ‘one size fits all’ across every producer may need to be reconsidered. More
analysis of alternative environmental and resource policies is needed that addresses
the effects of agri-industrial concentration, food safety, and food security, especially
by reformulating welfare and political–economic arguments (Anderson et al. 2014;
Rausser and Farrell 2016).

Better land stewardship is a central aim of all AES schemes targeted at farmers,
usually as expressed in terms of delivering environmental gains. The premise is that
farming involves the production of landscape, which frequently generates positive
agri-ecological outcomes in addition to the main purpose of most farming, namely
production of food and fibre. Yet, research by Raymond et al. (2016a, b) reveals
that among farming communities, there are many different understandings of
‘stewardship’, with interpretations falling into four differentiated categories: envi-
ronmental, production, holistic, and instrumental, as shown in Table 4.2.

Raymond et al’s (2016b) study of 40 farmers in south-west England found the
sample was almost evenly split between the first, third, and fourth of these cate-
gories, with a smaller proportion from the production category. This differentiation
reflected tensions in the wider farming community regarding future
agri-environment policy. Production respondents contended that AES neglects the
prime need to encourage food production, whereas environmental and holistic
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farmers regarded AES as not supporting the development of a local ‘green’ food
culture and its associated social infrastructure.

Bieling and Plieninger (2017) champion the role of landscape stewardship
within landscape science. Their conceptualisation involves a proactive landscape
science that does not only observe or respond to landscape change but also ‘ex-
plores and supports innovative and passionate stewardship of ecosystems and
landscapes, thus reinforcing feedback loops between humans and nature’ (p. xiii).
They view stewardship as both a management approach and an ethic which
emphasises responsibility, collaboration, participation, and communication in the
planning and management of land resources (see Gundersen and Mäkinen 2009).
These sentiments are linked to the ideas of Aldo Leopold in his Sand Country
Almanack (1949), which laid the foundations for re-engaging and inspiring people
to take care of the land. Stewardship has been employed in various guises with
respect to NRM, but especially to imply responsible use of natural resources,
including conservation, with respect to agriculture and forestry that balances
societal interests and needs, e.g. for a reliable food supply. ‘Responsible use’ by
farmers generally reinforces their strong attachment to the land they farm
(Raymond et al. 2010a).

Bieling and Plieninger (2017) were writing in part on the basis of their expe-
riences in HERCULES (HERitage in CULtural LandscapES), a three-year research
project funded by the European Union. The project’s focus was on cultural land-
scapes in which the concepts of landscape and nature are interlinked (Fig. 4.2).
Often, the general public and also some policy makers increasingly idealise the
European ‘countryside’ as ‘natural’ and not the product of long-term and ongoing
human interaction with the physical environment. However, it is also a view in
which traditional human landscapes become valued cultural landscapes that need to
be protected from ‘insensitive’ developments through conservation and preserva-
tion measures. Concepts such as nature, landscape, and cultural landscape can only

Table 4.2 Typology of farm stewardship

Environmental Managing environmental features to enable protection for future generations
This often involves implementing measures to encourage wildlife

Production Maintaining productivity of land for future generations
This may involve use of traditional farming techniques
These farmers possess different conservation goals to those of the
Environmental category

Holistic Recognizing interactions and interdependencies between production and the
agri-ecological system
This can involve maintaining or enhancing landscape diversity through a
mosaic of different land uses, including field boundaries, such as hedgerows

Instrumental Defining stewardship in the context of government policy or an incentive
Stewardship means acting in accordance with a given scheme in which land
managers are paid for pro-environmental actions

Based on Raymond et al. (2016a, b)
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be understood and interpreted in their historically specific social and cultural
contexts, but the meanings attached to the landscape will tend to be produced by
dominant groups and maintained by institutions representing their interests. Such
ideas are reproduced, as well as contested, in the relations between these institutions
and users of the landscape. It can be recognised that different sub-cultures also
produce their own varieties of landscape, which reflects both physically and con-
ceptually social relationships and constellations of power in society.

In managing cultural landscapes, there is always the issue of what change should
be permitted or encouraged versus what should be conserved. In dealing with this
latter question (in effect, ‘what gets conserved?’), there are two distinct compo-
nents. One is the designed elements in the landscape, such as buildings, monu-
ments, and ownership structures, which typically are preserved or restored to a
former ‘optimal state’. The other is the evolved or living agricultural landscape for
which it is generally acknowledged that many types of traditional agrarian land-
scape can ultimately only be preserved if the traditional forms of farming that led to
their occurrence are maintained. Hence to preserve such landscapes, succession in
the agri-ecosystem must be prevented. Of course, conservation creates its own
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Fig. 4.2 HERCULES
project: Exploring ecosystem
change and society through a
cultural landscape lens (based
on T. Plieninger, http://www.
hercules-landscapes.eu/blog.
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landscapes, which raises issues about which landscapes are valued and protected
through legislative instruments. In some cases, valued landscapes are restored or
re-created (e.g. Robinson and Robinson 2016), adding an extra level of complexity
into land management decisions. For landscape scientists, the issue is how best to
present analysis and models that can provide clear information on contentious
issues being considered by managers and policy makers. Some of this information
may take the form of revealing the nature of historic and recent landscape changes,
which can take many guises, but for quantitative changes measurement of
ecosystem services has become increasingly popular (Di Minin et al. 2017; Naidoo
et al. 2008; Plieninger et al. 2015a).

4.5 Ecosystem Services

In the past two decades, one of the popular ways in which interactions between
people and the environment have been conceptualised has been through ecosystem
services (ESS), enabling research to focus on how ecosystems (natural,
semi-natural, and agri-ecological) provide benefits to people. These benefits were
formally categorised in 2005 by the United Nations Millennium Ecosystem
Assessment, which recognised four broad categories: provisioning (food and
water), regulating (controlling climate and disease), supporting (nutrient cycles,
crop pollination), and cultural (recreational and spiritual) (Millennium Ecosystem
Assessment 2005). A huge volume of research has been developed on these ser-
vices, in terms of their ecology, measurement, evaluation, and economic implica-
tions (Everard 2017). Accordingly, work on ecosystem services has become a key
component of landscape science.

From a scientific perspective, Kremen (2005) suggests the following research
agenda for the study of ecosystem services:

(a) identification of ecosystem service providers (ESPs), that is the species or
populations that provide specific ecosystem services, and characterisation of
their functional roles and relationships,

(b) determination of community structure aspects that influence how ESPs function
in the landscape, e.g. compensatory responses that stabilise functions and
non-random extinction sequences which can erode them,

(c) assessment of key environmental (abiotic) factors influencing the provision of
services, and

(d) measurement of the spatial and temporal scales on which ESPs and their ser-
vices operate.

Provision of ESS may be stabilised or increased with increasing biodiversity, which
also benefits the variety of ESS available to society. Hence, understanding the
relationship between biodiversity and the stability of an ecosystem is essential to
the management of natural resources and their services. In this context, estimating
the functional structure of an ecosystem and then combining it with information
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about individual species’ traits can help understanding of the resilience of an
ecosystem as environmental change occurs, e.g. through explicit human interven-
tion or as a by-product of human actions, e.g. climate change.

Perhaps, the most dramatic changes to ESS in recent years have been associated
with the impacts of globalisation, especially where global forces have been
incorporated in processes of agricultural transformation. Nowhere has this been
more evident than in China where some of the greatest changes to ESS worldwide
have occurred, driven by massive socio-economic changes and innovation fol-
lowing adoption of economic reforms from December 1978 onwards (Anderson
2018; Zhou 2016). The transformation of Chinese agriculture has corresponded
with dramatic economic growth, leading to substantial modifications to land use
and land cover (Li et al. 2018). These have significantly affected biodiversity and
ecosystem productivity, leading inevitably to modifications to the structure of
ecosystems and so affecting ESS both positively and negatively (Liu et al. 2015).

Traditional farming methods, in China as elsewhere in the world, promoted soil
fertility, irrigation, and crop/livestock production, which represented positive ESS
in the form of soil and water conservation, and the balancing of the provisioning
functions for grains with inputs from animal manures. Agriculture maintained
healthy agri-ecosystems and could contribute to biodiversity conservation.
However, through rapid urbanisation in recent decades, often involving substantial
losses of farmland and the growth of intensive, industrial-style production methods,
modern agriculture has been associated with major land use modifications and
many changes to ESS. Outcomes include adverse effects on biodiversity; e.g. in
China, several native species are endangered which is reducing important functions
of ESS, including pest control and pollination (Wang and Zhou 2014).

Monitoring of ESS can occur at many scales, from broad global estimates to
micro-scale analyses for individual villages (Robinson and Song 2018; Song et al.
2017) (Fig. 4.3). However, how to use knowledge gained about ESS in making
decisions that in turn will impact on ESS is a concern still to be fully addressed by
landscape scientists. For example, Martinez-Harms et al. (2015) refer to the
potential offered by five core steps leading from ESS measurement to a manage-
ment decision:

• identification of the problem and its social–ecological context,
• specification of objectives and associated performance measures,
• defining alternative management actions and evaluating the consequences of

these actions,
• assessment of trade-offs and prioritisation of alternative management actions,

and
• making management decisions.

To date ESS, assessments have largely focused on quantification and mapping, and
hence, they have highlighted important areas for the supply and delivery of ESS,
but closer links to management decisions need to be developed, especially through
analyses of trade-offs between ESS (Castro et al. 2014) and using ESS to evaluate
policy scenarios (Costanza et al. 2017). However, to use ESS more effectively in
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decision making will require greater engagement with stakeholders, as discussed
above with respect to landscape science in general, using deliberative and partici-
patory methods. This also raises issues about how knowledge gleaned from the
application of landscape science, including the use of ESS, can best be exchanged
with those working outside academe.

4.6 Conclusion: Knowledge Exchange

One of the future challenges for landscape scientists is to find better ways of
communicating their results to non-academic users if there is to be effective
exchange of knowledge (Shuttleworth and Palang 2017, p. 809). Indeed, the con-
cept of knowledge exchange has shifted. So, it is not merely scientists informing
other scientists and policy makers about their findings, but it is part of a four-way
process: from science to science, from science to citizens, from citizens to science,
and from citizens to citizens (Shaw et al. 2017). This contributes to the development
of ‘solutions’ that can bridge the gap between top-down expert views and
bottom-up knowledge and perceptions. The growth of citizen science may have a
role to play in this, though it is not a new phenomenon, having been popularised in
North America in the 1990s, e.g. by the Annapolis River Guardians (Cliche and
Freeman 2017; Robinson 1997). But it ‘offers new approaches and opportunities for
engagement between researchers, practitioners and communities’ (Shuttleworth and

Fig. 4.3 Land use changes in Duling Village, Shaanxi Province, China, 1985–2016. These
changes, reconstructed using participatory mapping, were used as the basis for calculating changes
to ecosystem services by Song et al. (2017). Maps drawn by B. Song
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Palang 2017, p. 814). There remains a gap between researchers and practitioners,
partly because of the lack of involvement of the latter in research and the perception
that the impacts of landscape science research are often long-term, indirect, and
nonlinear.

HERCULES, the EU-funded project on cultural landscapes referred to above,
explicitly addressed the issue of knowledge exchange by considering basic differ-
ences in perspective between academic researchers and practitioners (see Tieskens
et al. 2017). Its solution was to engage directly with local communities in case
study areas, transmitting information to individual communities about themselves
and other communities to show that local issues may have similarities to those
experienced elsewhere. Similar to practice in several other landscape science pro-
jects, HERCULES used a ‘knowledge hub’ (for landscape practices) to store
information that could be accessed by all involved in the project as well as pro-
viding an opportunity for citizen participants to upload information. The hub acted
as an open platform to which all landscape actors, their networks, and organisations
could contribute. It enabled visualisation of the interface between nature and
society, using tools from Geographical Information Systems (GIS). Geospatial data
were combined with layers of information relating to values and meaning, history,
structure, and land use intensity, as well as driving forces, processes, and actors in
landscape change. The hub provided the means for collecting both the contribution
of experience-based local insights and scientific knowledge.

The hub could also be used as a crowdsourcing tool, collecting feedback and
input from citizens as well as landscape professionals. The crowdsourced data
offered the possibility to improve knowledge of the collective image of landscapes
and to understand visually which landscape features most attract recreationists,
visitors, and other user groups. However, uncertainty about the social and eco-
logical representativeness of publicly shared photographs means that caution is
required set against the increasing attractiveness of crowdsourced social media for
landscape science research. In addition, multiplicity of outlets for communicating
research results is another increasingly popular strategy that was also adopted in the
HERCULES project, which utilised various ad hoc communication tools.

The nature of knowledge exchange has also become of increasing concern
because of scientists’ awareness of the need to communicate their findings about
global environmental change to policy makers and citizens who need to be actively
involved in taking urgent action to limit or prevent deleterious changes to
socio-ecological systems, e.g. to limit global warming. The exchanges are essen-
tially a social process but have been limited by lack of adequate conceptual
development and appropriate methods to evaluate what are both complex and
multifaceted exchanges. Fazey et al.’s (2014) analysis of 135 projects involving
peer-reviewed evaluations of knowledge exchange revealed great variations
between disciplines (seven types of exchange were recognised) and often a quite
limited attempt at exchanging knowledge that merely emphasised one-way infor-
mation flow from scientists to interested parties. This led to the conclusion that a
clear methodology for knowledge exchange needed to be developed, involving a
means, whereby end-users could evaluate knowledge exchange, think carefully
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about how knowledge exchange is conceptualised and formulate assumptions as to
why it is expected to deliver its outcomes, and then taking steps to evaluate out-
comes of the process.

In taking knowledge exchange seriously, landscape scientists are ensuring that
their work gains greater impact and credibility. In recognising its importance, it is
clear that knowledge exchange should be designed into research, with ‘the needs of
likely research users and other stakeholders … systematically represented in the
research where possible, and long-term relationships must be built on trust and
two-way dialogue between researchers and stakeholders in order to ensure effective
co-generation of new knowledge’ (Reed et al. 2014, p. 337). Only by involving a
wide range of stakeholders will the work of landscape scientists ensure the nec-
essary collaborations that will co-produce new knowledge and the more effective
sharing and application of existing knowledge to manage change under global
pressures in socio-ecological systems at the landscape scale.
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Chapter 5
Landscapes, Their Exploration
and Utilisation: Status and Trends
of Landscape Research
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Abstract A new geological epoch has begun—the Anthropocene. Huge anthro-
pogenic transformations of terrestrial landscapes over the past five decades have
forced its declaration. Exploring of interaction of humans with nature in general,
and with landscapes in particular, can be characterised properly by the terms
‘landscape research’ and ‘landscape science’. Landscape science has been a tradi-
tional scientific discipline of geography. This is the case in Russia, whilst the terms
geo-ecology and landscape ecology have become established in the
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English-speaking scientific community. As landscapes are multifunctional, highly
complex systems, landscape research is a platform for disciplinary, interdisciplinary
and transdisciplinary research. Landscape research in the Anthropocene must aim to
combine landscape sustainability with high quality and productivity. This mission
is in accord with the Sustainable Development Goals of the United Nations and the
provisions of the Landscape Convention of the European Council. It includes
halting landscape degradation, developing cultural landscapes and maintaining
semi-natural landscapes. Clean water and air, fertile and healthy soils for food and
other ecosystem services and a green and biodiverse environment are attributes of
landscapes for the survival and well-being of humans in coexistence with nature.
Landscape research must generate knowledge, innovations and responsible decision
rules for achieving these aims. Big data gathering and scenario modelling are
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important for knowledge generation in a globalised world. International long-term
experiments, observatories and monitoring systems will deliver data for compre-
hensive ecosystem models and decision support systems. Technical innovations
must be imbedded in cultural solutions for the evolvement of landscapes. Springer
International’s new book series ‘Innovations in Landscape Research’ aims to
support better understanding, monitoring and managing landscapes. It contains a
multitude of approaches and data. Some focus is on technical innovations for
agri-environmental monitoring, on land and water management and its implications
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for landscape sustainability. Authors present novel tools for ecosystem modelling
and forecasting of landscape processes, and on creating knowledge, rules and
approaches for handling the multifunctionality of landscapes. The coming book
series may serve as a knowledge, data and communication basis for informed
decisions regarding the development of landscapes. It will enlarge our horizon and
field of action by building bridges between scientific communities, scientific dis-
ciplines, and researchers and citizens.

Keywords Landscape � Research � Status � Trends � Monitoring �
Anthropocene � Ecosystems � Modelling � Data � Land use � Sustainability �
Innovations � Cultural landscapes

5.1 Introduction: What Should We Know About
Landscapes?

The effects of humans on the global environment continue to escalate. Scientists
have debated and declared that the geological epoch of the Holocene has ended and
a new epoch, the Anthropocene, has begun (Crutzen 2002; Zalasiewicz et al. 2011;
Lewis and Maslin 2015). The Great Acceleration of the Anthropocene began in the
second half of the twentieth century (Steffen et al. 2015). Evidence for this
human-induced break in the history of our planet comes from rapidly increased
levels of climate-warming CO2 in the atmosphere. Other irreversible signals which
can be found in sediments now and later are radioactive elements from nuclear
bomb tests, plastic material and residues from abruptly extinct animals and plants
(Zalasiewicz et al. 2011). Modern agricultural land use, necessary to feed an
increasing population, producing high concentrations of nitrogen and phosphorus in
soils, derived from artificial fertilisers, pig and chicken factories and other
industry-style farming, is also significant for the declaration of the Anthropocene
(Crutzen 2002; Zalasiewicz et al. 2011; Lewis and Maslin 2015). These acceler-
ating interactions of humans with their environment have implications for all
spheres, regions and landscapes on earth (Millennium Ecosystem Assessment 2005;
United Nations 2015). Further growth in world population, climate change and
other factors will exacerbate the challenges to maintain the capacity of ecosystems
and livelihoods for coming generations.

Landscape research comprises all activities of knowledge generation about
landscapes. Can improved knowledge help stop the degeneration of landscapes and
initiate sustainable development? Our hypothesis is that it can, at least for many
landscapes of the globe.

In this chapter, we aim to review and propose:

• the role of landscapes in the generation of knowledge about human–nature
interactions with some focus on Europe and Northern Eurasia
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• landscape transformations and their drivers with a focus on Central Europe
• challenges and opportunities of landscape research in the Anthropocene and
• innovations and knowledge transfer for improving landscape sustainability.

5.2 Landscape: A Subject of Identification for Citizens
and Scientists

According to the European Landscape Convention (ELC), ‘Landscape means an
area, as perceived by people, the character of which is the result of the action and
interaction of natural and/or human factors’ (COUNCIL OF EUROPE 2000).
Landscapes are territories of our planet characterised by discrete assemblies and
numerous underlying functions. The concept of the landscape is a solid part of our
language of operation. We are familiar with major landscape types, such as deserts,
wetlands, mountains, steppes and forests. We distinguish between urban, peri-urban
and rural or agricultural landscapes, and between natural or semi-natural and cul-
tural landscapes. Landscapes are key elements of individual and social well-being
(Fig. 5.1). They contribute to the formation of diverse cultures and local identities,
constituting a basic component of the European natural and cultural heritage
(COUNCIL OF EUROPE 2000). Management rules for World Heritage Cultural
Landscapes apply to selected landscapes (Mitchell et al. 2009; Schenk and
Weizenegger 2006). The European Landscape Convention (COUNCIL

Fig. 5.1 Landscapes are a source of individual and social well-being and spirituality of people.
The photograph shows a sunrise scene in a European river and meadow landscape, full of local
wildlife and migrating birds
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OF EUROPE 2000) covers all types of landscapes and aims at their protection,
management and planning with an emphasis on broad public participation (Jones
and Stenseke 2011).

The typical landscape scale (landscape level), though not clearly defined (Ahern
and Cole 2012), seems to be a common area of perception and identification of
people. It comes close to a regional scale, a territory of about some tens to hundreds
of square kilometres, the typical horizon of our ancestors, the hunters and gatherers.
The landscape level has particular importance for addressing regional planning and
conservation issues (Selman 2006; Sayer et al. 2013; Stenoien et al. 2018;
Doyle-Capitman et al. 2018).

Any issue of long-term importance for human societies has its reflections in arts
and sciences. In Germany, Russia and some other countries, landscape science
(German terms: Landschaftskunde, Landschaftslehre, Russian term:
лaндшaфтoвeдeниe (landshaftovedenie)) has developed as a discipline of geog-
raphy. It reached its climax in the twentieth century. Now, the term landscape
ecology is more common. Soil science and particularly pedology, the understanding
of soils in the landscape, established by the Russian Geographer and Soil Scientist
Dokuchaev (1883) and further developed by Glinka (1927), Mitscherlich (1931)
and others has provided many inputs for soil and landscape science in Europe, Asia
and America (Arend 2017; Moon and Landa 2017). Prominent initiators of land-
scape science were Berg (1915, 1930) in Russia, and Passarge (1919), Hettner
(1905, 1927), and Neef (1967) in Germany. Zoning of landscapes according to their
bioclimatic conditions has been a work of high practical relevance. L. S. Berg
identified landscape zones of the Soviet Union (Berg 1930), and E. Meynen and
J. Schmithüsen edited a handbook of natural landscape units of Germany (Meynen
and Schmithüsen 1953-1962).

Later, in Europe and in the English-speaking sphere, the terms landscape
ecology (German: Landschaftsökologie) and geo-ecology (German: Geoökologie),
became more common (Troll 1939, 1971; Zonneveld 1995; Antrop 2000).
Geo-ecology has become a discipline of higher education in European countries,
whilst landscape science [лaндшaфтoвeдeниe (landshaftovedenie)] has remained a
scientific and educational discipline in Russia as well (Kazakov and Chizhova
2001; Shaw and Oldfield 2007).

Research into the transformation of the physical environment by human activity
has been undertaken in the German- and English-speaking worlds from the middle
of the nineteenth century (Rowntree 1996; Jones 2003b; Potthoff 2013).
G. P Marsh’s seminal work on ‘Man and Nature’ (Marsh 1864) inspired the con-
servation movement in the USA. The term cultural landscape (German term:
Kulturlandschaft) was coined by the first professor of geography at the University
of Berlin, C. Ritter, in his Asian study to describe the cultural imprint left by
humans through physically changing the land (Ritter 1832). The term was adopted
by C. Vogel, J. Wimmer and most notably F. Ratzel and O. Schlüter to describe an
area as modified by human activity (Vogel 1851; Wimmer 1885; Ratzel 1893,
1895-96; Schlüter 1903). N. Krebs defined the cultural landscape as settled regions
transformed by human activity as opposed to non-settled regions where human life
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was subordinate to nature (Krebs 1922). Carl Sauer introduced the term to the
English-speaking world, defining the cultural landscape as an area successively
altered by humans and fashioned by different cultural groups from the preceding
natural landscape (Sauer 1925). Sauer and the Berkeley school were influential in
promoting research into the ecological consequences of the human transformation
of the environment (Thomas 1956; Turner et al. 1990).

There were other schools of landscape science, exemplified by the work of the
Finnish geographer J. G. Granö, who identified and analysed landscape regions in
Estonia and Finland in the 1920s and 1930s (Granö 1979; Jones 2003a). In his book
‘Pure Geography”, published in German in 1927 but not translated into English
until 1997, he presented an anthropocentric and phenomenological approach to the
study of landscape, defined as the environment as perceived by humans through all
their senses (Granö 1929, 1997). His pioneering mappings of landscape included
aspects not mapped previously, such as colour, lighting, sound and smells. His
study of rhythms and mobility were a precursor to the Swedish geographer T.
Hägerstrand’s notion of the landscape of flows and movement (Hägerstrand 1993).
Whereas in ‘Pure Geography’, Granö aimed to describe the phenomena of the
perceived environment as objectively as possible, his study of the Altai Mountains
was in contrast an artistic and poetic presentation of his own subjective experiences
along with those of the people he met (Granö 1919-21).

Humanistic approaches to landscape from the 1960s onwards complemented
studies of landscape morphology (Rowntree 1996; Jones 2003a, b; Wylie 2009).
The British geographer D. Cosgrove distinguished between ecological and semiotic
approaches to landscape research. Whilst ecology is concerned with the complex
interactions of natural processes with each other and with humans, the semiotic
approach considers the meanings people attach to landscapes through human
cognition and representation, symbolically mediated (Cosgrove 2003). Influential
studies of cultural perceptions and visual preferences for landscape covered topics
such as landscape tastes (Lowenthal and Prince 1965), landscape as scenery
(Lowenthal 1968), landscape values (Tuan 1974; Penning-Rowsell 1981;
Penning-Rowsell and Lowenthal 1986), landscape as heritage (Lowenthal 1985,
1996), iconography of landscape (Daniels and Cosgrove 1988), landscape of the
mind (Porteous 1990), and landscape and memory (Schama 1997). Much of this
research into landscape as a way of seeing examined the ideological function of
landscape images as reflecting and representing the values and norms of
socio-economic elites (Cosgrove 1984; Daniels and Cosgrove 1988). In contrast,
the North American landscape architect J. B. Jackson engaged with vernacular
landscape, a landscape less looked at than lived in and shaped by ordinary people
(Jackson 1986). The North American geographer D. Mitchell’s materialist approach
examines landscape as a site of production as well as of imagery, reflecting ongoing
conflict and struggle between different socio-economic groups (Mitchell 1996,
2003).

The Danish–North American geographer K. R. Olwig has shown that the con-
ceptualisation of landscape as scenery emerged in the seventeenth century. Taking
an etymological and legal–historical approach, he has traced the origins of the
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landscape concept to the German and Scandinavian lands in the Middle Ages,
where it referred a political–administrative entity in which the conditions and
character of the land were shaped by customs and laws (Olwig 1996, 2002). This
continues today as one of a diversity of landscape meanings, as illustrated by recent
research on Nordic landscapes (Jones and Olwig 2008).

The terms landscape science and landscape research continue in use. M. Antrop
has defined fundamentals and addressed the main topics of contemporary landscape
research in Europe (Antrop 2000; Antrop and van Eetvelde 2017). The Landscape
Research Group, existing since 1968, issues the international scientific journal
‘Landscape Research’, (now published by the Taylor and Francis Group) (Journal
Landscape Research 2018). It has a broad view on landscapes with a focus on case
studies and landscape reflections. The most cited paper in the journal is M. Tveit, Å.
Ode and G. Fry’s ‘Key concepts in a framework for analysing visual landscape
character’ (Tveit et al. 2006).

5.3 Global Players in Landscape Research

Scientific institutions of the economically strong countries have adopted and pro-
moted the term landscape research. A simple frequency distribution of literature
reveals that research institutions from the EU, USA and China dominate recent
publication activities in landscape research (Fig. 5.2). The term ecosystem needed to
be included into this search in order to exclude the great number of publications

Fig. 5.2 Percentage of recent publications on landscape research grouped by country. The
country of the first author’s institution was counted. Search terms were
‘Landscape + Research + Ecosystem’, year = 2018, search engine Google Scholar. Sample of
n = 623 publications having best matches, remainder of 20% distributes over 47 countries having
a share of less than 2% each
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where the term landscape is used figuratively, as in medical research. As all pub-
lications are in English, this analysis can provide a rough orientation only, not more.

It is noticeable that in these recent publications of 2018, the landscape term in
the USA is mainly used in association with landscape conservation. In Germany, it
is most closely related to ecosystem services and in regions of the former Roman
Empire most frequently to cultural landscapes.

5.4 Landscapes in Permanent Transformation:
The Case of Central Europe

A characteristic of landscapes is that they undergo continuous transformation due to
natural processes as well as to the historical development of human society (Antrop
1998; Lipský 1995; Plit and Myga-Piatek 2014).

5.4.1 Neolithic to Medieval Times

The Neolithic Revolution, which started at the geological epoch of the Holocene
around 12 thousand years ago, created settlements, agricultural fields, domesticated
plants and animals and rural landscapes (Zeder 2008). Soil tillage and irrigation
converted land around settlements to agricultural land. This process expanded
slowly northwards from the Fertile Crescent and the Mediterranian area. From
about 5 thousand years BC, equestrian nomads migrated from Central Asia and
South-east Europe to Central Europe, for example, the Yamnaya culture (Mathieson
et al. 2015; Bower 2017). Besides the Indo-European languages, they brought
domesticated horses to Central Europe and promoted Bronze Age cultures (Bower
2017). The combination of sedentary arable farming with horse-based mobility
became a successful basis for food production, trade and military activities
(McNeill 1987).

A landscape structure consisting of forests, pastures, arable lands, open waters
and interconnecting transport routes at community or regional levels was advan-
tageous for the development of local rural cultures of Central Europe, for example,
the Únětice culture (Meller and Michel 2018). They were largely confined to the
few existing fertile forest steppe landscapes of Central Europe in the vicinity of the
Hartz Mountains, cultivating fertile Loess and Alluvial soils.

Landscapes east of the Rhine River remained generally less cultivated than
landscapes west of the Rhine. During the period of the Roman Empire at its largest
extent about 117 AD (Kelly 2007), the Limes Germanicus (German frontier)
divided two very differently cultivated regions in Central Europe along a line from
Castra Regina (Regensburg) to Colonia and further north along the Rhine River.
Landscapes located to the south and west were characterised by the Roman high

5 Landscapes, Their Exploration and Utilisation: Status … 113



culture: cities and villages, urban and rural infrastructure, sophisticated arable plant
cropping, horticulture and viticulture. East and north of the Limes line fortfications,
and especially east of the Elbe River, many landscapes remained more natural:
sparsely populated and largely covered by virgin forests and natural peatlands.

In North-Central and North Europe in the period between 500 and 1000 AD,
land cultivation and settlement became completely sedentary and concentrated, and
changes in settlement location and fields became less common (Widgren and
Pedersen 2011).

In the European zone of natural forests, cultivation of land for agriculture was
commonly by slash and burn (Rösch et al. 2017). Later, it was recognised that
agricultural soils suffer leaching and depletion of nutrients in the forest zone. Land
management required stepwise measures of soil improvement by organic fertili-
sation (Baum et al. 2016) and by technologies such as plaggen cultivation (Giani
et al. 2014; Acksel et al. 2017; Kern et al. 2019; Fig. 5.3). Lifestock husbandry
provided dung, liquid manure and nutrient-enriched grass sods (plaggen) for the
improvement of soils. Silvo-pastoral practices were also important in livestock
farming (Vera 2000; Emanuelsson 2009).

Besides the cultivation of forested areas for food production, charcoal demand
for smelting of iron became increasingly a major cause of deforestation in Central
Europe (Iles 2016). Expanding trade routes across Europe and Eurasia permitted the

Fig. 5.3 Plaggen soil
(German: Plaggenesch) in
North Germany. These fertile
Anthrosols are the result of
humus accumulating soil
cultivation from the Middle
Ages onwards
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exchange of goods and knowledge from the Neolithic and Bronze Ages (Zinkina
et al. 2017), promoted technological progress and contributed to landscape
transformations.

Ridge and furrow fields (German: Wölbäcker) resulted from the availability of
mechanical soil ploughs with ploughshares and mouldboards (Küster 1997).
A similar surface structure could also result from hand digging. This provided land
drainage and increased stability of crop yields in humid landscapes. These often
hidden structures of medieval fields still influences pathways of runoff and soil
erosion in agricultural landscapes (Deumlich 2012).

The use of water and wind power for water management and improved rural land
drainage through field drains and ditches have changed features and functions of
agricultural landscapes from the end of the Middle Ages onwards.

5.4.2 Modern Times

Since the beginning of modern times, associated with the renaissance, the refor-
mation and the age of discoveries, the speed of landscapes transformations has
accelerated. In the Dutch Golden Age (roughly spanning the seventeenth century),
the economy of this country boomed due to political circumstances, immigration of
skilled workers, development of corporate finance, fertile soils and favourable
climate. Culture, arts and education blossomed; multifunctional cultural landscapes
evolved (Swart 1969).

Setbacks due to wars, epidemics and famines, associated with climate cooling of
the Little Ice Age, were typical for the transition from medieval to modern Europe
(Pfister 2007; Alfani 2011; Tagungsbericht 2015; Baten et al. 2018). Long wars
such as the Thirty Years’ War destroyed not only human life but also cultural
achievements, especially on the territory of today’s Germany. Villages fell desolate
and infrastructure of cultural landscapes broke down. Forest vegetation overgrew
debris and fields and formerly ploughed soils became forest soils again but kept the
former anthropogenic processes in mind in terms of diagnostic properties. As soil
erosion from cropping land is greater than from soil under natural vegetation
(Nearing et al. 2017) landscape erosion processes and the sediment load of brooks,
rivers and lakes decreased during landscape depopulation and forest succession.

As with other catastrophic events affecting nature and humans, the way was
opened for new developments, induced by another population and their
socio-economic conditions and constraints. Labour and scientific-technical inno-
vations improved living conditions. This again was a precondition for a renaissance
of culture, arts, science, and development of new cultural landscapes.

From the end of medieval times about 500 years ago, landscapes became
increasingly multifunctional but maintained a rural character. The need for
buffering against famines and seeking national food security were reasons for those
with power to support agriculture. In the early nineteenth century peasants in the
German kingdom of Prussia received personal freedom based on agrarian reforms
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(Hubatsch 1989). Land consolidation was initiated in some regions such as in the
Oderbruch landscape, located about 70 km east of Berlin (Mengel 1930, 1934). In
order to improve both the land productivity and management, fields were
re-arranged and grouped around single peasant’s homesteads and villages. This
significantly altered the landscape structure in this poldered lowland and developed
this region (Frielinghaus and Mueller 2003, Fig. 5.4) to be the main food supplier
of Berlin and other cities. River floods were diminished by construction of dikes
and wetlands were drained by ditches. About 90% of the land became cropland.
The proportion of planted line elements in the landscape, mainly hedgerows
decreased from 51 m/ha in 1844 to 14 m/ha in 1980 (Frielinghaus and Mueller
2003).

Mechanisation allowed agricultural intensification. Consequently, on sloping
land soil erosion from croplands has increased particularly fast over the past
200 years (Kappler et al. 2018).

At the beginning of the nineteenth century, agricultural science became an
acknowledged scientific discipline in Prussia based on the research and education
work of A. D. Thaer and promoted by W. von Humboldt (Frielinghaus 2004).
Pioneers of agricultural science such as A. D. Thaer and Thünen (1826) developed
the basics of land evaluation, land taxation, crop rotations, agricultural systems and
rural economy in Prussia and Europe.

Food insecurity remained a serious issue in Europe. Poor social conditions
among the lower class and famines promoted emigration to the New World, dis-
placing and eliminating the native North American population and exploring and
reclaiming extended landscapes for agriculture and other branches of the economy.

Fig. 5.4 Decline of wet areas on croplands in the Oderbruch region, located about 70 km east of
Berlin, Germany. The fertile river lowland underlaid enhanced land reclamation since the
mid-eighteenth century. Today, due to lack of funding for water management, 1–4% of croplands
are too wet for permanent regular farming. This seems to be an acceptable compromise between
farmers and conservationists. Data before 2000 according to Frielinghaus and Mueller (2003)
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5.4.3 Industrial Age

The industrial epoch led to increased reclamation and exhaustion of natural
resources, and to accelerated urbanisation. Due to population increase, the demand
for food increased. Industrial development paved the way for the introduction of
agricultural machinery, application of artificial fertilisers and soil and water man-
agement in agriculture. The landscape structure became adapted to these manage-
ment processes (Blackbourn 2006; Poschold 2017).

The industrial age drastically altered the hydrologic regime of landscapes
(Driescher 1974; Quast 2011; Bjornlund and Bjornlund 2019). Enhanced stream
regulation for transportation and land reclamation, peat mining and wetland
reclamation took place. This enhanced agriculture and industry but damaged the
yields of freshwater fish and diminished landscape biodiversity.

In the second half of the nineteenth century, the transportation sector developed
on the basis of steam engines. The electrification of rural landscapes began with the
twentieth century. New landscape elements and structures such as railways, roads
and power lines fragmented the landscape. They became habitats for successor
species of flora and fauna. At the beginning of the twentieth century, agricultural
landscapes in northeast Germany showed their greatest structural diversity
(Frielinghaus and Mueller 1994) and thus high biodiversity.

Agricultural productivity shifted with the increased application of mineral fer-
tilisers in the twentieth century (van der Ploeg et al. 2001; Antonkiewicz and
Łabętowicz 2016). Their use was still moderate until World War II. The use of
mineral fertiliser increased in the 1960s and later became excessive in Western
Europe. This occurred alongside the development and application of pesticides and
other agrochemicals. Growing awareness of their possible negative impacts on
water, soil and biodiversity arose (Carson 1964; van der Ploeg et al. 2001). In
Europe, generally, performance of agricultural landscapes and resulting food
problems remained a serious issue in the industrial age due to political circum-
stances, wars and climate (Dronin and Bellinger 2005; Trentmann and Just 2006;
Uskov and Uskov 2014).

Two devastating world wars and other technical wars of the twentieth century
affected landscapes directly in new dimensions (Steinweg and Kerth 2018,
Fig. 5.5). They created debris landscapes. Besides soil pollution of classical bat-
tlefields by explosives and other war material, bombing and widespread destruction
of cities and industrial infrastructure occurred. A new post-war industry had to be
created to deal with war legacies. More than 70 years after the end of World War II,
many bombs are still explosive and need to be detected and defused.
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5.4.4 Post-World War II Period

The post-war period in Europe gave birth to an economic upswing in some
countries of the later European Union (Abelshauser 1983; Temin 2002). All spheres
of society and most regions in Europe have profited from sustained economic
growth, rural landscapes included. Stimulated by national and European agricultural
policies, land consolidation, agricultural soil and water management, implementa-
tion of modern crop management technologies and broad application of agro-
chemicals have become common. Lack of food was no longer an issue. On the
contrary: permanent overproduction required market regulation. However, new
environmental threats to soils, waters and landscapes emerged. Examples are:
compaction of soils by agricultural machinery; pollution of groundwater by nitrate;
acceleration of soil erosion through elimination of terraces, hedges and buffer strips
in the course of land consolidation for industrial-style agriculture; loss of wetland
habitats through land drainage; diseased forests and bogs due to air pollution; and
high land consumption by road and highway construction.

Fig. 5.5 Landscapes influenced by wars and military activities over the past centuries are typical
for Central Europe. The photograph shows a former military training area in an artificial heather
and forest landscape in North Germany. It is now a habitat of the European wolf (Canis lupus) and
other protected species
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Economic mergers accompanied the post-war agricultural development in
European countries. The Rome treaties of 1957 (CVCE 2016) aimed to feed the
population through a common agricultural market. At the same time, imports of
agricultural products from the USA had to be ensured in return for the sale of
European industrial products, via the GATT negotiations since 1947 (Goldstein
et al. 2007). This contributed to areas of intensive animal production in
north-western Europe. Imports of animal feed led to extreme nutrient surpluses in
the Netherlands, northwest Germany and Denmark, with nitrate problems in
groundwater and phosphorus transport into surface waters with sediment transport
as part of soil erosion.

In countries under the patronage of the Soviet Union, these economic devel-
opments were weaker, substantially delayed and without public debates about
negative side effects. Due to the collectivisation of agriculture in accordance with
the Soviet Russian model, agricultural landscapes experienced their largest ever
transformation. Complex measures of land consolidation (Russia: мeлиopaция
(Melioratsya), East Germany: Melioration, West Germany: Flurbereinigung) were
conducted from the mid-1960s to the 1980s in many countries. They were largely
financed by the state and consisted of land drainage, irrigation, agricultural road
construction, enlargement and re-arrangement of agricultural fields (German:
Flurneuordnung) elimination of hedges and fruit trees along fields and dirt roads,
and plantation of windbreaks and hedges along the borders of large rectangular
fields (Schmidt 1961; Mueller et al. 1988). Large fields of 20–150 ha size and
accordingly large agricultural units from 3 to 8 thousand hectares were created for
the industrial production of agricultural commodities in East Germany. They were
the basis for a high and stable agricultural production. This landscape structure
consisting of large agricultural fields is still intact and has become subject to per-
manent debates about the nexus between productivity, sustainability and
biodiversity.

At the end of this section, it should be noted that historical interactions of
humans with landscapes could be demonstrated for a very small region of Central
Europe only. More comprehensive and broader explanations covering further
regions would have blown up the scope of this chapter. There is a huge number of
special publications on historical landscape development in Europe and on other
continents. This section should demonstrate that information about landscape
transformations of the past helps to understand feature and functions of current and
future landscapes.

5.5 Current Landscapes of the Anthropocene

Characteristics of the early Anthropocene, the current era of information tech-
nologies and globalisation, are human overpopulation in some regions, social
conflicts, global instability of monetary and political systems, and unsolved envi-
ronmental problems, putting pressure on all landscapes of our planet. The global
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economy has created a rural exodus and rapid urbanisation (Fig. 5.6). Globalisation
and urbanisation are key driving forces of landscape change (Barau and Ludin
2012). More than half of the world’s population now lives in cities (Haase and
Schwarz 2009; Taylor 2016). Urban and peri-urban areas (Fig. 5.6) often include
industrial structures that create legacies such as polluted soils. The high con-
sumption in urban agglomerations affects neighbouring and remote rural landscapes
through teleconnections (Seto et al. 2012).

War activities, migration of people due to wars, political instability and social
inequality such as in Africa and the Near East puts pressure not only on directly
affected regions and landscapes, but on those of migration routes and destinations.
The millions of displaced persons are transforming the landscape by introducing
new patterns, new process, new rhythms that require responses to the new condi-
tions (Trovato 2015). Besides fundamental political decisions, landscape-based
analyses and solutions for improving the social conditions for the affected people
and their environment are required (Trovato 2019, Fig. 5.7).

The increasing global demand for energy and minerals leaves wounded land-
scapes for which rehabilitation solutions must be found (Sumina 1998; Douley and
Audet 2016; Haubold-Rosar 2018; Knoche 2018, Fig. 5.8). In fact, notably
large-scale opencast mining turns the landscape upside down, from a natural or
pre-industrial rural area in a large-scale technogenic living space after mining.
Therein rehabilitation of productive farmland and afforestation by guided succes-
sion and planting plays a key role to minimise the environmental footprint of
mining (Schwarzer 2014). Even more upgrowing ecosystems on new ground are of
overall importance for the revitalisation of the disturbed landscape, due to their
multiple ecological functions, goods and public services (Schlenstedt et al. 2014;
Knoche and Schlenstedt 2018).

Fig. 5.6 Urbanisation is a dominating process and key driver of landscape alterations. The
photograph shows a peri-urban landscape in Northern China. In the foreground is seen an irrigated
field with maize. Soils are highly productive, and cropping systems are extremely intensive
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Major objective of reclamation is to re-establish quite fertile soils as essential for
a diverse food, fodder or feedstock production. Site adapted ecosystems should
meet the very special soil properties but also be in good agreement with the tra-
ditional land use of the region. In a common way, mine site reclamation ends, when
re-vegetation is achieved as intended and ecosystems come into a regular
post-mining after-use (von Bismarck et al. 2014). However, from the ecological
point of view and besides re-vegetation, restoring fully sustainable, integer and
healthy ecosystems is a long-term process, taking several decades (Jordan et al.
1987). Because soil dynamics are quite high in the initial stage, it very often turns
out rather difficult to predict the long-term ecosystem behaviour.

Fig. 5.7 Informal tent settlements of refugees from Syria in the Lebanon. Refugees require space
to meet their housing needs. The tent settlements do not meet the required standards for human
dwellings and are causing ecological damage. The increasing number of people living in
precarious conditions and scattered across the land is determining a loss of landscape character and
quality. Photographs Maria G. Trovato

Fig. 5.8 Lignite opencast mining Welzow-Süd (in the background) and new farmland on dumped
sites (with a vineyard in front) in the Lusatian Mining District, Germany. Photograph: Research
Institute for Post-Mining Landscapes (FIB), Finsterwalde
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Rural landscapes have undergone a rapid transformation within only a few years
(Tarolli et al. 2014). In Europe, viable infrastructure has enabled a good quality of
life for the rural population. Land consolidation still occurs to varying degrees with
the aim of adding value to landscapes and stabilising rural infrastruture. Land
consolidation is governed by strict acts and rules in Europe (Vitikainen 2004;
Thomas 2006) and is based on comprehensive participation of the rural community.

Despite these efforts, a breakdown of rural infrastructure and rapid landscape
transformation towards agro-industrial and agro-energy landscapes are typical for
many regions in Europe and Asia. Loss of biodiversity including insects and plants
has accelerated due to elimination of field margins, reduced crop rotation systems,
monocultures and large-scale application of effective pesticides such as
neo-nicotinoids, herbicides such as glyphosates and other agrochemicals (Stenoien
et al. 2018; Schäffer et al. 2018).

The globalisation of all spheres of the economy has created a global food market
and increase of the flow of agricultural capital into profitable regions and centres
outside the traditional rural areas (Robinson 2018a, b). This makes agricultural
landscapes vulnerable to global financial and economic crises (Tarolli et al. 2014;
Pinto-Correia et al. 2018). Large-scale land acquisitions (land grabbing), a highly
controversial and debated issue (Dell’Angelo et al. 2017; Zoomers et al. 2017;
Robinson 2018a; De Maria 2019), is not solely a typical trend in developing
countries and transitional economies. It is also common in West and Central Europe
(Bunkus and Theesfeld 2018).

Production-oriented, specialised, industrial-style farming can have both positive
and negative consequences (Robinson 2018b). In the case of large
agro-corporations and agro-holdings as practised in East Germany and other
countries over the past twenty years, the consequences for agricultural landscapes
and the rural population are clearly negative. Large fields and farms, implemented
during the period of the Soviet Russian patronage in East Europe, are still very
productive, but have paved the way for an accelerated loss of biodiversity,
infrastructure and culture in these agricultural landscapes.

Profits from farming flow into other regions and promote the breakdown of rural
infrastructure. The Common Agricultural Policy of the EU and other governance
regulations were not able to stop those processes. On the contrary, regulations such
as carbon crediting, the biofuel economy and the sale of state and federal lands to
the highest bidder have promoted unsustainable development. Increasingly land is
owned by people who feel no responsibility for living rural landscapes
(Agrarbündnis 2015-2018). These land privatisation processes are associated with
the alienation of people from the land, nature and landscapes and from the prin-
ciples of sustainability. They need to be stopped and cultural landscapes maintained
and sustainably developed (Succow 2012).

Forest landscapes are a biome-based landscape category. Forest ecosystems
cover roughly one-third of the global land area and are among the most biologically
rich and genetically diverse ecosystems on earth. They are important sources of
livelihood to millions of people and contribute to national economic development in
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many countries (Köhl et al. 2018). Globally, boreal forests and tropical forests are
widespread and play a key role for global cycles and biodiversity.

Very productive agricultural lands located in the broad-leaf forest zone and in the
forest steppe zone are used for cropping. Artificial forests imbedded in those
landscapes are part of agricultural landscapes in many regions. Conversion of
forests to cropland is profitable in many regions, and hence, forest stocks are
declining in Africa and South America (Köhl et al. 2018). Similarly, large-scale
acquisitions of forest lands occur in Africa (Conigliani et al. 2018), south-east Asia
and South America, as well as in Europe.

5.6 Challenges and Opportunities for Landscape Research
in the Anthropocene

5.6.1 General Circumstances and Goals

The sustainable development goals of the United Nations are a vision for living
conditions and behaviour of the global population to be achieved by 2030. Principal
goals are ending poverty and hunger and ensuring healthy lives. Environmental
issues such as water pollution, soil degradation and climate change are also
explicitly addressed (United Nations 2015). Climate change and loss of biodiversity
at the landscape scale combine to give alarming signals of planet-altering activity.
The great challenge in the twenty-first century is to stop the decay and degradation
of cultural and semi-natural landscapes, in other words, to achieve landscape sus-
tainability. Essential attributes of landscapes for the survival and well-being of
humans are clean water and air, fertile and healthy soils for food and other
ecosystem services, and a green and biodiverse environment. Many people living in
an urban environment, shaped in the virtual world of their smartphones and buying
cheap food in the supermarket, have other perceptions about landscapes. The
perception of landscapes and key environmental issues varies between people of
different countries, regions and landscapes (Kienast et al. 2015; Dronin and
Bychkova 2018) and needs to be considered when coming to definitive solutions
for evolving cultural landscapes.

To improve the living conditions of people, and to stop soil, water and air
pollution and degradation, better cycling of energy and matter fluxes is needed.
Novel methods and technologies for understanding, monitoring and managing
landscape processes must be developed and set into operation. Because of the
multitude of issues to be addressed when planning and managing cultural land-
scapes, interdisciplinary and transdisciplinary approaches and decision tools are
needed alongside disciplinary innovations. People must handle these tools ethically
and responsibly.
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5.6.2 Towards Landscape Research in the Age
of Information Technologies

Research is a scientific activity that generates knowledge about any subject.
Landscape research is research about landscapes and for landscapes, their inhibi-
tants included. Landscape research can lead in understanding and monitoring
landscape processes and managing landscapes in a sustainable way (Naveh 2007).
Landscapes have attracted the interest of researchers of different disciplines (Antrop
and van Eetvelde 2017). Cooperative work should become the rule. Landscape
research has become a unifying area of research (Fry 2001; Barau and Ludin 2012;
Kienast et al. 2015) because people still positively perceive landscapes and cherish
their values for personal well-being. It can build bridges between researchers of
different disciplines and between researchers and citizens. When coming to concrete
decisions about the present and future of landscapes, researchers can objectify the
debates between decision-makers and stakeholders, between productivists and
environmentalists.

First, mechanisms in highly complex landscape systems need to be understood,
and scientific knowledge generated. For example, more attention should be given to
anthropo-landscapes, i.e. completely humanly transformed or degraded landscapes.
This start with Anthroposols, highly humanly modified soils, ranging from highly
productive soils due to past cultural activity (Anthrosols according to IUSS
Working Group WRB 2015), to polluted and technogenic soils (Technosols
according to IUSS Working Group WRB 2015). The huge volume of knowledge
gained in the twentieth century concerns native soils, whilst the anthropogenic soils
have new properties that should be explored thoroughly and managed carefully
within the framework of their landscapes (Blum 2017; Gerasimova 2018;
Gerasimova and Bezuglova 2019).

Social sciences and humanities are fundamental, to bring territorial approaches
which take into account landscape quality. Moreover, in regards to such transfor-
mative knowledge and science, citizens should play an increasing role in research,
monitoring and governing of landscape processes (Couvet 2018). The monitoring
of environmental processes occurring in landscapes is a potential broad area of
Citizen Science (Sayer et al. 2015; Couvet 2017; Wende and Walz 2019).
Well-informed and enthusiastic people can create spatial data for research. Mobile
sensor technologies such as smartphones and unmanned aerial vehicles can be used
for efficient data gathering in the frame of landscape monitoring.

Amongst the multitude of scientific disciplines contributing to landscape
research, two groups of scientists from natural sciences could play a greater role in
future landscape research. These are landscape modellers and microbiologists.
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5.6.3 Contributions of Landscape Modelling

The generation of knowledge in a globalised world of the Fourth Paradigm (Hey
et al. 2009) is based on gathering and processing big data and scenario modelling
(Barau and Ludin 2012; Sang and Ode-Sang 2015; Mirschel et al. 2016a, b;
Karampiperis et al. 2019), particularly using GIS for adaption to locations, land-
scapes and regions (Trovato et al. 2017; Topaj et al. 2018, Fig. 5.9). Experiments at
different scales, field observatories, and remote sensing methods need to deliver
reliable data. Landscape models and scenarios allow a constricted extrapolation of
knowledge in space and time. A main objective of these system-based models is to
evaluate quantitatively relationships between landscape components and units and
to predict future changes and trends resulting from external impacts or
self-development. Some landscape models are used for the identification of emer-
gent effects generated by intercations among spatial units (e.g. microclimate, runoff
and populations viability). They vary widely in complexity, flexibility and spatial,
temporal and taxonomic resolutions (Scheller 2013).

All spheres of landscape research are covered by models. They range from gene
flow, species distribution and landscape functioning (Dyer et al. 2010; Braunisch

Fig. 5.9 Ecosystem models and decision support systems (DSS) are powerful tools for
forecasting landscape developments. Graph: Leibniz Centre for Agricultural Landscape
Research Muencheberg
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et al. 2010; Wieland et al. 2017; Eaton et al. 2018) to virtual flows of landscape
commodities and ecosystem services, and economic and social models of landscape
development (Maldonado et al. 2018; Martellozzo et al. 2018; Schulp et al. 2019;
Koch et al. 2019). Hydrological models are very commonly used to predict or
reconstruct crucial impacts of weather alterations and climate change on hydro-
logical processes and extremes like permafrost melting in the Arctics and floods
(Thober et al. 2018; Victorov et al. 2019). Vegetation models (Foley et al. 1996;
Cramer et al. 2001; Tchebakova et al. 2016), agro-ecosystem models (Kersebaum
et al. 2007; Caubel et al. 2018; Nendel et al. 2019) and other models based on GIS
and statistical approaches (Ruhovich 2018) enable prediction of crop productivity
(Mirschel et al. 2014) and main nutrient fluxes in agricultural fields and landscapes
(Kersebaum 2007).

Germany has developed the LandCare-DSS and other models. Scientists of this
research centre explore the future of landscapes in several international cooperation
projects. LandCaRe-DSS is a model-based interactive spatial information and
decision support system for developing climate change adaptation strategies for the
sustainable use of agro-landscapes. Graph: ZALF Muencheberg (Mueller et al.
2016b).

Many landscape-related decisions, for example, the risk assessment of pesticides
(Schäffer et al. 2018), erosion risk (Deumlich et al. 2006) or environmental hazards
(Svalova 2019), are based on modelling results. This raises questions about ade-
quacy and reliability of models (Kersebaum et al. 2016; Getz et al. 2018; Pontius
et al. 2018). The availability of different models for a certain problem is a desirable
status so that model comparisons can be conducted (Yin et al. 2017; Pontius et al.
2018). The combination of different types of models, such as physically based
models with statistical models, could improve their resolution and reliability. The
combination of statistical models, including Bayesian belief networks, which
include expert knowledge (e.g. Troldborg et al. 2013), can be used to predict threats
to landscape function.

More and more complex models up to decision support systems have been
developed (Mirschel et al. 2016a). In future, a further explosion in developing
landscape models can be expected. They need to be permanently updated and
re-calibrated with monitoring data (Kersebaum et al. 2015; Baatz et al. 2018). Big
data and data mining will play a progressive role.

5.6.4 Contributions of Microbiology

Scientific enquiry dealing with landscapes implies the view over macroscopic
elements, properties and processes. Besides what is recognisable by the naked eye
at the landscape scale or by-products of remote sensing, there is still a largely
unexplored microcosm of landscapes drivers. Microbiology has ascertained its
structure and function and developed powerful tools of detection and manipulation
of molecular structures. The microcosm, both the naturally existent and the

126 L. Mueller et al.



anthropogenically overprinted or the potentially manipulated one, has crucial
influence on functioning of landscapes and on the existence of all their inhabitants
of macro-flora and macro-fauna, humans included (Martin 2008; Rotshild 2014;
Behrendt et al. 2016; Müller et al. 2018; Reverey et al. 2018; Steinmuller et al.
2019). This microcosm underlies not only a rapid exploration process but is the
subject of definition as landscapes of the microscale (Hanson et al. 2012). Recent
outbreaks of food-borne infectious diseases such as bird flu and bovine spongiform
encephalopathy (mad cow disease) have demonstrated significant knowledge gaps
(Bhunia 2018; Figuié 2018). If science-based solutions for their prevention, healing
and mitigation are not yet available, uncertainty of citizens and unpredictable
actionism of authorities can be the consequence. Successfully addressing, moni-
toring and tackling crucial problems of landscape sustainability and the survival of
inhabitants, including the spread and resistances of pathogens, prevention of epi-
demics, sustainable intensification of agriculture, future lifestock husbandry, waste
processing and genetic modification of organisms, are impossible without further
innovations in microbiology. Landscape genetics has developed as a special field of
research. It integrates data and analysis methods from landscape ecology, spatial
statistics, geography and population genetics to understand the spatial distribution
of genetic variation (Manel et al. 2003; Storfer et al. 2010).

5.6.5 The Emergence of New Scientific Disciplines

More and more landscape-related scientific disciplines are emerging at the interface
between existing ones. Examples are hydropedology (Lin 2012) and soil hydrology
(Vereecken et al. 2015), hydroecology and ecohydrology (Wood et al. 2008),
landscape sustainability science (Wu 2013; Opdam et al. 2018) and landscape
genetics (Manel et al. 2003). Accelerated specialisation of scientists is an inherent
characteristic of science. This is the basis for progress and innovation, but raises
questions about their ability and responsibility for the implementation of novelties
into complex landscape systems. Besides specialists, well-educated and responsible
generalists are needed. Classical disciplines of landscape science and related dis-
ciplines such as geography or soil science could educate these generalists. When
coming to complex solutions for future landscapes, landscape research may serve as
an umbrella for disciplinary, interdisciplinary and transdisciplinary work of scien-
tists (Zonneveld 1995).

5.6.6 Landscape Planning

Landscape planning based on comprehensive knowledge and advanced technolo-
gies plays a central and increasing role in evolving cultural landscapes (Antipov
et al. 2006). The concepts of ecosystem services (Grunewald and Bastian 2013;

5 Landscapes, Their Exploration and Utilisation: Status … 127



Bartlett et al. 2017; Bukvareva et al. 2015, 2018), impact assessment procedures
(Kravchenko et al. 2008; Helming 2014; Rozas-Vásquez et al. 2018; Gutzler et al.
2015), life-cycle assessment (LCA) (ISO 14040 2006) and ecological footprint
accounting (Mancini et al. 2018) are important modules for the evaluation of the
sustainability of solutions and decisions. Decisions about land for food versus land
for bioenergy or for nature and biodiversity are typical application areas of these
research and decision tools. If agricultural lands are subject to reclamation,
degradation, conversion, compensation measures or owner change, the resulting
effects on soil quality and crop yield potential may be reliably estimated (Mueller
et al. 2010, 2014a, b, 2016a).

The term landscape approach is frequently used in landscape planning, par-
ticularly in landscape conservation planning. ‘Landscape approaches seek to pro-
vide tools and concepts for allocating and managing land to achieve social,
economic, and environmental objectives in areas where agriculture, mining, and
other productive land uses compete with environmental and biodiversity goals’
(Sayer et al. 2013). Landscape approaches are especially valuable for taking into
account the value of biodiversity as the basis of ecosystem functioning and for the
optimising tasks of ecosystem services use and biodiversity conservation
(Bukvareva 2018).

Digital data of earth observation, mapping and other spatial databases
(Khoroshev 2016; Trovato et al. 2017; Hardt et al. 2018) are important for land-
scape researchers, decision-makers and other stakeholders. The landscape approach
and the ecosystem services concept are applicable to real-world planning processes
and integrated landscape management (Bastian et al. 2015; Miklos 2019). It is
aimed at ecologically sustainable, economically beneficial and socially eligible
adaptation of spatial land use decisions to landscape pattern. Ecologically oriented
landscape planning takes into consideration both internal properties of a unit and
geographical context as well as contribution of each unit to matter flows and
emergent effects. Transferable and standardised evaluation methods for these data
need to be developed for different scales of application (Mueller et al. 2016b;
Eulenstein et al. 2016; Hoffmann et al. 2018a, b, c).

The evaluation of landscapes regarding their values for well-being and spiritu-
ality of people (Ode et al. 2008; Ball 2015), awareness of landscape values (Jones
1993, 2009; Walz and Stein 2018; Radford et al. 2019), critical examination of
research terminology (Jones and Daugstad 1997; Jones 2003b) and the intersection
of landscape science with landscape art remain important topics in landscape
planning and decision processes. Landscape architecture will face new challenges
in designing cultural landscapes and mediating between productivists and natu-
ralists by adding components of fine arts and aesthetics into landscape projects and
plans. Landscape architecture is ‘the design of outdoor areas, landmarks, and
structures to achieve environmental, social-behavioural, or aesthetic outcomes’
(Jellicoe and Jellicoe 1987; Dramstad et al. 1996).

Sustainable development goal no. 11 of the United Nations states: ‘Make cities
and human settlements inclusive, safe, resilient and sustainable’ (United Nations
2015). Urban areas need to be developed as cultural landscapes (Taylor 2016)
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through a bundle of measures (Regia 2014), including urban greening and pro-
motion of biodiversity (Kowarik and Körner 2005; Kowarik et al. 2016).

Simensen et al. (2018) demand that landscape characterisation and mapping
should be more purpose-orientated. To characterise the state of cultural landscapes
and heritage sites in the United Kingdom (UK) and some other countries (Bartlett
et al. 2017), a Landscape Character Assessment has become common (Fairclough
et al. 2018). It provides a basis for spatial planning, management and
decision-making for districts and heritage sites in the UK. If provided by stan-
dardised methodologies (Tudor 2014; Fairclough et al. 2018), it can be used for
monitoring landscape changes over time (García-Martín et al. 2018) and improving
the operationality of ecosystem approaches in landscape planning (Morrison et al.
2018). Key observation points can improve the validity and reliability of visual
impact assessments significantly (Palmer 2019).

Landscape planning should experience new inputs from socio-economic
research and citizens in terms of new lifestyle approaches and model projects for
specific landscapes. As well as landscape planners, many people care about con-
servation and sustainable practices for landscapes. Landscape stewardship con-
ceptualises the steering of landscapes towards sustainability by including all
relevant stakeholders at the landscape level (García-Martín et al. 2018). It com-
prises all ‘efforts to create, nurture and enable responsibility in landowners and
resource users to manage and protect land and its natural and cultural heritage’
(Brown and Mitchell 2000; Plieninger and Bieling 2017).

The role of public participation in accordance with the European Landscape
Convention remains challenging. In research, there is need to refine methods for
participation and communication between different actors in landscape matters.
There is need for more knowledge about landscape perceptions as the landscape
becomes increasingly a subject of public discussion. This necessitates further
investigation of the meanings of landscape for different groups in increasingly
multicultural societies. Another task for research is to examine critically partici-
patory approaches and ways in which they might be biased or manipulated
(Stenseke and Jones 2011). Examples and experiences of implementation of the
ELC need critical examination (Jones and Stenseke 2011; Jørgensen et al. 2016).

Public participation is one aspect of a wider dimension of landscape democracy
(Egoz et al. 2018). The Centre for Landscape Democracy, established in 2014 at the
Department of Landscape Architecture, Norwegian University of Life Sciences, has
the following research objectives: to promote national and international critical
discourse on the relationship between landscape and democratic society; to explore
and examine the linkages between human rights, landscape, democracy and public
policy interventions (legislation, policy and planning and design practice); and to
produce and collate theoretical, methodological and applied knowledge on land-
scape democracy from a variety of disciplines and policy perspectives. There is
need for more discourse and knowledge on the landscape as a spatial materialisation
of democracy, and on the role of democratic values in protecting, managing and
planning landscape (CLaD 2016).
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The relationship between landscape and social justice is an emerging field of
research (Peil and Jones 2005; Jones 2006; Olwig and Mitchell 2009). This entails
the development of a landscape concept that is sensitive to issues of social justice.
There is need for research on ways in which mobilisation of representational and
material landscapes creates and sustains social injustice and how legislation, poli-
cies, and management and planning practices relating to landscape issues can
promote social justice (Setten et al. 2019).

5.6.7 The Role of Scientific Societies for Landscape
Research

Research must lead to the qualification of public debates by delivering objective
results. Powerful scientific societies such as the International Association for
Landscape Ecology (IALE 2018) and the International Geographical Union (IGU
2018) are providing significant contributions to landscape research and transforming
the results into public awareness. Examples of further international organisations
active in landscape research are the International Union for Conservation of Nature
(IUCN 2018), the Society for Urban Ecology (SURE 2018), the International
Federation of Landscape Architects (IFLA 2018) and the International Council on
Monuments and Sites (ICOMOS 2018). At European level, the Permanent European
Conference for the Study of the Rural Landscape (PECSRL 2018), the European
Network of Universities for the implementation of the European Landscape
Convention (UNISCAPE 2018) and the European Council of Landscape
Architecture Schools (ECLAS 2018) are examples of engagement for landscapes.
Based on thorough research, other international scientific bodies and organisations
such as the International Union of Soil Sciences (IUSS 2018) could play a greater
role in studies and decision support concerning landscape sustainability. Further
societies where scientists and practitioneers work together, such as the World
Association of Soil and Water Conservation (WASWAC 2018), the International
Soil Conservation Organisation (ISCO 2018), the International Soil and Tillage
Research Organisation (ISTRO 2018) and many others, can provide valuable con-
tributions towards landscape research for innovations and sustainability, too.

5.7 Some Landscapes of Particular Need for Better
Research and Monitoring

Population growth, globalisation and climate change are altering the structure and
functions of some regions and landscapes particularly fast. Considerable knowledge
gaps exist. These are aquatic landscapes (seascapes) and the Arctic. Other land-
scapes face increasing human pressure such as those designated for food production
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(agricultural landscapes) and protected landscapes. Landscape development in
Russia, the world’s largest country in area, is influencing global cycles and facing
particular challenges of sustainable development (Mueller et al. 2016b; Fan et al.
2018).

5.7.1 Seascapes

Seascape is a term sometimes used in marine geography and ecology (Falconer
et al. 2013; Musard et al. 2014). Seascapes and their ecosystems cover more than
two-third of the global surface. As compared with landscapes, they are not yet well
explored and understood. This will change because of the pressure on natural
resources and awareness of sea level rise due to climate change. The interface
between sea and land—shallow waters, tidal flats and coasts, which are most
productive and highly vulnerable ecosystems—will become subject to increased
efforts of monitoring, risk assessment and management (Allen et al. 2018; Cottrell
et al. 2018; Micallef and Rangel-Buitrago 2019). Research on seascapes investi-
gates both resource use and ecological aspects (Musard et al. 2014; Kavanaugh
et al. 2016; Pittman 2018; Mendel et al. 2019). Sustainable development goal no.
14 of the United Nations states ‘Conserve and sustainably use the oceans, seas and
marine resources’ (United Nations 2015).

Seascapes are in part underwater landscapes. Landscape approaches can be
applied to seascapes as well. The use of the term seascape in this sense is not yet
very common. The scope of the European Landscape Convention includes inland
water and marine areas (COUNCIL OF EUROPE 2000).

5.7.2 Landscape Research and Conservation in the Arctic

The rush to appropriate and exploit all parts of the globe has reached the Arctic, and
this process will be accelerated by climate change (Kröger 2019) because of easier
access. Landscapes in these regions have become multifunctional. Natural scientific
research and monitoring will provide better understanding of Arctic landscape
geosystems and human impacts (Sumina 2000; Masyagina et al. 2019). Monitoring
of the permafrost zone (cryolithic zone) includes some fundamental processes such
as groundwater hydrology, the thermal regime of the active layer and numerous
cryogenic geological processes such as ground deformation and translocation,
solifluction, thermoabrasion of shorelines, thermokarst, thermoerosion and ice
dynamics (Pavlov 2008). Thermokarst processes have implications for ecosystems
(Sumina 1998; McPartland et al. 2019; Claudino-Sales 2019) and for construction
of infrastructure (Stanilovskaya 2019).

Conservation of Arctic landscapes cannot stop these processes but prevent them
from becoming worse due to human-induced additional pressure. Strategies for the
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cultural development of cities and settlements in Arctic regions inhibited by
recently sedentary indigenious peoples are challenging as ethno-cultural specifics
need to be considered (Sergunin 2019; Landauer and Juhola 2019, Fig. 5.10).
Arctic and other landscapes inhibited by indigenious pastoralists face a number of
threats and conflicts with local industries (Lipski and Storozhenko 2019; Landauer
and Juhola 2019). Those regions will require particular landscape stewardship for
their maintenance and preservation.

Fig. 5.10 Landscapes of the Arctic are threatened by climate warming and mining industries.
They are inhabited by indigenious peoples. For many of them, reindeer herding is their way of life.
In these landscapes, there are extra difficulties for monitoring landscape processes and stewardship
for sustainable landscape management and conservation. The photographs in the upper line show
the Arctic grass tundra (left) and shrub tundra (right). The photograph below shows a little boy of
the Yamal Nenets’ethnic group with his favourite husky. Photograph was taken on Yamal
Peninsula in August 2011. Yamal is a particular hotspot of conflict between the gas industry and
use and conservation of landscapes by nomadic pastoralists. Photograph with kind permission of
Victor Slodkevich, Yamal, Russia
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5.7.3 Progress in Landscape Conservation Needed:
The Case of Russian Zapovedniks

State nature reserves (zapovedniks) in the Russian Federation are the strictest
protected areas in the world (IUCN category I, IUCN 2018). They were created for
nature and ecosystem research almost about 100 years ago. Russia has 103
zapovedniks with a total area of 34.9 million hectares, representing about 2% of
Russian territory. The purpose of zapovendniks is to protect native biodiversity and
to research ecosystem processes (Spetich et al. 2009). Whilst their protection status
and management are ruled by law, goals and reality have differed. Their perfor-
mance for meeting conservation objectives and research programmes has been
insufficient (Colwell et al. 1997; Newell and Henry 2016). The monitoring and
protection of zapovedniks cannot be guaranteed because of financial hardship and a
local population which does not support the concept (Oostergreen and Shvarts
2000; Lieske 2011). One of the basic purposes of zapovedniks—research for
understanding natural landscape processes as a baseline of landscape research—is
still underdeveloped. The existing geographical network of zapovedniks of Russia
needs further development in order to achieve optimal representativeness (Chibilev
2017).

5.7.4 Paradigm Shifts for Agricultural Landscapes

Agriculture must satisfy a basic human right: having enough food. Sustainable
development goal no. 2 of the United Nation formulates this as follows: ‘End
hunger, achieve food security and improved nutrition and promote sustainable
agriculture’ (United Nations 2015). The focus of agriculture must be food security
(Lal and Stewart 2011; Mueller et al. 2010; Dronin and Kirilenko 2011).
Agricultural production is based on human impacts on biological cycles.
Agricultural and associated forested and aquatic landscapes are ecosystems and thus
providers of ecosystem services (DeClerck et al. 2016; Köppke and Schnug 2017).
They are not only a source of food, fibre, timber and other materials but important
secondary natural landscapes for leisure activities of the urban population.
Agriculture is also a provider of valuable non-tradable goods or ecosystem services
(Van Huylenbroeck et al. 2007) such as clean groundwater, fresh air and the beauty
of wildflowers and butterflies. The current trends in many agricultural landscapes,
e.g. their transformation to agro-landscapes, agro-energy and agro-industrial land-
scapes, designed for maximum productivity at high input rates of agro-chemicals, is
a critical issue requiring better planning, monitoring and management decisions
(Fig. 5.11). Pollinator decline in agricultural landscapes (Holzschuh et al. 2016;
Kovács-Hostyánszki et al. 2019) is a clear indicator of unsustainable agriculture.
There is a need for the development of improved and comprehensive ecotoxico-
logical monitoring systems for agrochemicals (Schäffer et al. 2018). Agricultural
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intensification has led not only to high productivity, but also to disturbances,
damage and decline of ecosystems and rural cultural landscapes in some regions
(Succow 2012; Stöven et al. 2015; Eulenstein et al. 2016; Schnug and de Kok
2016). This might be avoided through Sustainable Intensification, which involves
simultaneously improving productivity and environmental management of agri-
cultural land (Buckwell et al. 2014; Rockström et al. 2017; FAO 2017).
Agroecology (Altieri 1995, 2018) is another approach towards sustainable agri-
culture. Wezel et al. (2009) characterise it as a science, a movement and a practice.
There is a need for more conceptual work, knowledge and data in these important
fields of research.

Along with a stable and economic agricultural production from their farms,
farmers become landscape stewards (Raymond et al. 2016), ensuring ecosystem
services through managing agricultural landscapes. Innovations in future agricultural
landscapes should include the re-exploration of lost knowledge and experience. For
example, simple measures of restructuring agricultural landscapes in the framework
of land consolidation such as planting of hedgerows, grassland buffer strips, planting
fruit trees or coppicing along dirt roads and ditches are proper measures of inno-
vative restoration. These measures benefit ecosystem functioning (Arnaiz-Schmitz
et al. 2018; Gontijo 2018; Holden et al. 2019; Jiang et al. 2019a, b).

The viability and feasibility of Sustainable Intensification must be proven. This
will be important for the future of agricultural production systems and landscapes.
Organic farming (Federal Ministry of Food and Agriculture 2017), which is more
sustainable than conventional or controlled integrated farming, and other systems
such as urban agriculture (Lohrberg et al. 2015) will probably not be able to feed
the global population on current diets (Yadav et al. 2013; Reganold and Wachter
2016; Meemken and Qaim 2018).

A problem of all approaches of agricultural management seems to be their claim
to work everywhere. In this connection, traditional approaches, which have worked

Fig. 5.11 Two diverging examples of farming in the twenty-first century. The left-hand
photograph shows a farmer in the Chilenean Andes. He prepares the land for potato growing. The
right-hand photograph shows an industry-style farm in Germany. The farmer is fertilising maize
with liquid manure from a pig factory. Selling the energy produced by a biogas plant, wind
turbines and solar batteries is a basis for a good income. Both agricultural systems require research
on their sustainability, the future of landscapes and all their inhibitants

134 L. Mueller et al.



well in some landscapes, are included in a global blame for environmental prob-
lems. An example is the debate about conservation tillage versus ploughing tech-
nologies (Mueller et al. 2018). Landscape approaches for land management, for
example, local nitrogen management and planning (Andersen et al. 2019), could
help to improve this. It is important especially in the case of bioavailable com-
pounds from artificial fertilisers, a major factor responsible for accelerating the
eutrophication of inland waters (Sobczyński and Joniak 2009; Joniak 2018).

Controlled local and regional food systems (production, consumption and waste
recycling) based on landscape-adapted agriculture (Kiryushin 1995) are a promising
approach towards strengthening rural communities and landscape sustainability
(Polis et al. 2004; Tregear et al. 2007; Low et al. 2015; Schaller et al. 2018).
International long-term agricultural experiments have shown that the highest and
most stable crop yields and highest soil fertility, in the long run, were achieved
through application of organo-mineral fertilisation (Körschens et al. 2014). Soil
organic carbon management, using dung from animal husbandry, straw and stubble
of cereals and other plant residues within the crop rotation, needs to be part of the
local and regional nutrient cycle of soil (Lal 2008). Local agricultural food chains
and nutrient cycles are worth being re-installed. The Common Agricultural Policy
(CAP) of the European Union, as a tool of state support aimed at maintaining a
viable farm population and increasing output (Robinson 2018a), needs to be
developed with more emphasis on landscape stewardship.

5.7.5 Agri-Environmental Monitoring Systems

Networks of agri-environmental monitoring systems deliver important data about
the status of agricultural ecosystems (Brandt et al. 2002; Schindler et al. 2010;
Körschens et al. 2014; Saparov 2014; Sychev et al. 2016; McKenzie et al. 2017,
Figs. 5.12 and 5.13). Many countries and their federal units have built up
agri-environmental monitoring systems or general environmental monitoring sys-
tems including monitoring of agricultural lands and soils (Sychev et al. 2016;
Glante et al. 2018; Gubler et al. 2018). Research institutions contribute to
improving the methodology by finding the best indicators (Dannowski et al. 2014;
Hoffmann and Kratz 2018; Römbke 2018), detecting causal relationships of
ecosystem components (Couvet et al. 2011; Eisendle-Flöckner and Hilberg 2014;
Hilberg and Eisendle-Flöckner 2016; Hoffmann et al. 2018a, b, c). Soils as the basis
of agriculture and associated water bodies and wetlands as possible sinks for pol-
lutants play a particular role in environmental monitoring of agricultural landscapes
(Saljnikov et al. 2014a, b; Römbke et al. 2016; Joniak et al. 2017; Lischeid et al.
2018; Antić-Mladenović et al. 2018, Fig. 5.13).

They need to be better interlinked with models and decision support systems
(Romanenkov et al. 2007; Mirschel et al. 2016a; Baatz et al. 2018) for more reliable
and faster results and decisions about landscape sustainability.
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Fig. 5.12 Advanced technical systems for monitoring the status of soils and vegetation in
agricultural landscapes. The left-hand photograph shows a gas-flux measurement station on
cropland operated by the Thuringian State Institute of Agriculture, Germany. The station is
combined with lysimeters. Researchers aim to understand processes of plant growth and cycles of
water and fertilisers in soil, plant and ground-level air layer. The right-hand photograph shows part
of forest measurement station operated by the Thünen Institute of Forest Ecosystems in
Eberswalde, Germany

Fig. 5.13 Evaluation of grassland ecosystems by indicator plants, soil survey and field
measurement of mechanical, hydro-physical and chemical parameters. The photographs show a
multispecies grazing experiment on large plots of the ZALF research station in Paulinenaue,
Germany
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5.8 Holistic Landscape Observations and Experiments
as Drivers of Technological Progress: A Few Examples
from a German Perspective

As landscapes are multifunctional and holistic (Antrop and van Eetvelde 2017),
research projects and their infrastructure need to be adapted to the complexity
resulting from both the diversity of geosystems and ecosystems diversity and the
different views and claims of stakeholders. Isolated solutions of landscape moni-
toring focusing on single aspects of landscape sustainability and short-term case
studies are still possible, but not longer the rule. Research projects and networks are
increasingly multidisciplinary and their complexity is also increasing. Five exam-
ples of landscape experiments of differing and increasing complexity from the
German perspective are presented below:

(1) The CarboZALF project (Augustin et al. 2011; Deumlich et al. 2017) is a
natural science-based interdisciplinary landscape project aimed at understand-
ing and quantificating the soil carbon balance in Pleistocene landscapes. It is
financed by the budget of the Leibniz Centre for Agricultural Landscape
Research (ZALF) in Muencheberg, Germany, an institution of the Leibniz
Association. Such projects provide new insights into the interactions between
abiotic and biotic landscape components. The potential of transferring the
project results into other landscapes is still somewhat unclear. However,
innovative methods developed in the framework of projects like this, such as
field measurement systems for gas fluxes (Hoffmann et al. 2018a, b, c), are
clearly transferable to other regions.

(2) The international project ‘Water Monitoring in Central Asia’ (CAWa) (CAWa
Flyer 2017; Schöne et al. 2018) was a project of high complexity. Covering
different countries and landscapes, it aimed at reliable transboundary water
resource management in Central Asia. It was financed by the German Federal
Foreign Office and coordinated by the German Research Centre for
Geosciences (GFZ) in Potsdam Germany. The project run from 2008 to 2017
and included more than 20 scientific institutions. Within the CAWa project, a
network of automatic monitoring stations was installed in Central Asia, espe-
cially in remote areas and at higher altitudes, providing continuously meteo-
rological and hydrological parameters (Schöne et al. 2018). Third-party funded
international multidisciplinary projects like CAWa are very important for the
transfer of knowledge and technologies. They provide impulses for innovations
in landscape research through installed technologies and monitoring systems.
The WUEMoCA tool for monitoring irrigated cropland use and water use
efficiency at the landscape level (Schönbrodt-Stitt et al. 2018) is an example for
an applicable research product. Due to the limited duration of these projects,
long-term data cannot be guaranteed.

(3) The KULUNDA project (Meinel et al. 2014; Kulunda Portal 2018) was an
international multi- and transdisciplinary project, running 2011–2016, funded
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by the German Federal Ministry of Education and directed by the
Martin-Luther-University Halle-Wittenberg. Goals of the KULUNDA project
were to mitigate soil degradation and desertification processes, to stabilise soil
carbon, to increase crop yield by development and implementation of sus-
tainable land management practices and to promote rural and regional devel-
opment in Siberia (Kulunda Portal 2018). Experiments were conducted in
different biogeographic regions: the dry steppe, the typical steppe and the forest
steppe. Eight German and three Russian scientific organisations and a company
that produces landscape-adapted agricultural machinery were included. The
work packages considered social and institutional factors of implementing new
technologies. Ecological and economic strategies for sustainable and manage-
ment in the Russian steppes were developed. New lysimetric measurement
methods for the soil water balance (Meissner et al. 2014; Balykin et al. 2016)
and technologies for soil conservation tillage (Meinel et al. 2014; Grunwald
et al. 2016) were novel tools implemented. As the study region belongs to the
Eurasian steppe belt, the largest potential ‘bread basket’ of the world, the
interest in follow-up projects is obvious.

(4) Terrestrial environmental observatories (TERENO) form an interdisciplinary
and long-term research programme involving six research centres of the
Helmholtz Association and several collaborating research institutes and uni-
versities. This large-scale project aims to study the long-term ecological, social
and economic impact of global change at regional level (TERENO 2018).
Fluxes of water, matter and energy within the continuum of the groundwater–
soil–vegetation–atmosphere system, long-term changes of the composition and
functioning of micro-organisms and plants and fauna are measured at key
observation sites across Germany. The German Lysimeter network TERENO
SOILoilCan is a key component of TERENO. Within the framework of
TERENO SOILCan, 132 fully automated lysimeter systems (Hertel and von
Unold 2014) were installed at 14 highly equipped experimental field sites
across the four TERENO observatories. Relevant state variables of grassland
and arable ecosystems are monitored since 2010 (Pütz et al. 2016).

(5) The European Long-Term Ecosystem, critical zone and socio-ecological
Research Infrastructure (eLTER RI) research is an example of a comprehensive
research programme (eLTER 2018). It has roots in other long-term ecological
research programmes and platforms which have gained particular momentum in
Europe during the past 20 years. It is a network of scientists, disciplines,
institutions, data and metadata, and research projects (Mirtl 2010; Mirtl et al.
2018). The Helmholtz Association is particularly engaged in eLTER pro-
grammes and the German Federal Ministry of Education and Research is a
main supporter. The eLTER research infrastructure comprises long-term
ecosystem, critical zone and socio-ecological research. It covers 250 research
sites representing major European terrestrial, freshwater and transitional water
ecosystems. eLTER RI explores interactions between abiotic and biotic
ecosystem components at multiple scales, including human–environment
interactions (eLTER 2018). Recently, it became part of the European Strategy
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Forum on Research Infrastructures (ESFRI) roadmap, containing research
projects of pan-European priority (eLTER 2018). eLTER has a European and
global focus. The conjunction of eLTER with other international ecosystem
networks and observatories offers new opportunity for advancing Earth system
dynamics modelling (Baatz et al. 2018). The landscapes of the globe will
benefit from this work, but indirectly.

These few projects demonstrate the dynamic in the community of landscape
research under the pressure of globalisation and imbedded in the need for perma-
nent growing economies. Projects 2-5 mentioned above, and 4-5 in particular, seem
not to directly link with landscape research in a narrow sense as they do not focus
on the landscape scale. However, they are inextricably linked with landscapes, both
in methodologies (discrete observation systems in typical landscapes) and in results.
Whilst delivering innovations, they can initiate and push solutions at landscape
level.

5.9 Innovations and Knowledge Transfer for Improving
Landscape Sustainability

The great challenges of the Anthropocene are achieving landscape sustainability
with high productivity, developing cultural landscapes and preserving largely nat-
ural landscapes. Landscape research can play a leading role for understanding and
monitoring landscape processes, thus creating a basis for managing many land-
scapes in a sustainable way.

How to tackle the challenges for landscape research in detail? We start with
information about the status quo and about available and potentially transferrable
approaches for understanding, monitoring and managing landscapes.

A new book series ‘Innovations in Landscape Research’ will provide this
information. It emphasises the role of research for improving landscape sustain-
ability. There is great potential to develop and apply innovative research methods.
These range from single high-tech measurement devices to complex forecasting and
decision tools. The book series will provide a knowledge exchange between the
English- and Russian-speaking scientific communities as a first step towards
comparable methods and standards for monitoring and managing landscape pro-
cesses. The following questions are among those that should be answered in detail:

How do landscapes function?

What will future landscapes look like?

How can we sustainably develop intensively used and stressed landscapes?

Scientific innovations and decision-making tools are the key for answering and
solving these challenging questions. The series will provide information on
advanced methods and results of disciplinary, interdisciplinary and transdisciplinary
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work in landscape research. A broad array of methods to measure, assess, forecast,
utilise, and control landscapes and their components will be presented in this book
series. They include field and laboratory measurement methods, methods of
resource evaluation, functional mapping and risk assessment, and sensing methods
for landscape monitoring. They contain methods for data analysis and ecosystem
modelling, methods and technologies for optimising the use of multifunctional
landscapes, for the bioremediation of soil and water and basics and procedures of
landscape planning. The series ‘Innovations in Landscape Research’ will provide a
new view on landscapes with some focus on scientific and technological innova-
tions, on soils and problems of optimising agricultural landscapes under conditions
of progressive urbanisation. Edited volumes of the book series ‘Innovations in
Landscape Research’ will address the following topics:

• Status and trends of landscape research
• Exploring and optimising agricultural landscapes
• Landscape modelling and decision support
• Basics and tools for landscape planning
• Assessing soil resources and quality
• Water resource and quality monitoring
• Tools for water and wetland management
• Assessing soil degradation
• Rehabilitation of degraded landscapes
• Forest management and agroforestry
• Understanding and monitoring landscape biodiversity
• Understanding key landscapes processes
• Agricultural field experiments
• Landscape sensor and monitoring technologies
• Advances in soil hydrology and lysimetry
• Advances in soil monitoring
• Land improvement and irrigation
• Agricultural soil and plant management
• Landscape monitoring concepts and studies

Landscape research is benefiting from innovations and scientific tools within several
disciplines. The books in this series present status analyses, methodical chapters and
case studies showing the practical relevance and feasibility of novel decision tools
and technologies. The books are intended as a source of information and commu-
nication for researchers, teachers, students, stakeholders and other citizens interested
in the topics of landscape science and related disciplines (Fig. 5.14). Stakeholders
such as landscape planners, advisors, farmers, environmentalists, and local author-
ities, who are interested in information about novel methods and their application in
the concrete landscape they are responsible for, should benefit from the knowledge
presented in these books. The books of this series will contain highly valuable
information for forming the basis for managers and decision-makers at all levels,
from local bodies to the highest international panels.
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Particular attention is paid to trends and scientific–technological innovations,
agricultural landscapes and agri-environmental problems, the inclusion of still
unknown studies from Russia and Central Asia, the mitigation of human-induced
processes that destroy the functioning of landscapes, as well as the remote-sensed
monitoring of landscape changes, ecosystem modelling and forecasting of land-
scape processes and the creation of knowledge, rules and tools for handling the
multifunctionality of landscapes.

Fig. 5.14 International cooperation and knowledge transfer are keys for making innovations in
landscape research applicable and operable. The photographs show a Russian–German team on the
groundwater lysimeter station of the ZALF research station Paulinenaue, Germany, and a Kazakh–
German team at work of soil sampling for special analyses in a semi-desert landscape (Saksaul
vegetation on Takyr soils)
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5.10 Conclusions

1. Landscapes of the globe provide food security and welfare of the population.
Many are productive but lack sustainability.

2. Landscapes are experiencing huge transformations with increasing speed. In the
past, they have been associated with improvements of the living conditions of
many people, but also with increasing environmental problems.

3. Our short review revealed great challenges and opportunities for landscapes
research in the Anthropocene. Landscape research in terms of knowledge
generation and transfer of ideas and technologies for landscape development and
conservation can help to initiate landscape sustainability in many cases.

4. Directions of landscape development and technical innovations must be
embedded in ethical guidelines of cultural development.

5. The novel book series ‘Innovations in Landscape Research’ presents an array of
advanced methods for understanding, monitoring and managing landscapes. It
may serve as a first knowledge, data and communication basis for wise decisions
regarding the development of landscapes.
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Chapter 6
Concepts and Measures for Maintaining
Wilderness and Landscape Biodiversity
in the Anthropocene

Vladimir Bocharnikov

Abstract “Wilderness” is a term used in everyday language with different cul-
turally influenced meanings. Wilderness is largely perceived fundamentally as areas
of untouched, or so-called “virgin,” countryside, which in ecological terms contain
relatively undisturbed natural animal and plant populations. In areas where urban
lifestyles dominate in Russia, there is a lower likelihood of daily interactions with
nature and a greater need for intentionality before such interactions occur. We
understand wilderness (dikaya priroda) as a largely undisturbed place (region,
landscape) and as a subject of human recognition and legislative protection. Starting
out from this pragmatic point of view, we developed an index of wildernesses in
Russia for mapping and planning purposes. Roadless areas, settlements, industrial
infrastructure, and powerlines are important input parameters for this index.
Small-scale GIS maps were created of wildernesses and their level of protection.
Three large Federal districts in the Asian part of Russia contain most remaining
large areas of wilderness, consisting of undisturbed flora and fauna; a total of more
than nine million square kilometers (54.6% of Russia). We emphasize the particular
role of Arctic and sub-Arctic regions as wilderness and biodiverse ecosystems.

Keywords Wilderness � Russia � National inventory � Anthropogenic distur-
bance � Landscape

6.1 Introduction: Concepts of Wilderness

The current Anthropocene epoch is characterized by humans exerting accelerating
effects on the environment, including all regions, landscapes, and ecosystems on earth
(Crutzen 2002; Lewis and Maslin 2015; Mueller et al. 2016, 2018). Throughout the
world, urban culture has emerged and developed over the past centuries. It is an ideal
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way of life that is systematic, orderly, defined, and called safe by man, without
contact with nature. More than half of the world’s population lives in cities (Taylor
2016), far from any genuine wilderness (Harvey 2015). Landscapes with little human
impact and habitats for wildlife (Fig. 6.1) are decreasing.

Wilderness is often idealized as an undisturbed space, a place where we can
escape the spaces otherwise dominated by humans and their activities. In Western
philosophical literature, concern about wilderness appeared almost two centuries
ago in North America, when the scale of the extermination of wild animals and the
transformation of their habitats by European settlers and colonists became obvious
and caused concern (Kormos et al. 2015). While wilderness is thought of as a place
or places, today it is also a legal or zoning designation (i.e., a sociopolitical overlay)
of a biophysical space.

The reason for this image is a modern Western culture that has been built as a
dichotomy between humans and nature (culture and nature). Roderick Nash (Nash
2001) suggests that wilderness is best understood using the conception of a spec-
trum of conditions or environments ranging from the purely wild at one end to
civilized or industrial/urban/rural surroundings at the other.

Wilderness means areas shaped largely by natural forces, in contrast to an area
shaped by humans, though most parts of the world are now believed to be affected
by climate-induced disturbance. The classic American environmental strategist

Fig. 6.1 Brown bear (Ursus arctos arctos L.) in the secondary small-leaved forest of Southern
Siberia. Photograph with kind permission of Svetlana Babina
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Aldo Leopold noted that “wilderness” provides an understanding of a certain
standard thought of as corresponding to natural “healthy” land, and which should
be the standard for the organization of “restoration” projects to restore
human-disturbed areas.

Wilderness can be a place only in our imagination. It is usually a place truly
experienced by only a small section of society who actually can either afford to
travel to undeveloped places or who lives there in isolated conditions. It means
areas shaped largely by natural forces in contrast to an area shaped by humans,
though most parts of the world are now believed to be affected by climate-induced
disturbance. The traditional concept of wilderness views it as an objective place
separate from humans, primarily shaped by natural forces and free from human
inhabitants and structures (McCloskey 1966).

However, it took more than a century and a half for this concept to become
ingrained in the world’s environmental community and to be accepted as one of the
most strictly protected natural areas, i.e., those areas which are relatively free from
significant anthropogenic impact but also protected for human experiences of the
high-integrity countryside. Wildland preservation, however, is motivated by a
variety of ethical, biological, cultural, and recreational concerns.

Those working on wildland preservation issues have been forced to consider the
issue of local economic impacts, as those supporting the commercial development
of these wild natural landscapes emphatically asserts that wildland preservation
damages the local and national economies by restricting access to valuable natural
resources and constraining commercial economic activity that would otherwise take
place. It can be recognized and legislatively protected by governments. While the
official line (see the IUCN PA Database) is that the level of global nature protection
is increasing, there is a decreasing trend in such natural places on the planet, where
the unknown is protected as more valuable than what is already familiar.
Wilderness instantiates a unique form of human–land relations, and wilderness
boundaries reveal their permeable and fluid nature.

In the whole world, and to a very large extent in Russia, the Arctic, the Taiga, and
the high mountains and deserts are often perceived as the most pristine wilderness on
earth due to their very low level of anthropogenic influence (Fig. 6.2).

There have been several global, continental, and national wilderness assessments
(McCloskey and Spalding 1989; Lesslie et al. 1988; Sanderson et al. 2002; Cao
et al. 2017). A spatial assessment of the character of wilderness is based on
ecosystem integrity and, around the world, wilderness is commonly defined by the
absence of permanent habitation and roads, and, most importantly, the lack of forms
of economic activity which cause large-scale transformations and violate natural
ecosystems (Casson et al. 2016).

This chapter illustrates the especially low level of human influence in the
Russian Arctic, though we are given a wider picture of Siberia, on a broad scale
from the Ural Mountains in the west to the Pacific in the east (Fig. 6.3). The efforts
described in this paper focused on obtaining a highly generalized but realistic
representation of the current degree of anthropogenic disturbance in the Russian
Federation.
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6.2 Wilderness Concepts and Practice in Russia

“Wilderness” is an idea, concept, system, theory, and practice of activities for the
protection of natural functions and processes; the human environment
(Bocharnikov 2016). Because the modern concept of wilderness is primarily a
cultural or political one, the scientific foundations for wilderness are still being
established. Rarely are efforts to protect wildlands motivated by an interest in
promoting economic growth. It is acknowledged that wilderness and definitions of
wilderness are complex and somewhat problematic across cultures, and we should
look to the past for the reason for that.

The first step proposed here is to understand wilderness as one part of larger
landscapes of inhabitation. Worldwide, the category “wilderness” refers to the
global network of protected areas and, though according to the well-known ecol-
ogist Dezhkin (2005), this category could be a valuable reserve of wilderness
conservation in Russia, so far this has not happened. We introduce into scientific
circulation the concept of dikaya priroda (“wilderness”) as a term signifying all the
large areas of natural landscapes that are undisturbed by significant human impact
(Bocharnikov 2016; Bocharnikov and Egidarev 2015).

We understand dikaya priroda or “wilderness” as a new environmental index,
designed to generally assess the degree of preservation of natural geosystems,
depending on the degree of anthropogenic impact, but which, in contrast to the

Fig. 6.2 Sikhote-Alin intact southern oak forest landscapes. Photograph with kind permission of
Ivan Seryodkin

170 V. Bocharnikov



traditional focus, displays a variety of parameters of anthropogenic disturbances to
the natural environment of the developed areas. Here, we briefly consider and
compare the history of conservation in Russia and the USA. In the USA, in the
second half of the nineteenth century, a popular romantic notion of wild countryside
was “transplanted to the soil” of the North American continent by European settlers.
Later, there was a narrower focus on functional, pragmatic activities for the orga-
nization and development of national parks on public and Federal lands for
recreation and to a lesser extent for environmental purposes.

In Russia, the idea of law based on the primacy of creating and maintaining state
nature reserves as standards of nature, allowed a correct understanding to develop
the natural properties of natural systems whose key functions of monitoring and
research require minimal human impact (Shtilmark 2001). If we turn to Russian
environmental history, we can see a big difference between the USA and Russia.

Fig. 6.3 The author in Kamchatka with the Northern Pacific in the background. Photograph by
Vladimir Bocharnikov
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At the beginning of late Tsarist Russian, then Soviet history, the founders of the
national nature protection strategy, A. G. Kozhevnikov and A.
P. Semenov-Tyan-Shansky, were well aware of the development of the idea of wild
countryside, and they made some real steps in this direction, similar to those in
North America. But because of major cultural, conceptual, and political differences
in the early days of the process of organizing the first reserves, the rationalism of the
scientific component for nature preservation was unconditionally given.

Major conservation gains achieved by the Soviet state were made by effectively
protecting nature reserve systems within inhabited areas but not in these remote
zones, with only a few exceptions. The period of the prerevolutionary “spiritual”
attitude to nature came to an end in the “flames” of the civil war, and the basic ideas
of “freedom representation” and “nature rights” were ruthlessly uprooted in the era
of Soviet industrialization and collectivization. It is enough to recall and reproduce
the characteristic appeals: “… we will declare a battle on nature,” “we do not expect
favors from nature,” etc. (Lavrenko et al. 1958; Zapovedniki 1977).

The preservation of nature and the eternal inviolability of nature reserves were
laid out and defined by Soviet Russia government decrees of 1920–1924. By 1950,
there were 128 strict nature reserves in Russia; the total area was then approxi-
mately 0.56% of the country (Sokolov 2006). The eternal inviolability of nature
reserves gradually came under pressure. Pragmatic environmental ideas lost sight of
their original principles and basic beliefs in the face, for example, of campaigns by
most Soviet leaders such as wind walls to stop erosion, plowing the steppe, irri-
gation, etc.

Obviously, the further development of the network of reserves and national
parks in Russia—clearly one of the largest and last wilderness areas in the world—
needs serious correction. However, the biggest flaw in the existing system of
wilderness and nature protection areas is currently its obviously insufficient geo-
graphical representation in terms of both the zone and specific types of landscapes
(Figs. 6.4 and 6.5).

An analysis of the existing network of protected areas (Prisyazhnaya et al. 2016)
shows that, despite all its undoubted merits and value, this network is very unevenly
distributed across the country in a spatial sense and is also very uneven in terms of
the size of the protected areas, as well as having poor infrastructure.

However, the network of nature reserves continues to grow, and they effectively
perform environmental functions, significantly helping to develop science and solve
problems related to the rational use of natural resources. Even if, earlier, publica-
tions by Soviet scholars condemned the fact that in international practice, partic-
ularly in the USA, “natural areas allocated as national parks are created for the state
or purchased from landowners primarily for the recreation of the urban population
and serve not only nature conservation but also, to a large extent, the tourism
industry” (Zapovedniki Dalnego Vostoka SSSR 1985, p. 5).

In the context of the continuing huge global losses of natural wildlife, habitat
areas, such as in Russia, could be a more realistic environmental contribution by the
state, but they have not yet received a proper socioeconomic and geopolitical
assessment in the world community. Unlike the rest of the world, Russia is
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Fig. 6.4 The autumn at the Sikhote-Alin Nature Reserve (Sikhote-Alinskiy zapovednik).
Photograph with kind permission of Ivan Seryodkin

Fig. 6.5 Middle stretch of the Aldan River (Yakutya, August 2008). Photograph by Vladimir
Bocharnikov
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experiencing “demographic desertification” not only in the vast expanses of Siberia
and the Far East, but also in the European part of the country. These are, in essence,
from an economic point of view, “empty territories” which can rightly be consid-
ered useful resources, conditions, and factors.

Moscow and St. Petersburg are the main centers of attraction for people, and
about 80% of Russian residents tend to live or work in “profitable” cities. But
throughout the Asian North, the fact should be taken into account that in the official
reserves and the main sites of oil and gas production, pipeline routes now call into
serious question whether any of the large areas of primarily unprotected, official
natural countryside or wilderness will remain in the long term (Fig. 6.6).

In other words, we need a clear demonstration of the populated and uninhabited
territories of the Russian Federation which allows us to understand in fact what part
is played by their economic and social use by humankind. We examine preserved
natural landscapes that are still very large, even by world standards, and far from
the main zone of settlement of the territory of the Russian Federation.

Many practical considerations, obtained over decades in which wildlife areas
have existed and been organized, have been considered in the development of
programs, justifying the environmental frameworks and creating environmental
networks. They have also been included in the strategy for implementing recre-
ational activities, conducting environmental education and developing ecotourism.
But we urgently need to develop a strategy for conserving the remaining huge areas
of wilderness which have not been given official conservation status.

At the same time, what is particularly important here is the clarity and simplicity
of the identification and the implementation of the calculations of their units (Isakov
1983). The reason for that is that Russia, a huge northern country located on a third

Fig. 6.6 The map shows the largest areas of wilderness (light green), landscapes without human
transformation (green) and what are called man-made geosystems, surrounded by big urban and
rural sites, for the entire territory of Russia
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of the largest continent of the planet, contains the world’s natural heritage, which
still allows the global ecological balance to be maintained (Reimers and Shtilmark
1978). It is well-known that the modern strategy of wilderness protection should be
based on preserving the ecological balance while maintaining existing types of
environmental management, which in the theoretical sense should be based on
geosystems’ sustainability as a result of transformation serving as the basis for
development.

It is obvious that there is an urgent need to improve and modernize, and this is
considered in the provisions of both the existing “concept for the development of
the system of specially protected natural areas of Federal importance for the period
up to 2020” and the recent plans and programs of the Ministry of Natural Resources
and Environment (Minprirody). Most likely, the further development of the net-
work of reserves and national parks in Russia—clearly one of the largest and last
wilderness areas in the world—needs a serious correction, even though strict nature
reserves (zapovednik) have become a reality and their use is restricted to
acclimatization in reserves of economically useful species, etc.

The best way to identify anthropogenic impacts has been to map all types of
roads serving mining companies, although we also “translate” the results of our
calculations within the boundaries of official administrative-territorial divisions.

The specificity of geographical space is determined by the hierarchy, which
allows different classifications to be made, with a simultaneous display of patterns
of discontinuity and continuality, where each object affects its environment, and is
present and interacts with other objects in a fixed manner. Our geospatial analysis of
Russian wilderness suggests that it is “empty” from an economic point of view, but
that such areas should be preserved because they support the ecological integrity of
the planet.

6.3 Wilderness Index

Against this background, it is important to understand the role of the existing
network of protected areas, in comparison with the vast areas that have been
identified by us as large areas of wilderness. Our highlighted, generalized display of
different types of transport routes on the map gives us a clear view of the huge scale
of transformation of geosystems, primarily in the context of how they are linked to
the centers of transport and economic development in the territory. We present
original results gained by assessing the degree of anthropogenic disturbance in
landscapes of the Russian Federation on the basis of GIS technology.

We have developed a wilderness index for mapping and planning purposes. The
methodology for this assessment conducted for Russia starts with the recognition of
a unified spatiotemporal continuum, one pole of which is represented by a virgin
natural environment (a wilderness unaffected by human management and impact),
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while the other pole is a cultural landscape, developed territories, and urbanized
areas. We identified “off-road” and “uninhabited” human territory, facilitating
binary encoding (“humanized nature”/“wilderness”), with a high degree of accuracy
to formalize and calculate the probability of the existence of areas of wilderness.
This may present particular difficulties for mapping and GIS, both of which depend
on carefully defined attributes and discrete criteria.

Methodologically, we used widely applied standard quantitative geoinformation
analyses showing (in absolute terms and as a percentage) large tracts of off-road and
uninhabited (or nearly uninhabited) areas, as well as the opposite; anthropogeni-
cally disturbed areas.

To identify the share of those areas of wilderness that have an official conser-
vation status, the work included a spatial analysis of how these areas intersected
with protected areas (state nature reserves, including biosphere reserves; national
parks; nature reserves of Federal importance, UNESCO world natural heritage sites;
Ramsar lands and key ornithological areas (ABA). For this comprehensive
assessment, we also used digital data on the borders of specially protected natural
areas of international and Federal importance in the Russian Federation (http://gis-
lab.info/qa/oopt.html; http://oopt.kosmosnimki.ru/).

A “wilderness index” was calculated by the simple formula:

Rast ¼
X

SPrdorþ
X

SPlpos
� ��

þ
X

Znbfþ
X

SPlpin/OPtre;

where:

Rast = the current state (an area or percentage thereof) of the remaining large
wilderness areas in relation to a part or the whole of the Russian Federation;P

SPrdor is the total area of roadless areas;P
SPlpos is the total area of settlements of all types;P
Plpin is the total area of all types of industrial infrastructure and linear industrial

facilities (power lines, pipelines, etc.);
OPtre is the total area of the administrative-territorial unit or physiographic country
or landscape and ecological macroregion for example, according to the Global 200
(Olson and Dinerstein 2002).

The theoretical justification of this concept has already been published by us
(Bocharnikov 2012, 2014), as have some of the algorithms for calculations and data
on nature throughout Russia (Bocharnikov and Egidarev 2017a, b), although the
main information is contained in the works not yet published to date and presented
here.
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6.4 Mapping Wilderness for Regions of Russia

The idea of protecting wilderness, with reference to the international experience and
with adjustments for Russian realities, has been expressed before. However, the idea
of wilderness has not foundmuch popularity, remaining little-known in most Russian
scientific and conservation circles (Bocharnikov 2017). Yet the overwhelming evi-
dence from many case studies and reviews around the country demonstrates that
protecting wilderness is an overall positive net economic benefit to communities and
regional economies, as well as contributing to an enhanced quality of life.

We calculated the areas of wilderness within the boundaries of the “net”
administrative-territorial divisions under official acts. In the small-scale carto-
graphic analysis of the territory of Russia presented here, carried out on the basis of
GIS technology (software: ESRI ArcGIS10.2), the levels of intact landscapes and
their protection are described. The working scale of our research is based on vector
topographic maps of Digital Chart of the World (DCW) data on a 1:1,000,000 scale,
which was upgraded by the Russian company DATA+ in 2002.

However, when we map out very large areas of wilderness, along with the
impacts of economic development, patterns are clear, not only for Southern Siberia
and the south of the Far East, but also in Central Siberia and the northeast. A correct
visualization of the socioeconomic situation of the country on the basis of our
proposed integral indicator offers a new view of the specifics of the spatial distri-
bution of resources, labor, services, and culture that will help to understand the real
role of Russian regions in the development of economic space (Fig. 6.7).

Fig. 6.7 Current distribution of large natural Russian roadless areas. Legend: 1—border of the
Russian Federation; 2—Russian Federal District (okrugs) borders; 3—regional administrative
borders; 4—cities; 5—low-integrity human-influenced areas (blank areas); 6—hard anthropogeni-
cally altered and human-influenced areas (black)
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The methodological component of the work on wilderness assessment is based
on the identification of five main features that are considered to be most charac-
teristic of wilderness. These indicators characterize a minimal, noneconomic impact
on the territory. The information comes from plots of no less than 50 thousand ha
(500 km2), making it possible to paint a very detailed picture of economic devel-
opment throughout Russia.

The area was calculated and contours drawn using standard GIS software
functions (Fig. 6.7). The first step consists of the calculation of sites which are
permanently uninhabited and unused by humans. Settlements, industrial areas, and
infrastructure, including all forms of human development (land and inland water
transport, communication means of all types, power lines, pipelines, etc.) are
excluded.

The second component for identifying wilderness areas is the mapping of all
those territories that have an official conservation status (reserve, national park or
reserve of federal significance). Such areas often have a higher level of preservation
of natural functions than the surrounding areas that do not have such formal
recognition. The algorithm used in this work to approximately calculate or apply
the “coarse filter” used to display the “unpopulated” territory shows land plots
which contain no permanent settlements, industrial enterprises (including extracting
and processing), transport, means of communication of any kind, highways, rail-
ways, power lines, oil and gas pipelines, and other large objects testifying to
economic activity.

We need to make a more accurate assessment in the near future, especially to
divide remote historically populated areas from lands under agriculture use in the
last two centuries. These influences are not commonly understood in ordinary
general education maps, in educational atlases, in many thematic maps, or in ref-
erence books.

Most importantly, in our calculations of wilderness integrity, attention must be
drawn to the fact that most important areas of wilderness are found in the territory
of Asian or “Eastern” Russia, with only very fragmented natural landscapes within
the “northern territories” of the European part (Bocharnikov and Egidarev 2017a,
b).

Figures 6.7 and 6.8 show that human influence within Russia is far from uni-
form: the widest area of dense settlement is in the European part of Russia (from
60° north to the southern borders of the country), to the east; the band of intense
settlement somewhat narrows toward the Urals and beyond, and widens again with
more intense settlement from Novosibirsk to Tomsk, Kuzbass, and Altai, with
further narrowing along the Trans-Siberian zone and the industrial zones. Even with
this preliminary comparison of the territories, we are considering in the large grid of
administrative and territorial divisions in the Federal districts, it is obvious that in
the European part of Russia, the only area of wild countryside that is significant and
comparable to the Asian part of the country is the North-West district (Fig. 6.7).
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In the European part of Russia, the North-West Federal Okrug (No. 1) has
preserved almost half of its territory in a state with a low anthropogenic impact
(48.1% of the total area), but in the Central, Southern and Privolzhsky districts, only
3% remain. The North Caucasian Federal District and what was until recently the
Crimean Federal District both contain areas of intact wildlife populations (generally
preserved in remote mountain areas) of only about 1.9 and 6.7% of the total area,
respectively. Most of the existing agglomerations are found here, with a small
number of protected areas.

Among Russian Arctic residents, the differences in the relationships between
people and high-integrity countryside can differ by many orders of magnitude. For
example, in Karelia, there are 8.5 ha of wild countryside per person (Arkhangelsk
—15, Murmansk—12, Komi—33), but in Chukotka, this indicator of a personal
relationship with nature reaches a value of 1351 ha per person. The Nenets
Autonomous District is also among the Arctic leaders in intact countryside: it has
540 ha per capita. Yakutia has half that level, at 269 ha, and the Yamal-Nenets
district half again, with 114 ha per person. The Krasnoyarsk Territory has about
87 ha of wild countryside per person (Bocharnikov and Egidarev 2016).

Fig. 6.8 Map of Russia illustrating differences between European and south Siberian areas with
high population density and prosperous industrial areas. The black circles are large Russian
agglomerations; green circles are protected areas at Federal level (zapovedniks and national parks);
the average percentages of remaining wilderness areas are shown from yellow (high wilderness
rate) to brown (low wilderness rate) with an index calculated as the area of wilderness (in hectares)
per 1 resident. Source Bocharnikov and Egidarev (2016)
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6.5 Wilderness and Biodiversity of Russia, the Russian
Arctic and Siberia

Based on unified physical and geographical terms, we can support the claim that the
Arctic Region (including the circumpolar north regions of the planet) contains the
most intact degree of nature on the planet, even though it is fundamentally different
from other zones in terms of its geopolitical, cultural, and economic conditions.

The real scale of the anthropogenic transformation of natural landscapes and
ecosystems, as well as the critical consequences of geochemical and thermal pol-
lution in sparsely populated and relatively undisturbed areas of the Far North,
Siberia, and the Far East of Russia, is poorly documented and monitored.

However, in remote areas of the Arctic, where populations are relatively small,
and foci and areas of anthropogenic impact are points and linear disturbances in the
structure of natural landscapes within large areas of wild countryside, there is
evidence of a significant negative impact both locally and across borders, primarily
in areas subject to industrial exploitation and the transport of minerals. Abundant
natural resources and large, uninhabited territories make the Arctic unique, as does
the animal world of the Arctic, though it has the limited species composition typical
of northern biogeocenoses (Fig. 6.9).

Fig. 6.9 The fox (Vulpes vulpes L.) often lives close to human settlements and working places.
Northern Sakhalin Island. Photograph with kind permission of Ivan Tiunov
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Continuous changes in the natural environment are occurring. Oil and gas
production and supplies of these raw materials coming from abroad have a
favorable effect on the environmental safety of many countries in Europe and Asia,
but at the same time, current activities are negatively affecting the environment in
sparsely populated and relatively underdeveloped regions of Russia. It can be stated
that the value of these territories is growing rapidly at the same time as a massive
anthropogenic impact on nature, especially due to the cardinal changes as a result of
global climate change. The Arctic owes its exceptionally high integrity and
importance to conservation activities at the end of the twentieth century.

The dictionary written by N. F. Reimers and A. V. Yablokov in 1982 defined
dikaya priroda as “the nature of the “wild”: areas of nature, not disturbed by human
economic activity, which a person affects only as a biological being or only indi-
rectly through global changes in the world; the concept of subjective: from the point
of view of the citizen.” And, although the general spatial characteristics of Eastern
Russia do not change, there is a big difference between the developed areas of
Siberia and such areas at European part of Russia.

Let us consider in detail the Siberia. In mostly within Siberia, there is the area
whose development remains most closely connected to the exploitation of the
richness of nature. The landscapes of the forest steppes, as well as small areas of the
subtropical zone of the south of European Russia, are those which have been
transformed to the greatest extent through industrialization, and only in the polar
territories are there still a high proportion of conserved natural landscapes
(Table 6.1).

At the beginning of the third millennium, mankind is still not fully aware of the
exceptional importance of nature and has not found a harmonious way to maintain
human health, while at the same time preserving the natural appearance of land-
scapes, the functionality and productivity of ecosystems, and the structure of the
human environment. What is the reason?

On the basis of our calculations of wild countryside, the relevant map layers
were “cut out” to show the distribution of remaining wilderness areas on the ter-
ritory of the Siberian Federal district. Siberia is like the Amazon and the largest
comparable green and white landmasses on the planet; it is part of the planet’s lungs

Table 6.1 The degree of preservation of natural environmental conditions in large remote
landscapes of Russia

Physical geographical regions and
countries (type of landscape)

Area of the
landscape
(km2)

Wilderness area
within landscape
(km2)

Wilderness
(%)

Arctic deserts 75,641.6 72,825.5 96.3

Arctic Tundra 721,073.0 653,907.0 90.7

Mountain sparse forests and dwarf
forests

1,842,033.5 1,638,462.5 88.9

Forest tundra and woodlands 448,524.7 408,540.2 91.1

Taiga 4,575,734.2 3,385,917.7 74.0
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and kidneys. It is the guardian of freshwater reserves of global importance (think for
example of the Baikal Lake).

The advantageous economic and geographical position of Western Siberia, due
to its location at the crossroads of the railway lines and the great Siberian rivers Ob
and Irtysh, right by the industrial Urals, developing Kazakhstan and Eastern Siberia,
is enhanced by the monopolist role of the “owner” of the main fuel resources of
northern Eurasia. Western Siberia accounts for 4/5 of Russian and more than 1/4 of
global reserves of natural gas, and 70% of all oil reserves in the country (more than
a third in the world), which determines the region’s fate of intensive development.

Nonetheless, on the map (Fig. 6.6), it is clearly seen that the entire southern part
of the district has been completely changed by anthropogenic effects. However, the
plans by the Ministry of Natural Resources and Environment of the Russian
Federation (MPR) and the development strategies of domestic protected areas,
developed with the help of scientific and public environmental organizations, do not
include the official “legalization” of protected areas in this category in Russia in the
near future.

As a first step, our pioneering project was carried out in 2015–18 to assess the
current degree of anthropogenic disturbance of the entire territory of Russia based
on a calculated index of wilderness area integrity (see technical details in
Bocharnikov and Egidarev 2015). More attention and effort are needed to achieve
more exact and scientific data. We can already report some rethinking on the real
role which protected areas can play.

The demonstration of the value of large protected areas shows that in most regions
there are only fragments/islands ofwild countryside left,which are not sufficient either
to preserve biospheric functions or to preserve the populations of many terrestrial
vertebrates (large mammals, birds, reptiles, and amphibians). These well-preserved
natural landscapes are close tomeeting the definition ofCategory 1b protected areas as
described by the International Union for Conservation of Nature (IUCN).

This territorial assessment of the Arctic, based on a wilderness integrity index,
allows us to understand the importance and urgency of conservation measures for
both flora and fauna and the bioproductivity of ecosystems and biological diversity
throughout Russia. The main significance of these “naturalness” indices is that the
higher scored areas may be able to maintain a high level of integrity in terms of
biospheric function due to their size and naturalness, but their wildlife is still
subjected to a variety of influences. Particular attention should be paid to the
protection of rare and endangered species in the face of increasingly intensified
anthropogenic impacts and the very real effects of global climate change.

About 4.8 million km2 of area remains relatively intact in the Far Eastern Federal
District, where the share of natural areas is 78.3%. And although locally, and
sometimes within the larger region, there are many consequences of all types of
nature use, including hunting, fishing, and the harvesting of wild plants, as well as
recreational activities and tourism, the naturalness of wilderness has been main-
tained. Thus, the vast territories of wild countryside that are preserved in Russia for
the whole planet are not so much resource riches as a vital condition for maintaining
the global ecological balance; a fact not yet recognized by the world community.
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With this in mind, the role of wilderness within protected areas is even more
important, as we have tried to understand by special calculations.

6.6 Transborder Issues in the Amur River Basin

Another example of the difference between the developed areas of Siberia and
wilderness areas is the transborder issue, especially in the south of the Russian Far
East, for instance, the Amur River Basin (Fig. 6.10). Natural and semi-natural
ecosystems cover approximately half (1 million km2) of the Amur-Heilong basin.
Thus, the basin as a whole still has potential to sustain biodiversity and natural pro-
cesses on large geographic scales. In Russia, approximately 75% of arable land is
located in the southern riverine plains. This is driven in part by differences in topog-
raphy, climate, and soil conditions, but also in part by social and political processes.

The Amur-Heilong is the largest river in northeast Asia. It is one of the longest
undammed rivers in the world. The largest portion of the Amur-Heilong river basin,
about 1 million km2, lies within the Russian Federation. Mountain ranges, ridges,
foothills, and plateaus cover two-thirds of the region. Most mountains are low,
ranging from 300 to 1000 m in elevation The Amur River Basin Wilderness and
Ecological Network should be developed as soon as possible as a conceptual
framework for organizations to cooperate and set priorities at a pan-Asian level.

Fig. 6.10 Wilderness areas and the level of their protection in the Russian part of the Amur River
Basin. The map was created by Eugene Egidarev and Vladimir Bocharnikov
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Important tasks for biodiversity conservation in this zone will include setting aside
intact ecosystems in protected areas and supporting traditional uses of natural
resources. The main elements of the Amur River Basin Wilderness Biological and
Landscape Diversity Strategy should be:

– a description of how the ecosystem in Eastern Asia functions or fails to function,
in terms of causes and effects;

– a vision of ecological targets for the intermediate and long term, respecting
ecological connections and geological, scenic and cultural values, acknowl-
edging the biogeographic regions of Asia, its surrounding seas and interconti-
nental ecological relations;

– guidance on the full integration of nature conservation into other policies, in
particular, agriculture, forestry, fisheries, land use and water planning and
management and regional development, based on the principle of environmental
sustainability;

– an East Asian ecological network, maintaining and enhancing the conservation
and coherence of natural and semi-natural habitats and natural processes of
Asian importance, paying particular attention to characteristic threatened and
endangered species;

– priorities for Asian actions, including the more effective implementation of
international nature conservation instruments and funds, and identifying where
urgent action is needed by national authorities;

– public awareness, education, and information programs.

6.7 Distances from Settlements to Wilderness

We carried out special calculations based on the assumption that for people who
want to go to the countryside, up to 10 km is possible for walking and cycling
access; 11–25 km for day trips to the countryside, returning home by car; 25–
50 km when the possibility of visits is limited to some extent by the time spent on
arrival and fuel consumption; while at distances from 50 to 100 km or more, only
specially organized and/or targeted trips are practical for those wishing to explore
“untouched countryside.”

According to our calculations, in Southern Siberia (Kemerovo oblast, Altai
Republic, and Khakassia), the share of wilderness of protected areas comes close to
a fifth of the overall area (23, 7, 19.1, and 22.4%, respectively). In the Republic of
Altai, wilderness is preserved in more than 40% of the territory, or more than twice
as much as in the territory of existing protected areas (Fig. 6.11).

Comparison of the availability of wilderness and protected areas in the same
regions showed that the areas with well-preserved natural landscapes (conditional
size 20 � 25 km), significantly more accessible (average) for the population in
such areas as the Irkutsk region, the Krasnoyarsk region, the Republics of Tuva and
Buryatia, or all autonomous districts, which is a good reflection of the relatively
lower degree of their anthropogenic disturbance.
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Our calculation of the population’s access to protected areas showed the fol-
lowing results: the remoteness of settlements varies significantly in various areas of
the Siberian Federal District (SFD), averaging from 31.7 (Republic of Khakassia) to
184.0 km in the Irkutsk region. Almost half (49%) of villages, towns, and cities are
at a distance of 25 km; 23% of settlements are from 50 to 100 km away from
available areas of wilderness, and only 8% of residents have to travel a distance of
100 km or more. When updating existing nature protection areas in different cat-
egories and planning new ones, these results could be taken into consideration.

6.8 Conclusions

1. Wild countryside (wilderness, Russian: dikaya priroda) is a fundamental cate-
gory for the development of human civilization.

2. It is largely associated with remoteness from disturbances caused by human
economic activity, with broad and impressive biodiversity, and with high
ecosystem services and landscape values.

3. The current geological epoch of the Anthropocene is characterized by acceler-
ated human influence on wilderness areas. This requires their monitoring and
assessment, and finally appropriate planning and conservation measures.

Fig. 6.11 Actual accessibility of large (more than 50 km2) wilderness areas for residents of Siberia
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4. Asabasis for this,wedevelopedawilderness index andconducted aGIS-basedstatus
analysis of wilderness areas in Russia. The latter revealed that the most extensive
areas of wilderness were in the Arctic, in the Russian Far East, and in Siberia.

5. Our approach and results can potentially be applied to monitor wilderness areas
at different scales, regional and landscape levels included. They could also serve
as a starting point for updating existing protected areas and future nature con-
servation planning.

Figures 6.12, 6.13, 6.14 and 6.15 (Appendix) show some impressive species of
fauna in the wild countryside. We need to pay more attention to public awareness
and education, and we can learn a lot if we consider the actual role of existing
protected areas and opportunities for the public to use them.

Appendix

Faunal inhabitants of wilderness landscapes (Figs. 6.12, 6.13, 6.14 and 6.15).

Fig. 6.12 Oriental honey-buzzard (Pernis ptilorhyncus). Terney town, Primorsky Krai.
October 8, 2012. Photograph with kind permission of Ivan Seryodkin
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Fig. 6.13 Domestic reindeer (Rangifer tarandus) at Tofalarya (Irkutskaya oblast). Photograph
with kind permission of Konstantin Klokov

Fig. 6.14 Elk (Alces alces) on mesotrophic peatland in Western Siberia. Photograph with kind
permission of Eugene Strelnikov
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Chapter 7
Towards an Interdisciplinary
Understanding of Landscape Qualities:
Wilderness, Tranquillity and Dark Skies

Flurina M. Wartmann, William A. Mackaness, Nicole Bauer,
Janine Bolliger and Felix Kienast

Abstract The need to assess landscape qualities has become increasingly impor-
tant over the past decades, with landscapes being continuously shaped and
re-shaped through dynamic natural and anthropogenic processes. It is now widely
recognised that landscapes need to be studied both in terms of their physical and
ecological elements as well as how people living in or visiting landscapes perceive
and interact with them. Different approaches have been developed over time for
assessing these variegated aspects of landscape qualities, which range from meth-
ods in the natural sciences to the social sciences and humanities. Using the three
examples of wilderness, tranquillity and dark skies as landscape qualities, we
review existing quantitative and qualitative approaches to illustrate the potential of
interdisciplinary landscape research. Furthermore, we highlight the potential of
novel methodologies and data sources to study these landscape qualities, including
the use of machine learning for automated image recognition, analysis of social
media data (tags, location and image content), as well as citizen science approaches.

Keywords Landscape qualities � Landscape research � Landscape perception �
Wilderness mapping � Tranquillity mapping � Nightscapes � Dark skies �
Soundscapes

7.1 Introduction

Landscapes are rapidly changing across the world. For Western Europe, two
simultaneous but contrasting trends are observed: firstly, abandonment of agricul-
tural lands followed by spontaneous reforestation in marginal areas, and secondly,
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high socio-economic pressure on urban and peri-urban areas leading to conversion
of cultivated and natural land into built-up areas. The first trend leads to wilderness
areas with high recreational quality, while the second trend results in increasing
numbers of recreationists from growing population centres seeking landscapes
exhibiting qualities such as wilderness, tranquillity or dark skies. However,
assessing and maintaining these landscape qualities is challenging. Consequently,
these qualities run the risk of being neglected in policies and decision-making
impacting future landscapes. In this chapter, we focus on these ‘neglected’ land-
scape qualities of wilderness, tranquillity and dark skies. We first introduce general
approaches for ‘sensing landscapes’ using different sources of information and
analysis methods. Using the three examples of wilderness, tranquillity and dark
skies, we then describe state-of-the-art methods for assessing and modelling
landscape qualities through qualitative and quantitative approaches, as well as
highlight innovative new methodologies and data sources that are emerging.
Finally, we discuss the challenges and opportunities of modelling perceived land-
scape qualities in the context of landscape research.

7.1.1 Capacities in the Sensing of Landscapes

Landscapes can be sensed by the individual (experiential), through digital sensors
(often as earth observations), and they can be modelled using surrogate variables. In
combination with a wide variety of qualitative and quantitative techniques, it is
possible to classify, detect change and generally model different characteristics of
the landscape. The free sharing of global datasets (of increasing recency and often
of high resolution), coupled with bespoke, intuitive to use, mobile apps able to
record many of the attributes of landscape, has facilitated a significant growth in
citizen science. Thus human and digital sensor networks coupled with analytical
techniques can produce a wide range of outputs and perceptions that are critical to
public engagement and policy-making (Fig. 7.1).

Well established is the combination of remote sensing (RS), geographic infor-
mation systems (GIS) and spatial analysis techniques to characterise landscape,
monitor change and model landscape ecologies (Yang et al. 2013). Remote sensing
gives emphasis to the physical properties of landscape, but the human dimension to
experiencing landscape is equally important (Cosgrove 1984). In this respect, cit-
izen science has been transformative to research, a myriad of projects are testament
to the importance of user-generated content in experiencing and monitoring land-
scape. The potential and benefit of public participation in modelling and mapping
qualities of the landscape is well understood (Dickinson and Bonney 2012).
Bespoke mobile apps, open-source software and data portals have hugely facilitated
the gathering and sharing of geographical data in support of the earth observation
agenda (Fritz et al. 2017). This direct and active involvement of a large number of
contributors has been termed active crowdsourcing. In addition to these directed
citizen projects, imagery and related user-generated text-data from social media has
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been used as a data source (for example from platforms including Flickr, Instagram,
Geograph and Pinterest). The analysis and use of such data has been termed passive
crowdsourcing. Notwithstanding issues of data quality (in particular, recorder bias,
completeness and currency), user-generated data have enabled the creation of
vernacular geographies with an emphasis on understanding the perception and
experience of ‘place’—important in understanding how we perceive and value
landscape (Purves et al. 2011). In summary, what Fig. 7.1 seeks to convey is a
multi-methodological approach to understanding qualities of landscapes that draws
on a fusion of human and digital sensor networks that results in a deeper com-
prehension of what landscapes mean—culturally and ecologically. In the following
sections, we explore these ideas with reference to three important qualities of
landscape (wilderness, tranquillity and dark skies), and discuss approaches of how
we might model and characterise these qualities.

7.2 Wilderness

Wilderness has become an important concept in nature conservation, as well as in
tourism and outdoor recreation. On the one hand, the continued expansion of
human infrastructure and intensive land use means we continue to loose wilderness
as the human footprint on the land is growing larger (Sanderson et al. 2002). On the
other hand, many rural areas, for instance, in Europe, face agricultural land aban-
donment, and lacking intervention, will revert to some form of ‘wilderness’ (Höchtl
et al. 2005). The need to conserve wilderness areas has been recognised in politics
and nature conservation (Jones-Walters and Čivić 2010), and the European par-
liament put wilderness on its political agenda (European Parliament 2009). In

Fig. 7.1 Overview of examples of data sources, analysis methods and outputs to assess
landscapes
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parallel, WildEurope, a conglomerate of NGOs and other institutions, was estab-
lished to operationalise the resolution (Fisher et al. 2010). But what exactly do we
mean when we talk about wilderness?

Wilderness is a vague concept—different people may understand different things
as wilderness (Lutz et al. 1999; Bauer 2005a, b). The concept is also understood
differently in different languages and cultures. For example, the German term
‘Wildnis’ differs in its conceptual history from the English term ‘wilderness’
(Cronon 1996; Stremlow and Sidler 2002) and in many non-European cultures, the
notion of wilderness as a kind of nature alienated from people is a foreign concept
(Descola 1996). Even in the Western context, definitions of wilderness are complex
and diverse. One of the perhaps broadest is by Nash: ‘It is tempting to let the term
define itself: to accept as wilderness those places people call wilderness (Nash
2014, p. 5)’. While this phrase highlights the social constructedness of the concept,
it is perhaps less helpful in providing guidelines for those who need to take deci-
sions on the management and protection of wilderness.

If we want to provide tangible evidence for policy-making and planning that will
aid in protecting wilderness as an important quality of landscapes, it becomes
necessary to define what wilderness is, how people perceive it and where we can
still find wild places. A growing body of literature in a range of different research
areas deals with these questions. One strand of research is concerned with pro-
ducing robust and repeatable models in geographic information systems (GIS) that
tell us where we can still find wilderness (Kliskey and Kearsley 1993; Fritz et al.
2000; Carver et al. 2012, 2013; Orsi et al. 2013; Carver and Fritz 2016b). Another
strand of research investigates public perception of wilderness (Habron 1998; Bauer
2005a, b; Mc Morran et al. 2008; Bauer et al. 2018). In the following, we provide
an overview of these two different strands, acknowledging that they are not distinct
areas of research but can be seen as a spectrum from more perception-focused
research to GIS modelling. We also include more critical views of the concept of
wilderness as a cultural invention (Cronon 1996). Finally, we introduce novel
potential approaches for wilderness mapping using automated image classification
approaches that allow the detection of potential ‘wilderness’ from photographs.

7.2.1 Mapping Wilderness

Nash’s definition of wilderness being what people think it serves to illustrate
wilderness as a sociocultural construct, but mapping wilderness characteristics in
GIS requires operationalisable definitions and selecting criteria and attributes
(Carver and Fritz 2016a). In the USA, for example, the Wilderness Act of 1964
defines wilderness through terms such as ‘untrammeled’, ‘undeveloped’, ‘natural’,
‘opportunities for solitude and unconfined recreation’ (US Congress 1964). The
federal agencies involved in managing wilderness areas in the National Wilderness
Preservation System published a conceptual framework that links management
actions directly to these qualities described in the Wilderness Act (Landres et al.
2008).
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At the global level, the IUCN defines Wilderness areas (IUCN Category Ib) as:
‘Protected areas that are usually large unmodified or slightly modified areas,
retaining their natural character and influence, without permanent or significant
human habitation, which are protected and managed so as to preserve their natural
condition’ (IUCN 2018). In most wilderness definitions, particularly those that
became the basis for mapping, we can identify an ecological component of the
degree of naturalness or modification, as well as a perceptual component (Lesslie
and Taylor 1985). In the literature, an important distinction is made between
wilderness quality and wilderness areas. Wilderness qualities are defined as ‘the
extent to which any specified unit area is remote from and undisturbed by the
impacts and influence of modern technological society’ (Lesslie 2016, p. 21).
Wilderness areas are defined as ‘relatively large intact natural areas—places where
wilderness quality is defined using agreed thresholds recognised by society’
(Lesslie 2016, p. 21). In their guidelines for the management of wilderness in
Natura 2000 areas, the European Commission defines wilderness as: ‘A wilderness
is an area governed by natural processes. It is composed of native habitats and
species, and large enough for the effective ecological functioning of natural pro-
cesses. It is unmodified or only slightly modified and without intrusive or extractive
human activity, settlements, infrastructure or visual disturbance (European
Commission 2013, p. 10).

Different definitions and notions of wilderness exist, and are still being debated.
The issue of definition is not merely an academic concern, but is of direct conse-
quence for mapping, as we can only map what we have clearly defined. It is also
paramount for policy-making and planning (Mc Morran et al. 2008), as a lack of
clear definitions may hamper the effectiveness of protecting wilderness. In this
respect, mapping wilderness quality is considered an important endeavour to assess
the status of this landscape quality. Carver and Fritz (2016b) highlight the paradox
of mapping wilderness and elaborate why it is better to map than not to map:
mapping wilderness helps to localise where more or less wild places exist, pro-
viding hard proof that is needed to convince decision-makers and politicians of the
need to protect wilderness. Even before GIS became mainstream technology,
McCloskey and Spalding (1989) mapped the world’s remaining wilderness areas
using two criteria: areas more than 4000 km2 in extent and more than 6 km from
recorded human features were identified based on Jet Navigation Charts at a scale
of 1:2 million. The resulting map showed that around a third of the world’s area
could be seen as wilderness, with the largest areas located at high latitudes and in
desert areas (McCloskey and Spalding 1989).

Most wilderness mapping conceptualises the quality of wilderness as a spectrum
of the ‘degree to which a place is remote from and undisturbed by the influences of
modern technological society’, which Lesslie and Taylor (1985) and Nash (2014)
described as the ‘wilderness continuum’. This continuum avoids drawing sharp
distinctions between what is, and what is not wilderness, acknowledging that the
drawing of such an (imaginary) boundary is highly dependent on social and cultural
norms. It also incorporates the notion of ‘modern technological society’s impact’,
and not of indigenous and traditional societies. In inventorying wilderness in South
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Australia, Lesslie and Taylor (1985) implemented the wilderness continuum con-
cept in a spatial manner, defining wilderness as ‘four wilderness quality indicators
(Lesslie and Taylor 1985). Using similar indicators for the national scale map of
Australia (remoteness from settlement, remoteness from access, distance from
human artefacts and naturalness of the land at national scale), the Australian
National Wilderness Inventory was arguably the first comprehensive use of GIS to
map wilderness quality (Lesslie and Maslen 1995). Many wilderness mapping
initiatives have followed, but the two basic factors of the Australian Inventory,
naturalness and remoteness are, in some form, used in almost all models of
wilderness quality today (Carver and Fritz 2016a). Some models extended the
criteria to four components: naturalness, remoteness, ruggedness (as a measure of
the terrain) and human impact (Fritz et al. 2000; Carver et al. 2002; Carver and Fritz
2016b). Different methods have been applied to wilderness mapping, with Comber
et al. (2010) empirically demonstrating how different models lead to different wilds,
highlighting the importance of selecting criteria and weightings. For example, for
the UK, Fritz et al. (2000) implemented weighted distance decay models (e.g. of
population) to avoid defining rigid thresholds and included differential weighting of
wilderness quality data layers through multi-criteria evaluation (Fritz et al. 2000).
Weighting of GIS layers has been done through expert-consultation (Radford et al.
2019), and public participation GIS has also been tested as a means to gage different
perspectives and provide weightings for wilderness models in a participatory
manner (Carver et al. 2002).

The challenges involved in mapping wilderness quality notwithstanding, map-
ping wilderness have become an important tool for conservation, and a range of
wilderness mappings have been conducted across different scales, from global to
local. At a global level, Lesslie (1998), in work for the World Conservation
Monitoring Centre, extended the Australian concept to cover the entire world. Other
global mapping initiatives include the Global Methodology for Mapping Human
Impacts on the Biosphere (GLOBIO, UNEP 2002) and the Human Footprint and
the ‘Last of the Wild’ map (Sanderson et al. 2002). Recent global wilderness
mappings highlight the decline in wilderness areas over the past decades (Watson
et al. 2016) and how the world’s largest remaining wilderness areas are concen-
trated in a handful of countries, including Russia, Canada, Australia, the USA and
Brazil (Watson et al. 2018). For Europe, a Wilderness Quality Index has been
published that maps wilderness quality as a continuous surface (EEA 2011),
highlighting Northern Scandinavia, Iceland and Northern Scotland as areas where
pockets of wilderness remain. Fritz et al. (2000) mapped wilderness quality across
the UK. Examples of wilderness maps at national scale include the aforementioned
example of Australia (Lesslie and Taylor 1985), Austria (Plutzar et al. 2016),
Iceland (Ólafsdóttir et al. 2016), Scotland (SNH 2013) and Switzerland (Radford
et al. 2019). The Swiss case study confirmed the important role of mountains,
showing how the largest contiguous areas with high wilderness quality are to be
found in the Swiss alps (Fig. 7.2).

In another case study for two mountainous regions in Southern Switzerland, the
focus was on mapping the quality of remoteness rather than wilderness through the

196 F. M. Wartmann et al.



use of a remoteness measure developed specifically for that study (Boller et al.
2010). Boller et al., argued the concept of remoteness was better suited to moun-
tainous regions of Europe as areas that have long been settled and managed by
alpine communities, and where the cultural heritage and traditional land use form an
important part of the experience of alpine landscapes.

Case studies of wilderness mappings at local scale that can guide protected area
management include, for instance, the Death Valley National Park in the USA
(Carver et al. 2013), the Cairngorms and the Loch Lomond and The Trossachs
National Park in Scotland (Comber et al. 2010; Carver et al. 2012) or the
Carpathian mountains in Romania (Măntoiu et al. 2016).

One of the areas where wilderness quality has been most comprehensively
mapped is Scotland, which has been mapped at global, regional and local scales.
Comparing these different maps highlights how wilderness is, to some extent, a
scale-dependant concept. On global wilderness maps, Scotland does not show up as
an area with high wilderness quality (UNEP 2002). On a wilderness map of Europe
(EEA 2011), we start to see small pockets in Scotland emerging as some of the
wildest areas, the largest areas within Europe being located in Iceland and
Scandinavia (Kuiters et al. 2013). For Great Britain, wilderness mapping with
public participation GIS showed that Scotland contained most of the top 10% areas
considered ‘wildest’ (Carver et al. 2002). At the national scale, the Scottish Natural
Heritage mapping highlighted areas of Northern and Northwestern Scotland as

Fig. 7.2 Last remaining continuous areas with high wilderness quality are to be found in the
alpine areas of Switzerland (Own illustration. Data sources: basemap data from BFS GEOSTAT/
Federal Office of Topography swisstopo, data on wilderness quality from Radford et al. 2019)
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areas with high wilderness quality, whereas the Southern part of Scotland showed
low levels (SNH 2013). At the local scale, wilderness maps for the two national
parks in Scotland (Cairngorms and the Loch Lomond and The Trossachs) highlight
differences in wilderness quality between two protected areas (Carver et al. 2012),
with generally higher levels of wilderness quality in the Cairngorms (Fig. 7.3).
Such wilderness maps at the local level can form an empirical basis for managing
development within a protected area, and guide recreational planning.

The Scottish case also illustrates how wilderness mapping can have an influence
on policy-making. The data from the national mapping (SNH 2013) was used to
directly inform Scottish policy (SNH 2014a). In a later phase, the largest and most
wild areas were identified, which are now listed as 42 ‘Wild Land Areas’ (SNH
2014b). The list includes small areas, e.g., around single mountains such as Ben
More on Mull, or parts of the island of Rum. Larger Wild Land Areas are the
Cairngorms (Fig. 7.3) and parts of the Scottish Highlands.

7.2.2 Wilderness as a Cultural Notion

It is important to note that some of the areas now identified as Wild Land Areas in
Scotland were once populated and the basis for rural farming communities. This
changed during the Clearances in the late eighteenth and early nineteenth century.

Fig. 7.3 Cairngorms is one of Scotland’s largest Wild Land Areas and protected through the
Cairngorms National Park. Image: ‘Munros Trip 9/08 (ct28)’ by Ted and Jen on Flickr (CC BY
2.0)
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Landowners, sometimes forcefully and involving human atrocities, evicted rural
communities from the land they were living on to make way for more lucrative
commercial sheep farming (Richards 2012). It is this human suffering of highland
communities that eventually resulted in what many people today perceive as
wilderness (Fig. 7.4). Perhaps unsurprisingly, notions of wilderness and wild land
are still controversially discussed in Scotland (Mc Morran et al. 2008). The con-
tinued erasure of people from the land through environmental narratives of nature is
criticised, with writers such as James Hunter advocating for acknowledging peo-
ple’s history and connection to place (Hunter 2014).

The case of erasing people from the landscape is not unique to the Highlands of
Scotland. Other examples include conservation initiatives across the globe that,
with the aim of protecting idealised (Western) notions of wilderness, displaced
indigenous people from the land they inhabited (Neumann 1998; Agrawal and
Redford 2009). Acknowledging that wilderness is a social and cultural construct
makes it possible to also critically engage with this concept. In his essay ‘The
Trouble with Wilderness, or, Getting Back to the Wrong Nature’, Cronon (1996)
investigates wilderness from a historical perspective, critical of the separation of
people and nature, and calling for a rethinking of the human–nature
relationship. Stremlow and Sidler (2002) explore the concept of wilderness
(‘Wildnis’ in German) as a cultural phenomenon through its use in modern literary
and journalistic texts to study societally rooted perceptions of wilderness, showing

Fig. 7.4 Suisnish ruins on the Isle of Skye in Scotland. During the Clearances, thousands of
families were forcefully removed from their homes to make way for commercial sheep farming.
Image: ‘Suisnish Ruins’ by Ross Collins on Flickr (CC BY 2.0)
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how wilderness is constructed conflictingly, as a place of fear, and as a place of the
idyllic. In more applied research, a case study on the Isle of Harris in Scotland
shows how cultural notions of wilderness, which are related to the exclusion of
crofting communities, can be re-thought as a more inclusive concept that integrates
conservation and crofter’s stewardship of the land that creates possibilities for more
socially just future landscapes (Mackenzie 2006). To shape landscapes where the
importance of people and their ties to place as well as nature conservation are
acknowledged, it is important to understand and take into account public opinion
towards nature and wilderness.

7.2.3 The Perception of Wilderness

In the highly urbanised and developed continent of Europe, only few areas of
wilderness remain, not all of which are formally protected and thus risk being
encroached upon by infrastructure development. At the same time, we observe
continuing agricultural abandonment creating new possibilities for (secondary)
wilderness areas. In order to safeguard the continued existence of wilderness areas
in the future and potentially enable some formerly used areas to revert to secondary
wilderness, it is important to understand how people who live in and around such
areas perceive wilderness and nature to design appropriate landscape management
policies that will be supported by the public.

People’s attitudes towards wilderness have been studied with respect to their
expectations and experiences in specific areas (Durrant and Shumway 2004;
Wallner et al. 2007; Bauer et al. 2018), as well as independently of whether they are
visitors or residents in a particular area (Lutz et al. 1999; Cordell et al. 2003;
Johnson et al. 2004; Bauer 2005a, b; Bauer et al. 2009).

Regarding general opinions about wilderness, a study in Canada found that
respondents to a questionnaire survey had relatively positive opinions and favoured
wilderness protection, irrespective of whether they lived in rural or urban areas
(Lutz et al. 1999). However, a photograph-rating task in the same study revealed
that rural dwellers had higher thresholds for what they considered as wild than
urban dwellers. For instance, only 11% of rural dwellers considered a photograph of
a valley with agriculture in the foreground as wilderness compared to 43% of the
urban dwellers (Lutz et al. 1999). This shows that while opinions about wilderness
were overall positive, people had different understandings about what wilderness is.
Based on the US National Survey on Recreation and the Environment (NSRE) in
the year 2000, a study on the influence of ethnic background showed that while
there were differences in visitation rates and use-values between different groups,
less differences were observed for intrinsic and non-use values attributed to
wilderness (Johnson et al. 2004). In the same survey younger people, residents in
the East of the USA and ethnic minorities were more likely to be in favour of
expanding the system of wilderness areas (Cordell et al. 2003). Results from a
comparison of the NSRE survey results between 1994 and 2000 indicated that
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awareness of wilderness and the importance of non-use values had increased in the
overall population, but this did not translate to an increased acceptance of
expanding wilderness areas (Cordell et al. 2003).

In a comprehensive study on the public understanding of wilderness in
Switzerland, Bauer (2005b) investigated public attitudes towards wilderness with
over 1500 written questionnaires sent out to a representative sample of the popu-
lation. The public understanding of wilderness in Switzerland was relatively con-
gruent with scientific criteria, including the lack of visible human impact and the
degree of naturalness. A difference in public and scientific understanding was that
for the public, areas with dense vegetation are seen as wild, irrespective of their
development history (Bauer 2005b). Several socio-demographic factors influenced
opinions about wilderness, including age, place of residence (rural, urban) and
general attitudes towards nature (e.g. nature conservationists). Critical opinions
towards wilderness were more likely from people living in rural areas, older people
and people who grew up in rural areas. More positive opinions were likely from
nature conservationists, younger people and city dwellers (Bauer 2005b).
Proponents of wilderness were less tolerant of visible human influences in
wilderness areas. Opponents were more tolerant of the presence of infrastructure
and perceived areas with higher human influence as wilderness than the proponents.
People in the French- and Italian-speaking parts of Switzerland also held more
critical opinions about wilderness, whereas people in the German-speaking part
were more positive, which may reflect sociocultural differences in wilderness
perception between regions but could also be linked to more general differences
with the terms used in German, French and Italian. Based on these findings, Bauer
(2005b) presents region-specific management suggestions that include the creations
of different ‘wilds’ to satisfy the needs and wishes of different groups.

In a survey about attitudes towards wilderness in the South-Western Carpathians
in Romania, attitudes of people living within protected areas were divided into two
groups (Bauer et al. 2018). One group that had a more utilitarian attitude towards
nature and wished for nature to stay unchanged and be aesthetically pleasing while
another group favoured unrestricted access to wilderness and considered it
important for wilderness to be remote. While attitudes towards nature and wilder-
ness were positive for both groups, they were more critical of protected areas,
highlighting how the local population differentiates between wilderness in general
and protected areas, a finding similar to the study on wilderness areas in Utah
(Durrant and Shumway 2004).

Research into perception of wilderness thus brought forth the various and
diverse factors that influence people’s perception of and attitudes towards wilder-
ness, ranging from factors at societal to more individual level.
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7.2.4 New Methods for Wilderness Research: Automated
Image Annotation

Wilderness is perception-based—it is what people perceive it to be. For instance,
the absence of infrastructure, wide open lands, or rough terrain. This makes
wilderness an interesting concept to be studied through the use of methods such as
automated image annotation, a process through which keywords are automatically
assigned to an image. This is possible through machine learning, where a computer
algorithm ‘learns’ to recognise certain elements in a picture, say the presence of
people, or a dog, and then scans new pictures for being more, or less likely, to also
depict these elements it has been trained to detect. It does so through a training
dataset that is manually annotated, where human annotators have decided whether a
picture depicts people, dogs or any other elements that are of interest to users (e.g.
cars, houses, etc.). This annotated dataset is then provided as an input for the
algorithm for learning to recognise similar pictures and label them. Some compa-
nies are offering pre-trained algorithms that can be applied to any images and will
automatically annotate them with tags. One such example is the Google Vision API,
where interestingly, the algorithm has been trained to use the label ‘wilderness’. For
instance, it labelled Figs. 7.3 and 7.4 as ‘wilderness’. Automated image recognition
thus opens new research avenues, where landscape characteristics based on per-
ception can be inferred from images. In combination with user-generated images
from social media platforms such as Instagram or Flickr, where users often add
coordinates to an image uploaded (i.e. geotags), it is now possible to study spatial
patterns of wilderness through user-generated image content.

7.3 Tranquillity

Today, the term tranquillity is widespread, including for marketing and place
promotion. Tranquillity is therefore something that people seek and value, but what
does tranquillity mean? Dictionaries provide definitions such as ‘the quality or state
of being tranquil’ and synonyms include ‘peacefulness’, ‘quietness’, ‘serenity’. The
Roman philosopher Seneca (ca. 4 BC–65 AD) wrote in his work ‘de tranquillitate
animi’ (c.f. Reynolds 1998) about tranquillity as a state of mind that is the opposite
to anxiety and worry. Achieving such a state of mind is a challenge that can be
made easier through the presence of certain environmental or landscape charac-
teristics. For example, in Japanese aesthetics, high importance is ascribed to har-
monious environments promoting a tranquil state of mind, as illustrated, for
example, in design principles of Japanese gardens (van Tonder and Lyons 2005).

Although tranquillity is something that is individually perceived, many would
agree that some landscape characteristics are more likely to instil tranquillity.
Seeking tranquillity, peace and quietness away from the hustle and bustle of
everyday life was shown to be a driver of recreation behaviour (Beard and Ragheb
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1983; Frick et al. 2007), with recreationists visiting areas that exhibit these quali-
ties. In the UK, for example, tranquillity was found to be among the main reasons
why people visited the countryside (NBS 2004). Apart from attracting visitors,
there are positive health effects associated with tranquil areas (Ulrich et al. 1991; De
Vries et al. 2003; Velarde et al. 2007; Shepherd et al. 2013; Seresinhe et al. 2015;
Vienneau et al. 2017).

Given its importance for health and recreation, tranquillity has become recog-
nised as an important quality of landscapes that is reflected at the policy level.
The UK, for instance, included the protection of tranquillity in its National Planning
Policy Framework, stating that: ‘Planning policies and decisions should aim to:
[…] identify and protect areas of tranquillity which have remained relatively
undisturbed by noise and are prized for their recreational and amenity value for
this reason’ (National Planning Policy Framework 2012, p. §123). At the European
level, the focus has been on environmental noise, which can be seen as an important
aspect of the more holistic notion of tranquillity. The Environmental Noise
Directive (END2002/49/EC) (END 2002) relates to the assessment and manage-
ment of environmental noise, and requires member states to prepare noise maps and
action plans, including the identification of noise exposure levels and preserving
areas with low environmental noise levels. We see tranquillity as a more
all-encompassing concept because we can imagine an area that is completely silent
(e.g. an abandoned industrial area), but this area does not necessarily instil
tranquillity.

From a research perspective, tranquillity is a multifarious concept that has been
investigated in different fields, using various approaches. In the following, we
provide a brief overview of strands of research and different methodologies relating
to the exploration and study of tranquillity. We highlight how user-generated
content in the form of geotagged social media photographs provide a novel source
of information for investigating tranquillity as a landscape quality.

7.3.1 Image Rating Experiments About Tranquillity
and Landscape Preference

In environmental psychology, the attention restoration theory by Kaplan and
Kaplan (1989) states that natural environments facilitate restoration through ‘soft
fascination’, a combination of capturing our attention effortlessly (‘moderate fas-
cination’) and pleasure (preference or aesthetic quality). Based on this theoretical
framework, Herzog and Bosley (1992) conducted image rating experiments to
investigate the relationship between landscape preference and tranquillity. Images
with different landscape settings, including fields and forests, mountains and water
bodies were shown to participants. Results showed a high correlation of preference
and tranquillity ratings, but for some landscape settings such as standing bodies of
water, tranquillity was rated higher than preference. These experiments established
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tranquillity and landscape preference as two related, but distinct concepts (Herzog
and Bosley 1992). In a follow-up study, Herzog and Barnes (1999) investigated the
influence of the factors ‘unstructured openness’, ‘mistiness’ and ‘surface calmness’
in predicting tranquillity and preference ratings in three landscape settings (desert,
large water body and field/forest), showing that surface calmness was a predictor in
some settings (including large water bodies), but not all. Another study investigated
differences of tranquillity ratings for images with urban and natural scenes, where
tranquillity was rated significantly higher for natural than urban scenes (Herzog and
Chernick 2000). Factors that were positively correlated with tranquillity in natural
surroundings were how well a setting appeared to be cared for (neatness), the
amount of foliage visible (nature) and the amount of visible open space (Herzog and
Chernick 2000). In these experiments, the focus had been on rating visual stimuli.
In the next section, we summarise research on soundscapes that takes into account
noise levels in addition to visual stimuli.

7.3.2 Measuring Soundscapes

Various efforts have been made to develop tools that predict tranquillity based on
visual landscapes and their associated soundscapes. Pheasant et al. (2008) inves-
tigated the relationship between perceived naturalness of a scene, sound levels and
tranquillity ratings by presenting visual and acoustic data of 11 English rural and
urban landscapes to 44 subjects. Based on their findings, they developed a tran-
quillity rating prediction tool (TRAPT) that consists of an equation combining
sound measures and visual stimuli (Pheasant et al. 2009). To validate and further
develop this prediction tool, 18 subjects were presented with various imagery and
pre-recorded sounds from three locations (a city garden, an urban park and a rural
churchyard). The subsequent analysis revealed a linear relationship between tran-
quillity ratings with naturalness and recorded sound levels. Tranquillity ratings
increasing with naturalness (percentage of natural features present in a scene) and
decreased with increasing sound levels (Pheasant et al. 2009). This work demon-
strated the possibility of predicting tranquillity based on features perceived in the
surroundings (including natural features such as water, foliage, rock, but also
including cultural heritage and traditional farm buildings) and sound levels from
human sources. Arguing that due to their accessibility and population numbers in
urban settings, tranquil urban spaces may be relatively more important to the overall
population than tranquil rural spaces, Watts et al. (2011) investigated three urban
recreation areas, where levels of tranquillity were estimated based on the prediction
tool and compared to ratings from visitors in field-based surveys. In a subsequent
study, eight urban green areas were examined and visitor questionnaires with 252
respondents were used to explore potential refinements to the prediction tool (Watts
et al. 2013). Though able to produce good predictions, potential refinements to the
model include giving penalty points for parks where graffiti and litter, is noticeably
present, as this was shown to influence visitors’ sense of tranquillity and improved
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predictions (Pheasant et al. 2009). Other applications of the tranquillity rating
prediction tool include exploring its relevance to wind farm siting and discusses the
impact of differing expectations about tranquillity in urban areas and the coun-
tryside, highlighting the need for high levels of precision in defining anthropogenic
disturbance both visual and acoustic (Watts and Pheasant 2015a). Further exploring
the utility of the prediction tool in natural surroundings, a set of controlled
experiments were used in which video footage was captured for 46 different natural
scenes in Scotland and various noise sources were added to study the effect of
different sources of noise and tranquillity and wildness ratings (Watts and Pheasant
2015b). Ratings from respondents show that tranquillity is a different construct
from wilderness, and that tranquillity was much more impacted by acoustic vari-
ables, including human noise. Interestingly, adding natural sounds did not signifi-
cantly improve tranquillity ratings. Overall, their analysis led Watts and Pheasant to
argue that soundscape is an integral factor in people’s sense of tranquillity and
should therefore be an integral part of the assessment process (Watts and Pheasant
2015b).

Collectively, research on soundscapes shows that sound needs to be included as
part of any assessment process while also revealing the complex and subtle nature
of anthropogenic and natural sound in terms of its frequency, level and people’s
expectations.

7.3.3 Mapping Tranquillity

As one of the most active institutions for raising awareness about tranquillity and
the protection of tranquil areas since the 1990s, the non-governmental organisation
‘Campaign to Protect Rural England’ (CPRE) commissioned a series of research
and mapping projects (CPRE and the Countryside Commission 1995; Levett 2000;
MacFarlane et al. 2004; CPRE 2005, 2007, Jackson et al. 2008). In his pioneering
work for ASH consulting, Simon Rendel conducted the first mapping of tranquil
areas in 1991 in a study for the Department of Transport. Rendel’s map showed
how significant areas so far unaffected by development, but undesignated and
unprotected, were vulnerable to a proposed transportation corridor. Based on this
work, the CPRE and the Countryside Agency (1995) produced a set of ‘Tranquil
Area’ maps for England. This approach to tranquillity mapping was based on
modelling the impact of audio-visual disturbances in the form of roads, railways,
power stations and settlements, defining thresholds to these sources of noise. One of
the main critiques of this early approach was that fixed thresholds from noise
sources were used, and that the definitions of the thresholds and sources of dis-
turbance were based on expert-opinions, rather than public consultations (Levett
2000). In aiming to address these critiques and to include the views of the public, a
subsequent project in the Northumberland National Park and West Durham
Coalfield in England conducted a comprehensive participatory appraisal to deter-
mine what people considered as tranquil (MacFarlane et al. 2004). In a second step,

7 Towards an Interdisciplinary Understanding of Landscape … 205



the researchers operationalised the factors contributing to and diminishing tran-
quillity in a GIS model that included as layers such as remoteness, naturalness of
land cover, openness and noise sources. The different layers were weighted again
through a public consultation exercise. In a subsequent study, a similar approach
was also applied to the Chilterns in the South East of England (Jackson et al. 2008),
and then scaled-up to produce a tranquillity map for England (CPRE 2007). To
produce the tranquillity map for England, over 1000 people were consulted and the
thresholds applied to the GIS layers (for instance, the distance at which the impact
of a road on tranquillity decreases) were determined through photograph-rating
tasks with the public (Jackson et al. 2008). The importance of taking into account
public opinion was also recognised in a study in the Dorset Area of Outstanding
Beauty, which incorporated views from different stakeholders, including parts of
the population considered hard to reach. In total, views of over 800 participants
were collected through participatory appraisals including focus groups, household
and on-site surveys (Hewlett et al. 2017). The criteria that people deemed important
were open landscape, the absence of human-made noise, traffic and the presence of
other people. Based on this information a GIS model was created, using over 70
input layers (Terradillos and Wilkinson 2015).

7.3.4 New Methods for Tranquillity Research: Analysing
Tags from Geotagged Social Media Photographs

One of the challenges in research on landscape qualities such as tranquillity or
wilderness is that these qualities are based on people’s perception, and such per-
ceptions have commonly been cost-intensive to assess across larger areas. If
national surveys are used, sample sizes that can be achieved are limited given
common financial constraints. As a consequence, the data are often not available at
spatial granularities that allow detailed spatial modelling. In this respect, social
media data generated by users is a novel form of data that enables researchers to
study place-based experiences of people in landscapes (Guerrero et al. 2016; van
Zanten et al. 2016; Chesnokova and Purves 2018; Wartmann et al. 2018). This body
of work is based on people contributing content to social media platforms such as
Instagram, Flickr or Twitter in the form of photographs, associated text (i.e. ‘tags’
or ‘hashtags’) and often also provide coordinates for their photographs (‘geotags’).

Through the tags associated with images, we can, for instance, select images that
have been tagged with words such as ‘tranquillity’, ‘tranquil’, ‘peaceful’ or
‘quiet’—which provide us with a dataset of images that are likely to have been
taken at locations where people experienced tranquillity (Fig. 7.5).

Mapping the spatial distribution of these locations while controlling for the
underlying distribution of all images provides us with an assessment of areas where
people experience tranquillity based on social media data such as Flickr images
(Wartmann et al. 2019; Wartmann and Mackaness, in review).
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7.4 Dark Skies

Artificial light at night is an important driver of global change in the twenty-first
century (Davies and Smyth 2018). In European cities, artificial light at night has
become omnipresent: from streetlamps, illuminated buildings and soccer courts,
restaurants, shop windows, and blinking billboards to our homes, where we illu-
minate front doors with security lights or decorate lawns and windows with arti-
ficial lighting. Artificial light at night provides a range of benefits, including safety
on roads at night for traffic and pedestrians, as well as aspects of convenience. The
unprecedented increase in lighting also has negative impacts, including the disap-
pearance of dark skies (e.g. Fig. 7.6), which makes it impossible for people to
observe the stars at night (CfDS 2009).

Fig. 7.5 Methodology for assessing tranquillity based on selecting geotagged photographs from
social media through keywords associated with tranquillity

Fig. 7.6 Night sky above Domat/Ems and Tamins in the Canton of Grisons, Switzerland (image
courtesy of B. and C. Wartmann)
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Concerns have also been raised about ecological and health effects of increased
night-time lighting (Smith 2008). The term ‘light pollution’ is often used in con-
nection with dark skies and is defined as ‘artificial light that is excessive or intrudes
where it is not wanted’ (Claudio 2009, p. 29). Artificial light at night has largely
negative effects on biodiversity (Hölker et al. 2010; Gaston et al. 2013; Brüning
et al. 2016; Knop et al. 2017), organisms’ physiology (Hölker et al. 2010; Brüning
et al. 2016) and behaviour (Knop et al. 2017). Negative impacts were found for a
large variety of animal species (Rich and Longcore 2013). Both terrestrial and
aquatic insects are negatively affected (Perkin et al. 2014). Street lamps effectively
act as light traps and can kill billions of insects throughout the year, in turn reducing
food availability for predators, which affects entire ecosystems (Rich and Longcore
2013). In sea turtles, artificial light was shown to impact nesting behaviour and to
be negatively related to nest densities (Silva et al. 2017; Hu et al. 2018), as well as
reduce survival rates of turtle hatching by disorienting them away from the sea
towards illuminated beach infrastructure (Lorne and Salmon 2007). Negative effects
were also demonstrated for nocturnal mammals such as beach mice (Bird et al.
2004) and bats (Polak et al. 2011; Russo et al. 2017; Rydell et al. 2017; Azam et al.
2018).

Furthermore, there is now increasing empirical evidence that light pollution also
has detrimental and potentially far-reaching effects on people’s health (Navara and
Nelson 2007; Cho et al. 2015). Artificial light at night may be associated with
increased risk of different types of cancer (Kloog et al. 2008; Stevens 2009), obesity
(Fonken et al. 2010) and diabetes (Spiegel et al. 2005). The internal (circadian)
clock regulates various bodily functions and is closely linked to the daily change
from light to dark. The hormone melatonin, for example, is only produced in dark
phases. If melatonin production is disrupted, sleep disturbances or changes in the
immune system can occur (Chepesiuk 2009). An economic study estimates the
damage caused by light pollution to the USA alone at US$ 7 billion per year
(Gallaway et al. 2010).

From a landscape perspective, the loss of dark skies changes not only the way
organisms and ecosystems function, but also the way people (can’t) experience dark
skies, which is considered a cultural loss. Across the world, large natural areas with
dark skies are disappearing and in many cities and nearby areas, the night skies are
lightened-up so much that a fifth of all people in the world can no longer observe
the milky way with their naked eyes (Cinzano et al. 2001). Exceptions are some
areas in highly developed European nations, where night skies in some (small)
areas have become darker again. This development is linked to the decline in
primary industries and the reduced need for lighting linked to industrial processes,
which lead to less artificial light emissions at night in some parts of northern
Germany or South-West England (Bennie et al. 2014). The prevailing trend,
however, continues to be an increase in night lighting, particularly in urbanised
areas (Fig. 7.7).

With increased awareness about light pollution, actions are being taken to reduce
artificial light emissions (Gaston et al. 2012). Initiatives to mitigate light emissions
related to public infrastructure include advanced street-light technologies. These
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may rely on energy-efficient, long-lived and robust LED illuminants, which have
been shown to considerably reduce light pollution (Bennie et al. 2014; Poiani et al.
2015; Shahzad et al. 2016). Despite some promising examples, light pollution
levels are still increasing across most European countries, which brings the mon-
itoring of nightscapes and their perception by the public onto the research agenda.

7.4.1 The Perception of Artificial Light Pollution
and Dark Skies

For example, the reduction of light pollution is an ambition of the Campaign to
Protect Rural England—their interactive map revealing England’s darkest and most
light-polluted skies (CPRE 2018). In Switzerland, the public perceives light
emissions as a new source of environmental pollution that has to be limited
(Zumthor et al. 2005). In areas such as the Val Müstair in the Canton of Grisons that
are still relatively little affected by night pollution, dark skies are perceived posi-
tively by inhabitants as well as visitors (Mazenauer 2015). Despite positive asso-
ciations with dark skies in Val Müstair, no consensus was found to further enhance
this landscape quality through specific measures, such as turning off street lighting
between one and five in the morning every day or reducing the availability of
artificially led ski slopes and sledging trails. Interview participants were in favour of

Fig. 7.7 ‘Earth’s City Lights’. Marc Imhoff/NASA GSFC, Christopher Elvidge/NOAA NGDC,
Image: Craig Mayhew and Robert Simmon/NASA GSFC (Creative Commons CC0)
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such artificial lighting for snowsport activities, but also supported guided star
gazing walks as touristic activity (Mazenauer 2015). However, with increasing light
pollutions across Europe, the future of localised initiatives related to dark skies
remains unsure. According to a survey by the Swiss Federal Office for the
Environment (FOEN) among the Cantons of Switzerland, there is a demand for
standards about light emissions, but so far, only few cantons have provided
guidelines on reducing artificial light emissions, for example, Basel-Landschaft
(AuE 2004).

In order to inform the public and to provide baseline measures of the landscape
quality of dark skies, it is important for environmental monitoring programmes to
include observations of light pollution. The Swiss landscape monitoring program
(LABES) provides such time series from 1992 onwards (FOEN and WSL 2013;
Kienast et al. 2015). The indicator light emissions aggregate many processes such
as urbanisation, land abandonment or remoteness in one measure, without being
able to distinguish between the processes. From a landscape monitoring perspec-
tive, on the one hand, the comprehensiveness of this indicator is welcome and
cost-efficient new measure. On the other hand, it does not allow evaluations of the
effectiveness of specific environmental policies.

7.4.2 Modelling Light Emissions

Light emissions can be modelled using satellite imagery (Cinzano et al. 2001). For
Switzerland, light emission modelling showed that these emissions have increased
by 70% between 1994 and 2009, with fewer areas being dark at night. For example,
on the Swiss plateau and in the Jura mountains, there is no cell that is entirely dark
at night (Fig. 7.8), the last dark 1 � 1 km cell in the Jura mountain disappeared.
The total area with night-darkness decreased significantly between 1992 and 2000,
but afterwards, the curve flattens out considerably. Such a flattening is not observed
in the values of night brightness/total light emission (not shown) for the last ten
years, which increases continuously. This indicates a certain concentration of
light-lit areas since the turn of the millennium.

The importance of protecting dark skies from becoming ‘extinct’ with increasing
use of, often unnecessary, artificial lighting is increasingly being recognised. Apart
from environmental benefits in protecting insects, birds, bats and many other
species, reducing artificial lighting helps to save energy. From a landscape per-
spective, we do not yet know enough how people experience the loss of dark skies,
which is a landscape quality that forms part of an extended understanding of
wilderness or wild areas. Such dark sky areas in connection with wilderness may
become an important economic resource that generates income through tourism.
For instance, the International Dark Sky Association has the ambition of creating
‘Dark Sky Parks’ such as the one designated in the Cairngorms, Scotland. Other
examples include the US National Park service launching a successful series of dark
sky protection initiatives, such as the designation of the Petrified Forest National

210 F. M. Wartmann et al.



Park in Arizona as an International Dark Sky Park, and the Yellow Stone National
Park launched activities to reduce artificial light (US National Park Service 2018).

7.4.3 New Methods for Dark Sky Research: Citizen Science

Citizen science—often defined as science conducted by citizens who aren’t pro-
fessional scientists—has recently gained popularity not only as a way to engage
people in diverse topics, but also as a form of collecting data that would otherwise
be unfeasible, be it for bird conservation, galaxy classification or protein structure
modelling. Examples of citizen science projects on dark skies show how research
on landscape qualities can benefit from engaged people collecting data on the
ground.

So far, dark sky research has primarily focused on measuring light emissions
through satellite data. However, satellites measure light visible from space, not the
brightness on the ground that affects people and other organisms. This information
needs to be modelled using the satellite measures as input data and calibrating the
model with ground truth data—data which would be impossible to collect without
the help of citizen scientists. Several projects concerning dark skies have been
launched, which can produce important datasets that complement existing research
on dark skies (Kyba et al. 2013). Examples include the ‘Globe at Night’ web
platform (https://www.globeatnight.org/webapp/) where you select how your sky

Fig. 7.8 Relative area of complete night-darkness over the years 1992–2012 in the biogeographic
regions of Switzerland (definition night-darkness: Radiance < 1 (W * cm−2 * sr−1 *
µm−1) * 10−10). Three years are averaged in each case. The spatial resolution is 1 km2 (own
illustration from data source: Kienast et al. 2015)
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looks compared to a series of star charts (Fig. 7.9). The data collected through this
platform then allows researchers to track changes in sky brightness over time at the
global or national level.

Because ‘Globe at Night’ provides a distinct number of options showing dif-
ferent levels of sky constellations visible, it does not provide a very exact mea-
surement of sky brightness. Therefore, the ‘Loss of the Night’ app for mobile
phones (http://lossofthenight.blogspot.com/) was designed to complement ‘Globe at
Night’. Based on the ‘Sky Map’ app by Google, citizen scientists are asked how
many individual starts they can recognise in the night sky. Determining the least
bright scar identified enables researchers to determine more accurately the levels of
sky brightness as ground truth data. Another approach is the ‘The Dark Sky Meter’
app (https://www.darkskymeter.com/), which makes use of the smartphone camera
to measure sky brightness. All these citizen-collected datasets are made available to
the public where anyone interested can view the data (http://www.myskyatnight.
com/#map).

Citizen science projects are not without caveats, including the disproportionately
large contribution of few participants, difficulties of maintaining participant’s
motivation and questions revolving around data quality (Cohn 2008; Eveleigh et al.
2014; Lukyanenko et al. 2016). These challenges notwithstanding, citizen science
offers a new tool to collect data on landscape qualities, and while we have focused
on citizen science for dark skies, such an approach is feasible to apply to other
landscape qualities.

Fig. 7.9 Globe at Night App allows citizen scientists to report which star constellations they can
see at night at a particular location and time, allowing scientists to estimate sky brightness. Image:
‘Light pollution: It’s not pretty’ by jpstanley on Flickr (CC BY 2.0)
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7.5 Conclusion

Landscape qualities including tranquillity, wilderness and dark skies are ideal topics
through which to illustrate the very essence of landscape research as a multidis-
ciplinary and therefore multi-perspectival research. On the one hand, these concepts
can be investigated through a positivistic or essentialist perspective, measuring the
physical, in other words, the more tangible aspects of landscapes from a natural
science perspective. For instance, we can measure noise levels, light emissions seen
from space, and distances from human infrastructure as indications of landscape
qualities people perceive. On the other hand, we can assess these landscape qual-
ities from a social science perspective, asking about attitudes towards certain
landscape qualities such as wilderness, or how people perceive tranquillity or dark
skies in certain landscape settings, and, last but not least, what values and meanings
groups of people or societies associate with these qualities. In this chapter, we
aimed to illustrate that multiple forms of research can be combined to create a more
holistic view on landscape qualities, including physical aspects, as well as how they
are perceived and evaluated by individuals and societies. We introduced novel
approaches and methodologies to investigate landscape qualities, using, for
instance, automated image recognition, analysis of geotagged social media imagery
and texts, as well as citizen science approaches, highlighting emerging trends and
potential new research directions.

This chapter is not meant as a thorough review of the concepts of wilderness,
dark skies and tranquillity and associated methodologies for their assessment.
Rather, we see it as an illustration of the potential for landscape research to engage
multiple perspectives from diverse research fields and serve as the basis for dis-
cussions about multiple and diverse approaches to assess landscapes and their
qualities.
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Chapter 8
Tools for Landscape Science: Theory,
Models and Data

Marcel van Oijen

Abstract We review the different roles of theory, models and data in landscape
science. The need for science at the landscape scale is argued. Landscape theory is
considered as a repository of probabilistic patterns rather than as a collection of
laws of nature. We present a typology of such patterns for five distinct landscape
features: land cover, land use, patch properties, patch interactions and exogenous
influences. We show how theory for these features can support landscape mod-
elling, and we provide a checklist of questions for model developers. The limited
availability of data on landscapes is discussed, and how that leads to uncertainties in
theoretical patterns as well as models. We analyse how probability theory can be
used to account for these uncertainties, strengthening the links between theory,
models and data, and facilitating decision support.

Keywords Agricultural landscapes � Bayesian methods � Data � Ecosystem ser-
vices � Landscape theory � Models � Probability theory � Uncertainties
Abbreviations

ALS Agricultural landscapes
ES Ecosystem services
FLS Forest landscapes

8.1 Introduction

8.1.1 Terminology

The study of landscapes has a long history. Biophysical and cultural aspects of
landscapes have been studied in a range of disciplines including geography,
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biogeochemistry and landscape ecology. This chapter does not review that history,
but focuses on landscapes from the perspective of a scientist who wants to predict
the impact of environmental change on landscape processes and the services that
landscapes provide. From this pragmatic perspective, a landscape is any area that
consists of multiple different ecosystem types that interact with each other. To
describe landscapes, we use the “matrix-patch-corridor” terminology of Forman
(1995) (see Fig. 8.1). The matrix is the dominant ecosystem type that covers most
of the area within the landscape. Patches are smaller areas of different ecosystem
types within the matrix, and corridors are linear landscape elements that separate
the ecosystems. The corridors can function as conduits as well as barriers. When
over time patches become larger or more numerous, the matrix will diminish in size
until it no longer covers the majority of the land, and the term matrix loses it
meaning. This can continue until a different ecosystem type is seen as the matrix.
We shall often refer to the matrix as just another patch, albeit the largest one.
Agricultural landscapes (ALS) have a matrix of managed farmland (crops or
grassland), and in forest landscapes (FLS), the matrix is forest.

8.1.2 The Need for Landscape Science

Much of the literature in the ecological, environmental and agricultural sciences
focuses on single ecosystem types, many of which even have their own dedicated
journals. However, concepts and methods are converging. A common concept is
that of ecosystem services (ES), which encapsulates the many different ways in
which ecosystems are important to mankind. Any single ecosystem such as a forest
or field of wheat can be productive, have biodiversity, contribute to the greenhouse

Fig. 8.1 Landscape elements: matrix, patches and corridors. Left: Agricultural landscape (ALS).
Right: Forest landscape (FLS)
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gas balance, intercept air pollution, be appreciated for its beauty and provide other
services. But we can ask the question: Are these ES properly studied at the level of
a single ecosystem, or should we study them as part of the larger landscape?

Many ES depend on connections between ecosystems. The biodiversity of a
patch is replenished by the influx of species from the surrounding landscape. Air
pollution may or may not reach a patch depending on the presence of tree barriers.
Biogeochemists study the flow of water, carbon and nutrients between different
landscape elements. Agronomists track the dispersion of genetically modified
organisms. ES such as aesthetic value and tourism are properties of a landscape, not
of any single ecosystem within it. People aim to visit the ‘Lake District’ in England
rather than any particular lake, village, forest or mountain. On the other hand, for
ES such as productivity, the field scale may suffice. Farmers decouple the pro-
ductivity of their fields from the landscape by controlling the availability of water
(irrigation, drainage), nutrients (fertilization), weeds, pests and diseases (biocides).
But this decoupling is never complete, and the required intensity of management
partly depends on the landscape, not just the field. For example, field hydrology
management will require more effort when upstream forests are cut. We conclude
that landscapes are more than the sum of their constituent ecosystems, implying a
need to consider problems at the landscape scale. This is the justification for
landscape science, and the term landscape services is increasingly used.

8.1.3 Tools for Landscape Science

Many process-based field-scale models exist, for crops, grasslands and forests, that
can be used to simulate processes in individual patches. However, these models are
not equipped to simulate landscape processes (Van Oijen et al. 2018). For specific
ecosystem combinations, landscape models exist as well (Baker 1989; Baker and
Cai 1992; Baker et al. 1991; Duretz et al. 2011), but their development is still in its
infancy. This shows that, despite the long history of landscape study, landscape
science is still a young and developing discipline. This chapter discusses the tools
that this developing discipline requires. In particular, we aim to clarify the roles of
theory, models and data in landscape science. Our examples shall focus on ALS,
but much of the discussion will be more generally valid.

8.2 Landscape Theory

8.2.1 Theory in the Applied Sciences

Many of the applied sciences underwent large changes in the 1960s. After the
publication of Von Bertalanffy’s ‘General Systems Theory’ (1968), any object of
study came to be seen as a system whose behaviour depended on internal feedbacks
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as well as exogenous influences. In the environmental and ecological sciences, the
systems approach led to the development of complex process-based dynamic
models. This lowered the status of ‘theory’ (Van Oijen 2009). Models were no
longer seen as implementations of a discipline-specific theory; they were repre-
sentations of known processes and feedbacks. The diminished role of theory
implied that models no longer needed to be ‘correct’, they needed to be useful. In
landscape science, debates about the definition of ‘landscape’—as a primarily
human or natural construct—died down.

These developments reflected the realization that the applied sciences cannot
produce any simple ‘laws’, comparable to those of theoretical physics. Organisms,
ecosystems, landscapes and economies are complex systems, and their behaviour
shows regularities but is not fully predictable from any deterministic laws. The
conservation laws for matter and energy hold for all systems, and they underpin
element budgets of catchments (Bormann and Likens 1967) and calculations of
energy flows in ecosystems (Odum 1968), but they leave many degrees of freedom
for most ES. The role of theory therefore has to be modest: summarizing the
likelihood of different kinds of system behaviour under different conditions. Theory
can only provide probability distributions for the properties and performance of
systems. So what kinds of probabilistic patterns can landscape theory capture? One
example is the observation that ALS of higher spatial complexity tend to be richer
in biodiversity, including natural enemies of crop pests and weeds, than simpler
ALS (Begg et al. 2017; Chaplin-Kramer et al. 2011; Roschewitz et al. 2005).
Another example is that grassland-dominated ALS in Europe tend to lose between
70 and 100% of their nitrogen imports to the environment, with fairly regular
proportions of losses to soil, groundwater and atmosphere (Dalgaard et al. 2012).
Knowledge of such theoretical patterns helps modellers develop and test their
models. But a daunting variety of patterns can be detected in landscapes.
Regularities can be found in space, in time and in relationships between landscape
elements. To bring order into this study, we need a typology of landscape patterns;
one is proposed in the following section (Table 8.1).

Table 8.1 A typology of landscape patterns

Feature Examples of patterns

Land cover Deforestation, urbanization, desertification, Von Thünen’s ‘Isolated
State’

Land use Intensified crop management in some areas, more organic
agriculture in others, increase in agroforestry

Properties of individual
patches

Variable emission factors for N2O, loss of soil organic matter

Interactions between
patches

Introduction of shelter belts, ecoducts

Exogenous influences Climate change, increased tourism, increasing impact of global
markets
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8.2.2 The Five Types of Pattern in Landscape Theory

Landscapes show regular patterns in: (1) land cover, (2) land use, (3) properties of
individual patches, (4) interactions between patches and (5) exogenous influences
on the landscape. We mention examples for each of these five types of pattern.

What kinds of land cover can we expect in our landscapes? Are there any
obvious trends in time of land cover change? Are there standard spatial configu-
rations of the different patches in a landscape? Where can we expect corridors?
There are not many answers to these questions: theory regarding land cover
dynamics is not well developed. Worldwide, several trends are noticeable:
increasing use of land for agriculture, increasing urbanization, denser transport
networks and desertification. At finer scales, we see an increase in parcel size in
agriculture. As for the spatial configuration of landscape elements, some theoretical
patterns were already proposed two centuries ago. Von Thünen, in his “Isolated
State” concept, suggested that agricultural landscapes would self-organize in rings
around a central market town (von Thünen 1826). Vegetation requiring the least
effort in maintenance and transport would be found furthest from the centre. Some
recent observations on real ALS in Brittany (France) show similar circular patterns
around farms (Thenail and Baudry 2004). There is also theory for the spatial
arrangement of river networks, which often follows a fractal pattern that can be
explained using thermodynamics (Kleidon et al. 2013). It is to be expected that the
identification of temporal and spatial patterns of land cover and land cover change
will benefit from the increasing availability of remote sensing data.

Land use and land-use change have received increasing attention in recent
decades because of their role in greenhouse gas emissions. A common trend in
many ALS is increasing intensity of management. In general, information about
land cover needs to be combined with other sources of information to reliably
assess how land is used. Levy et al. (2018) combined eight different data sets—
including self-reporting by farmers, afforestation records and remotely sensed land
cover (Corine)—to estimate annual land-use patterns in Scotland from 1969 to 2015
at a spatial resolution of 0.1 � 0.1 km. They accounted for uncertainty in each of
the data sets, using a Bayesian method to combine all information into probability
distributions for land-use change. The work showed that the carbon balance for
land-use change in Scotland was dominated by losses in conversion to intensively
managed cropland and gains due to expansion of timber forestry.

Regularities in the properties of individual patches are studied by disciplines that
underpin landscape science, such as ecophysiology and soil science. These patterns
are important to landscape scientists—they need to know that grassland soils tend to
be richer in organic matter than crop lands—but information about such patterns is
inherited from the other disciplines, and not exclusive to landscape theory.

Interactions between patches, on the other hand, belong to the core domain of
landscape theory. However, knowledge is still limited. There are many ideas about
how movement of pollutants, pollen and seeds through the landscape can be con-
trolled through the judicious placement of tree shelter belts and green strips, based
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on models from epidemiology, hydrology and atmospheric dynamics (e.g. Bealey
et al. 2014). However, the efficacy of such measures is still under debate. For
landscape theory, this means that probability distributions for interactions between
patches are currently wide, acknowledging this large uncertainty.

As with all systems, landscapes are subject to many exogenous influences.
Market constraints affect the scope for export of products and for tourism—and
these are also affected by the accessibility of the landscape: the proximity of air-
ports, railway stations and motorways. Climatic trends alter the delivery of ES, as
do the regional levels of air pollution, invasive species, pests and diseases.

8.2.3 The Development of LS Theory

The preceding brief overview has shown that landscape theory can be seen as the
collection of common patterns among landscapes for land cover, land use, con-
nectivity, internal constraints and exogenous drivers. Such patterns are being
detected and reported in the literature, but the research effort is still limited. Most of
environmental and ecological science focuses on smaller spatial scales and/or single
ecosystems or habitats rather than multi-ecosystem landscapes. How can landscape
theory progress? When identifying patterns, it will be important to draw on land-
scape typologies. Patterns can more easily be detected for specific landscape types
than across all landscapes. Fortunately, efforts to develop comprehensive landscape
typologies are underway. An example is the recent map of Norwegian landscape
types produced by Erikstad et al. (2017). Their map reveals common landscape
gradients with altitude and distance from the sea. Research can be targeted at
specific landscape types. The already mentioned regularities in nitrogen losses
observed in European grassland ALS (Dalgaard et al. 2012) may not hold in the
same way for other types of landscape.

However, landscape theory should remain open to similarities between different
landscape types and to similarities with theory in other disciplines. Progress
towards landscape theory for ALS can be made by exchanging ideas with FLS
scientists and ecologists, as they bring complementary expertise. The study of ALS
tends to focus on productivity and the mitigation of short-term impacts of human
actions through environmental offsets, management of fauna and flora, hedgerows
and other measures. FLS science adds to this the elements of long-term dynamics,
climate change impacts and individual-based modelling. And ecology brings focus
on biodiversity, genetics, traits and diseases.

But how should landscape theory be developed concretely? How exactly can we
make any general statements about landscape patterns? We already mentioned that
the patterns are of necessity probabilistic; they are not laws of nature. So the
patterns—such as the results from meta-analyses and inventories—must be
described as probability distributions rather than as deterministic functions. And
when new information becomes available, the distributions can be updated using
the methods from probability theory. This implies the use of Bayesian methods to
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reduce uncertainties (Van Oijen 2017). These methods also offer a natural place to
grand theories and concepts for complex adaptive systems, such as scaling theory
(West 2018), panarchy theory (Holling et al. 2002), the principle of maximum
entropy (Bertram and Dewar 2013), criteria for resilience of agro-ecosystems
(Cabell and Oelofse 2012) and the already mentioned thermodynamical explanation
of fractal river flow networks (Kleidon et al. 2013). None of these theories and
principles can predict anything with great accuracy for any specific organism or
system, but they give us—within wide uncertainty bounds—a first idea of what to
expect, a first quantification of our probability distributions.

Having concluded that landscape theory provides probabilistic patterns rather
than deterministic laws, we now discuss how such theory can be of use to landscape
modelling and data collection.

8.3 Landscape Models

Landscape models are more than a loose collection of models for specific
ecosystems or farm systems. Their defining characteristic is that they represent
interactions between different patches either explicitly (by simulating transport
processes) or implicitly (e.g. by including dependencies on ‘landscape complex-
ity’). The practice of ‘tiling’, which is common in vegetation modelling as part of
global climate simulation and involves different ecosystem-specific models being
run independently for different patches of land, is not landscape modelling, as it
ignores the interactions between ecosystems.

8.3.1 Designing Landscape Models: A Checklist

In contrast to landscape theory of which the primary purposes are to summarize
patterns and support modelling, landscape models are desired to be predictive. This
requires the models to target well-defined landscapes. Key questions are the fol-
lowing: (1) Which landscapes do we want to model? (2) Why do we want to model
them? (3) At which spatiotemporal scale should our model operate? (4) Which land
cover types, land uses, patch properties, interactions between patches, and exoge-
nous drivers must our model represent? We briefly discuss this checklist of four
questions (Table 8.2).

The aim of the model can be to simulate a specific individual landscape (or set of
landscapes) that we can locate on a map. Alternatively, the model may be targeted
at a class of landscapes, wherever they happen to be, such as ‘ALS in temperate
climates’. The latter requires a much wider range of model applicability, i.e. broader
knowledge of relevant mechanisms.

Our reasons for being interested in certain landscapes affect the amount of detail
that must be represented in the model. If we are interested in the impact of
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management decisions or environmental change, then these must be represented as
input variables or parameters. And the range of ES that we are interested in defines
a minimal set of output variables that must be calculated.

The spatiotemporal scale of the model refers to both extent (time period of
interest, area covered by the landscape) and resolution (time step and spatial grain).
Both should match the spatial heterogeneity and the length scales of connecting
processes. However, there is a great variety of connections in landscapes. Transport
can take place via atmosphere, land, soil and groundwater. A key problem in
landscape modelling is that there is no ‘natural’ length scale to these connections:
process length scales vary by orders of magnitude. Atmospheric transport of
ammonia is much more localized than that of nitrogen oxides, dispersal of pollen
and seeds varies between meters and kilometres depending on particle size etc.
Atmospheric transport models exist, but they are still in their infancy for topo-
logically complex terrain, and similar problems exist for hydrological models.

The final question of our checklist provides a link between model development
and theory. The land cover types, land uses, patch properties, interactions between
patches, and exogenous drivers that our model must represent are of course also the
five types of landscape pattern that are studied by landscape theory. Theory thus
provides the first ideas about which processes and feedbacks to include in the model,
and initial estimates for variables and parameters. In this way, landscape theory
informs landscape model design without prescribing model structure in any detail.

8.4 Data on Landscapes

As in all sciences, data underpin both theory development and modelling (Van Oijen
2002). Theory is formed by detecting patterns in data. Landscape model design is
inspired by this data-based theory, but data are also used more directly in modelling
as external driving variables (e.g. weather conditions, market prices), as information

Table 8.2 A checklist for landscape model development

Question Examples of answers

Which landscapes do we want to model? The English lake District, Grassland-based ALS
in NW-Europe

Why do we want to model them? To predict the impact of greening measures on
biodiversity, to predict the impact of climate
change on productivity and other ES

At which spatiotemporal scale should the
model operate?

Catchments of 1–10 km2 (at a resolution of
100 m) for the years 2000–2100 (at an annual
time step)

Which land cover types, land uses, patch
properties, interactions between patches,
and exogenous drivers must the model
represent?

Grassland and forest, intensive management,
etc.
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for parameter calibration, and as test-cases for the predictive capacity of the models.
However, data availability is still limited in landscape science. A common problem
is that driver data tend to be available only at coarse spatial resolution. When such
spatially averaged data are used as input to field or landscape models, which tend to
be nonlinear, outputs are biased because of aggregation error. There are ways to
correct for this error (Van Oijen et al. 2017), but these are not easily applicable in the
case of complex models. Improvements in downscaling of driver data are thus
required. In contrast to driver data, data on the ecosystems that make up landscapes
are often only available for small areas within individual patches. This hampers any
testing of model predictions at the landscape scale. A notable exception to this is the
classical work on element budgets in catchments, where a single water outflow point
can act as a natural integrator of nutrient losses in the whole landscape (Bormann and
Likens 1967). Similar methods are now used to quantify losses of dissolved organic
and inorganic carbon from landscapes, a hitherto poorly known component of the
carbon balance (Dinsmore et al. 2010).

An additional obstacle in landscape science is the difficulty of carrying out
experiments at the landscape scale. It is therefore hard to distinguish causal rela-
tionships from mere correlations. However, the consequences of natural large-scale
perturbations and disturbances (e.g. fires, epidemics, droughts) can be compared for
different landscapes. Information on such extreme events will become increasingly
available through the further improvement of remote sensing techniques and the
increasing placement of small sensors in the landscape [see, e.g., the Cyber-Physical
Systems landscapes of Lee et al. (2015)]. Further understanding of the processes
underlying the spread of organisms through the landscape will be derived from the
increasingly refined techniques for landscape genomics (Whipple and Holeski 2016).

Irrespective of any expected improvements in measurement methods, data on
landscapes will—just as landscape theory and models—have a degree of uncer-
tainty attached to them. The question thus becomes: How should landscape science
combine theory, models and data when all have uncertainties?

8.5 Towards a Probabilistic Synthesis

At various points in this text, we have identified links between the three tools of
landscape science: theory, models and data. A summary of these links is provided in
Fig. 8.2. We alluded to the fact that uncertainties are ubiquitous, and rigorous
book-keeping of these uncertainties is essential. This implies a need for using
probability theory, in particular Bayesian probabilistic methods (Van Oijen 2017), in
all areas of landscape science. We see this first in the derivation of theory from data,
not as laws, but as probability distributions. The resulting theory, but also theory
from underpinning ‘small-scale’ disciplines (crop science, grassland science, soil
science, etc.), provides prior probability distributions for the parameter values of
landscape models. Data to compare with model predictions further allow Bayesian
calibration of the parameter distributions, thereby reducing uncertainty, and testing
of model quality. Monte Carlo sampling from the parameter distributions, and from
uncertain input variables, is used to generate stochastic model predictions.
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If this probabilistic approach to landscape science is adopted throughout, other
benefits follow. The design of landscape monitoring programmes can be targeted at
reducing key uncertainties. Landscape theory, landscape models and probability
theory together can identify which measurements will reduce uncertainty in model
predictions the most (as was shown for forest models, Van Oijen et al. 2005).
Secondly, probabilistic modelling facilitates decision support, where managers need
to assess uncertainties associated with different courses of action, and risk analysis
(Van Oijen et al. 2013). To this end, the landscape modelling can be embedded in
simple graphical models, such as spatial Bayesian Belief Networks (BBN). BBN
are already being used in FLS to decide on the spatial allocation of nature con-
servation areas, and the process of building the graphical model has been shown to
facilitate stakeholder involvement (Gonzalez-Redin et al. 2016). Finally, if a
landscape model becomes too large and unwieldy for Bayesian calibration, it can be
approximated using a stochastic emulator (Kennedy and O’Hagan 2001).

8.6 Conclusions

We have outlined a view of landscape science in which theory is a repository of
existing knowledge, expressed as a collection of conditional probability distribu-
tions. Such theory will always remain ‘in progress’ as new data are being gathered,
more appropriate landscape typologies defined, and more robust patterns of land-
scape behaviour identified. The search for such patterns can be organized around
the five types of landscape pattern that we distinguished. However, hard laws will
not be found because landscapes are complex systems. The theory will support the

Fig. 8.2 Landscape science: The connections between theory, models and data
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development and application of landscape models that are evaluated not for ‘cor-
rectness’ but for predictive capacity in tests against data.

We emphasized the use of probability theory in this endeavour. It can be
employed in developing theory, providing prior distributions for model parameters,
quantifying uncertainty in data, calibrating and evaluating models, correcting
upscaling errors, providing decision support, facilitating risk analysis and replacing
complex models with stochastic emulators.
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Chapter 9
Analyzing Vegetation–Soil–Topography
Relationships of Landscapes:
A Multiscale Geosystem Approach
and Its Application

Alexander V. Khoroshev

Abstract Most landscape-ecological models deal with either between-component
relationships at a single hierarchical level or with hierarchy of a single geocom-
ponent, often ignoring variety of types of between-component relationships and
density of linkages in space. We developed the multiscale geosystem approach to
clarify the relations between landscape attributes, governing ecological processes,
and relevant scale levels of processes description. We treat landscape as a multi-
pattern geosystem that is composed by superposition of spatial relationships formed
at several scale levels and reflecting various contemporary ecological processes as
well as legacy of former processes and geographical phenomena. We propose the
procedure that allows comparison of a series of hypotheses about the appropriate
spatial extent of the higher-order system, i.e., the extent to which the focal system
responds to constraint. Constraints from the higher-order system are interpreted as
an emergent effect evolving as a result of interactions between neighboring spatial
units. The properties of a landscape unit are treated as a product of both intra-level
interactions between geocomponents and inter-level relations with a set of sur-
rounding units. The proposed statistical procedure is aimed at splitting spatial
variance of geocomponents’ (soils and vegetation) properties to effects of inter-level
and intra-level interactions. Non-metric multidimensional scaling was applied to
reduce dimensionality of raw field data collected in Republic of Udmurtia
(mixed-forests zone) and to range ecological factors affecting vegetation and soil
properties. Response surface regression models were applied to relate properties of
soils and vegetation to each other and to a set of relief morphometric properties
measured from digital elevation model in a range of square neighborhoods.
Comparison of quality of equations built for various neighborhoods allowed
establishing the size of holistic higher-order geosystems that impose frame condi-
tions on properties of the focus-level units. We revealed contemporary and
former-time processes that shaped patterns of vegetation and soil cover and their
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characteristic space scale. The proposed approach is scale-invariant and can be
applied to study of relations between the focus-level units and the higher-order units
at any map resolution.

Keywords Geosystem � Landscape � Hierarchy � Response surface regression �
Neighborhood � Morphometrical features � Forest � Udmurtia

9.1 Introduction: Modern Challenges for Studying Spatial
Relations and Hierarchy in Landscapes

Modern landscape ecology acknowledges that types of spatial relations vary from
place to place (Cushman and Huettmann 2010). Combinations, proportions, and
configuration of patches, landforms, communities, etc., may replace each other in
space with either discrete boundaries or non-discrete ecotones. Hierarchical orga-
nization of a landscape requires finding approaches to adequate identification and
description of holistic units with close interactions among the geocomponents such
as vegetation, soil, water, bedrocks, and topography. However, it is well known that
each unit as a holistic entity is embedded into a higher-order system and may
respond to dynamic events in the lower-order units (Wu and David 2002; Turner
and Gardner 2015). Since landscape is treated as a complex system and has ability
for self-organization which is indicated by spatial patterns and temporal rhythms,
identification of relevant space scale for each process or phenomenon is critically
needed (O’Neill 1988; Phillips 1999; Hay et al. 2002; Ben Wu and Archer 2005;
McMahon et al. 2004; Khoroshev et al. 2007).

Landscape-ecological studies face a set of challenges that restrict correct
reflection of hierarchical organization in forecasting future states of a landscape and
land-use decisions. First, most models deal with either between-component rela-
tionships on a single hierarchical level or hierarchy of a single geocomponent (in
most cases, vegetation cover or relief). However, the privilege of landscape science
is the study of relationships between groups of correlating properties. Second,
landscape mapping is poorly supplied with quantitative approaches to comparative
evaluating contributions of abiotic template, self-organization of geocomponents,
and intra-phytocoenotic relations to spatial heterogeneity. This results in incorrect
delineation of units based on inaccurate determination of principal driving factors.
Third, we face the lack of quantitative methods that would enable us to evaluate
contributions of the higher-level geosystems to spatial variability of the lower-level
ones that is to consider top-down constraints for local ecological processes. Fourth,
types of between-components relationships and density of linkages can vary in
space. Ignorance for these phenomena restricts opportunities for extrapolation of
plot-related information for the needs of territorial planning.

Modern landscape research needs deep insight into relations between biotic and
abiotic geocomponents as well as between hierarchical levels. The useful tools for
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the three-dimensional view of landscape with due consideration for the spatial
organization of relief and geological patterns were developed within the framework
of the geosystem concept. This concept was introduced to geography by Victor
Sochava in 1963 (Sochava 1978). He initiated treating a set of interrelated geo-
components on the Earth’s surface irrespective of scale as a “geosystem”. Recently,
Bastian et al. (2015) analyzed contemporary state of the art in the geosystem
concept. Since the early years of the concept, the principal challenge for the
identification of complex geographical systems has been almost unlimited number
of attributes and linkages between them. In 1970s, this fact inspired certain pes-
simism in feasibility of studying territories as physical systems (Reteyum 1972).
The cited author insisted on limiting the “geosystem” notion by the single kind of
geographical objects, namely, that with unidirectional matter flow or, later, by
centered systems with a field of influence around the core. Nowadays, explicit
statistical tools allow reducing dimensionality, and we have opportunities to replace
infinite number of attributes by a small number of virtual variables which integrate
interdependent attributes and are easily interpretable as ecological factors
(Khoroshev and Merekalova 2006). Furthermore, methods like principal compo-
nents analysis or multidimensional scaling allow ranging virtual variables (factors)
by their contributions to spatial heterogeneity. This is not a purely technical
advance but, more important, a promising opportunity to derive rationales for
revealing hierarchies in nature which is one of the most critical challenges for
landscape studies.

So far, the geosystem approach has been developed mainly in Eastern and
Central Europe (Angelstam et al. 2013; Bastian et al. 2015). Landscape ecology,
nowadays, follows the general trend to three-dimensional study of landscape rather
than traditional commitment to “flat” representation of relationships among patches,
corridors, and matrix. Relief patterns may be detected and formalized relatively
easily due to availability of SRTM models or lidar data. One of the main points of
departure for the geosystem concept is more or less dense linkages between abiotic
template and soil and vegetation patterns. These relationships are believed to be
governed both intra-level and inter-level dependencies.

9.2 What Is the Essence of the Multiscale Geosystem
Approach?

In this paper, we apply the geosystem concept to study relationships between
vegetation, soil, and topography. In our opinion, the geosystem approach should
satisfy the following conditions.

• Interrelated elements are defined and quantitatively described on a set of spatial
objects.

• Type of dependency between elements is statistically described, and significance
is evaluated.
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• System-forming linkages are established; their physical meaning is determined.
• Common properties of elements imposed by external factors and/or higher-order

systems (frame conditions) are established.
• Functional role of a focus-level geosystem in a higher-order geosystem is

identified.
• Geosystems under investigation are classified.
• Geographical conditions that permit the existence of a system are revealed.
• Boundaries of a geosystem are mapped.

We treat landscape as a multipattern geosystem that is composed by superposition
of spatial relationships formed at several scale levels and reflecting various con-
temporary ecological processes as well as legacy of former processes and geo-
graphical phenomena. We distinguish three types of systems and apply these
concepts consequently aimed at multiscale description of landscape structure.

The first group of systems (A-systems below) is formed by attributes of this or
that geocomponent. The system emerges if some attributes can be treated as
competing elements. For example, humus accumulation in taiga soils can replace
podzolization under favorable conditions of nutrients supply (e.g., in Umbrisols1) or
vice versa (e.g., in Retisols). However, in a certain range of landscape conditions,
both processes can be manifested in Umbric Retisols with various ratios of humus
and podzolic horizons. By reducing dimensionality of raw field data (e.g., thickness
of genetic horizons), a researcher has the opportunity to switch to new variables
which values reflect coordinates of a sample plot on an axis of some ecological
factor. The sensitivity to this factor is treated below as a property of a geocom-
ponent, namely ratio of competing attributes which can replace each other
depending on intensity of ecological factor manifestation. When a researcher deals
with abundances of plant species, the axes reflect competitive relations literally.

The second group (B-systems below) consists of interacting properties of several
geocomponents (soil, vegetation cover, groundwater, sediments) that cannot exist
separately from each other or, more precisely, their properties emerge as a result of
interactions. The abovementioned properties are treated as elements of B-systems,
the latter being treated as geographical individuals. The properties of the geo-
components are related by radial matter and/or energy flows. Each combination of
the correlating properties is driven by the common ecological factor and produces
emergent effect in a system, e.g., biological productivity, chemical composition of
groundwater, and soil profile. Of course, we need to determine the spatial limits
where each combination of properties exists. Since this kind of systems involves
relations between abiotic template and biota at a certain geographical space, they
may be referred to as geosystems. Theoretically, the fact of strong correlations in a
group of properties may indicate the positive feedback loop that in certain sites
generates separate individual geosystem with well-manifested boundaries. In con-
trast, if one fails to reveal such groups on a territory, this may indicate continuum
with highly independent species.

1Soils here and below are named according to IUSS (2015).
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The third group (C-systems below) is formed by territorial conjugations of
elementary operational territorial units (OTUs). Theoretical foundation involves
dependence of a system operation on its structure, i.e., on manner of linkage
between subsystems (Lange 1965). Results of information which transfer from
OTU to the neighboring ones are believed to be a frame condition for the OTU
located in the geometrical center of this group that is contextual effects sensu
Fotheringham et al. (2002). Common “efforts” of spatial elements in a C-system
generate a field of a certain attribute, change of any element results in change of a
field, and its potential in each OTU. For example, field of groundwater level is
determined by combination of landforms: Progressive down-cutting of one of
ravines induces lowering of groundwater level in all the surrounding units within a
C-system. Elements in this kind of system are not independent on each other.
Though extinction of a single element does not destroy the whole system, it affects
properties of the other elements. However, the function of a system as a whole, e.g.,
ability to provide a set of habitats, is preserved since disappearance of a single
element can be compensated by similar elements. When modification of structural
properties does not entail changes in functional properties, this is referred to as
structural adaptation of a system to external impacts (van Gigch 1974). If the
holistic properties of a mosaic territory are determined by uniform effect of parent
rocks, the area of such rocks, at least within the layer of seasonal fluctuations of
temperature and circulation of groundwater, corresponds to the area of a
three-dimensional higher-order geosystem in relation to spatial elements.
System-forming flows of air, water, heat, etc., create frame conditions for any
spatial element.

Principles of the general systems theory require that inherent properties of a
landscape unit be related to constants imposed by a higher-order system.
Elementary homogeneous landscape unit (“focus-level” unit below) is hypothesized
to be a holistic entity united by elemental cycle, water cycle, and other forms of
matter and energy exchange between the geocomponents. Before we evaluate
constraints from the higher-order system, we should determine its spatial extent.
Below we propose the procedure that allows comparison of a series of hypotheses
about the appropriate spatial extent of the higher-order system, i.e., the extent to
which the focal system responds to constraint. Constraints from the higher-order
system are interpreted as an emergent effect evolving as a result of interactions
between neighboring spatial units. Thus, the properties of a landscape unit are
treated as a product of both interior interactions between geocomponents and spatial
relations with surrounding units. The task of crucial importance is to clarify whether
elementary landscape unit interacts with environment by a whole set of properties
or by groups of properties separately. If the latter holds true, this would indicate that
focus-level geosystem is a superposition of effects generated by independent pro-
cesses. In other words, it is assumed that different processes operate at different
spatial scales (Fotheringham et al. 2017). A researcher tests the hypothesis that the
geosystem has multistructural and multiscale organization (Wu et al. 2000).This
paper is aimed at establishing the relations between landscape attributes, governing
ecological processes, and relevant scale levels of processes description.
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9.3 Application of Multiscale Geosystem Approach

9.3.1 Splitting the Sources of Spatial Variability
in Geosystems

We propose the model of splitting the sources of spatial variability in geosystems.
Comparing the contributions of individual and contextual effects allows deep
insight into the reasons for spatial heterogeneity (Fotheringham et al. 2002).
Suppose, X is a property of a geocomponent, e.g., a sensitivity of a herb layer to
water supply manifested in ratio of mesophytes and hygrophytes. A, B, and C are
some properties of the other geocomponents (e.g., tree layer, soil color, texture of
soil-forming sediments). The scheme in Fig. 9.1 illustrates the following
hypotheses aimed at explaining sources of spatial variability of the property X.

1. The values of property X (coordinates of the factor axis) are determined both by
intra-level relationships with properties of the other geocomponents (A, B, C—
digit 1 on Fig. 9.1) and by inter-level relationships, i.e., frame conditions
imposed by the higher-level geosystems (digit 2 on Fig. 9.2). Values of X may
vary in space independently of some other properties D.

Fig. 9.1 Model of splitting the sources of spatial variability of the geosystem property X at the
focus hierarchical level. 1–5—sources of spatial variability. A, B, C, D—other geosystem
properties at the focus hierarchical level I–IV—hypothetic higher-order geosystems. Any property
of geocomponent may indicate processes at various scale levels as well as results of interactions
with other geocomponents at the focus level. For detailed explanations, see in text
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2. Correlation of properties X, A, B, C, D can be influenced by similar frame
conditions imposed by the embracing higher-order geosystem (I in Fig. 9.1) or
even by geosystems of several higher orders (I, II, III, IV) simultaneously (digit
3 in Fig. 9.1)

3. Part of property X variability can be determined by random processes inde-
pendently on both other geocomponents and higher-order geosystems (digit 4 on
Fig. 9.1)

4. Part of property X variability unexplained by neither intra-level nor inter-level
relationships nor random processes can be determined by spatial variability at
the lower hierarchical level, i.e., by variance of subsystems (digit 5 on Fig. 9.1)

Fig. 9.2 Study area in Republic of Udmurtia in Russia, mixed-forests landscape zone (rectangle
with black outline)
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Spatial properties of a higher-order geosystem can be described in a number of
ways. Below we use a combination of landforms as a surrogate for characteristic of
spatial heterogeneity and describe it by morphometric values: standard deviation of
elevations, summary length of thalwegs, vertical curvature, and horizontal curva-
ture. However, in general, a higher-order geosystem can be characterized by dif-
ferent sets of properties depending on the research focus. The greatest experience in
assessing emergent effects of spatial pattern has been accumulated in
landscape-ecological studies of how spatial pattern of landscape cover affects
viability of populations (Forman 2006). Another example involves studying runoff
regime as an emergent property of a basin geosystem. In this case, a researcher
assumes that plant cover influences time and rate of snowmelt and ratio of surface
and subsurface flows. Hence, he/she can evaluate proportions of forested and
deforested areas, small-leaved and coniferous stands, mature and young stands as
the surrogates for plant cover pattern. If one studies microclimatic controls of
agricultural productivity, it is relevant to consider share of ravines as accumulators
of cold air masses as well as share and connectivity of wind shelterbelts.

9.3.2 Study Area and Measurements

The approach was tested in the mixed-forests zone of eastern East-European plain,
Russia, Republic of Udmurtia. The study area is located in the Kama River basin on
the Nysha-Vala interfluve within the elevated denudation plain shaped by erosion
(Fig. 9.2). The interfluves are asymmetric with steeper south-facing slopes which
are deeply dissected by ravines and small river valleys. Solid Permian sedimentary
rocks, mainly marls and clays, emerge on valley slopes and contribute to the
development of calcium rich soils. Though glaciation did not entered the area, the
legacy of the Pleistocene is manifested as a mantle of loess-like loams on flat
interfluves and slopes and a mantle of fluvioglacial sands in the valleys bottoms.
Nutrient-rich Umbrisols, Umbric Retisols develop on loess-like loams and Permian
rocks under mixed forests (Picea abies, Abies sibirica, Querqus robur, Tilia cor-
data) while podzols prevail on sands under the coniferous forests (Pinus sylvestris,
Picea abies). Secondary forests are dominated by Betula pendula, Populus tremula,
and Tilia cordata. In wet habitats at the footslope forests with domination of Alnus
glutinosa and nitrophilous herbs occur. Small bogs with Pinus sylvestris and Betula
pubescens occur locally on the flat interfluves.

We collected 171 integrated field descriptions representative of the characteristic
landforms, geological conditions, and forest types. The raw field data involved
measurements of plant species abundance (separately for trees, shrubs, low shrubs,
herbs, and mosses), thickness of soil horizons, texture, and Munsell colors (hue,
value, and chroma) measured at 5 cm interval.
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9.3.3 Multiscale Statistical Algorithm for Delineation
of Geosystems and Building Hierarchy

We developed the stepwise procedure that allows revealing geosystems and com-
paring hypotheses about the appropriate spatial extent of the higher-order geosys-
tem, i.e., the extent to which the focal geosystem responds to constraint.

To describe systems of competing elements (the A-systems), we used non-metric
multidimensional scaling (NMDS) to calculate position of each sample plot on
axes. For each group of attributes, we calculated nonparametric Gamma correla-
tions (r) and converted correlation matrix to distance (d) matrix by equation
d = 1 − r. Then we derived sensitivity (a1i; . . .; a4i) of each raw variable to NMDS
axes and calculated coordinates of sample plots on the NMDS axes by means of
equations system:

yi
j ¼ a1ix1

j þ a2ix2
j þ a3ix3

j þ a4ix4
j ð9:1Þ

where yi j—known value of variable i measured in sample plot j, a1i; . . .; a4i—
sensitivity coefficients for variable i in relation to axes 1, 2, 3 or 4, x1 j; . . .; x4 j—
coordinate value for the sample plot j.

The axes were rationalized as sensitivity to ecological factors in four ways. First,
opposite values of sensitivity coefficients for species or soil horizons suggest
interpretation if we know contrasting ecological requirements of these species or
horizons. Second, coordinate values can be related to the other well-known eco-
logical attributes by means of ANOVA, regression equations, correlations, etc.
Third, spatial distribution of values on a map can suggest solution if we know
principal physiographic contrasts in the study area. Fourth, it is easy to interpret
values of the axis if we have already obtained physical interpretation of any other
strongly correlating axis. Relating the axes values to raw field data we interpreted
physical meaning of axes. For example, if the thickness of peat horizon is scoring
high on the axis and that of podzolic horizon scoring low, the axis was interpreted
as mobility of soil water. At the next steps, axes values were used as dependent
variables in equations.

B-systems were composed of the sets of correlating properties. These sets were
derived from the results of calculating nonparametric Spearman’s correlations and
verified by principal components analysis (PCA) from NMDS axes. Positively and
negatively correlating properties have the opposite values of PCA factor loadings.
To describe relations between the geocomponents, we composed Response Surface
Regression (RSR) models for each property:

Y ¼ b0 þRbnXn þRbkX
2
n þRbzXnXm � e;

where Y—property of a geocomponent (e.g., tree layer), i.e., the coordinate of a
sample plot (OTU) on the axis of ecological factor, Xn(m)—property of another
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geocomponent (e.g., soils) on the axes that are significant for it, bn(k,l)—regression
coefficients, and e—standard error of estimate.

To describe C-systems, we used operational territorial units (OTUs) of the same
size formally defined as a pixel of digital elevation model (DEM). Linear dimension
of OTU was chosen as 400 m in order to focus on rather large landforms such as
flat interfluves area, valley slope, terrace, and floodplain. and to omit deliberately
unnecessary topographic details. Sample plots were located in dominant position in
the center of OTU and provided with integrated field description. Each OTU was
considered to be representative of the natural geosystem defined by common
genesis of abiotic template and topography. For the square neighborhood (with
linear dimensions varying from 1200 to 6000 m) of each out, we calculated four
morphometric attributes: vertical dissections (as a standard deviation of elevations),
horizontal dissection (sum of thalwegs lengths), vertical curvature, and horizontal
curvature. The obtained values were referred to the OTU in the center of the area
used for calculation. We composed RSR model similar to (9.1) but with different
variables:

Y ¼ b0 þRbnXn þRbkX
2
n þRblXnXm � e ð9:2Þ

where Y—property of a geocomponent (e.g., tree layer), i.e., the coordinate of a
sample plot (OTU) on the axis of ecological factor, Xn(m)—morphometrical attri-
butes of relief in the square neighborhoods of various linear dimensions varying
from 1200 to 6000 m, bn(k,l)—regression coefficients, e—standard error of estimate.

The size of square neighborhood reflected our hypotheses about the spatial
parameters of the higher-order geosystem (below “1200 m geosystems”, “2000 m
geosystems” etc.) and contextual effects. Comparing coefficients of determination
r2, we determined the peak value among a series of equations for the various
neighborhoods. The peak value was interpreted as the linear dimension of a
geosystem that imposed the strongest constraints on the state of the focus-level unit.
Considering the linkage between the characteristic space scale of a process and the
size of emerging heterogeneous geosystem, we could explain which kind of con-
temporary of former-time landscape process shaped the geosystem and created
frame conditions for the certain property of the geocomponents in OTUs.

To determine spatial limits for various types of intra-level and inter-level
relationships, we verified the quality of the statistical models (9.1) and (9.2) for the
various combinations of landscape attributes. Analysis of variance (ANOVA) and
discriminant analysis were applied to relate residuals from the models to types of
landforms, forest types, rank of anthropogenic changes, and types of sediments.
The type of landscape conditions with the narrowest range of residuals close to
zero was considered to be the most favorable conditions for a certain type of
relationships.
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9.3.4 Soil-Vegetation Intra-level Relationships
as a Reflection of Ecological Drivers

The A-systems were revealed by means of NMDS. This allowed us to range
ecological factors by their contributions to spatial variability of each geocompo-
nent. The composition of competing groups of plant species in relation to each
factor indicated that nutrients supply was the most significant factor for trees, low
shrubs, and herbs (base saturation of soils, in particular), while water supply was
ranked as the second factor. Nitrogen supply turned out to the most significant
factor for herbs. In contrast, water supply contributed most for shrubs, composition
of soil profile and soil colors. Stage of succession was ranked as the third factor for
trees. These findings suggest that soil properties could be particularly sensitive to
drainage conditions depending on relief, and most vegetation layers (except for
shrubs) are controlled mainly by types of sediments and/or transport of nutrients by
groundwater. Hence, we needed to establish which hierarchical level of relief
organization was responsible for the spatial distribution of soil and vegetation
properties. Of course, soils and plants are linked by close interactions and some of
their properties may response to relief similarly. At the next step, we tested the
hypothesis that geocomponent properties are united in several combinations
(B-systems) which vary in space in agreement with each other.

RSR models for B-systems (intra-level relations) showed that the species
composition of an herb layer was almost independent on the other vegetation layers.
Coefficients of determination were insignificant ranging from 0.03 to 0.19 for any
NMDS axis. Evidently, this fact indicates that characteristic time and/or space scale
of herbs differ much from that of the other geocomponents. However, structure of
soil profile was significant for the 2D, 3D, and 4th axes which are sensitive to
nutrients supply and texture of soil-forming sediments, r2 accounting for, respec-
tively, 0.20, 0.17, and 0.15.

Tree and shrub layers are more closely related to soil profile and soil colors with
r2 reaching 0.24–0.32. Nutrient-poor well-drained soils favor high abundance of
Pinus sylvestris, Juniperus communis, and Rosa majalis. Nutrient-rich and
humus-rich soils are covered with communities dominated by Alnus glutinosa or
combination of Querqus robur, Acer platanoides, Corylus avellana, Sambucus
racemosa, Padus aviculare.

It is obvious that inter-geocomponent intra-level relations explain rather low
proportion of variance. Hence, similar communities may develop on different soils
and vice versa. This could be influenced by the contextual effects that is contri-
bution of frame conditions from the higher levels of landscape organization, i.e., by
processes of another origin and characteristic space scale.
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9.3.5 Topographic Effects on Soils and Vegetation
as the Indicators of Inter-level Relationships

Now we turn to the results obtained in investigation of inter-level relationships, that
is of emergent effects resulting from interactions of neighboring spatial elements.
These interactions were believed to be responsible for the part of variance of the
OTUs properties. We classified OTUs (pixels of DEM) by morphometric attributes
in the square neighborhoods with linear dimensions 1200, 2000, 2800, 3600,
6000 m (Fig. 9.3). Visualization of classification showed evidence that the
“1200 m geosystems” reflect contemporary erosion-induced patterns. The “6000 m
geosystems” correspond to contrasts induced by the various rates of neotectonic
uplift which resulted in the variety of valleys widths and slopes dissection.
Intermediate sizes of geosystems are indicative of relief pattern formed by the
Pleistocene sedimentation, mainly the development of fluvioglacial sandy terraces,
and the Holocene denudation at slopes resulting in either exposure of solid rocks on
steep slopes or preservation of periglacial loess-like loams on the gentle ones.

The properties of the geocomponents formed two distinct groups in relation to
the hierarchical level of relief organization they “prefer”, that is the level that
imposes the most significant constraints on spatial variability. Properties of the tree
layer (the 1st, 2D, 3D, and 4th axes) were the most sensitive to the relief conditions
in the “6000 m geosystems,” i.e., to rather large patterns with obvious neotectonic
genesis (Fig. 9.4). The same is true for most properties of shrubs, some properties
of herbs (the 2D and 3D axes), soil color (the 2D axis) and soil profile (the 3D axis).
Almost all of these axes were sensitive to nutrients supply, to contrast between
loess-like loams and sands in particular. Soil profile (thicknesses of horizons) and
soil colors are partly controlled by the closest environment in “1200 m geosys-
tems.” Hypothetic “2800 m geosystems” were the least significant and could hardly
be treated as real holistic ones. Soil texture does not exhibit clear relation to relief of
any size of hypothetic geosystems.

For example, the 2D and the 3D axes for the herb layer reflect sensitivity to
nutrients supply and soil texture, respectively. As the linear size of hypothetic
square neighborhood increases from 1200 to 6000 m, coefficient of determination
increases monotonously within the interval 0.20–0.34 for the 2D axis and in the
interval 0.10–0.27 for the 3D axis. Maximum values on the 3D axis for soil
horizons and the 4th axis for soil colors correspond to slowed down transformation
of litter to humus under the slightly abundant humidity. Munsell values are high in
the 5–15-cm-thick topsoil; Munsell chroma is high at the depth of 30–40 cm and
low at the depth of 50–60 cm. This indicates poor humus accumulation and iron
illuviation. Such combination of soil attributes occurs under either minimum or
maximum vertical dissection in the neighborhood 2000 m (i.e., parabolic pattern),
that is in moist habitats of either flat interfluves or steep deeply dissected slopes,
respectively. The latter option occurs due to emergence of groundwater at the
footslopes or in ravines. Minimum values of the abovementioned axes correspond
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to elevated humus accumulation and low thickness of litter on narrow convex
interfluves and gentle well-drained slopes.

The group of properties (the 4th axis for trees, the 1st axis for shrubs, and the 1st
axis for soil color) is sensitive to redox conditions and vary in agreement with relief
patterns with linear size 3600 m, with vertical curvature in particular. Classification
of OTUs by morphometric features of relief in the neighborhood of this size ignores
individual small valleys and gullies but distinguishes slopes of large valleys dif-
fering in degree of dissection, flat interfluve areas, and river terraces. Localities with
zero or low vertical curvature are dominated by species with high tolerance to
elevated water supply (e.g., Betula pubescens, Alnus incana, Ribes nigrum) and
gleization in soils often with Histic horizon.

To identify the boundaries of the holistic geosystems, it was necessary to reveal
a range of conditions which allowed similar response of various geocomponents to
frame conditions imposed by the higher-order geosystems. We compared quality of
the equations and residual values for the hypothetic high-order geosystems of
various sizes. We verified the quality of equations for various types of landforms
and determined which landforms ensure the least possible (close to zero) residuals.
In other words, we established abiotic conditions in which inter-level relations are

Fig. 9.3 Classification of relief patterns by morphometric attributes in square neighborhood with
linear dimension 1200 m (a), 2000 m (b), 3600 m (c), and 6000 m (d). Red color depicts the most
deeply dissected steep slopes, purple—flat interior areas of the wide interfluves, orange—concave
areas of river valley bottoms and lower slopes, light blue—flat or undulating areas, green—narrow
convex ridges
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the most well-pronounced. This allowed us to classify the properties of the geo-
components by their sensitivity to scale levels.

The first group of properties is not related to relief and topography-mediated
processes in any surrounding of an OTU. Species composition of tree layer in
peatlands is an example of such properties.

The second group of properties obeys the processes of a single level of the
higher-order geosystems. Relief pattern either indicates paleo-process or controls
contemporary process. The other scale levels are insignificant, and residuals in the
corresponding equations deviate from zero much. For example, species composi-
tion of tree layer in flat interfluves highly depends on morphometric features of
relief in the geosystems with linear dimension 6000 m.

The third group of properties obeys the processes operating within the geosys-
tems of several rank orders. The ratio of coniferous and broad-leaved trees (the 1st
axis) is driven by both “1200” and “6000” geosystems. The highest quality of
equation is characteristic of the steep southwest-facing slopes of the largest valleys.
In the closest environment (“1200 m geosystems”), the most significant predictors
are vertical and horizontal relief dissection which indicate geological contrasts,

Fig. 9.4 Sensitivity of the geocomponents to relief-driven processes in the higher-order
geosystems. The graph shows that geocomponents exhibit various space scales of relationships
with topography-driven processes. Most properties of trees, shrubs, and herbs obey the
heterogeneity of the highest hierarchical level (6000 m), while soils may reflect patterns at the
lower levels (1200 and 2000 m)
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more precisely the varying influence of Permian carbonate rocks being locally
covered by the Quaternary sediments. Broad-leaved trees prefer habitats with the
closest to surface carbonate rocks in the upper slopes, while coniferous ones—the
habitats with sandy fluvioglacial sands where the influence of carbonate rocks is not
manifested. In contrast, in the widest environment (“6000 m geosystems”) vertical
and horizontal curvature are the most significant predictors which are responsible
for dispersion and accumulation of flows. For the tree layer, this means contrasting
habitats in convex ridges and concave valleys. The difference between the best
predictors evidences difference in the nature of driving factors in small and large
higher-order geosystems.

Among the RSR models that relate properties of trees, shrubs, and herbs to the
relief of “6000 m geosystems” the minimal (i.e., close to zero), residuals were
detected for 64 units out of 171 examined ones. Another 21 units had low residuals
for trees and herbs. Then we tested the hypothesis that close to zero residuals occur
within certain type of landforms and at certain stage of recovery succession. The
model for tree layer was successful in units with high canopy cover, thick litter,
high abundance of fir, spruce, and aspen, and low abundance of pine. Evidently,
such a set of attributes distinguishes units with zonal undisturbed vegetation from
the secondary forests. Shrubs and herbs exhibit stronger dependence on the relief of
the higher-order geosystems if the thickness of sands over loams does not exceed
20–30 cm. On sandy soils, intra-level linkages contribute to spatial variability more
than inter-level ones.

Humus accumulation exhibits the best dependence on relief of “1200 m
geosystems” on the interfluves rather than on slopes. The thicker humus horizons
are typical for convex or concave surfaces. Reduced thickness occurs in flat areas
where humus accumulation is commonly replaced by litter accumulation and
podzolization. Humus accumulation decreases as the width of flat interfluve
increases. The influence of “6000 m geosystems” is more well-manifested in
inclined areas. Increase in vertical dissection results in decrease of podzolization
due to reduced duration of the period with temporal excessive humidity in spring
which is critical for this soil-forming process. The other reason is strong influence
of solid carbonate rocks which are closer to surface at almost any position within
slopes of ridges despite local peculiarities. Obviously, common legacy of the
neotectonic uplift create powerful frame conditions within each type of the
“6000 m geosystems.”

9.3.6 Nature of Geosystems Hierarchy Based
on Vegetation–Soil–Topography Relationships

In this research, we applied the approach allowing distinction among contributions
of inter-level and intra-level relations to spatial heterogeneity of the focus-level
landscape units. We did not postulate the sizes of the higher-level geosystems a
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priori but revealed them based on statistical models. Comparing response surface
regression equation for various neighborhoods, we managed to reveal the neigh-
borhood that imposes the most significant constraint over several combinations of
the correlated vegetation and soil properties at the lowest scale level.

Ranging ecological factors using NMDS showed that their significance differs
for various layers of vegetation and soils. Territory of interest contains features of
three neighboring landscape zones which are manifested in different landscape units
depending on mineral nutrition and water supply. Relief patterns detected by a set
of morphometric features indicate geological structures and neotectonic trends that
affect occurrence or co-occurrence of features of taiga, mixed-forests, and
broad-leaved forests zones.

Most vegetation layers were highly sensitive to patterns dictated by the levels of
nutrient-supply in soil-forming sediments. Soils are more sensitive to water supply
determined by relief. Sensitivity of herb layer to a combination of soil horizons,
though not very high, reflects high geochemical contrasts of soils on sands,
loess-like-loams and solid carbonate bedrocks. Trees and shrubs layers are better
related to soil conditions than herbs. All of them co-vary in space in concordance
with frame conditions imposed by relief of the higher-order geosystems. However,
the sensitivity of correlating vegetation and soil properties to the combined effects
of neighboring landforms evidences interdependencies among intra-level and
inter-level relations in a landscape. The sensitivity of soil and vegetation properties
to relief differs much.

Geosystems of different rank orders were generated by processes acting at dif-
ferent space and time scales and themselves generate contemporary processes
affecting soils and vegetation. Increase in relief dissection makes inter-level rela-
tions more complex due to the growing effect of fine-scale processes.

Relief patterns with approximate linear sizes 2000 and 6000 m provided inte-
grated information on vegetation, soil and geochemical flows and, hence, can be
treated as landscape patterns. Geosystems with linear size 6000 m play the most
significant role for the spatial variability of most geocomponents properties.
Macro-landforms correspond to either wide and narrow sectors of the convex
asymmetric interfluves composed of Permian solid sedimentary rocks or river
valleys along neotectonic joints. This major topographic contrast forms the most
important feature of landscape heterogeneity, namely the difference between
nutrient-rich units on loess-like loams and marls and, on the other hand,
nutrient-poor units on fluvioglacial sands which cover the lowest concave parts of
slopes and high terraces. The first variant corresponds to forests with high abun-
dance of Tilia cordata, Ulmus glabra, Acer platanoides, Abies sibirica, Corylus
avellana, Viburnum opulus, Padus aviculare, Asarum europaeum, Melica nitens,
Asperula odorata, and Pulmonaria officinalis. These communities are formed on
Umbric Retisols or Umbrisols which provide favorable conditions for the species
typical of the broad-leaved forests. In contrast, nutrient-poor podzols on sands
ensure dominance of boreal species (Picea abies, Juniperus communis, Vaccinium
myrtillus, Vaccinium vitis-idaea) and similarity of plant communities with taiga
zone. Thus, contrasting sedimentation in Pleistocene was the reason for close
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neighborhood of “islands” of taiga and broad-leaved communities in space.
Land-use decisions should use 6.0-km scale level for rational distribution of agri-
cultural, forestry, and nature protection activity, e.g., relatively nutrient-poor sandy
soils on long gentle valley slopes are much better for forest recovery than for
plowing (Khoroshev 2010).

Our research showed evidence that the phytocoenoses (tree layer, in particular)
may vary in concordance with spatial pattern of neighboring units within the
higher-order geosystem despite similar inherent abiotic template of OTU. It means
that despite similar types of landforms and sediments, the OTUs have dissimilar
tree layer driven by contrasts in the neighborhood (3000 m in each direction)
induced by neotectonic processes. It is worth noting that size of landform may act
as a separate ecological factor which regulates a lot of ecological processes. We
found evidence that some types of inter-level relations are manifested differently on
wide and narrow interfluve areas with similar interior topography and geology. In
other words, the size of landform does matter for vegetation.

The properties that exhibited no response to relief pattern in any higher-order
geosystem (e.g., tree layer in peatlands), most likely, have another characteristic
space scale than those considered. Obviously, the low-resolution DEM used in our
research omitted topographic details that could be more closely connected to sig-
nificant contemporary ecologically processes. Hence, such properties of OTU may
be driven by variability in lower-order geosystems to a great extent (variance source
5 in Fig. 9.1). Another explanation involves real ignorance of relief and high
contribution of self-development of the geocomponent.

The proposed procedure allows revealing the range of scale levels that impose
frame conditions on the focus-level units by comparing sets of significant predictors
in the equations and signs of regression coefficients. If the parameters of the
equations are similar for various scale levels (i.e., various neighborhoods in the case
under consideration), it means that the close environment (e.g., 1200 m in our
example for tree layer) characterize only a small part of the wider area (6000 m in
our example) where the driving factor operates. If at the intermediate scale levels
any significant relations are not manifested, we face the phenomenon of
self-similarity. In this case, composition of tree layer differs in ravines and local
interfluve between them following the same rule as in large valleys and a ridge
between them. The rule may be as follows: The more deeply dissected relief is, the
lower is the proportion of hygrophytes. If the parameters of the statistically sig-
nificant equations differ at various scale levels, we conclude that the driving process
changes at the higher scale level.

In the region of interest, mutual adaptation of the geocomponents and inter-level
relations depend on the stage of development of phytocoenosis. In units with
mature and overmature forests, vegetation layers are strongly adapted to frame
conditions of the higher-order geosystems. In contrast, in secondary disturbed
forests inter-level linkages are not well manifested. Hence, anthropogenic distur-
bance forces landscape units to “switch of” temporarily their relations with the
higher scale level and behave more independently following self-development
regularities. Geological conditions that support zonal vegetation, such as loams or

9 Analyzing Vegetation-Soil-Topography Relationships … 249



thin sandy layer over loams, may ensure stronger dependence on inter-level rela-
tions as compared to the nutrient-poor sandy deposits. The latter support vegetation
communities that resemble taiga, that is landscape more inherent to regions located
further to the north (so-called extra-zonal landscapes). Hence, the geosystems with
approximate linear dimension 6000 m impose well-pronounced frame conditions
on a set of geocomponents only in landscape conditions that ensure intra-level
relations inherent for the mixed-forests zone in its natural state.

9.4 Conclusions

Application of the geosystem approach and statistical procedures provide oppor-
tunities to establish hierarchical organization of a landscape based on interaction of
geocomponents. When landscape ecologists proceed from the concept that soils and
vegetation follow topographic patterns at multiple scales, he or she acquires greater
chances to relate ecological biota-regulated processes both to contemporary matter
flows and to remedy of past geological epochs. The approach was tested in the
mixed-forest landscape zone, but it is applicable to any zone with humid climate
where water flows can link remote units easily. In arid regions, the approach should
be tested separately. The proposed approach is scale-invariant and can be applied to
study of relations between the focus-level units and the higher-order units at any
map resolution. Furthermore, combination of landforms used in our example is only
a particular case of a much wider range of possible attributes of hypothetic
higher-order systems. The approach allows relating properties of focus-level units
(soils, vegetation, animals, groundwater, etc.), for example, to the combinations of
land-use types, microclimate conditions, and connectivity of patches. Comparing
the models built for the various hypothetic surroundings, it is easy to reveal the
relevant set of higher hierarchical levels. We believe that this opportunity may be
helpful in landscape planning which needs to find rationales for the optimal scale of
land-use decisions.
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Chapter 10
Ecosystem Services of Russian
Landscapes

Elena Bukvareva, Dmitry Zamolodchikov and Karsten Grunewald

Abstract Russian landscapes provide important ecosystem services (ES) of local,
regional and global scale and are crucially important for the economy and people of
the country. The Project TEEB-Russia is the first attempt at a nation-wide ES
assessment in Russia. The result of the first phase of the project (2013–2015) was
the “Prototype National Report on Ecosystem Services of Russia, Volume 1,
Terrestrial Ecosystems Services.” A methodology for ES assessment was developed
with allowance for the current status of the national public statistics. ES volumes
supplied by ecosystems and consumed by humans were assessed. The degree of ES
use was assessed by the ratio of supplied ES to consumed ES. These method-
ological approaches allowed to compare the regions of Russia and define regions,
which are ES donors and ES consumers. However, further progress in defining the
principles of ES management requires moving from the interregional to landscape
scale. In particular, the optimization of the tasks of biodiversity conservation and
ES use can be effectively solved at the landscape level.
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10.1 Introduction

The concept of ecosystem services (ES) is one of the most rapidly developing fields
of up-to-date ecological research, aiming at maintaining life-supporting functions of
biodiversity and sustainable development of the biosphere. The international TEEB
process (The Economics of Ecosystems and Biodiversity; TEEB 2019;
Hedden-Dunkhorst et al. 2015) encourages studies on the national and regional
levels. National ES assessments are an important tool for maintaining ES and have
already been carried out by many countries, including national projects within the
TEEB framework (TEEB 2019).

Russian landscapes, diverse and occupying large areas, provide important
ecosystem services of local, regional and global scale and are crucially important
for the economy and people of the country. The importance and necessity of the ES
concept development in Russia were proclaimed by the scientific community and a
number of pioneering works on ES assessments were made in Russia and other
post-soviet new independent states (Bastian et al. 2015; Bukvareva et al. 2015;
Grunewald et al. 2014a, b). However, these work samples had a local or regional
scale.

To start a national ES valuation and accounting process the Russian–German
project “TEEB-Russia. Ecosystem Services Evaluation in Russia: First Steps” was
initiated in 2013 by the Biodiversity Conservation Center (Moscow) in cooperation
with the Leibniz Institute of Ecological Urban and Regional Development
(Dresden) (Grunewald et al. 2014c). The TEEB-Russia project is commissioned by
the German Federal Agency for Nature Conservation (BfN) with funds from the
German Federal Ministry for the Environment, Nature Conservation and Nuclear
Safety (BMU) and was supported by the Ministry of Natural Resources and
Environment of the Russian Federation. The result of the first phase of the project
“TEEB-Russia 1” (2013–2015) was the first volume of the Prototype National
Report on Ecosystem Services of Russia (Bukvareva and Zamolodchikov 2018),
hereinafter Prototype Report. This report pursues methodological goals and shows
possible approaches to non-monetary estimation of terrestrial ES at the national
level on the data available today.

In the present publication, we discuss the methodology of national non-monetary
assessment of ES in Russia explaining indicators of supplied, demanded and
consumed ES and providing examples of ES valuation by different methods. After
that we discuss the main problems encountered during the assessment and future
assessment tasks including analysis of interrelations between biodiversity and ES at
interregional and landscape scales.
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10.2 Materials and Methods

10.2.1 Data Sources and Assessment Units

The primary data sources for assessing ES were open-state databases, published
maps and statistical digests including, first and foremost, public databases of the
Federal State Statistics Service (FSSS) and other federal agencies, digital carto-
graphic materials from “Land Resources of Russia” (Stolbovoi and McCallum
2002), a map of the terrestrial ecosystems of Northern Eurasia (Bartalev et al. 2003)
and National Atlas of Russia (2004–2008).

The assessment area was the territory of Russian Federation. The main
national-level sources of socio-economic data, as well as some environmental
indicators in Russia, are the public databases of FSSS and other federal agencies,
which produce data for the constituents of the Russian Federation. Thus, con-
stituents of the Russian Federation—oblasts, krais, republics, etc., (hereinafter the
regions) were used as assessment units. The use of administrative regions as
assessment units corresponds well to the state statistics, but this approach does not
fit well with ecosystem processes. However, we believe this approach was the most
appropriate for the national system of ES assessment in Russia because it corre-
sponds to the national statistical system and allows a comparison of ES between the
regions. Similar approach was implemented for some European sub-continental
assessments using NUTS (EU statistical areas) as a spatial mapping unit for the ES
evaluation (Maes et al. 2011; Schulp et al. 2014; Zulian et al. 2014).

10.2.2 Classification of Ecosystem Services

Classification of terrestrial ES adopted in the Prototype Report combines the
approaches of the Millennium Ecosystem Assessment (2005), CICES
(Haines-Young and Potschin 2013) and the National Strategy of Biodiversity
Conservation in Russia (2001). A comparison of ES classifications in MEA, CICES
and in the Prototype Report is presented in Bukvareva et al. (2019). In total, 31 ES
were considered (Table 10.1). ES were grouped into four categories: productive
(provisioning), i.e., production of biomass that is removed from ecosystems by
people; environment-forming (regulating), i.e., the establishment and maintenance
of environmental conditions conducive to human life and economic development;
informational (cultural), i.e., all kinds of information that is contained in natural
ecosystems and can be used by people; recreational, i.e., formation and mainte-
nance of natural conditions for different types of recreation. The names “produc-
tive“, “environment-forming” and “informational” retain the designations of the
main groups of life-supporting functions of biodiversity in the National Strategy of
Biodiversity Conservation in Russia (2001).
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Table 10.1 Methods for assessing ES in the prototype report

ES Methods*

1 2 3 4

Productive (provisioning)
Wood production X

Non-wood production of forest and other terrestrial ecosystems X

Production of fodder on natural pastures (hayfields were not taken into
consideration)

X

Production of freshwater ecosystems, primarily fish X

Game production X

Production of honey in natural areas X

Environment-forming (regulating)
Climate and atmosphere regulation

Biogeochemical climate regulation

Carbon storage X

Regulation of greenhouse gas flows (only CO2 was considered) X

Biogeophysical climate regulation X

Air purification by vegetation (absorption of pollutants by suburban forests) X

Hydrosphere regulation
Water protection and water regulation

Regulation of runoff volume X

Regulation of runoff variability (runoff stabilization) X

Assurance of water quality by terrestrial ecosystems X

Assurance of water quality by freshwater ecosystems (water self-purification
and dilution)

X

Soil formation and protection
Soil protection from erosion

Soil protection from water erosion X

Soil protection from wind erosion X

Prevention of damage from soil washing into water bodies X

Prevention of damage from landslides and mudflows X

Establishment of soil bioproductivity X

Self-purification of soils X

Regulation of cryogenic processes X

Regulation of biological processes important for the economy and for security
Ecosystem regulation of species with economic importance (agricultural and
forest pests, invasive and synanthropic species)

X

Pollination of farm crops X

Ecosystem regulation of species with medical, biomedical and veterinary
importance

X

Informational (cultural)
Genetic resources of wild species and populations X

(continued)
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With regard to the assessment of landscape ES, the following differences
between our ES classification and other ES classifications should be explained.
A significant part of the territory of Russia, especially in the European part of the
country, is occupied by agricultural and cultural landscapes that combine natural
and anthropogenic elements. For these landscapes, approaches to evaluating
recreational and provisioning ES are especially important. In contrast to the CICES,
we do not incorporate recreational and information ES in a single category of
cultural ES. Instead, we consider provisioning, regulating and informational ES as
the main categories and separately identify recreational category as integrative ES
that are coupled to all of the first three ES categories to various extents depending
on the type of recreation. For example, regulating ES which provide good quality of
environment is the most important for recreation at summer cottages and resorts;
productive ES such as game and fish production are the most important for sporting,
hunting and fishing; informational ES such as aesthetic, educational, ethical and
spiritual importance of natural systems are the most important for educational
tourism in nature, etc. (Bukvareva et al. 2019). Another important feature of our ES
classification applies to agricultural production. CICES includes ES related to food
production by humans (crops, livestock, aquaculture), but we do not consider them
as ES since we believe that ecosystems create natural conditions for these industries
(soils, water, climate), which is taken into account in regulating ES. Moreover, ES
related to food production by humans include a certain amount of purely human
resources (machines, technologies, fuel, labor of humans and domestic animals).
Generally, agricultural production negatively depends on the share of the area of
natural ecosystems in the region and, in fact, is in direct opposition to other ES
(Sect. 5.4). Accounting for agricultural production as ES can lead to conflicting
results when assessing ES, and especially when assessing the relationship between
ES and the state of ecosystems and biodiversity.

Table 10.1 (continued)

ES Methods*

1 2 3 4

Information on structure and functioning of natural systems that can be used
by humans

X

Aesthetic and educational importance of natural systems X

Ethical, spiritual and religious importance of natural systems X

Recreational
Formation of natural conditions for daily recreation near home, weekend
recreation, recreation at summer cottages

X

Formation of natural conditions for educational and active tourism in the
nature

X

Formation of natural conditions for resort recreation (except seacoasts) X

*Numbers correspond to the assessment methods noted in the text
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10.2.3 Methods of ES Assessment

The following methods of ES assessment were used depending on the data avail-
ability and methodological clarity.

1. Direct quantitative ES valuation was possible if values of supplied, consumed
and demanded ES are presented in the public statistical databases and reports.
Today, possibilities for this valuation method are extremely limited. In total,
supplied and consumed volumes only for five out of 31 ES were directly
evaluated to a relatively complete extent (Table 10.1): the ES wood production
(Fig. 10.3)—on the base of data of FSSS (Rosstat 2013) and the Federal Agency
for Forestry of the Russian Federation, the ES of game production—on the base
of statistical digest of the Department of State Policy and Regulation of Hunting
and Conservation of Hunting Resources of the Ministry of Natural Resources
and Environment of the Russian Federation (Lomanova et al. 2011), the ES of
non-wood production of terrestrial ecosystems (on the base of data on harvest
and stocks of mushrooms and berries in the second half of the 1980s from
statistical compilation by Egoshina (2005), the ES of carbon storage and reg-
ulation of CO2 flows (Fig. 10.4)—on the base of data from national reports due
to Russia’s obligations to implement the UN Framework Convention on Climate
Change (National Report 2013).

2. Indirect quantitative evaluation of ES was applied in case of a lack of direct
statistical data but in the presence of cartographic and statistical data that
allowed us to evaluate the desired indicators. This method of ES evaluation
corresponds to the indirect measurement of ES as defined in Vihervaara et al.
(2017) and to the extrapolation of primary data as defined in Martínez-Harms
and Balvanera (2012) and consists in the transformation of cartographic and
statistical data using known coefficients and simple equations that can be
classified as conceptual and deterministic physical and chemical models
(Dunford et al. 2017). Six ES were assessed by this method: one provisioning
ES and five regulating ES (Table 10.1; Figs. 10.5, 10.6, 10.7).

3. Estimation of ES score was applied if there was no data to evaluate the ES
themselves and it was only possible to estimate factors affecting them. We
believe that supplied ES is determined by natural factors (e.g., the area of natural
ecosystems) while consumed and demanded ES are determined by
socio-economic factors (including polluting emissions as a result of human
activity). The range of values of the selected factor was divided into 10 classes
with a score from 1 to 10 points assigned to each class (smaller scores corre-
spond to lower values of the factor). To combine several factors their scores in a
region were summed up and the resulting total value was translated into a
10-point scale. Nine ES were estimated by scores: four regulating ES, three
informational ES and two recreational ES (Table 10.1; Fig. 10.8).

4. Statement of the task of ES assessment, if methodological approaches for ES
assessment are not ready or data were not available.
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In total, about one-third of considered ES was quantitatively evaluated (five ES
were directly evaluated and six ES were indirectly evaluated), one-third (nine ES)
was assessed with scores and one-third (ten ES) was not assessed (Table 10.1, for
details, see Bukvareva et al. 2019).

10.3 Assessment of Supplied, Demanded
and Consumed ES

The extreme diversity of natural and socio-economic conditions in Russia requires
estimation of ES, which are supplied by ecosystems and ES, which are demanded
and consumed by people. The supplied ES are generally correlated with the area of
ecosystems. The demanded and consumed ES are linked to population density,
economic development and transport accessibility of the regions. The most com-
mon pattern is an inverse relationship between the area of natural ecosystems and
the density of ES consumers. This pattern is evident almost everywhere because
economic activity in general leads to disturbance of natural ecosystems, and it is
most clearly manifested in the large and diverse territory of Russia (Fig. 10.1,
Bukvareva et al. 2015; Bukvareva and Zamolodchikov 2018). In order to have the
possibility of an adequate comparison of very heterogeneous regions, we used
“supplied-demanded-consumed” approach for the national ES assessment in
Russia.

Supplied ES were defined as ES provided by ecosystems regardless of the
presence or absence of people, for example, annual allowable cut (Fig. 10.3a),
abundance of game animals, biomass and productivity of mushrooms and berries,
productivity of natural pastures, carbon content in ecosystems (Fig. 10.4a), amount
of pollutants that could potentially be neutralized by ecosystems, volume of water
that could potentially be purifies by ecosystems (Figs. 10.6a and 10.7a), runoff
provided due to regulation by ecosystems.

The share of natural ecosystems of the region’s area (%) Population density 

Potential ES Potential
consumers  

of ES

Fig. 10.1 Comparison of the distribution of potential ES provided by ecosystems and potential
consumers of ES in different regions of Russia
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Indicators of supplied ES should be assessed taking into account the sustainable
use of ecosystems and their components, i.e., it is equal to the volume of provi-
sioning and recreational ES that can be used by people without disturbance of
ecosystem structure and functioning (regulating and informational ES cannot be
overused as discussed below). However, data from open databases allowed us to
correctly estimate the supplied volume for only one ES—wood production (annual
allowable cut indicator, Fig. 10.3a), while other supplied provisioning ES were
estimated by proxy indicators such as the total population number of game species
and productivity of natural pastures.

When evaluating of ES score, the indicator of supplied ES reflects the capacity
of natural factors that form ES. For example, supplied volume of the ES of soil
self-purification was assessed on the basis of a map of soil capacity for
self-purification from the National Atlas of Russia (2004–2008); supplied volume
of the ES of aesthetic and educational importance of ecosystems was estimated by a
combination of three indicators (the share of natural ecosystems in a region, the
number of species of vascular plants per unit of area of a region, the number of
types of ecosystems per unit of area of a region); supplied volume of the ES of
forming natural conditions for tourism in nature (Fig. 10.8a) was also estimated by
a combination of three indicators (the level of comfort of the natural conditions, the
quality of the environment and an indicator for landscape diversity (Basanets and
Drozdov 2006).

Some authors include anthropogenic inputs (e.g., energy, machinery, fertilizers,
pesticides, labor, etc.) in the volume of ES supply (Burkhard et al. 2014;
Martínez-Harms and Balvanera 2012). When physical ES evaluation in the
Prototype Report, we did not consider anthropogenic inputs as part of ES. As noted

Fig. 10.2 Possible ratios of volume of supplied, demanded and consumed ES: 1—consumed ES
is equal to demanded ES and exceeds supplied ES (possible for provisioning and recreational ES);
2—consumed ES is less than demanded ES because of lack of provided volume (all ES);
3—consumed ES is less than demanded ES because of lack of technological, legal or economic
means of ES use (all ES); 4—consumed ES is less than supplied ES because of low demand for a
service when demanded ES is less than supplied ES (all ES)
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Fig. 10.3 ES of wood production: a supplied ES-annual allowable cut (m3/ha/yr), b consumed
ES-timber felling (m3/ha/yr), c the degree of ES use-unused residual of allowable cut (m3/ha/yr)
(negative values indicate that timber felling exceeded the allowable cut)

Fig. 10.4 ES of the carbon storage: a supplied volume-total carbon content in phytomass and soil
(tC/ha), b consumed volume-carbon content in managed forests (tC/ha)
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Fig. 10.5 ES of air purification by suburban forests: a the demanded ES: the amount of emissions
of toxic gases (t/ha/yr), b the consumed ES: the amount of toxic gases actually absorbed by
suburban forests (kg/ha/yr), c the degree of potential meeting the demand for ES: the share of toxic
gases that can potentially be absorbed (violet) or the excess of toxic gases, which can be absorbed
by suburban forests over real emissions (green) (%), d the excess or deficit of the ES: the residual
of toxic gases which cannot be absorbed by suburban forests (red), or the excess of toxic gases
over real emissions, which can be absorbed by forests (green) (kg/ha/yr), e the degree of actual
meeting the demand for ES: the share of toxic gases absorbed by suburban forests (%)
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above, the inclusion of anthropogenic inputs in ES evaluation is a questionable
approach. This issue can be resolved in the future comprehensive economic eval-
uation of ES of Russia.

Demanded ES were defined as ES that are necessary to fulfill needs of the
population and economy of a region, for example, logging volume, fish take,
hunting production, amount of natural fodder, etc., that are necessary for regional
business and household welfare, volume of runoff needed for the population and the
economy, amount of pollutant emissions that be neutralized by ecosystems, the
number of tourists in nature that is necessary for regional business.

Fig. 10.6 ES of assurance of water quality by freshwater ecosystems: a supplied ES-the amount
of wastewater that can potentially be purified to a safe concentration of pollutants due to dilution
and transformation of pollutants (m3/ha/yr), b demanded ES volume-discharge of polluted
wastewater (m3/ha/yr), c consumed ES volume-volume of actually purified wastewater (m3/ha/yr),
green spectrum—regions where the volume of wastewater discharge is less than the capacities of
ecosystems to purify it, the consumed ES volume equals the demanded ES volume; red
spectrum—regions where the volume of wastewater discharge exceeds the capacities of
ecosystems to purify it, the consumed ES volume equals the supplied ES volume, d deficit or
excess of the ES—untreated wastewater remainder or unused ES volume (m3/ha/yr)
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Fig. 10.7 ES of assurance of water quality by terrestrial ecosystems: a the supplied ES:
potentially purified runoff (m3/ha/yr), b the demanded ES: polluted runoff (m3/ha/yr), c the
consumed ES: purified runoff (m3/ha/yr), d the degree of actual meeting the demand for ES: the
share of polluted runoff purified by ecosystems (%), e the volume of unmet need for the ES: the
residual of polluted runoff unpurified by ecosystems (m3/ha/yr), f the degree of ES use: the share of
actually purified runoff in the potentially purified runoff (%)
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In the Prototype Report demanded ES were assessed only for ES related to the
purification of the natural environment from pollutants. In these cases, the amount
of pollutants that must be neutralized by ecosystems may be used as the indicator
for demanded ES. In the Prototype Report, annual pollutant emissions (Fig. 10.5a)
and annual discharge of polluted wastewater (Fig. 10.6b) and volume of polluted
runoff (Fig. 10.7b) were used as a proxy of this indicator. However, maximum
permissible concentrations were taken into account in the indicator of supplied ES
of assurance of water quality by freshwater ecosystems (Fig. 10.6a). In the future,
demanded ES will have to be calculated more accurately as the difference between
the amount of pollutant emissions and their maximum permissible concentrations.

For most other ES, demanded volumes are determined primarily by
socio-economic features of a region and were not assessed in the first phase of the
project since the economic ES assessment was not the task of it.

Consumed ES were defined as ES that are actually used by people, for example,
actual logging volume (Fig. 10.3b), hunting production (e.g., the number of elk
shot by hunters), mushroom and berry harvest, amount of fodder eaten by cattle in
natural pastures, amount of pollutants actually neutralized by ecosystems

Fig. 10.8 Estimation of the score of the ES of forming natural conditions for tourism in nature:
a supplied ES, b consumed ES, c comparison of the natural and socio-economic factors
determining the supplied and consumed ES
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(Fig. 10.5b), volumes of runoff and wastewater purified by ecosystems (Figs. 10.6c
and 10.7c) and amount of freshwater used by people.

The interpretation of the consumed volume of global climate-regulating ES is a
certain problem. For example, for the ES of carbon storage, consumed volume
should be the benefit that the people and the economy of a region derive from
climate regulation due to carbon storage in ecosystems of that region. Today, both
knowledge and data are insufficient to assess these indicators. A simple economic
approach could be to calculate the price of stored carbon, but Russia does not
participate in the global carbon market and does not have a national market. Thus,
the consumed ES volume was assessed as carbon stock in managed forests
(Fig. 10.4b). According to the National Report of the Russian Federation on the
Cadastre of Anthropogenic Emissions by Sources and Removals by Sinks of
Greenhouse Gases not Controlled by the Montreal Protocol for 1990–2011
(National Report 2013),1 since Russia officially declares management for UNFCCC
purposes in this forest category. This evaluation revealed a tremendous discrepancy
between the spatial distribution of the supplied ES and the consumed ES attributed
to managed forests. The supplied ES, i.e., total carbon stocks in phytomass and soil
(according to the database “Land Resources of Russia”, Stolbovoi and McCallum
2002) is the highest in regions with vast peat ecosystems (West Siberia) and black
earth regions (southern part of European Russia) (Fig. 10.4a). Thus, this ES is
poorly recorded just in these regions because of the small area of managed forests.

When evaluating of ES score, the indicator of consumed ES reflects
socio-economic factors that determine the use of ES. For example, the consumed
volume of the ES of soil self-purification was assessed by a combination of three
indicators (population density, the share of croplands in the regions and the share of
the polluted area in the regions); consumed volume of the ES of aesthetic and
educational importance of ecosystems was estimated by a combination of indicators
of population density and transport accessibility; consumed volume of the ES of
forming natural conditions for tourism in nature (Fig. 10.8b) was estimated by a
combination of three indicators (the investment appeal of the regions, population
health and potential tourist demand (Basanets and Drozdov 2006).

The definitions of supplied, demanded and consumed ES adopted in the
Prototype Report lie in the mainstream of a common ES understanding, but in some
details differ from approaches of other authors (Bukvareva et al. 2017). Short
reviews of indicators of supplied, demanded and consumed ES adopted in the
Prototype Report is presented in Bukvareva et al. (2017, 2019).

The ratios of supplied, demanded and consumed ES differ between regions,
as they depend on properties of ecosystems and socio-economic conditions, which
are highly heterogeneous across Russia. A physical analogy to supplied ES would
be the total amount of potential ES in a room of nature (the gray arrow in

1The cadastre is the report of Russia on greenhouse gas emission/absorption and the GHG balance
in managed forests. Carbon stocks in forests are intermediate estimates of the cadaster (National
report 2013).
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Fig. 10.2). The demanded ES would be compared with a window between the
natural and socio-economic rooms, which allows a certain amount of ES to pass
from nature to the socio-economic system. The consumed ES corresponds to forces
that draw ES through the window from the natural to the socio-economic room
(Bukvareva et al. 2017). Supplied and consumed ES form the real flow of ES, while
the demanded ES volume can only be considered a condition or restriction affecting
this flow.

In densely populated regions, demanded and consumed ES could exceed sup-
plied ES (Fig. 10.2, left). Such regions are located in the central and southern parts
of European Russia and in patches in the south of Siberia. By contrast, in remote
regions where the population density is lower, demanded and consumed ES could
be smaller than supplied ES (Fig. 10.2, right). Such regions are found in the major
part of Siberia and in the North of Russia.

Demanded volume may hypothetically exceed supplied volume for all ES cat-
egories. The Prototype Report contains examples of such situations for ES related to
the purification of the natural environment from pollutants. Supplied ES of air
purification by suburban forests is less than demanded ES in most regions
(Fig. 10.5c, d), although for the preliminary assessment, we considered that sup-
plied ES is determined by the maximum physiological absorptive capacity of trees,
the excess of which leads to their death (this amount is ten times the amount of
toxic gases that are actually absorbed by trees in cities, as measured). Supplied ES
of assurance of water quality by freshwater ecosystems is less than demanded ES in
densely populated regions with developed industry and agriculture (red spectrum in
Fig. 10.6d). Such cases should be recognized as evidence of a high environmental
hazard, when even the maximum capabilities of ecosystems are no longer able to
provide acceptable environmental quality.

Interrelations between consumed and supplied ES volumes are specific to ES
categories. Consumed volume can exceed supplied volume of provisioning and
recreational ES (number 1 in Fig. 10.2). That leads to overexploitation (overfishing,
overhunting, etc.) or disturbance by excessive recreational load. ES estimations
based on state statistics basically do not reveal overexploitation (e.g., is in
Fig. 10.3c); however, data on illegal, unreported and unregulated (IUU) harvesting
(Sect. 5.3) may change this result.

Consumed ES volume cannot exceed the supplied volume of regulating and
cultural ES because the overuse is impossible for these. People can exist only in the
given environment and draw benefit or harm from it. If the demanded ES volume
exceeds the supplied ES volume, ecosystems cannot maintain acceptable parame-
ters of the environment and people have to live in an unfavorable environment. For
example, if amount of wastewater exceeds purifying ability of freshwater ecosys-
tems, then consumed ES is equal to supplied ES, since ecosystems purify only the
amount of water that they can (Fig. 10.6c, red spectrum). In that case, the quality of
the environment deteriorates. Similarly, it is impossible to overexploit informational
ES, since it is impossible to use more information than there is in nature. This
information can be lost due to the degradation of ecosystems or the extinction of
species, but it is obviously impossible to overuse it.
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Consumed ES volume could be less than supplied volume of all ES categories.
The primary reason for this would be low demand for a service, when the demanded
volume is less than the supplied ES volume (number 4 in Fig. 10.2). A lack of
technological, legal or economic means for ES use was another widespread cause of
insufficient consumption of supplied ES volume (numbers 3 in Fig. 10.2). For
example, a lack of logging equipment or roads prevents cutting down the amount of
timber required for normal operation of wood-processing enterprises in a region.
Potentially useful natural genetic resources might not be used due to lack of the-
oretical knowledge and technologies.

Relationships between consumed and demanded ES volumes are also specific to
ES categories. Consumed volume of provisioning and recreational ES can exceed
required volume in case of an extremely inefficient planning and management
system. For example, if biological resources are harvested in excessive amounts that
cannot be processed or transported to another region or if the number of people who
relax in nature is excessively high, this reduces the quality of their rest and the
economic profit from recreation (Bukvareva and Zamolodchikov 2018).
Consumed ES volume could be less than demanded volume due to lack of supplied
ES (number 2 in Fig. 10.2), for example, when the emission of pollutants exceeds
the capacity of forests to absorb them. It is a case of the ES of air purification by
suburban forests when pollution is not completely absorbed in any region
(Fig. 10.5e). For the ES of assurance of water quality by terrestrial ecosystems,
consumed ES is always less than demanded ES (Fig. 10.7b, c). The demand for this
ES cannot be entirely satisfied because terrestrial ecosystems are not capable of
completely purifying polluted runoff, especially during the snow melt period. All
regions therefore have residual unpurified runoff (Fig. 10.7e), i.e., the demand for
the service is not satisfied anywhere.

Supplied, demanded and consumed ES volumes can be compared if they are
measured in the same units. Maes et al. (2011) suggest expressing ES capacity in
total ecosystem area or biomass, whereas ES flow (the partial analog of consumed
ES) in units per time period. This approach does not allow them to be compared.
The cited authors propose to solve this problem using bundles of ES that include
information of both ES capacity and flow. However, direct quantitative comparison
may be more efficient.

Ratios and differences of supplied, demanded and consumed ES allowed us to
estimate the degree of ES use and degree of meeting the demand for ES, which may
be useful for decision-makers. Examples of management interpretation of indicators
are shown in Table 10.2.

10.4 Comparison of the Regions

One of the main advantages of assessment of supplied, demanded and consumed
ES is the ability to compare regions that are donors and consumers of ES, which is
crucially important at national-level ES assessment. Donor–consumer relationships
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Table 10.2 Indicators of the degree of ES use and degree of meeting the demand for ES and
corresponding messages for decision-makers (Vs—supplied ES, Vc—consumed ES, Vd—
demanded ES)

Indicators Ratios and
differences
of ES
volumes

Examples Messages for
decision-makers

The degree of ES
use

Vc/Vs

Vc /
Vs � 100%

The ratio of actually purified
runoff to the potential
purification capacity of
terrestrial ecosystems
(Fig. 10.7f)

In all regions (except cities
of Moscow and St.
Petersburg), the potential
purifying capacity of
ecosystems, on average,
significantly exceeds actual
purification of polluted
runoff

Unused (if
positive) or
overdrawn (if
negative) ES
volume

Vs − Vc The unused residual of the
annual allowable cut
(Fig. 10.3c)

According to official data,
wood resources are
underused in most regions,
especially in forest regions
of European part of Russia
and West Siberia

The degree of
potential meeting
the demand for
ES

Vs/Vd

Vs/
Vd � 100%

The share of toxic gases that
can potentially be absorbed
by suburban forests
(Fig. 10.5c)

The maximum gas-absorbing
capacity of suburban forests
is insufficient to neutralize
toxic emissions in the
majority of regions. Many
regions have a maximum
capacity below 50% of
annual emissions

Excess (if
positive) or
deficit (if
negative) of ES

Vd – Vs The residual volume of
polluted runoff which cannot
be neutralized by water
ecosystems or untapped
opportunities of ecosystems
for wastewater treatment
(Fig. 10.6d)

Industrially and
agriculturally developed
regions in the central and
southern European part of
Russia and southern West
Siberia experience a deficit
of this ES that indicates
overexploitation of
freshwater ecosystems

The residual of toxic gases
that cannot be absorbed by
suburban forests, or the
excess of forest absorption
capacity over real emissions
(Fig. 10.5d)

The maximum gas-absorbing
capacity of suburban forests
is insufficient to neutralize
toxic emissions in the
majority of regions. Many
regions have a significant
amount of unabsorbed
pollutants under any
conditions

(continued)
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between regions are important for ES of regional and interregional scale and are not
essential for local and in situ ES, for example, pollination or soil formation. In
Russia, the overwhelming majority of ES is important at the regional and interre-
gional scales (Bukvareva and Zamolodchikov 2018). Examples of interregional
donor–recipient relationships and a preliminary set of indicators for detecting ES
donor regions in Russia are presented in BfN scripts (Bukvareva 2014a, b).

The indicators of the degree of ES use (Fig. 10.8f), the degree of actual and
potential meeting the demand for ES (Figs. 10.6d, f and 10.8d) and the volume of
unmet need for ES (Fig. 10.8e) highlight environmentally hazardous and relatively
safe regions and are important primarily for regional government. For example, the
indicator of the use of ES of assurance of water quality by terrestrial ecosystems,
i.e., the share of actually purified runoff in the potentially purified runoff
(Fig. 10.7f), highlights regions where the ES is used almost entirely. The indicators
for air purification showed that in many regions even the potential absorption
capacity of suburban forests is less than half of the toxic emissions (Fig. 10.5c), and
actual absorption everywhere is less than the emissions (Fig. 10.5e). This means
that in most regions a large amount of toxic gases remains unabsorbed under any
weather conditions (red spectrum in Fig. 10.5d).

Table 10.2 (continued)

Indicators Ratios and
differences
of ES
volumes

Examples Messages for
decision-makers

The degree of
actual meeting
the demand for
ES

Vc/Vd

Vc /
Vd � 100%

The share of polluted runoff
that is actually purified by
ecosystems (Fig. 10.7 d)

Terrestrial ecosystems in
industrially developed
regions in the central
European part of Russia and
southern Ural and Siberia
cannot cope with severe
pollution and purify no more
than a third of polluted of
runoff

The share of toxic gases
absorbed by suburban forests
(Fig. 10.5e)

Toxic gases are not
completely absorbed in any
region. In the majority of
regions, less than 10% of
emissions are absorbed

Volume of unmet
need for ES

Vd − Vc The residual of polluted
runoff unpurified by
terrestrial ecosystems
(Fig. 10.7e)

Terrestrial ecosystems in
industrially developed
regions in the central
European part of Russia and
southern Ural and Siberia
cannot cope with severe
pollution of runoff.
A significant part of the
pollution falls into the
waterbodies
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The indicators of unused/overdrawn ES volume (Figs. 10.3c and 10.9c) and
excess/deficit of ES (Fig. 10.7d) show regions, which tend to be consumers or
donors of ES, which are of interregional scale and their supplied volumes can move
between regions. For example, uneven use of annual allowable cut in the regions
(Fig. 10.3c) can be compensated by transporting excess wood to timber processing
enterprises in other regions. The excess of the ES of assurance of water quality by
freshwater ecosystems (Fig. 10.6d) and the ES of runoff regulation can be used in
other regions if they are located in the proper direction of water flow. The excess of
the ES of air purification by suburban forests (green spectrum in Fig. 10.5d) cannot
be moved to other regions, so this ES works at a local scale, thus, there are not
donor–consumer relationships between regions for this ES. However, ES assess-
ment methodology applied in the Prototype Report does not take into account the
relative spatial location of the regions (see Sect. 5.2) that should be corrected in the
future evaluations.

As mentioned earlier, only one-third of the ES considered was quantitatively
estimated. The inclusion of ES scores in the comparison of regions allowed as to
extend the comparison of the regions to two-thirds of considered ES. For this,
quantitative indicators were also converted into scores. Comparative matrices show
the distribution of supplied and consumed ES scores across regions and differences
of these scores (Vsupplied–Vconsumed). Such a matrix is presented in Fig. 10.9. It
reflects the qualitative balance of natural factors determining ES supply by
ecosystems and socio-economic factors determining ES consumption by the people
and the economy in the regions. These matrices are analogous to potential/flow and
flow/demand matrices of land cover types (Burkhard et al. 2012, 2014) but estimate
regions, not land cover types. Each column of the matrix in Fig. 10.9 represents the
balance of factors determining ES supply and consumption by region, that is,
corresponds to the maps, examples of which are shown in Fig. 10.8c.

The values close to zero and light colors indicate that in corresponding regions,
natural and socio-economic factors have close scores of intensity in comparison
with other regions. Green color and positive scores indicate relative predominance
of ES supply factors and red color and negative scores indicate relative predomi-
nance of ES consumption factors. For example, this matrix shows that supply and
consumption factors for provisioning ES are more balanced than for other ES
categories (except for a few regions where their consumption prevails). For most of
the regulating ES, we see a strong prevalence of supply factors in the
North-European and Asian parts of Russia (federal districts 1, 7 and 8), while
consumption factors prevail in the remaining territory (except for “carbon” ES due
to ambiguities in determining their consumed volume discussed in Sect. 10.3).
More detailed analysis can reveal the relative intensity of ES within their categories
and for regions within federal districts (Bukvareva and Zamolodchikov 2018).
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10.5 The Main Problems of Assessment and Future Tasks

The first national ES assessment in Russia demonstrated that ES of terrestrial
ecosystems is critical for the well-being of the population and economy of Russia.
The volume of the most important ES provided by ecosystems is comparable to the
amount of basic needs of the population and economy of the Russian regions for
regulation of the environment and natural bioproduction. A number of the most
important life-supporting ES are fully used, or they are already not sufficient to
meet the needs of people and the economy. This is true for ecosystem regulation of
runoff, ensuring water quality by terrestrial ecosystems, water purification in aquatic
ecosystems, and absorption of air pollutants by suburban forests.

Thus, the results of the “TEEB-Russia 1” project prove that it is necessary to
immediately start forming a national system of ES monitoring and assessment, as
well as mechanisms of integrating ES values in decision-making. However, for this
it is necessary to solve a number of methodological problems, the most important of
them are briefly discussed below.

10.5.1 Selection of Assessment Units

A significant problem inherent in the use of administrative units in Russia is the
extremely unequal area of them. Single values for vast areas such as Krasnoyarsk
Krai, Yakutia and other large regions in Siberia, the North and the Far East of
Russia could not adequately describe the diversity of natural and socio-economic
conditions inside these regions. The territorial subdivisions of the largest regions
are required for future ES evaluations.

Another important problem is the incorporation of data organized according to
river basins into the general ES assessment performed according to administrative
regions. This is necessary because water-related governmental agencies and sci-
entific institutes operate according to river basins. Moreover, water-related ES
requires modeling at the basin scale for their adequate evaluation. Freshwater
fishery management and partly water management are carried out at the basin scale.
However, a comparison of ES and regions requires a uniform grid of valuation
units. Therefore, it is necessary to find the most effective algorithm for translating
data on basins into administrative regions and management recommendations, and
back from the grid of administrative units to the basins.

10.5.2 Spatial Interrelations Between Regions

Evaluation of supplied, demanded and consumed ES allows to compare regions that
are donors and consumers of ES. For a more accurate detection of donor–recipient
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relationships ES spatial characteristics, directional ES flow and user movement
should be considered (Costanza 2008) as well as distance between regions and their
position relative to the water flows, currents, prevailing winds and animal migra-
tions. Methods of ES flows spatial analysis are developed primarily at the regional
level (e.g., Bagstad et al. 2013; Nedkov and Burkhard 2012; Stürck et al. 2014;
Syrbe and Walz 2012), but the principles can be further used for interregional
comparisons at the national level. The concept of “providing/benefiting areas”
(Syrbe and Walz 2012) should be extremely useful in the future ES assessments in
Russia, given the highly uneven distribution of ecosystems and population in the
territory.

10.5.3 The Lack of Data

National ES assessment and monitoring can be based on a nation-wide regularly
updated system of data collection. Today, such a system is mostly absent. Annually
updated governmental databases allowed us to completely quantitatively evaluate
only one ES (wood production) as well as separate indicators for three regulating
ES (air purification by suburban forests, regulation of runoff volume and assurance
of water quality by freshwater ecosystems). In total, more than 30% of the indi-
cators (9 out of 25 quantitative indicators and 6 out of 21 indicators, which were
used for evaluating ES scores) were obtained from governmental databases and
statistical compilations. 70% of the indicators were either obtained directly or
calculated using data from statistical compilations, analytical reviews, and carto-
graphic and remote sensing materials that are produced by various institutions and
are not updated at a fixed frequency.

A significant problem for assessment of consumed volumes of provisioning ES
is the large amount of illegal, unreported and unregulated (IUU) bioresource har-
vesting in Russia. For example, with regard to ES of wood production, illegal forest
harvesting in some regions makes up tens of percent above official data (Gryaznov
et al. 2011; Kotlobay et al. 2006; Ptichnikov and Kuritsyn 2011). IUU harvesting
remains an important obstacle for evaluation ES of game and freshwater fish pro-
duction in Russia (Bukvareva and Zamolodchikov 2018).

A potential source of data that can be regularly updated in the future is the map
of terrestrial ecosystems obtained from satellite imagery. In the Prototype Report,
four quantitative indicators were calculated using this map. Two more indicators
based on this map were used for estimating ES scores. Regular update of this map
and development of a set of algorithms for indirect ES quantification on the basis of
vegetation cover can make this map the basis for assessing the significant part of ES
that cannot be directly evaluated on the basis of statistical data.

With regard to biodiversity assessment and monitoring, the current national
system of data collection is able to make it only fragmentarily. Most of the data
needed for biodiversity monitoring are not available at the national level, as they are
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present only in individual studies for individual regions, or none at all. Only
changes in exploited species are formally tracked by federal bioresource-related
agencies (Bukvareva et al. 2019).

10.5.4 The Need for a Comprehensive Assessment of All ES
Categories

The priority management of only one part of ES can lead to wrong and harmful
decisions due to ES trade-offs (e.g., Allan et al. 2015; King et al. 2015; Maes et al.
2012; Raudsepp-Hearne et al. 2010; Turkelboom et al. 2018). In the most striking
form, ES trade-off manifests itself showing negative correlation between indexes of
ES which are provided by natural ecosystems (e.g., regulating ES) and agriculture
production which CICES also considers as ES (e.g., Casalegno et al. 2013;
Felipe-Lucia and Comín 2015; Qiu and Turner 2013).

As discussed above (Sect. 2.2), we do not consider agriculture production as ES.
Indicators of agricultural production in the regions are determined by the share of
agriculture land and negatively depend on the share of natural ecosystems
(Fig. 10.10a). For the vast majority of ES, which are provided by natural ecosys-
tems, the opposite is true (e.g., see in Fig. 10.10b). Generally, agricultural pro-
duction and most regulating ES are in direct opposition to each other.

With regard to possible trade-offs between ES considered in the Prototype
Report, the conflict between the use of productive and recreational ES, on the one
hand, and the maintenance of environment-forming and informational ES, on the
other hand, is extremely relevant in Russia. Exploitation of bioresources, primarily
forest, is a significant sector of the economy. In the overwhelming majority of
cases, the highest priority is to maximize the product that can be extracted
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sustainably from ecosystems (timber, seafood, game production). Harvesting of
bioresources inevitably disturbs natural ecosystems, their functions and biodiver-
sity, that is, environment-forming and informational ES. This is an old and
well-known conflict. A relatively new conflict in ES management goals arose
between recreational and informational ES in strictly protected areas called in
Russian “zapovedniks” (Concept of the development of the system of
nature-protected areas of federal importance until 2020). Traditionally, the priority
task of zapovedniks was the preservation and study of natural complexes undis-
turbed by man, that is, the maintenance and use of information ES for the
preservation of information of natural ecosystems. However, the presence of
tourists, even for educational purposes, inevitably disrupts the functioning of nat-
ural populations and ecosystems, that is, it conflicts with this information ES.

Based on current state statistics, productive ES can be assessed better than all
other categories of ES. However, prioritizing only productive ES will lead to an
inadequate understanding of the whole value of ES and biodiversity and to the
wrong management decisions.

10.5.5 Landscape Approach to Optimization of Tasks
of Biodiversity Conservation and ES Maintenance

Biodiversity is the structural basis of ecosystem functioning (EF) and is a key factor
in determining the mean level and stability of ecosystem functioning (Cardinale
et al. 2012; Hooper et al. 2012; Tilman et al. 2012, 2014). Positive effects of species
diversity and intraspecific diversity on EF (productivity, biomass, rate of nutrient
cycling, invasion resistance, stability, etc.) were confirmed by hundreds of exper-
iments (Bardgett and van der Putten 2014; Gross et al. 2014; Handa et al. 2014;
Forsman 2014; Forsman and Wennersten 2016; Hughes et al. 2008) as well as
surveys of real-world systems (Lewandowska et al. 2016). The evidence obtained
for grasslands (Grace et al. 2016; Maestre et al. 2012) and forests (Baruffo et al.
2013; Cavanaugh et al. 2014; Nadrowski et al. 2010; Paquette and Messier 2011;
Vilà et al. 2013,; Wang et al. 2011) may be the most interesting for landscape
research in Russia. Relationships between biodiversity and ES are still not so clear.
However, despite negative or mixed relationships between some ES and biodi-
versity the majority of ES positively depend on biodiversity (Cardinale et al. 2012;
Harrison et al. 2014) and sustaining the long-term flow of many ES require high
levels of biodiversity (Science for Environment Policy 2015). Changes in biodi-
versity inevitably lead to ES change.

Thus, the tasks of biodiversity conservation and ES use and maintenance cannot
be separated from each other. This issue is one of the main topics in the next phase
of the project (TEEB-Russia 2). However, the work done to date allows us to make
some preliminary judgments on this issue today and outline further studies.
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The principle of optimum biodiversity (Bukvareva 2014c, 2018; Bukvareva and
Aleshchenko 2013) may be one of possible theoretical approaches to this issue.
According to this principle, species diversity and intrapopulation diversity are
inseparable adaptive characteristics of interacting hierarchical biodiversity levels—
communities and populations—to environmental conditions. The optimum values of
diversity provide maximum efficiency and survivability of communities and popu-
lations and thus, the maximumEF. The optimal diversity values depend on the degree
of environmental stability and the amount of available resource. The optimal values of
intrapopulation diversity decrease inmore stable environments. The optimal values of
species richness increase in more stable and rich environments. Thus, natural undis-
turbed communities that are adapted to rich and stable conditions tend to consist of a
large number of species with low intrapopulation diversity, that is, specialists with
narrow ecological niches. Communities that are adapted to scarce unstable conditions
tend to consist of a small number of specieswith high intrapopulation diversity, that is,
generalists with wide ecological niches. In rich unstable and scarce stable environ-
ments, we may expect some intermediate optimal diversity values.

The crucial question is on what scale is the relationship between diversity and
functioning a significant factor for decision-making.

Comparisons of indicators of biodiversity and EF/ES on a large scale (global,
continental, national) only show that communities adapted to different climatic and
geographical conditions differ in EF and capacity to produce ES. For example,
negative correlation between species richness and carbon content in ecosystems
revealed for Britain (Anderson et al. 2009) does not mean that we need to reduce
species diversity for better carbon storage. This means that ecosystems that store
carbon are located in the north of the country and their low species diversity is
optimal in those climatic conditions.

Preliminary results obtained in the project “TEEB-Russia 1” showed that rela-
tionship between ES indicators and species richness should be considered as a
correlation, and not as a causal relationship. The average values of ES indicators in
the regions depend primarily on climatic conditions, relief and the share of natural
ecosystems in regions’ area. Species richness that is typical for regional ecosystems
is also determined by climate and relief. Thus, we have correlation but not causal
relationship between species richness and EF/ES (Fig. 10.11). Examples of such

Climate
Relief

Species
richness

Values of ES indicators in the
regions

Fig. 10.11 Correlation and causal relationship between species richness and ES at national and
landscape assessment scales (solid arrows show causal relationships and dotted lines show
correlation
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correlations are shown in Fig. 10.12. The relationship between supplied ES of
wood production and species richness of vascular plants per 100,000 km2 has
unimodal humpback form with maximum ES values when diversity values are of
around 2000 (Fig. 10.12b). The relationship between supplied ES of runoff regu-
lation and species richness has unimodal U-shaped form with minimum ES values
when diversity values are of around 1800 (Fig. 10.12c). These are only preliminary
data and a comprehensive analysis with the identification of significant variables
and dependencies will be a matter for future project phases, however, some of the
most likely explanations can be made already now. In this example, climatic
conditions and relief determine both species richness and supplied ES volumes.
Species richness has minimum values in the northern regions (1 in Fig. 10.12a) and
medium values in the temperate regions (2 in Fig. 10.12a), which reflects the
adaptation of communities to the regional climatic conditions. The highest species
richness characterizes mountain regions (3 in Fig. 10.12a) due to the large diversity
of communities in altitude gradients. Supplied ES volumes also depend on climate
and relief. Maximum wood production is a feature of lowland temperate regions
and decreases both in northern and mountain regions. Runoff regulation by
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ecosystems, in opposite, is minimal in lowland temperate regions because
ecosystems provide the highest volume of runoff in sufficiently moistened northern
regions and in mountain regions (Bukvareva and Zamolodchikov 2018).

A causal relationship between species richness and EF/ES occurs at the land-
scape level when comparing plots of communities (habitats) of the same type that
are disturbed to varying degrees. On a landscape, anthropogenic and natural dis-
turbances transform the mosaic of communities adapted to natural conditions (re-
lief, soils, water supply, etc.) pushing biodiversity away from the optimal state. The
optimal biodiversity values can be broken due to anthropogenic changes of envi-
ronmental conditions and because of direct disturbance of populations and com-
munities (Bukvareva 2018). The general direction of anthropogenic changes of the
environment is destabilization. Direct anthropogenic impact on populations and
communities is expressed primarily in reduction of species richness and intrapop-
ulation diversity. As a result, populations and communities leave their optimal state
and move to suboptimal state. The further they move away from the optimal state,
the weaker and more unstable is their EF and ES. Thus, in the landscape scale,
interconnections between indicators of biodiversity and EF/ES can be useful
background for decision-making. With regard to species diversity, two main
management consequences can be formulated.

First, the optimal species diversity can be relatively low in unstable or scarce
conditions. Despite this, it provides the maximal effectiveness of a community
under these conditions. Thus, the criterion for the choice of conservation priorities
should be the distance of anthropogenic shift away from the optimal diversity, but
not high formal diversity indexes (e.g., species richness). The ultimate goal should
be preservation of diversity of typical communities for a given landscape or region,
including natural communities with low species diversity.

Second, the optimal biodiversity concept may be an additional approach to
resolve ES trade-offs. For example, intensive use of provisioning services, espe-
cially food, fiber and biofuel production, greatly simplified ecosystem structure.
This simplification enhanced certain provisioning services, but reduced others,
particularly regulating services (Cardinale et al. 2012). One of the reasons for this
trade-off is the different response of biodiversity to management for regulating and
provisioning ES. While the first requires conservation of the optimal diversity
values, the latter push populations and communities away from the optimal state.
Thus, landscape planning should consider the conflict between goals of biodiversity
management for different ES.

10.6 Conclusion

Russian landscapes provide important ES and are crucially important for the
economy and people of the country. It is necessary to immediately start forming a
national system of ES monitoring and assessment. The main methodological
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approaches to national ES assessment were proposed in the Prototype National
Report “Ecosystem Services of Russia. Volume 1. Terrestrial Ecosystem Services”
(Bukvareva and Zamolodchikov 2018).

Quantitative evaluation of supplied, demanded and consumed ES allows to
assess the degree of ES use and the degree of satisfaction of the demand for ES in
the regions and to reveal environmentally hazardous and relatively safe regions as
well as regions, which tend to be consumers or donors of ES. ES assessment
methodology applied in the Prototype Report does not take into account the relative
spatial location of the regions that should be corrected in the future ES assessments.

However, only one-third of the services reviewed were quantified by the cur-
rently available data. In order to expand the range of ES when comparing regions,
we used ES scores. Scores of supplied ES reflect natural factors that determine the
capacity of ecosystems to perform ES. Scores of consumed and demanded ES
reflect socio-economic factors that determine the need for ES and their use by
humans. The comparison of the regions by the balance of supplied and consumed
ES scores shows where natural factors dominate, and where socio-economic factors
prevail.

Despite a significant data gap for a full ES evaluation the formation of a national
system of ES assessment can be started on the basis of the current federal system of
data collection. Priority attention should be paid to solving in the short term the
following methodological problems.

– elaborate methods allowing (a) to take into account spatial diversity of natural
and socio-economic conditions within the largest constituent entities of the
Russian Federation and (b) to translate data for ES evaluation and estimates of
ES between river basins and administrative regions,

– determine the methods of accounting for ES spatial characteristics, directional
ES flow and user movement as well as spatial interrelations between the regions,

– ensure the availability and regular updating of data related to ES assessment,
which are already collected by federal agencies and of the map of terrestrial
ecosystems of Russia based on satellite imagery, develop a set of algorithms and
models for indirect quantitative ES assessment,

– ensure a comprehensive assessment of all ES categories, and avoidance of
priority accounting of the only easily calculated economic value of provisioning
and recreational ES.

An important task to be addressed in the future is to assess the links between ES
and biodiversity in order to optimize the objectives of biodiversity conservation and
ES maintenance and use. This task should be addressed primarily at the landscape
level, taking into account the adaptation of populations and communities to envi-
ronmental conditions.
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Chapter 11
Citizen and Landscape Governance

Denis Couvet

Abstract Biodiversity governance requires relevant biodiversity data and inter-
pretation, policy proposals. Essential Biodiversity Variables are a major concept to
identify priorities in regards to these data, how to organize and relate the different
kind of biodiversity data. A major type of biodiversity variables to develop to
examine and improve human–biodiversity relationships concern ecosystems, where
their diversity ought to be related to human livelihoods diversity. In this regard,
beyond ‘historical’ and ‘modern’ landscapes, ‘ecological’ and ‘post-modern’
landscapes ought to be characterized and promoted, a way to improve biodiversity–
society relationships; in particular the quality of democratic procedures in regards to
(i) the diversity of biodiversity-society models, landscapes, and options proposed,
(ii) the number of biological, social, and cultural dimensions explored.

Keywords Biodiversity � Governance � Essential biodiversity variables �
Landscapes � Teleconnection � Biosphere people

11.1 Introduction

Associated to the wide diversity of biodiversity values, from intrinsic to different
types of instrumental values, landscape dynamics, hence governance, concerns
every citizen, social group. Being a fuzzy scientific concept, there are different ways
to conceptualize landscapes. Emerge at least two major different ones, a biophysical
and a cultural viewpoint. We will examine successively these two viewpoints,
complementary. We will first examine how the landscape stands, compared to
biodiversity concepts and variables, especially species ones, and how citizen con-
tribute to their characterization. We will then examine how people stand and
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connect to different landscapes, a question which matters especially when land-
scapes become unfavorable to human activities. We will finally examine the rela-
tion between these two viewpoints.

11.2 Landscapes from a Biophysical Viewpoint:
Biodiversity

From a biophysical viewpoint, there are two ways to examine landscapes. We will
not consider the physicochemical viewpoint, with the concept of geodiversity,
where there can be geodiversity hotspots (e.g., Tasmania), and with a corresponding
geo-ethics. A point we will not explore further. We will here examine the biological
viewpoint, with the concept of biodiversity.

11.2.1 Essential Biodiversity Variables (EBV)

To determine the biodiversity variables that should be examined, in particular in
regards to landscapes, the concept of EBV considers the different levels of bio-
logical organization, scientific disciplines concerned, from the gene to the
ecosystem (Pereira et al. 2013, and Table 11.1). EBV classes identify six types of
entities which should be monitored (Schmeller et al. 2017); the hierarchy between
EBV classes, in case of limiting possibilities to monitor biodiversity, being a lag-
ging question. For example, the species concept is a major tool for biodiversity
public policies, represented by the first three EBV classes. However, the higher
biological organization levels, communities, ecosystems, and landscapes, repre-
sented by the following three EBV classes, are also most relevant; ecosystem
diversity being an objective in itself in biodiversity preservation, necessary to
preserve species diversity, and also ecosystem services (and see below).

Table 11.1 Six different classes of essential biodiversity variables (EBV), from Pereira et al.
(2013)

EBV class Major observation techniques Type of biodiversity
assessment

Genetic variability Genomics Adaptation potential of
species

Populations, species Citizen extensive monitoring Species conservation status

Species characters Museum collections Ecological functions

Community
composition

Citizen extensive monitoring

Ecosystems functions Intensive monitoring, remote
sensing

Ecosystem services

Ecosystems structure Remote sensing Landscape quality
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To hierarchize biodiversity variables to monitor, another difficulty is that many
variables can exist for each class. For example, community composition can be
described through the number of species, species diversity, weighted by their
phylogenetic proximity, and also community abundance, e.g., number of birds…
(Couvet et al. 2011; Hill et al. 2016).

Biodiversity data are especially necessary to relate biological diversity and
ecological functions, hence ecosystem services, to document the effect of different
human pressures, public policies, on biodiversity. Assessing biodiversity adaptive
potential to global change is a growing challenge. It concerns threatened species as
well as pests and pathogens, whose adaptation is costly to humans, and also ‘or-
dinary’ biodiversity whose adaptation is necessary to biodiversity and ecological
functions to adapt to global change, avoiding ecosystem disruption. Adaptive
management should integrate such adaptation, requiring closer time-scales in
regards to observations, to know how biodiversity reacts on short time-scales, to be
able to modify management in consequence.

Such needs have to be confronted with observational possibilities, focusing on
techniques and human abilities available, including social and environmental costs.
To develop monitoring, biodiversity observation networks (BON) build capacities,
investigating what should be monitored, identifying observation methods, manag-
ing and interpreting data. Observation methods include extensive and intensive
monitoring, ecological field studies, and remote sensing (Schmeller et al. 2017).
Some methods require rather professionals, whereas others are better performed by
citizens, especially extensive monitoring (Schmeller et al. 2017; Couvet et al.
2011).

Citizen, as para-taxonomists or para-ecologists, plays an important role in BON,
documenting especially species-traits and community composition. Monitoring
citizens demonstrated major variations of farmland and butterflies communities, in
terms of abundance and composition, relative abundance of specialist species
(Julliard et al. 2004). At the opposite, more classical observations, on species
number and diversity, made by professionals, failed to detect changes (Dornelas
et al. 2014), both results being compatible (Hill et al. 2016). Indeed, relating
different biodiversity classes dynamics is a major scientific task, to assess contra-
diction, to get a better image of biodiversity dynamics (Hill et al. 2016).

11.2.2 The Case of Microorganisms

Recent progresses in the characterization of microorganisms communities are
deeply affecting our biodiversity representations. Defined as bacteria, fungi, a large
part of the protists, microorganisms are the majority of living individuals, in terms
of number of individuals and probably as number of species (Locey and Lennon
2016), thus in terms of diversity, moreover in terms of phylogenetic differences, a
trivial result when one considers that microorganisms diversity is a lot older than
plants and animals diversity. Microorganisms dynamics has been neglected because
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they were not readily accessible through human senses, visions…, although their
human importance in terms of diseases, allergies, human uses (e.g., making of wine
and cheese), is fundamental.

The conservation status of most microorganisms is not available; for the ones
which are obligatory host of threatened macro species, the future could be very
bleak. At the opposite, some phyla, like toxic cyanobacteria, benefit from human
disturbance, proliferating in overexploited and polluted waters. Climate change
could also lead to noticeable changes in their relative proportion, for example,
between diatoms and foraminifers.

Much of their importance for humans could go through the holobiont, the way
they interact with macro-organisms, humans, and mammals, for example, being
inhabited by several very large communities of microorganisms, necessary for
many physiological functions, our health, accounting for the effect of plant diversity
on minimization of allergies, or the beneficial effects of organic agriculture on plant
composition (Carey 2016). Microorganisms are probably most important for several
ecosystems services, an important issue being how to monitor such communities, to
make sense of their variation, and moreover how ecosystem management affects
microorganisms fate.

Emphasizing the hidden importance of microorganisms helps to mind the gap
between the scientific representation of biodiversity and its biological reality.
Indeed, most scientific biodiversity representations barely integrate microorgan-
isms, although they are the majority, in terms of number of individuals and prob-
ably number of species. Moreover, their functional importance is major.
Microorganism’s state and dynamics might reflect the quality of human practices in
a landscape, especially in regards to agriculture, and addressing soil communities.

11.2.3 Landscape and EBV Variables

Related to EBV, a landscape can be defined as a set of neighboring ecosystems,
which can be viewed from a human viewpoint. Thus, landscape states and
dynamics can be significantly documented with EBV. Ecosystems functions and
structures (Table 11.1) classes are especially relevant. Nevertheless, intimately
related to humans, social, and cultural variables ought also to be documented, to get
a complete landscape assessment.

In this regard, different landscapes can be recognized with the notion of
anthropobiome. Such notion distinguishes six kinds, in three sets. (1) High human
density, with towns and villages, where are 80% of humans but represent only 6%
of the non-icy terrestrial area. (2) Low human density but with high human pressure
represented by agriculture, crops, and prairies. (3) Low human density and human
pressure, often called ‘natural’, and represent 40% of the planet.

Urban and rural landscapes structures vary, along many different dimensions,
with human practices, independently of any biodiversity conservation programs.
Landscape makers, stakeholders are numerous and diverse: farmers, architects, and
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territorial managers. Indeed, even when strong direct ties between humans and
species are considered—whether these are charismatic, domesticated, exploited,
noxious, etc.—landscape variables also a determine relationship with these species.
In other terms, direct relations between humans and genes or species are difficult to
conceptualize, manage, independently of landscapes practices.

11.2.4 Ecosystems Red-Lists

Ecosystems as systems organizing interactions between living organisms and their
physic-chemical substrate, are a level of biological organization important to pre-
serve, and noticed as such according to CBD (Convention on Biological Diversity).
Besides species red-list, UICN (International Union for Conservation of Nature)
proposed an ecosystems red-list, including criteria for identification and threat level
assessment (Keith et al. 2013). A major difficulty remains to establish a consensual
typology for ecosystems, based on biophysical and/or social criteria. Such typology
is a necessary step to identify a ‘threatened ecosystem,’ and ought to be devised
according to a relevant landscape typology.

11.3 Landscapes Diversity from a Human Viewpoint

We will now consider how considering landscape human uses should lead to
consider four meaningful types of landscapes, combining biophysical and social
questions.

11.3.1 Hidden Teleconnections: ‘Historical’ and ‘Modern’
Landscapes

In regards to landscape diversity, assuming mostly a biophysical viewpoint, a
typology was recently proposed, distinguishing ‘modern’ and ‘historical’ ecosys-
tems (Barnosky et al. 2017), the scale considered corresponding also to two types of
landscapes. Such biophysical viewpoint corresponds to the ‘productionist’ per-
spective (Fouilleux et al. 2017), where human livelihoods are considered as an
outcome of the biophysical possibilities.

In such typology, ‘historical’ landscapes prioritize the intrinsic value of biodi-
versity. Considered as reservoirs of biodiversity, they are also associated to the
option value of biodiversity. They are rather populated with anthropophobic spe-
cies, like large carnivores, having difficulties to coexist with humans. Such species
are often threatened, and as a matter of fact need protection. Conservation objec-
tives are usually considered as independent of any utilitarian perspective, of any
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necessity for humans, except for cultural and ethical needs, although preservation of
ecosystem services has been recently proposed as a motive of advocacy for such
areas. Associated to historically low human impacts, social acceptability to restrain
human activity should be higher in such landscapes.

‘Modern’ landscapes host essential human activities, especially agriculture.
Production is most important, hence the preservation of ecological functions
involved, like soil fertility. The objective is to optimize goods and services pro-
duction, to decrease their environmental impact. Ecological engineering is a pro-
posed method to improve ecological functioning, exotic and synthetic biodiversity
being a possible component, depending on their performances in regards to
ecosystem functioning (Barnosky et al. 2017). Being heavily used by humans,
preserving biodiversity in such landscapes requires deep changes of human activ-
ities, like going from industrial agriculture to agro-ecology.

As a result, relevant EBV classes differ for these two landscapes (Table 11.2).

11.3.2 Teleconnection Between Landscapes: Global
Commodity Chains

A caveat with this dual, biophysical, typology is that relations between remote
landscapes are hidden. Indeed, most often modern landscapes require, from a
human viewpoint, other, often remote landscapes, through teleconnections, to be
functional. Such dependency is in terms of natural, human, and social resources.

Fluxes mechanisms associated with such dependency can be described with
global commodity chains (or ‘GCC’), where the chain going from production to

Table 11.2 Different landscapes, EBV preferentially associated

Landscapes EBV privileged

Historical Threatened biological diversity, especially at the species level

Modern Ecosystem services (community composition, ecosystem functions, and
structure), possibly associated with synthetic organisms (GMOS, gene editing
…), to maximization of labor productivity, related to landscape uniformity

Ecological – Biodiversity variables associated with landscape resilience, hence to
biological and social diversity. Local and/or specialist species, every
organism involved in ecological networks, from microorganisms
(holobionts) to pollinators

– Ecological functions (community composition, ecosystem functions, and
structure), their adaptability (functional and phylogenetic diversity)

– Landscape structural heterogeneity (associated in particular to agro-ecology)

Post-modern ‘Nature contribution to people’
Biological diversity relevant for social minorities (from cultivated to symbolic
species): small farming, peasants, indigenous people, and environmental
refugees
Involves traditional ecological knowledge
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consumption can function at the world level (Fig. 11.1). As a result, production and
consumption sustainability cannot be locally assessed, but require to take into
account GCC logics (Gereffi 1996).

LCA are a major tool to quantify teleconnections through GCC, assessing GCC
logics. LCA can be assessed for a product, or at the level of territory–aggregating
LCAs of all products consumed at the scale of this territory, corresponding to the
ecological footprint of people at such spatial scale, which leads to the possibility to
compare such ‘territorial’ LCA to the biophysical capacity of the same territory.

However, considering such LCA, also called attributional LCA, has major
conceptual limits, disregarding, when LCA are minimized, probable rebound effects
associated with lifestyles. That is, replacement of products with lower environ-
mental impacts can stimulate consumptions, new infrastructures, leading to the
so-called rebound effect (Alcott 2005). As a result, consequential LCA (CLCA), or
prospective life-cycle analyses, allows the possibility to anticipate and reduce
possible rebound effects (Chaplin-Kramer 2017). CLCA require defining (i) the
market, (ii) demand and offer, their relationships, (iii) the functional unit, the
practices involved, relating production and consumption modes. Indeed, there are
tight relationships between production and consumption in the case of food and
agriculture, affecting biodiversity (Desquilbet et al. 2016). For example, organic
consumers are lower meat consumers, production and consumption modes of corn
are related (Sukhedv et al. 2016). In other words, livelihoods, consumption modes,
of citizen, are a critical matter for landscape dynamics. In regards to agriculture, the
most important human pressure on biodiversity, different types of agriculture, from
‘intensive’ to ‘organics,’ correspond to different teleconnections with landscapes,
associated with different pressures on landscapes, livelihoods. In other words, to be
compared, the types of agriculture ought to be assessed through GCC. For example,
to assess the environmental effects of GM soybean production, the complete food
chain it belongs to, the corresponding GCC, need to be considered.

Fig. 11.1 GCC as relations between landscapes, through infrastructures, necessary for telecon-
nections between remote landscapes
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11.3.3 ‘Biosphere’ and ‘Ecosystem’ People

LCA analyses exemplify unequal ecological exchange between low and high
‘Human Development Index’ (HDI) countries—HDI integrating wealth, health and
education (Cumming and von Cramon-Taubadel 2018), richer countries importing
environmental goods from poorer countries. That means that the so-called modern
landscapes (see above) are significantly different variable on ecological grounds, at
least depending on wealth.

To describe more precisely such variability, the notion of ecological footprint
(EF) is useful. EF indicates the possible ecological overshoot of the planet. Present
overshoot increases with the ‘Human Development Index’, HDI (Cumming and
von Cramon-Taubadel 2018). Such EF variations correspond to different ways for
people to relate to world economy. The higher the HDI, the more local people
depend on teleconnected, often remote, landscapes. In reverse, the lower the HDI,
the more local landscapes are overexploited for export; in such landscapes,
exportation toward wealthier landscapes adds to local consumption. Indeed, most
degraded landscapes would belong to lower HDI countries (Sutton et al. 2016). As
a matter-of-fact, Gadgil (2013) characterize two types of people, biosphere and
ecosystem people, depending if their well-being depends on local or global land-
scapes (Fig. 11.2), corresponding to societies interactions.

Fig. 11.2 Relations and interdependence of biosphere and ecosystem people with local and global
landscapes and economies? indicates possible migrations (adapted from Cumming and von
Cramon-Taubadel 2018)
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A consequence could be that, beyond unsustainable production in many land-
scapes, hidden teleconnections constrain choices in every landscape, in different
ways depending on the predominance of exports or imports. The notion of red and
green loop can characterizes differences that modern landscapes establish with their
local (global) landscapes (Fig. 11.2), and see (Cumming and von Cramon-Taubadel
2018).

11.3.4 Degraded Landscapes and Refugees

Associated to ecological overshoot and hidden relationships with remote land-
scapes, landscape degradation can occur, in different ways. Natural resources can be
exhausted, barely renewed, and/or life conditions become not anymore suitable for
humans. For example, some climate scenarios anticipate that 3.5 billion people
leave in landscapes that might lose 50% of their productivity (Mora et al. 2015).
That correspond also to the notion of ‘Ghosts of the Anthropocene,’ a notion to
characterize landscapes where major degradation from a human origin arose (Tsing
et al. 2017). For example, Chernobyl and Fukushima areas, abandoned nuclear site,
Minimata bay, Aral Sea ….

Taking into account teleconnections, between biosphere and ecosystem people,
their landscapes, management ought to integrate, beyond human preferences, bio-
physical limits, an inescapable consequence of the overshoot of planetary limits in
modern landscapes, environmental refugees. Indeed, degraded landscapes and
refugees are a testimony of the urgency of such considerations. That is, locally,
beyond a certain level of degradation, people cannot anymore leave in degraded
landscapes. People are then dispossessed from their landscapes, becoming envi-
ronmental refugees, leaving unwillingly their landscape. The United Nations
counted 30 millions of refugees in 2016, for which environmental degradation as a
cause should interact with other social causes. The historical case of the Shtetl
suggests that there might not be happy conclusion for environmental refugees.

11.4 ‘Citizen’ Governance: ‘Ecological’
and ‘Post-modern’ Landscapes

Such degradations, future plausible ones associated to ecological overshoot, lead to
major difficulties for biosphere people and environmental refugees to land. Beyond
difficult, perhaps impossible top-down global responses, the power of people ini-
tiatives, the citizen perspective becomes a major matter of concern. Citizen initia-
tives, changing lifestyles, relationships between production and consumption
modes, for example, with the ‘slow food’ movement (Schneider 2008) are
numerous. A typology of world-views diversity (De Witt et al. 2017) can help to
understand, acknowledge, such diversity of responses.
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World-view diversity should include at least four types of world-views. With the
‘modern’ world-view, associated to dependence on global ecosystems (see above),
natural science and associated techniques are considered as the major tools to
improve humans–biodiversity relationships, lifestyles being not questioned. With
the ‘traditional’ world-view, ‘historical’ landscapes host traditional values, in par-
ticular spiritual ones, necessary for human–biodiversity relationships, avoiding the
great divide between nature and culture.

Finally, in a pluralistic world, ‘post-modern’ and ‘ecological’ world-views (De
Witt et al. 2017) are important alternatives, associated to corresponding ‘ecological’
and ‘post-modern’ landscapes. A major advance with these two last categories is to
integrate the hidden relationships with remote landscapes. We will now present
these two categories.

11.4.1 ‘Post-modern’ Landscapes: (Dominated) Ecosystem
People

Such landscapes are seen through the lenses of ‘ecosystem people’ (Fig. 11.2), in
particular dominated ones, for which living requires exporting their natural capital
(Gadgil 2013). As a result, in such landscape, social issues become of major
importance. That concerns social minorities, depauperate and/or deprived ones,
gender issues…. More generally, the post-modern world-view considers that social
uses of biodiversity, ecosystems, hence environmental questions, priorities, and
urgencies, vary significantly with social groups. That concerns in particular farmers,
leading to proposals to favor small farming, ‘peasant’ agriculture, corresponding to
a certain kind of agriculture, based on agro-ecology, organics. Such perspective
concerns a large majority of farmers, probably more than 90% of the farmers in the
planet, based primarily in Asia and Africa; at the opposite, modern farmers being a
tiny minority (Dorin 2017). Improving perspectives for post-modern landscapes
probably correspond to ecological landscapes, which we will consider now.

11.4.2 ‘Ecological’ Landscapes: A Necessary Perspective
for Biosphere People?

In ‘ecological’ landscapes, the primary attempt is to combine the biophysical and
human viewpoints, their retroactions; landscapes and societies resilience being a
major principle. Accordingly, priority objectives should be the maintenance of local
biological and social diversity, landscape structural heterogeneity, the diversity of
ecological functions, their adaptability, involving functional and phylogenetic
species diversity.
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To reach such objective, major changes are necessary from the biophysical and
human viewpoints. Minimizing human ecological footprint should be considered as
a prerequisite to preserve biodiversity. A consequence being that human produc-
tivity is not any more maximized, such landscape concern at first biosphere people
in ‘modern’ landscapes, especially the ones who ‘need to land’, that is, to have an
EF compatible with planetary limits. Landscapes associated to vegans, low-energy
lifestyles, including ‘transition towns’, might be good examples of such projected
landscapes.

Ecological landscapes are also an interesting perspective for post-modern
landscapes, for ecosystem people, in general, for territories having difficulties with
the modern development model. For example, in high HDI countries, shrinking
cities, especially present in high HDI countries might be favorable landscapes to try
such new ecological landscapes, offering the possibility for these to become at the
forefront of the ecological transition rather than to be the bandwagon of modernity.

Production modes should correspond to agro-ecology in regards to agriculture,
where the primary issue is the use of ecological functions involving local and/or
specialist’s species, to minimize agriculture environmental impacts (Table 11.2).
That concerns small farming, in general farmers belonging to post-modern land-
scapes. The way farmers manage biodiversity, what matters to them, for example,
in regards to biological control, becomes a central issue to prioritize EBV to
monitor in such ‘ecological’ landscapes.

11.5 Further Considerations on These Four Kinds
of Landscapes

Having described what would be the major features of the typology we propose, we
can now make further comparisons between these four kinds of landscapes, which
combine biophysical and human considerations.

The notion of ‘human footprint’ (HF), which measures the human pressure of a
given landscape—disregarding to whom such footprint benefits, local or remote
people—can complete the information brought by the EF, exemplifying differences
between these four kinds of landscapes. In landscapes in ‘high HDI’ countries, EF
should be large and HF low. At the opposite, in landscapes of ‘low HDI’ countries,
EF should be comparatively lower and HF higher (see Fig. 11.3). Traditional
landscapes should have both low footprints, while ecological landscapes have the
objective to lower both footprints compared to modern and post-modern land-
scapes, combining lower consumption, and improved relations between human
modes of production and consumption, with the support of the functioning of
ecosystem, in particular through agro-ecology. The type of agriculture developed
might vary with the landscape (Table 11.3). Notice that post-modern and ecological
agricultures might converge, as suggested above, although the pathway and origins
might differ.
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11.5.1 Landscapes and ‘Shared Socio-Economic Pathways’
(SSP)

To consider the possible future of the planet, ‘shared socio-economic pathways’
(SSP) have been constructed. Five major SPP are identified (O’Neill et al. 2017),
varying in terms of expected human demography, social inequality, economic
growth, human environmental impacts… (see Fig. 11.4). SSP2 is at the middle
between the four other SSPs.

As landscapes differ in terms of ecological and human footprint, SSP also
exhibits the same type of variations. Relating landscapes to SSP—which are con-
structed at a world level—offers a possibility to relate processes occurring at the
level of local territories with regulation occurring at the planetary level, that is to
relate top-down and bottom-up processes. Based on simulation results on SSP

Fig. 11.3 Suggested classification of different landscapes, according to ecological footprint and
human pressure

Table 11.3 Different kind of environmentalities for the different types of landscapes

Type of
landscape

Type of agriculture Type of environmentality

Historical No (or traditional types) Bio power, sovereignty,
and truth

Modern Industrial, intensive (associated to
land-sparing, Schneider 2008)

Discipline and
neoliberalism

Ecological Agro-ecology, including organic (associated to
land-sharing, Schneider 2008)

Geared around deliberative
citizen democracy

Post-modern Small farming, peasant agriculture Discipline and
neoliberalism
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(O’Neill et al. 2017), one can propose indeed preferential associations, along two
axes that differentiate SSP, environmental pressure and social inequalities
(Fig. 11.4). Historical and ecological landscapes can be related to SSP1, the sus-
tainable pathway. Modern and post-modern landscapes are rather associated with
other pathways, the conflictual intensity varying between among pathways, being
more intense in SSP3 and SSP4, corresponding especially to post-modern land-
scapes. At the opposite, SSP5 assume, implicitly, a certain landscape convergence
at the world level, corresponding to the ‘modern’ landscape perspective.

11.5.2 Relationships Between Landscapes
and Environmentalities

Beyond footprints variations, diversity of relations, accordance, with SSP, the
different landscapes might correspond to different norms. Modern landscapes would
be rather associated with industrial norms, efficiency. Ecological landscapes are
rather associated with environmental norms, post-modern landscapes being domi-
nated by social inequalities. Overall, norms, speeches, discourses, philosophies, and
scientific analyses should differ, corresponding to different governmentalities
operating in the domain of the environment, or environmentalities (Fletcher 2010).

As Fletcher (2010) identified five kinds of environmentalities, one can indeed
preferentially associate these to the different landscapes. For example, internaliza-
tion of norms and rules, and top-down ruling are two kinds of environmentalities
probably preferentially associated with ‘modern’ and ‘post-modern’ landscapes
(Table 11.3).

Fig. 11.4 Correspondence between SSP, inequalities and planetary limits and type of landscapes
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Ecological landscapes could correspond to the perspective of liberal environ-
mentalism proposed by Fletcher (2010), for the following reasons. Major
improvements in such landscapes are necessary in regards to governance, or
environmentality. In particular, deliberative citizen democracy ought to improve the
quality of the procedures. As proposed by A. Sen, for the deliberation to be sat-
isfactory, requires two conditions; (1) a diversity of options, so that each actor can
have a multiplicity of choices, are not confronted with false dilemmas with a TINA
(‘There is no alternative’) discourse. (2) Each option should take into account many
social and biological dimensions, beyond wealth, health, quality of life. Overall,
these dimensions should address at least the ten central capabilities proposed by M.
Nussbaum, based on Sen’s work (Couvet 2017). As a result, citizen science will
have an increasing role, to multiply alternatives, to explore different dimensions.
Citizen science is being understood in a wide understanding from gathering
information to managing innovation to be part of decision-making.

Finally, historical landscapes, involving naturalness, should rather be associated
with environmentalities involving biopower, sovereignty, and truth (Table 11.3).

Further questions should be considered in regards to the relation between
landscapes and environmentalities. (1) A same landscape might be seen from dif-
ferent perspectives, for example, from a post-modern and an ecological viewpoint.
The interactions between these different perspectives might bring new perspectives.
(2) The interactions between these different kinds of landscapes might affect their
dynamics, as they should coevolve, in particular, due to their interactions through
GCC. (3) The relation that people establish with these different landscapes might
change with time, a question associated with the previous one.

11.5.3 Traditional Ecological Knowledge
and Environmentalities

In regards to environmentalities, traditional ecological knowledge (TEK) can have a
major importance in post-modern and ecological landscapes. TEK are supposed to
take into account all kind of knowledge, especially vernacular knowledge, in par-
ticular of indigenous people. In complement, the notion of ‘nature contribution to
people’ (NCP) should help to analyze the complex, multiple connections, of local
people with nature (Díaz et al. 2018)—although, from a scientific analysis view-
point, the notion of nature can be considered as rather vague, and should be related
to the notion of biodiversity and geodiversity. The notion of NCP is close to the
notion of ecosystem services, developed by conservation biology to pursue a
comparable objective, to integrate more closely biodiversity and geodiversity in
human logics and decisions. A shared advantage of these notions, NCP or
ecosystem services, is to go beyond the notion of natural resources. These concepts
emphasize that biodiversity, nature, are not only resources for humans, but are
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necessary for every aspect of human life, have cultural, spiritual value. These
notions also underline there can be different human viewpoints of a same landscape,
in particular of what would be preferable for humans.

11.6 Mandatory Conclusions

1. Building citizen capacities in regards to landscape management, in terms of
information and objectives

2. Taking into account the way different citizen, stakeholders relate to landscapes,
citizens having a critical role in terms of expertise capacity, scrutinizing public
policies.

3. Recognizing different types of landscapes, depending on the state of biodiver-
sity, ecological and human footprints, social inequalities, so that people can
understand local issues, how these local issues are related to global ones.

4. Improving the quality of democratic procedures in regards to landscapes poli-
cies, improving environmentalities.

5. Proposing a diversity of options, each taking into account many social and
biological dimensions, beyond wealth, health, quality of life, integrating all
central capabilities (Couve 2017).
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Chapter 12
Learning Landscape Approach Through
Evaluation: Opportunities
for Pan-European Long-Term
Socio-Ecological Research

Per Angelstam, Michael Manton, Fatima Cruz, Mariia Fedoriak
and Yurij Pautov

Abstract Sustainable development as a societal process aimed at securing sustain-
ability is challenging. To encourage the necessary knowledge production and learning
in different social-ecological contexts requires a place-based networking research
infrastructure that involves multiple academic disciplines and non-academic actors.
Long-term socio-ecological research (LTSER) platform is one approach with *80
initiatives globally. To encourage transdisciplinary learning through evaluation we
defined a normative model for ideal performance at both local platform and network
levels. Four surveys were then sent out to 67 self-reported LTSER platforms.
Focusing on the network level, we analyzed the spatial distribution of both long-term
ecological monitoring sites within LTSER platforms, and LTSER platforms across
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the European continent. Finally, narrative biographies about 18 LTSER platforms in
different stages of development were analyzed. While the siting of LTSER platforms
represented biogeographical regions well, variations in land-use history and gover-
nance arrangements were poorly represented. Ecosystem research (72%) dominated
social system research (28%). Maintenance of a platform required 3–5 staff members,
was based mainly on national funding and had 1–2 years of future funding secured.
Networking with other landscape approach concepts was common. Individually, and
as a network, LTSER platforms have good potential for transdisciplinary knowledge
production and learning about sustainability challenges. To benefit from the large
range of variation among Pan-European social-ecological systems, we encourage
collaboration among different landscape approach concepts such as LTSER platform
and Model Forest, ecological reference landscapes like zapovedniks as well as tra-
ditional systems for landscape stewardship.

Keywords European continent � Landscape approach � Learning through evalu-
ation � LTSER platform � Model forest � Social-ecological system � Stakeholder
engagement � Transdisciplinary research

12.1 Introduction

As a complement to the ecosystem services approaches in land-use policy, gov-
ernance and planning, implementation on the ground requires skills to navigate the
complexity of interactions within landscapes as social-ecological systems. It is
essential to focus both on sustainable development as a societal process (Baker
2006), and on ensuring sustainability in social-ecological systems. Landscape is a
well-established concept that can aid knowledge production and learning by fos-
tering transdisciplinary knowledge production and learning (Angelstam et al. 2013).
This requires integration of researchers and other knowledge producers representing
different disciplines, as well as stakeholders representing different sectors at mul-
tiple levels (Termorshuizen and Opdam 2009).

To maintain natural capital through functional green (ecological) infrastructure
(e.g., European Commission 2013), thereby enhancing human well-being, modified
landscapes often require capacity-building in social systems, and action through
conservation, management and restoration in ecological systems. To scale up
research and development in support of sustained delivery of ecosystem services is
a challenging task (Angelstam et al. 2017a). It requires identification of the
acceptable level of modification of the biophysical environment (e.g., Manton and
Angelstam 2018), place-based co-ordination of human management of land and
water resources, as well as engaging and incentivizing stakeholders and actors to act
sustainably (e.g., Dawson et al. 2017). The general term landscape approach cap-
tures this complex web of interactions (Axelsson et al. 2011; Sayer et al. 2015;
Angelstam et al. 2019a). A wide range of landscape approach concepts aimed
toward place-based knowledge production and engaged stakeholder collaboration
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have emerged (Angelstam and Elbakidze 2017). One such concept is the long-term
socio-ecological research (LTSER) platform (e.g., Haberl et al. 2006, 2009; Singh
et al. 2013; Gingrich et al. 2016; Bretagnolle et al. 2018). Currently, there are *80
LTSER platform initiatives globally (Mirtl et al. 2018). The LTSER network
emerged as a bottom-up process, where existing local and national initiatives
became recognized at the European level (Singh et al. 2013). Enhancing collabo-
ration among LTSER platforms at the international level is the next desirable level
of ambition toward using multiple landscapes as a laboratory (Angelstam et al.
2019a, b; Holzer et al. 2018).

While landscape approach is commonly advocated, and implementation of ini-
tiatives is often highlighted as success stories, formal audits against a norm that
states what should be delivered are rarely made. Hence, it is difficult to assess the
contributions of different landscape approach concepts in terms of what they
actually deliver on the ground. The term learning through evaluation concept
captures this challenge (Lähteenmäki-Smith 2007).

The aim of this chapter is to report on a recent audit by Angelstam et al. (2019a)
about the extent to which European LTSER platform initiatives live up to the
LTSER platform concept’s own norms developed for place-based knowledge
production and learning toward sustainable landscapes. First, we defined a nor-
mative model for the ideal performance of LTSERs at platform and network levels.
Second, we analyzed the location of platforms across Pan-European gradients of
biophysical, anthropogenic and intangible interpretations of landscape. Third, we
sent out four surveys with increasing complexity to 67 self-reported LTSER plat-
forms. Fourth, we compiled narrative biographies for 18 LTSER platforms in dif-
ferent development stages. The discussion focuses on two dimensions. First, how
can landscape approach concepts such as LTSER can be sustained as local hubs of
problem-solving landscape laboratories, and how they can form a research infras-
tructure. Second, we advocate learning among different landscape approach con-
cepts such as LTSER platform and Model Forest (Angelstam et al. 2019b),
ecological reference landscapes like zapovedniks (Shtilmark 2003) and traditional
approaches to landscape stewardship in rural landscapes (Angelstam and Elbakidze
2017; Fedoriak et al. 2019).

12.2 Methods and Materials

12.2.1 Normative Model

To assess performance of individual LTSER platforms, we developed a normative
model by integrating Grove’s et al. (2013) architectural metaphor of “siting, con-
struction and maintenance” of individual LTSER platforms, and Mirtl’s et al.
(2013) triangle of region and actors (i.e., landscape as a coupled social-ecological
system), research, infrastructure and co-ordination (Fig. 12.1). This approach
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Fig. 12.1 Landscape approach according to the architectural metaphor of the LTSER platform
concept (Grove et al. 2013; Mirtl et al. 2013) involves a siting a landscape as a socio-ecological
system laboratory and engaging stakeholders in knowledge production and learning, b constructing
by integrating researchers from different disciplines and securing an infrastructure for collecting
and analyzing quantitative and qualitative data and c maintaining continuous facilitation and
co-ordination to sustain transdisciplinarity (see Table 12.1)

Table 12.1 Criteria and indicators developed by Angelstam et al. (2019a) for the assessment of
LTSER platforms as (1) a place-based research infrastructure based on Grove’s et al. (2013)
architectural metaphor “siting-construction-maintenance” (A, B, C) for individual platforms and
(2) for LTSER platforms as a distributed network (D)

Criterion Indicator

Siting (A) 1. Ecoregional representation

2. Representation of anthropogenic change

3. Representation of intangible interpretations

Construction (B) 4. Human versus natural science research

5. LTER sites in LTSER platforms

6. Stakeholder structure (at least five partners)

7. Land ownership structure

Maintenance (C) 8. Number of full-time workers

9. How funding is spent on main functions

10. Funding sources

11. Duration of secured future funding

12. Past survival

Network (D) 13. Reaction frequency

14. Response time

15. Opportunity for socio-ecological analyses

16. National support
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resulted in four criteria and generation of 16 indicators for which verifier variable
data were collected (Table 12.1).

To visualize the locations of LTSER platforms, we created a standardized
platform area of 10,000 km2 (Fig. 12.2). The rationale is three-fold. First, this size
is indicated in LTSER guidelines (100–10,000 km2, Mirtl et al. 2008). Second,
from an ecological point of view, we relied on the area requirements of focal species
(Lambeck 1997), meaning that a planning unit should be in the order of 1000–
10,000 km2 (Angelstam et al. 2004 p. 435). Third, from a social system perspective
people generally do not commute more than 1.5 h per day, i.e., corresponding to ca
50–60 km one-way travel distance by car or train (e.g., Lindelöw 2018), hence also
ca. 10,000 km2.

To collect verifier variable data that matched the 16 indicators in Table 12.1 we
sent out four surveys. Survey-1 aimed at identifying the individuals responsible for
LTSER platform co-ordination, ecological system research and social system
research in each platform. Survey-2 focused on characterizing the construction and
maintenance of an LTSER platform. Survey-3 was designed as an online Web tool

Fig. 12.2 LTSER platforms provide opportunity to address large spatial extents and both
ecological and social system research topics (Metzger et al. 2010), as well as how they interact
(Singh et al. 2013). The figure illustrates how 67 LTSER platforms form a multi-level place-based
research infrastructure in Europe. Nested within LTSER platforms (from left to right) in a fictive
LTSER platform there are special areas such as biosphere reserve and national park, LTER
(Long-Term Ecological Research) sites that focus on ecosystem monitoring comprising highly
instrumented Master Sites, Regular Sites and Satellite Sites, as well as local infrastructure and
monitoring grid points (e.g., Mirtl et al. 2013 p. 417). Globally, this research infrastructure
comprises *80 long-term socio-ecological research (LTSER) platforms and *700 LTER sites
(Mirtl et al. 2018)
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which LTSER platforms could use to check that the GIS polygon of their platform
was correct, and if needed draw or adjust its shape directly. Finally, Survey-4
focused on evaluating the extent to which and how LTSER platforms work with
green infrastructure as a key transdisciplinary topic to address the supply and
provision of ecosystem services in the LTSER platform areas as social-ecological
systems.

12.2.2 LTSER Platforms in Different Development Stages
as Case Studies

We also collected case study narratives for 18 LTSER platforms (Table 12.2).
Having emerged as bottom-up initiatives in different settings, today’s LTSER
platforms represent a wide gradient from those just interested in embarking on the
LTSER concept, and to those that have been active for >15 years. The case study
narratives were structured by the four assessment criteria (1) siting, (2) construction
and (3) maintenance of individual platforms on one hand and cross-platform
(4) networking on the other (Table 12.1). From these structured narratives, we
extracted and summarized the key themes for each criterion. In the results section
quantitative indicators are reported first, and then the results from the case study
narratives.

12.3 Results

12.3.1 Siting

The 67 LTSER platforms represented 23 countries. In terms of biophysical inter-
pretation of landscape, there was good coverage of LTSER platforms in the Alpine,
Boreal, Atlantic, Continental and Mediterranean biogeographical regions (Indicator
A1). Gradients of anthropogenic land cover change are an important feature
allowing design of comparative studies of the effects of anthropogenic factors on
ecosystem services, such as across LTSER platform areas. Forest is the most
widespread potential natural land cover in Europe and ranges from lost to present
but modified and intact forest landscapes. The location of LTSER platforms only in
the western half of the European continent means that intact forest landscapes that
can be used as reference landscapes (e.g., Naumov et al. 2018) are missing
(Indicator A2). Similarly, an example of an intangible interpretation of the land-
scape concept, countries with the full range of governance arrangements values
were not represented, thus missing important constituent social system variables
(Indicator A3).
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Table 12.2 Case study narratives were collected for 18 LTSER platforms in different stages of
development and analyzed with respect to the four LTSER platform criteria siting, construction,
maintenance and networking (see Table 12.1)

LTSER platform (code
according https://data.lter-
europe.net/deims/site/)

Country Years of operation
as a LTSER
platform (up to
2019)

Area
(km2)

Number of
local
administrative
units

Waddensee
(lter_eu_nl_001)

Netherlands 3 6155 17

Engure
(lter_eu_lv_01)

Latvia 9 644 5

Oracle/BVRE Orgeval (Seine
river basin), (rbv_fr_05; part
of lter_eu_fr_002)

France 30 1200/
78,000

16/8400

Negev Highlands
(lter_eu_il_017)

Israel 5 1700 2

Roztochya
(lter_eu_ua_004)

Ukraine Potential 280 10

Tovel lake
(lter_eu_it_090)

Italy Potential 90 1

Doñana LTSER Platform
(lter_eu_es_001)

Spain 11 2736 12

Plaine and Val de Sevre
(lter_eu_fr_009)

France 19 435 24

Poloniny National Park
(lter_eu_sk_010)

Slovakia 2 342 10

Braila Island
(lter_eu_ro_006)

Romania 18 2597 25

Bergslagen
(lter_eu_se_001)

Sweden 8 44,000 40

Eizenwurzen
(lter_eu_at_001)

Austria 15 5904 91

Lithuanian coastal site
(lter_eu_lt_004)

Lithuania Abandoned NA NA

Helsinki
(lter_eu_fi_002)

Finland 13 745 3

Arava
(lter_eu_il_016)

Israel 10 1650 1

Baixo Sabor
(lter_eu_pt_002)

Portugal 10 1590 5

Montado-Alentejo
(lter_eu_pt_001)

Portugal 8 32,700 53

Chernivtsi region Ukraine Potential 8097 11
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The qualitative results from the 18 narratives of LTSER platform initiatives
illustrate the European diversity of local and regional social-ecological contexts.
Three groups of landscape types had LTSER platforms. The first was rural agri-
cultural landscapes in different development stages. The second involved river
catchments and coastal areas, both of which forming gradients from urban settings
including urbanization and industrial decline via agricultural areas in different
socio-ecological transition, and to protected areas of different kinds. The third group
was formed by historic informal regions in steep socio-ecological gradients with
complex governance legacies linked to different land ownerships and landscape
histories, both within countries and in cross-border regions.

12.3.2 Construction

Survey-1 showed that the three LTSER platform functions co-ordination, respon-
sibility for ecological and social science research, respectively, was served by one
person [39% of the platforms (n = 28)], two persons (50% of the platforms) and
three persons (11% of the platforms). Research on ecological systems (73%) out-
numbered research on social systems (27%). All LTSER platforms had at least one
LTER site. Concerning the profile of stakeholder participation in spatial planning
for biodiversity conservation and human well-being (indicator B6) and land own-
ership (indicator B7) there was a clear focus on the local and regional levels.

The narratives showed that the construction of LTSER platforms included both
top-down to bottom-up approaches. The first came out of national-level competitive
initiatives to develop LTSER platforms with the aim to enable integrative research
about ecosystem services together with stakeholders. The second group was formed
by national parks, municipalities and regional planning units that realized the need
for integrated land planning to cope with socio-economic pressures on landscapes
as social-ecological systems, and biodiversity conservation through promotion of
sustainable landscape development and integrated planning. The third group was
LTSER platforms the establishment of which was triggered by concrete drivers for
knowledge production and learning bottom-up, such as declining human population
and demographic challenges in rural areas, need for landscape restoration, a severe
flooding event, securing water quality, river damming for hydroelectric use, decline
of charismatic focal farmland birds and threats to beekeeping. These initiatives led
to monitoring projects, later evolving into research projects at local, regional and
international levels, which over time did or may transform into transdisciplinary
research gathering ecologists, economists and social scientists as well as
stakeholders.
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12.3.3 Maintenance

The LTSER platforms’ most frequently mean number of full-time workers (indi-
cator C8) was 3–5 persons, but almost the same proportion of the respondents said
1–2 persons (n = 29). Research (ecological 29%, social 11%) accounted for the
largest funding expenditure for the platforms (indicator C9). Other expenses
included data collection (26%), co-ordination (16%), travels in the field (12%) and
stakeholder engagement (7%) (n = 29). Regarding funding sources (indicator C10)
almost 90% of the LTSER platforms relied on national grants, and about 50% of the
platforms were supported by EU grants as well as from regional sources (n = 29).
The “duration of secured funding” (indicator C11) was short-term. Most commonly
funding was secured for only 1–2 years (37%) in advance. About 30% of the
LTSER platforms reported funding for the next 3–5 years (n = 29). “Long-term
survival” (indicator C12) was assessed by comparing data for 2010 with those for
2016. Of the 30 platforms listed in 2010, only three had disappeared by 2016.

Analyzing the narratives, we identified three mechanisms to sustain a more or
less loose researcher-stakeholder network as a key foundation for a LTSER plat-
form. First, some platforms had permanent staff based at a national research
institute or university, with a desire to do LTSER platform work. National and
regional funding in successive shorter periods was frequently complemented with
mainly disciplinary short-term projects. Long-term monitoring of biodiversity and
socio-economic data were key assets in emerging, young and long-lived LTSER
platforms. Second, skills to identify key topics, and to write proposals to secure and
sustain multiple minor short-term sources were combined with a patchwork of
disciplinary research, post-graduate and consulting projects. Wise integration of
funding for research and stakeholder engagement can transition into transdisci-
plinarity. Third, to survive some LTSER platforms exercise opportunistic use of
short-term research funding through participation in national and EU-projects,
however, this may be insufficient to sustain desired monitoring initiatives and to
allow time for preparing peer-review publications.

12.3.4 Networking

To assess the reaction frequency to the four surveys (indicator D13) at the network
level we analyzed their response rates. Surveys 1–4 were answered by 28, 29, 21
and 14 respondents, respectively. In total, 43 LTSER platforms responded to at
least one of the four surveys. LTSER platforms that had delivered polygons in
Survey-3 had a significantly higher response rate. To assess LTSER platforms as a
communicating network of place-based research, we used as a proxy the frequency
of occurrence of LTSER platforms that responded to four different surveys and how
fast they responded to them in relation to the requested 14 day limit (Indicator
D14). In the first survey, all but one of the 28 platforms that responded met this
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requirement. With increasing survey complexity response times became longer. The
opportunity for analyzing socio-economic data collected at the level of public
administrative units (Indicator D15) was estimated by comparing our estimates of
how large (i.e., 10,000 km2) a sufficiently sized LTSER platform ought to mirror
the size of a sufficiently large areas that reflects both ecological and social system
analyses comprehensively on one hand, and the size of administrative units at
different levels of governance on the other. Of the 43 LTSER platforms for which a
polygon could be attributed, a total of 18 were 1000–10,000 km2 in size and 8 met
the requirement of 10,000 km2. For those 43 platforms with boundaries in
DEIMS-SDR, a total of 50% were supported by their respective host countries.

Finally, networking with other LTSER platforms, but also with other landscape
approach concepts, was widespread. This included Model Forest, EU LEADER,
Ramsar, UNESCO Biosphere Reserve, UNESCO Global Geopark, Zone Atelier,
World Heritage Site, zapovednik and, as well as a wide range of professional and
researcher networks.

12.4 Discussion

12.4.1 Comparisons with the Normative Model
for LTSER Platforms

Long-term socio-ecological research (LTSER) emerged in response to the recog-
nition of increased effects of human activities on sustainability at local to global
levels (Singh et al. 2013; Mirtl et al. 2018). These challenges can often be con-
sidered as wicked (Duckett et al. 2016), which calls for transdisciplinary knowledge
production and learning (Angelstam et al. 2013; Holzer et al. 2018). The LTSER
platform concept aims at being a place-based infrastructure that supports collabo-
rative knowledge production and learning by academic and non-academic partici-
pants (Haberl et al. 2006; Singh et al. 2013). As a network, the ambition is to
develop context-specific solutions by drawing upon multiple LTSER platforms
representing biophysical, anthropogenic and intangible properties of landscapes as
social-ecological systems (e.g., Matthews and Selman 2006; Metzger et al. 2010).
Based on mixed quantitative and qualitative methods Table 12.3 provides an
overview of the compliance with the normative model.

The siting of LTSER platforms affects the opportunity to design macroecological
research, natural experiments and comparative studies of government, governance
and politics. From this point-of-view, the European LTSER platforms represent the
socio-ecological diversity within the EU well (Metzger et al. 2010). However, parts
of important socio-economic, landscape history and governance gradients that exist
on the entire Pan-European continent are missing from this network. For example,
many post-Soviet countries are missing (e.g., Russia, Belarus, Ukraine), and some
platforms are no longer functioning (e.g., Lithuania). The absence of large intact
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forest landscapes as reference areas for ecological integrity, and of regions with
clearly top-down governance with low levels of democracy are two examples. The
first example can be illustrated by studies on the effect of habitat amount and
configuration on biodiversity (e.g., Roberge et al. 2008), and the effects of large
herbivores on trees (Angelstam et al. 2017b). Similarly, comparative studies of
different governance arrangements illustrate that different societal trajectories
require solutions that are adapted to both stakeholder engagement patterns and
spatial planning legacies (e.g., Elbakidze et al. 2010, 2013).

At the network level, a critically important dimension of a landscape approach
research infrastructure is that it covers wide gradients in all dimensions of land-
scape. First, this involves capturing the full gradient of ecosystem state (Naumov
et al. 2018; Manton and Angelstam 2018). Second, the network needs to cover a

Table 12.3 Opportunities for improvement of LTSER platforms’ performance as place-based
research infrastructure

Criterion Indicator Opportunities for improvement

Siting
(A)

1. Ecoregional
representation

–

2. Representation of
anthropogenic change

Include reference areas representing
ecological integrity and resilience

3. Representation of
intangible interpretations

Include wider gradients of governance and
political cultures

Construction
(B)

4. Human versus natural
science research

Strengthen the role of humanities and social
sciences

5. LTER sites in LTSER
platforms

Encourage macroecological approaches

6. Stakeholder structure –

7. Land ownership structure –

Maintenance
(C)

8. Number of full-time
workers

–

9. How funding is spent on
main functions

Increase proportion funding spent for
humanities and social sciences

10. Funding sources Funding at EU-level need to support also
local LTSER platforms

11. Duration of secured
future funding

Need to encourage longer-term funding

12. Past survival –

Network
(D)

13. Reaction frequency Develop incentives for cross-platform
collaboration

14. Response time Develop incentives for cross-platform
collaboration

15. Opportunity for regional
meta-analyses

Compare macroecological and
socio-economic data

16. National support Increased support from north and east
European countries
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wide range of social systems, such as from bottom-up democratic governance to
top-down authoritarian (e.g., Elbakidze et al. 2010). To achieve this, the LTSER
network needs to establish platforms outside the EU as well as collaborate with
other concepts.

The Soviet zapovednik system for strictly protected areas, including monitoring
data and phenological letters of nature (Shtilmark 2003), is a grand infrastructure to
build on. However, problems with funding of both place-based research and other
research are widespread in post-Soviet countries. For example, in Ukraine, the
situation deteriorated significantly in the years after independence in 1991, Slovakia
was in a similar situation before entrance to EU in 2004, and Lithuania’s LTSER
platform no longer functions due to the withdrawal of governmental support,
although there is interest from the communities of international landscape approach
concepts and local research sector to reinvigorate. Although EU funds helped to
improve the situation, impacts of the previous regime can be felt. Thus, the most
efficient way to develop a network in such countries with limited financial
opportunities would be to implement EU-projects that are dedicated to support the
establishment of a LTSER platforms network in both EU and former post-Soviet
countries.

Concerning the construction of LTSER platforms, the addition of the “socio”-
component to already established long-term ecological monitoring/research sites is
not straightforward. This is reflected both by a dominance of ecological research
according to our survey work, and a dominance of ecological research in peer-review
publications (Dick et al. 2018). Nevertheless, the same study demonstrated that the
trend over time is positive for social science contributions from LTSER platforms.
Moving from research restricted to natural science or human science research toward
transdisciplinary knowledge production through collaborating researchers, practi-
tioners and citizens means a radical change in the way knowledge production is
carried out and how infrastructure for this is built (Holzer et al. 2018). There is often
epistemological and methodological friction when engaging in transdisciplinary
research (e.g., Furman and Peltola 2013; Mirtl et al. 2013).

So far, the LTSER platform concept has been viewed through an ecosystem and
natural science lens. To balance this, the LTSER platform concept also needs to
incorporate the perspectives of social sciences and the humanities. To achieve this,
mutual respect from both cultures of human and natural science research [sensu
“two cultures” of Snow (1959)], respectively, is required. Developing a transdis-
ciplinary research agenda overarching multiple LTSER platforms, and facilitating
researchers’ and stakeholders’ ability to participate in processes of knowledge
production and learning would be an important contribution.

The qualitative approach based on 18 narratives corroborates the quantitative
analysis. The narratives demonstrate the long period from the appearance of a
transdisciplinary idea to its realization, and that collaboration among different
landscape approach concepts was common (e.g., Angelstam and Törnblom 2004;
Axelsson et al. 2013; Bretagnolle et al. 2018). While on the one hand this can be an
obstacle for establishing a place-based distributed network of landscape approach
initiatives as research infrastructure (see http://www.lter-europe.net/elter-esfri), a
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positive pragmatic approach is to encourage collaboration in different constellations
of LTSER platforms based on their characteristics. Finally, the size of LTSER
platform areas matters. Addressing interactions between macroecological patterns
and processes on the one hand and governance, political cultures and
socio-economic factors on the other, requires platform areas that are sufficiently
large to contain multiple territorial units that can provide such data.

12.4.2 Landscape Approach and Traditional Landscape
Stewardship

Landscape approach entails a collaborative effort of researchers, stakeholders,
practitioners and policy-makers toward bottom-up projects and actions to promote a
sustainable development process and sustainability in their own place and region
(Axelsson et al. 2011; Sayer et al. 2015). This can be called social innovation
(Moulaert et al. 2005). Creative actions, social participation, collaboration among
different levels of decision-making and different sectors of society are all common
features of social innovation. The necessary conditions for developing place-based
transdisciplinary research representing different social-ecological contexts include:
(1) existence of long-term data about ecological and social systems, “compass”
sensu Lee (1993), (2) sufficient time for developing collaborative capacity, “gy-
roscope” sensu Lee (1993) and (3) sufficient co-ordination (Angelstam and
Elbakidze 2017).

The main goal of social innovation from the perspective of landscape approach
is to facilitate that a place-based, permanent and renewable change takes place
toward a more equitable and sustainable society. Neumeier (2012:55) defined social
innovation as “changes in attitudes, behaviors or perceptions of a group of people
joined in a network of aligned interests that in relation to the group’s horizon of
experience lead to new and improved ways of collaborative action within the group
and beyond”. It can thus help address important challenges for local communities
and stakeholder groups. This is urgently required to address the interconnected
wicked challenges of economic development, ecological integrity, and social justice
that are essential components of human well-being through a stronger territorial
basis (e.g., Duckett et al. 2016). This calls for revival of collective action (Primdahl
et al. 2018), which can be sought both through analyses of past local collective
systems for landscape stewardship, and where they remain in terms of for example
different types of landscape stewardship in traditional village systems (Angelstam
and Elbakidze 2017; Fedoriak et al. 2019, see Fig. 12.3).
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There is, thus, potential for integration among different landscape approach
concepts and initiatives as a research infrastructure (Fig. 12.3). This would enhance
the use of Pan-European gradients in biophysical, anthropogenic and intangible
interpretations of landscapes for knowledge production and learning toward sus-
tainable social-ecological systems. This needs to be matched by effective bridging
of barriers in terms of competition between organizations and concepts that focus
only on their own version of what a landscape approach means. We therefore
encourage wide use of our systematic approach to learning through evaluation (see
also Angelstam et al. 2019a, b, c).

Acknowledgements We acknowledge funding from EU Horizon 2020 for the research infras-
tructure project eLTER, FORMAS (project number 2017:1342) and to the Lithuanian Science
Council [grant number P-MIP-17-210] for the FunGILT project.

Fig. 12.3 Our vision is that place-based initiatives working with different landscape approach
concepts, and traditional forms for landscape stewardship, would exchange experiences about
knowledge production and learning toward sustainable landscapes. The authors of this chapter
present (1) Komi Model Forest (IMFN 2008) in Russia (initiative emerged 1997), (2) Bergslagen
Model Forest and LTSER platform in Sweden (initiative emerged 1999), (3) Palencia Model
Forest candidate in Spain (initiative emerged 2015), (4) Beekeeping as a form of collaborative
learning in Chernivtsi, Ukraine (initiative emerged 2014/15) and (5) the Lithuanian State Forestry
Enterprise, which was established in 2018 (https://www.vivmu.lt/en/), is looking for approaches to
stakeholder collaboration
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Chapter 13
Regenerative Landscape Development:
A Transformational Methodology
for Thrivability of Landscapes

Leah V. Gibbons

Abstract Although the integration of science, practice, culture, and spirituality is
recognized as necessary to move toward sustainability, most transdisciplinary
frameworks are not inclusive of the necessary worldviews, paradigms, aims, pro-
cesses, and components. Landscape sustainability science focuses on a pivotal level
for scientific, practitioner, and stakeholder efforts toward sustainability, yet col-
laboration and progress have been slow. Regenerative development, a development
and design methodology based on a holistic worldview, has potential as an inte-
grating and transformational methodology to fill these gaps. A new paradigm of
regenerative landscape development could shift the aim from sustainable social–
ecological systems to thriving living systems in which health, well-being, and
happiness increase continually across scales. This potential of regenerative land-
scape development in practice is with two case studies of projects in Viña del Mar,
Chile and Juluchuca, Guerrero, Mexico. Finally, recommendations moving forward
in constructing regenerative landscape development as a new paradigm are pro-
posed. If fully understood, embraced, and realized, regenerative development holds
incredible potential for a future that is not just sustainable but is thriving (This text
is adapted with permission from Gibbons et al. in Sustainability 10:1910, 2018).
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13.1 Introduction

Sustainability of landscapes is pivotal for linking local and global sustainability
efforts (Forman 2008; Opdam et al. 2013; Wu 2013). Landscapes are the foundation
of critical life-support systems. They are the scale at which scientists and practi-
tioners blend natural and social scientific knowledge and practice and the scale at
which inhabitants of a place most directly affect and connect with the land and each
other (Nassauer 2012; Opdam et al. 2013; Wu 2013). Yet, landscape sustainability
remains an elusive goal. Scientists, scholars, practitioners, and stakeholders still
struggle to collaborate in impactful and transformative ways toward sustainable
processes and outcomes.

Landscape sustainability science calls for “a place-based, use-inspired science of
understanding and improving the dynamic relationship between ecosystem services
and human well-being with spatially explicit methods” (Wu 2013, p. 1014), yet it
has not provided holistic guidance for the transformational regeneration of
multi-scalar landscapes. Sustainability research and action in landscapes should
integrate ecological, geophysical, social, cultural, and spiritual components and
their temporal and spatial dynamics (Fischer et al. 2012; Opdam et al. 2013; Wu
2013). However, current frameworks and methodologies for sustainable develop-
ment in landscapes are incomplete, fragmented, rudimentary, and neglect important
foundational elements necessary for landscape sustainability (Gibbons et al. 2018).

Regenerative development (RD) is a methodology with the potential to fill this
gap. RD answers recent calls by scientists and practitioners alike for a reconcep-
tualization of sustainability from reductive and mechanistic to holistic, from
sustaining or improving health and well-being to creating abundant, thriving social–
ecological systems (i.e., living systems) (duPlessis 2012; Olsson et al. 2010; Russell
2013; Ziervogel et al. 2016). RD integrates aspects of science, practice, culture, and
spirituality that have thus far been segregated, rendering sustainability an
unachievable ideal. By integrating these necessary components through a holistic
paradigm and developmental change process methodology, RD makes transfor-
mational change toward not just sustainability but thrivability of living systems a
real possibility. When used as a platform that also integrates landscape sustain-
ability science, thrivability of landscapes may be achieved.

In this chapter, the theoretical and practical development of the relatively new
articulation and practice of regenerative sustainability and regenerative develop-
ment is introduced. Regenerative development’s strengths and limitations are dis-
cussed, and it is suggested that integrating landscape sustainability science for a
new paradigm of regenerative landscape development can lead to thriving land-
scapes. The potential of applying such a paradigm is illustrated with two case
studies of regenerative development at the landscape scale. Needs for developing
the regenerative landscape development paradigm are discussed, and a call to action
for scientists, practitioners, and inhabitants of communities as foundational com-
ponents of landscapes is put forth.
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13.2 Regenerative Sustainability and Development

Amidst a predominantly descriptive–analytical science and reductive, mechanistic
discourse and practice around sustainability, there are calls and efforts for regen-
erative sustainability to move beyond improving human well-being within eco-
logical limits toward creating abundant social–ecological systems (i.e., living
systems) in which all life thrives (duPlessis 2012; Olsson et al. 2010; Russell 2013;
Ziervogel et al. 2016). Regenerative sustainability is based on recent scientific
understandings in ecology, quantum physics, systems theory, and developmental
change theory as well as more ancient ways of knowing and being in the world
(e.g., indigenous knowledge and practices) (duPlessis 2012). It understands that the
worldviews we hold underlie the (un)sustainability and health of living systems and
intentionally adopts a holistic/ecological worldview (hereafter referred to as
“holistic worldview”) that considers all life (duPlessis and Brandon 2015; Meadows
1999). This worldview sees humans and nature as part of one autopoietic system.
Concepts of self and extended-self, interrelationship and interdependency,
reciprocity and responsibility are key.

Through understanding the world as a whole living system that is dynamic and
relational, regenerative sustainability suggests that effective and ethical action will
follow the rules of nature, build healthy, mutually beneficial interdependent rela-
tionships, accept change as necessary for life, and contribute to the well-being of
the whole system (duPlessis and Brandon 2015). Reintegrating humans with nature
as well as the physical, mental, emotional and spiritual aspects of existence is a vital
step (Berejnoi et al. 2019; duPlessis and Brandon 2015; Wilber 2000). In this
context, spirituality is defined as the awareness and experience of belonging to the
larger, interconnected community of life, of the purpose and meaning of life within
this context, and the development of personal and community values and actions
out of these. From this regenerative sustainability paradigm, new relationships
between nature and society, humans and the built environment, and humans and
each other emerge. These can be manifested through regenerative development.

RD is a developmental change methodology that has been practicing and
evolving regenerative sustainability for more than 20 years. It translates regenera-
tive sustainability principles into design and development frameworks,
context-specific designs and plans, locally adapted technologies, and capacities in
social–ecological (i.e., living systems) systems that manifest continually higher
levels of health, well-being, and vitality across scales (Benne and Mang 2015;
duPlessis and Brandon 2015; Mang and Reed 2012). These include many accepted
approaches, such as multifunctional landscapes, design experiments, safe-to-fail
experiments, adaptive design, parametric design, biomimicry, biophilia, and per-
maculture. It also uses technologies specific to regenerative development, such as
living systems thinking, story of place, and integral assessment (Ahern 2013; Lovell
and Johnston 2009; Mang et al. 2016; Nassauer 2012).
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RD bridges the science–practice–culture–spirituality gap, integrating and oper-
ationalizing necessary elements for sustainability that thus far have gone uninte-
grated and often unrecognized by sustainability scholars and practitioners (Gibbons
et al. 2018). RD rests upon a foundation of systemic changes that include the power
to transcend paradigms, the mindset out of which the system arises, the aims of the
system, and the capacity of the system to self-organize (Abson et al. 2017; Mang
and Reed 2012; Meadows 1999). Specifically, RD deeply engages all stakeholders
with a place and works to create a “new mind” with which to see, understand, and
interact with place and the world (Mang and Reed 2012). It seeks to create not just
residents of a place, but inhabitants, who are deeply connected to and care for the
place (i.e., social–ecological system) of which they are an integral part (Cole 2012).
Thus, continuous learning and participation of stakeholders and inhabitants through
action, reflection, and dialogue are key to manifesting the long-term aspirations of
any RD project (Reed 2007). The cultivation and integration of our inner intangible
reality—how individuals and, by extension, the social collective perceive and
experience their world—with our outer tangible reality are a key component for the
creation and regeneration of healthy communities and landscapes. Regenerative
development creates positive feedbacks between outer and inner dimensions of
existence, the constructed/created environment, and worldviews/paradigms.
Regenerative capacity can only occur in perpetuity when human beings live our
interconnectedness with all of existence, experiencing the meaning, purpose, and
responsibility that arises from it.

RD includes the following key principles for sustainability of landscapes that
other frameworks neglect: (1) manifesting potential-inherent future states of being
for a system that is health-promoting and value-adding to the larger systems of
which it is a part—rather than focusing on problems–solutions; (2) addressing the
root causes of (un)sustainability by shifting worldviews to holistic ones through a
process of deeply engaging stakeholders, inhabitants of a place, and practitioners in
a collaborative, co-creative process; (3) working in whole systems rather than
fragments; (4) creating mutually beneficial relationships among the sociocultural
and ecological components of systems that evolve through time; (5) working across
scales to add integral, life-conducive value to systems; (6) growing the capacity of
the living systems to increase viability, vitality, and evolutionary capacity (i.e.,
regenerative capacity) (Gibbons et al. 2018). The goal is nothing less than cat-
alyzing the transformation of social–ecological systems across scales into thriving,
regeneratively sustainable states (Benne and Mang 2015; Mang and Reed 2012).
By comparison, other sustainable design and development approaches and con-
ceptualizations are anthropocentric, fragmented, prescriptive; such approaches and
conceptualizations focus on the symptoms of unsustainability and aim for, among
other things, incremental improvements, doing less harm, mitigating damage, or
managing both humans and nature (duPlessis 2012; Kopnina 2015; Reed 2007)
(Fig. 13.1).
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Fig. 13.1 Spectrum from conventional to regenerative development and design methodologies.
Each methodology builds upon and incorporates the last in an ascending spiral, representing an
evolution from simple to more complex and inclusive ways of being and interacting in the world.
The arrows in both the spiral and to the right of the chart show the direction of this evolution. The
properties of lower methodologies are inherently present and available in upper methodologies, if
needed. Further, each level is based upon a supporting worldview and paradigm, out of which
specific values, ideas, levels of work, and actions develop. These properties influence one another
to vary degrees, with worldviews exerting the strongest influence, as the arrow across the top
indicates. The integration of all methodologies can result in a regenerative process to create whole,
thriving, and healthy living systems. From Gibbons et al. (2018)
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13.3 Regenerative Landscape Development—A New
Paradigm

The inherent complexity of large-scale social–ecological systems, such as
landscapes, requires multiple disciplines, practitioners, and stakeholders to effec-
tively understand, envision, and enact transformational change toward regenerative
sustainability. Current regenerative development frameworks are not specific for
landscapes (e.g., Mang and Reed 2012; Plaut et al. 2016). There is an opportunity to
further integrate regenerative development with knowledge from landscape sus-
tainability science, sustainable development and design, ecology, and complex
adaptive systems theory to enable transformational research and action in land-
scapes to construct a new paradigm of regenerative landscape development (RLD).
For example, knowledge about social learning, co-production, and social change
could be incorporated more intentionally (Bos et al. 2013; Holling 2004; Reed et al.
2010; Watson 2014). RLD as a new paradigm and methodology could unite
science, practice, culture, and spirituality into one coherent field that overcomes the
challenges typically encountered in interdisciplinary and transdisciplinary work; it
could also affect significant transformational sustainability change from local to
global scales.

In constructing a new paradigm, RD brings a holistic worldview, frameworks,
methodologies, technologies, and methods to operationalize many scientific prin-
ciples. RLD could utilize concepts and tools from ecology, such as pattern–pro-
cess–scale interactions, diffusion, metastability, and incorporation, to aid in
understanding and shaping landscape relationships, flows, and dynamics. It could
explicitly include multifunctionality, redundancy, heterogeneity, diversity, modu-
larity, connectedness, local interactions, and tight feedbacks as critical components
of healthy, self-organizing systems (Holling 2004; Wallner et al. 1996; Wu 2008;
Wu and Wu 2013). Knowledge and tools from complex adaptive systems science
could aid in understanding when and where to implement specific projects and in
what relationships to one another to leverage transformational change (Abson et al.
2017; Gunderson and Holling 2002; Wallner et al. 1996). Cultural and spiritual
practices could help people create meaningful, motivational, and positively recip-
rocal personal and societal connections to each other and nature. Finally, scientists
and practitioners could intentionally use RD projects as designed experiments,
testing ecological, design, and sustainability hypotheses while promoting discourse
and allowing time for change to occur. They could implement adaptive design and
learn by doing, incorporating new knowledge and adjusting efforts based on
experiments (Ahern 2011, 2013; Felson and Pickett 2005; Holling 2004).

Understanding landscapes as holarchical living systems, in which change
cascades upscale from lower levels as well as across scales, landscapes can be
transformed using RLD in networked, nested communities comprising landscapes
(Daly and Cobb 1994; Gibbons et al. 2018; Gunderson and Holling 2002).
Interestingly, in addition to transformations in non-human dominated ecosystems,
the development of altruistic human societies also follows this pattern
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(Gunderson and Holling 2002; Gutenschwager 2013). This suggests that significant
social–ecological transformation is possible following an RLD paradigm and
methodology.

13.4 Regenerative Development Case Studies

The following case studies illustrate regenerative development theory and practice
at landscape scales. They integrate science, practice, culture, and spirituality within
a regenerative development framework to create regenerative capacity and move
toward regenerative sustainability at a landscape scale.

13.4.1 Las Salinas Project, Viña del Mar, Chile

Las Salinas is a 40-acre brownfield site located in Viña del Mar, Chile. It is owned
by the Chilean energy company, COPEC SA and has been used as a petroleum fuel
distribution site for decades. In 2015, COPEC SA created a detailed redevelopment
plan that maximized the development allowed there and presented it to the city as a
“gift.” This plan faced fierce backlash from the community, who feared it would
bring similar problems that had overwhelmed the community in recent decades,
namely increased traffic congestion, decreased quality of life, and decreased agri-
cultural yields (Hennick 2018). The company decided to shift from a transactional
approach to a reciprocal one. It enlisted Regenesis Group, a regenerative devel-
opment consulting firm, to facilitate a collaborative relationship and regenerative
development project with the Viña del Mar community (Reed 2018). Las Salinas
embodies the progression from conventional to green to restorative to regenerative
methodologies and the collective integration of each stage. It also demonstrates how
a specific site can play a catalyzing regenerative role in the landscape (Box 13.1).

The design team conducted a detailed integral assessment considering geologi-
cal, ecological, and human components of the living system as well as their
interactions through time and space. They also conducted deep listening sessions
with the community, who was considered part of the design team. They connected
to a feel of nostalgia for the Viña del Mar of the past, which exemplified its
moniker, “Garden City” (Hennick 2018; Reed 2007). Viña del Mar, which trans-
lates to “Vineyard of the Sea,” was a place associated with gentility, abundance,
diversity, social and ecological connectivity, beauty and vitality; these community
elements had degenerated over the last several decades. Las Salinas sits between
what was a biodiverse hillside and the sea—an important connective element in the
landscape. The regenerative development concept that emerged was to co-create
Las Salinas as a connecting place and hub for the regeneration of the social and
ecological components of Viña del Mar and the region beyond (Hennick 2018).
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Eight bridging concepts emerged for the site design, which directly and indi-
rectly connects the following biogeophysical and social elements of the city: habitat
connection, estuary health, mobility, meaningful public space, cultural centers,
community centers, marketplace, food networks, and youth education (Reed 2018).
The site design proposes an ecosystem regeneration on the hillside which connects
Las Salinas to a greater ecological context via its streets (which function as eco-
logical corridors), green roofs, courtyards (which function as ecological patches or
stepping stones), and linear parks that offer diffused connectivity throughout the
space (Sasaki 2018). Seascape views are preserved; an elevator takes people from
the hillside to sea level, re-engaging the community with its seafront and public
spaces. A fully accessible and interconnected public realm network promotes
greater social integration (Fig. 3). In all, 4.5 billion square feet have been allocated
for mixed-use LEED-ND certified development (Hennick 2018; Reed 2007).

In addition to ecological and social connections, the design for Las Salinas
regenerates the complexity and health of the landscape in multiple ways.
Stormwater is slowed and allowed to infiltrate the soil and recharge the aquifer
using appropriate landscaping and design, pervious pavements, and the reuse of
water (Reed 2018; Sasaki 2018). Sediments are filtered through the landscape
before reaching the sea. Spaces for social integration and interaction with nature
(e.g., parks, boardwalks, beaches) are abundant (Sasaki 2018).

Collaborations between regional stakeholders have already resulted in urban
forestry and watershed regeneration initiatives, and more mutualistic relationships
continue to emerge. Shifting from a conventional and transactional development
and design proposal to a regenerative, reciprocal, and co-creative one has garnered
the support of eighteen activist groups, including municipal planners who had
initially opposed the development. It has integrated and built upon Las Salinas’
LEED-ND certification to play a key role in manifesting the potential of Viña del
Mar by working across scales to add value and manifest potential (Reed 2018).

There is still a long way to go from the planning and remediation phases to
construction and there is no guarantee that the regenerative direction of the project
will continue. However, development and design team members are confident that
the collaborative atmosphere they established during the planning process will
continue through the construction phase and beyond. They feel that the energy field
of will and caring that has been developed will continue to grow and evolve. They
see this manifesting in the collaborative relationships that are forming in the
community (Hennick 2018; Reed 2018). Regenesis Group’s involvement in the Las
Salinas project continues, focusing on the development and design team members’
inner/personal development that is necessary to keep the project moving forward in
a regenerative direction (Reed 2018). Further, team members understand that the
project must keep evolving to stay relevant (Hennick 2018).
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Box 13.1.Regenerative development outcomes and indicators inLas Salinas

Manifesting potential:

• Connecting social and ecological elements of the landscape, catalyzing a
return of abundance, diversity, and vitality to Viña del Mar.

Shifting worldviews:

• Shift from transactional to reciprocal relationships

– Shift from developer-led gifted plan to co-created, collaborative plan.

• Shift from mechanistic worldviews (conventional plan) to ecological
worldviews (regenerative plan).

Working in whole systems:

• Plan returns ecological and social diversity, abundance, connectivity, and
vitality to landscape.

Creating mutually beneficial, co-evolving relationships:

• Regional urban forestry and watershed regeneration initiatives developed;
others continue to emerge

• Support from 18 activist groups that originally opposed development
• Collaborating with community groups to co-create a cultural foundation,

recover natural beach formation dynamics, improve ocean access for
neighboring communities.

Adding value across scales:

• Social and ecological connections with surrounding landscape via eight
bridging concepts—habitat connection and ecosystem regeneration,
estuary health, mobility, meaningful public space, cultural centers, com-
munity centers, marketplace, food networks, and youth education.

Growing regenerative capacity:

• Deep stakeholder and inhabitant collaboration has grown will of inhabi-
tants in the larger system of Viña del Mar; community collaborations are
forming outside of the Las Salinas project

• Continuing community dialogue and collaboration
• Continuing engagement in regenerative development at the individual and

collective levels
• Recognition that the project must keep evolving
• Learning from mistakes and making adjustment.
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13.4.2 Playa Viva, Juluchuca, Guerrero, Mexico

Playa Viva is a 200-acre regenerative ecoresort in Juluchuca, Guerrero, Mexico.
Playa Viva’s developers and owners wanted the resort to be more than green or
sustainable. They wanted it to improve not only the land it was on but also the
surrounding landscape and community. From 2006–2007, Regenesis Group facil-
itated a process of discovery and co-creation from which emerged a regenerative
direction for the resort, which opened in 2009 (Benne and Mang 2015; Playa Viva
2018; Reed 2018). Playa Viva is a good example of a project that developed
regenerative capacity and continues to evolve that capacity today (Box 13.2).

An integral assessment revealed that Playa Viva was once a small but important
community that was part of a thriving regional population of 10,000 people (Reed
2018). As a result of the richness of the estuary, forest, and coast in this region, the
community provided valuable goods to the surrounding areas. Deep listening and
dialogue sessions with inhabitants revealed a story of abundance, dense biodiver-
sity, trees bursting with fruit, lagoons overflowing with fish, and nature teaming
with life (Playa Viva 2018). In the 1920s, a large portion of the coastal landscape of
the state of Guerrero was slashed and burned and turned into coconut monocultures,
degenerating the former vitality and abundance of this place. Rapid discharge of
water attributable to the loss of key vegetation led to shortages in water supplies for
Juluchuca. Young residents were leaving the community in search of better eco-
nomic opportunities and quality of life. The estuary was slowly degenerating into a
marsh (Playa Viva 2018; Reed 2018).

The regenerative concept that emerged for Playa Viva was that it could once
again be a place of vitality and abundance, one that added value to the surrounding
ecosystems, community of Juluchuca, and social–ecological systems further
upstream. Playa Viva decided to focus on estuary regeneration, community
coevolution, and transformational guest experiences. Before Playa Viva began
development on the land it owned, it began working with the community of
Juluchuca as well as communities throughout the watershed to co-create and
sponsor education, health, and economic development initiatives. These initiatives
now offer guests of Playa Viva the opportunity to become deeply involved in
community and ecosystem experiences, ones that they can continue to be involved
in following their return home via investment in and growth of local businesses and
initiatives (Benne and Mang 2015).

Playa Viva began by establishing permaculture and biodynamic farming training
programs for local farmers, helping to create a healthier watershed, agroecosystems,
and livelihood opportunities for the community. Production expanded beyond the
staple beans, corn, and squash to include fruits, vegetables, and tropical flowers.
Playa Viva helped to create a community-supported agriculture cooperative for
local farmers to have a market for their produce. The market has evolved and now
includes a vibrant regional farmers’ market (Playa Viva 2018).

Additionally, Playa Viva sponsored a detailed chemical analysis of this region’s
salt, leading to the discovery that this resource is distinctive, with desirable mineral
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content. The community sponsored a local fair trade cooperative that sells this
unique salt to local resorts as well as internationally; this marks an evolution from
previous methods, when visitors of the resort promoted the products by means of
person-to-person marketing. Cooperative members continue to use traditional
means of harvesting the salt, thus preserving ecosystem health and cultural heritage.
Playa Viva also helped create a market for local coconut products and ecotourism.
Further, it co-created and sponsors education and health initiatives that provide
needed supplies for local schools and health clinics as well as English tutoring
(Playa Viva 2018).

This holistic approach supports the local community with financial, intellectual,
market, and social capital, creating local living economies. By engaging in a
reciprocal relationship with these small industries through economic assistance,
business training, access to resources, and access to markets, Playa Viva has helped
increased their profitability and business viability. A supply and a demand for these
activities have created a positive synergy between social and ecological components
of this system and contributed to its vitality and abundance (Playa Viva 2018).

Playa Viva helped to develop a local turtle sanctuary that transformed poachers
into turtle sanctuary employees and stewards. They collect and nurture turtle eggs
as well as oversee the release of baby turtles into the wild. They have earned
visibility and status within the community and now view themselves as defenders of
indigenous turtles. They have become preservation experts and are important in the
community’s environmental regeneration. Additionally, Playa Viva is catalyzing
collaborations that are regenerating estuaries along the coast of the region, reviving
a critical landscape element; it is also regenerating marine life, creating a carbon
sink, improving local fisheries and water quality, stabilizing the land, and providing
storm surge protection (Benne and Mang 2015; Playa Viva 2018).

Visitors to Playa Viva can participate in many of the above-mentioned activities,
leading to friendships with villagers and investments in community businesses and
initiatives (Reed 2018). Guests also pay a 2% Regenerative Trust fee that is directed
to local environmental and community efforts (Playa Viva 2018). These efforts have
helped to increase economic opportunities, quality of life, and ecosystem health,
drawing youth who now see a future here back to the community (Benne and Mang
2015; Reed 2018).

Playa Viva is regenerating ecosystems on its own property as well. There is a
160-acre nature preserve where coastal forest biodiversity is undergoing regener-
ation through the planting of over 10,000 native trees. A once-thriving lagoon that
dried up because of invasive cattle grass is being restored. Its biodiversity is
increasing and Playa Viva plans to regenerate the entire lagoon. Playa Viva is
slowly expanding its mangrove ecosystem through restoring and extending
waterways that once thrived. The resort’s permaculture-designed landscaping,
which balances native, drought-tolerant, and aesthetic/food-bearing species, attracts
birds and beneficial insects while serving as a living classroom for guests, local
farmers, and WWOOFers (participants in World Wide Opportunities on Organic
Farms) (Playa Viva 2018).
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In terms of the built environment, PlayaViva is also replenishing the local aquifer by
using gray water on gardens and mini-living systems for blackwater. Water is reused
whenever possible, and nutrients are extracted to enrich the soils.All energy production
is solar and off-grid. Buildings are constructed of local, salvaged, and eco-friendly
materials by local artisans, i.e., local craftspeople using traditional methods. They are
designed according to natural cooling principles, with no need for air conditioning.
Hotel materials (e.g., soaps, linens, dinnerware) and food are sourced both locally and
on-site, where a wide variety of fruits, nuts, vegetables, seeds, chickens, and fish are
available. As a reflection of Playa Viva’s values of a strong community, there is a
balance of private and public spaces. Further, PlayaViva serves as a teachingmodel for
local contractors and other resort owners in the area (Playa Viva 2018).

Playa Viva has continued its commitment to regeneration. It is allowing itself
time to adapt and expand gradually in a coevolving mutualism, receiving and
responding to feedback from the community, ecosystem, and guests, with an
increasingly beneficial effect on the surrounding community and ecosystems. Playa
Viva continues to evolve because owners and employees are constantly reflecting
on their value-adding role in this coevolving living system, striving to be beneficial
components. They demonstrate a commitment to place and to themselves as
regenerative agents (Reed 2018).

Box 13.2. Regenerative development outcomes and indicators in Playa
Viva

Manifesting potential:

• Abundance and vitality returning to landscape—estuary regeneration,
community co-evolution, and transformational guest experiences (see
below).

Shifting worldviews:

• Collaborative, reciprocal relationships

– Farmer trainings and products
– Salt and coconut businesses
– Ecotourism, turtle sanctuary.

• Continually asking how to continue co-evolving with place
• Understanding that whole living systems and their relationships must be

healthy for their elements to be healthy and productive is reflected in
actions (see below).

Working in Whole Systems:

• Increasing biodiversity through ecosystem restoration, resort Permaculture
landscaping, upriver farming training that decreases toxic chemical inputs,
and regional estuary regeneration
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Creating mutually beneficial, co-evolving relationships:

• Reciprocal economic relationships–Permaculture and biodynamic farm-
ers, salt cooperative, coconut and ecotourism businesses

• Reciprocal humanitarian relationships—educational and health initiatives
• Reciprocal ecosystems relationships—coastal forests, mangroves, lagoon,

watershed health, increasing biodiversity
• Initiatives continue to emerge and grow
• On-site development continues at rate that allows co-creation, feedback,

and adjustment.

Adding value across scales:

• Sponsoring education, health, and economic initiatives and support locally
and regionally

• Estuary regeneration up and down coast
• Healthier watershed, agroecosystems, and livelihood opportunities for the

community
• Increasing biodiversity
• Permaculture and biodynamic farmer trainings
• Replenishing aquifer.

Growing regenerative capacity:

• Beneficial initiatives continue to emerge and grow
• Ecosystem restoration:

– Estuary
– Mangrove swamps
– Coastal forests
– Lagoon.

• Evolving thriving local living economies:

– Permaculture and biodynamic farmer trainings
– Local and international markets for farming products, coconut prod-

ucts, salt,
– Ecotourism
– Guest investment in local businesses and initiatives

• Young people returning to area for good quality of life, livelihood
opportunities.
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13.5 Recommendations in Constructing Regenerative
Landscape Development

To advance regenerative landscape development as a paradigm, we identify several
needs. RLD needs conceptual and theoretical development, which should more
fully integrate landscape sustainability science, ecology, complex adaptive systems
science, practice, culture, and spirituality through the platform of regenerative
development. Scientific research and evidence can be developed to enhance current
practices and vice versa. Methodological frameworks should guide how design
processes structure and integrate science, practice, knowledge, and action. These
frameworks should be able to be locally adapted for a variety of contexts, scales,
and cultures.

Assessment tools should move beyond typical prescriptive, fragmented, and
deterministic checklists to monitor dynamic change, developmental trajectories, and
the ongoing contribution of systems to the health and evolution of their larger
wholes. Sociocultural and ecological processes and outcomes, as well as their
relationships, can be assessed. To move toward sustainability, frameworks and
assessment tools should allow for the flexibility, redundancy, and diversity found in
living systems while also adequately addressing their complexity. They, and the
humans using them, should begin to acknowledge that we cannot “solve” sus-
tainability problems, but we can offer developmental pathways that can lead to
greater health, vitality, and prosperity of the entire system (duPlessis and Brandon
2015). Frameworks and assessments should be applied and adaptable across scales,
with larger scales providing guidelines for approaches based on lower working
levels and smaller scales providing the mechanisms driving higher-level processes
(Wu and Loucks 1995). Adaptive management and design experiments should be
part of the strategies used to monitor and assess new and existing systems and
projects (Felson and Pickett 2005). Assessment tools should also be applicable to
new as well as existing systems and be able to guide their development toward
regenerative sustainability. Such a process requires an ongoing participatory and
reflective process that nurtures social learning and is part of a culture of regener-
ative sustainability (duPlessis and Brandon 2015; Reed et al. 2010; Wahl 2016).

Educational programs for practitioners, students, scientists, stakeholders, and
inhabitants of a place should teach the theory and practice of regenerative landscape
development. Lastly, design experiments at all scales, including regional areas,
dense urban areas, rural areas, neighborhoods, communities, building sites, and
even households need to be conducted to inform policy and land use regulations
(Cole 2012; duPlessis 2012; Opdam et al. 2013). Case studies on regenerative
development and other regenerative sustainability projects can be conducted and
used to create a portfolio of transdisciplinary working methods, frameworks,
technologies, and assessments as well as their outcomes that may be adapted and
used in different specific and local situations. Additionally, we must find the most
effective methods for mechanistic approaches to enhance and inform approaches
based on an ecological worldview to enable successful shifts toward regenerative
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sustainability. Policy, governance, power, and funding shifts reflecting this
expanded paradigm and new knowledge will be key to implementation. Policy must
make it not only possible to implement regenerative development but also desirable
and, potentially, even required.

Although regenerative development has tremendous potential as a transforma-
tional sustainability approach, it also faces challenges that could subvert it. For
instance, we should use regenerative design as part of a larger regenerative
development process; otherwise, systemic transformation toward thrivability will
not occur. We should be cautious of RD being “greenwashed” and detached of its
essential meaning and aims. It is also necessary to be aware of how the human ego
may interact with regenerative development processes. It may be difficult for people
to accept the uncertainty and maintain the patience necessary for the regenerative
process to unfold in complex, dynamic, unpredictable living systems. Acting with
timing not in alignment with the dynamics of holistic living systems can trigger
degenerative instead of regenerative processes in living systems (Gunderson and
Holling 2002; Mang et al. 2016).

We should be careful about when and how we use reductionistic methods in
conjunction with holistic methods, striving for a respect and balance of each that is
called for in each particular place and time. We should become comfortable with
“failure,” recognizing that a regenerative development approach requires an attitude
of experimentation and learning as well as openness to systems behaving in ways
we cannot predict (Ahern 2011; Felson et al. 2013; Holling 2004). We should be
mindful that RD requires that we create processes and products that are amenable to
change, adaptation, and evolution. It also continuous monitoring of processes
capacity-building collaborative partnerships between inhabitants of a place, scien-
tists, and stakeholders.

13.6 Conclusions

This chapter has proposed regenerative landscape development (RLD) as a means
of transforming current landscape sustainability theory and practice to co-create
thriving living systems that manifest increasingly higher levels of health,
well-being, and happiness across scales. RLD would more fully integrate the
methodology of regenerative development (RD) with landscape sustainability sci-
ence. RD has been in practice for 20+ years and addresses gaps in current sus-
tainability science and practice, integrating necessary aspects of science, practice,
culture, and spirituality that have thus far been inadequately addressed. To reach its
potential for co-creating transformational change toward thriving landscapes, RD
should more fully integrate landscape sustainability science. The integration will be
an iterative process of inner transformation at the personal and collective levels with
the outer transformation of the physical world. Intentionally holding and operating
from a holistic worldview are essential.
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RD is not a natural practice for most people in the Western world. We are
steeped in a mechanistic worldview, and our default beliefs, thinking mechanisms,
and actions emerge from there. RD ultimately grows from individuals who con-
sciously commit to changing their own worldviews and ways of being in the world.
This is no small task; it takes constant commitment and effort. Learning how to be a
RD practitioner or regenerative inhabitant of a living system is not easy. It is not as
simple as implementing a formula or technologies or following a prescribed list of
activities. It is as much an art as it is a science; it will take a complementary
approach of disciplines, practices, and ways of knowing and being in the world to
move forward. It will take continual effort to create the commitment and caring
necessary to continue on a regenerative pathway. It will take a new kind of prac-
titioner, scientist, and inhabitant of a place who possesses new skills, mindsets, and
aspirations and constantly nurtures these. Initially, it may be difficult to find fully
willing participants and to provide them with the training and support they need.
Yet, it might just be the approach to regenerate humanity and all life beyond.

It is time to raise the aim of sustainability from improving the relationship
between humans and ecosystems in landscapes to living in ways that nourish the
perpetuation of well-being for all life in living systems. It is time to stop focusing
on problems and instead focus on potential. It is time for humans to take respon-
sibility for their co-creative role in the state of well-being of the living systems of
which they are a part and live in ways that are full of purpose, meaning, and
fulfillment. By fully integrating science, practice, culture, and spirituality in a new
paradigm of regenerative landscape development, achieving these new aims for
thrivability from local to global scales might just be possible. You are invited by all
who do this work to be part of that process.
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Chapter 14
The iCASS Platform: Nine Principles
for Landscape Conservation Design

Robert M. Campellone, Kristina M. Chouinard, Nicholas A. Fisichelli,
John A. Gallo, Joseph R. Lujan, Ronald J. McCormick,
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Daniel R. Shively

Abstract The Anthropocene presents society with a super-wicked problem comprised
of multiple contingent and conflicting issues driven by a complex array of change
agents. Super-wicked problems cannot be adequately addressed using siloed
decision-making approaches developed by hierarchical institutions using science that is
compartmentalized by discipline. Adaptive solutions will rest on human ingenuity that
fosters transformation toward sustainability. To successfully achieve these objectives,
conservation and natural resource practitioners need a paradigm that transcends
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single-institution interests and decision-making processes. We propose a platform for an
emerging and evolutionary step change in sustainability planning: landscape conser-
vation design (LCD). We use existing governance and adaptation planning principles to
develop an iterative, flexible innovation systems framework—the “iCASS Platform.” It
consists of nine principles and five attributes—innovation, convening stakeholders,
assessing current and plausible future landscape conditions, spatial design, and strategy
design. The principles are organized around four cornerstones of innovation: people,
purpose, process, and product. The iCASS Platform can facilitate LCD via processes
that aim to create and empower social networks, foster stakeholder involvement,
engender co-production and cross-pollination of knowledge, and provide multiple
opportunities for deliberation, transparency, and collaborative decision-making. Our
intention is to pivot from single-institution, siloed assessment and planning to
stakeholder-driven, participatory design, leading to collaborative decision-making and
extensive landscape conservation.

Keywords Adaptation � Design � Governance � Planning � Stakeholders �
Sustainability

14.1 Introduction

The dawn of the Anthropocene—an era characterized by human-induced global
ecological change and uncertainty—presents a preview of a possible future quite
different from the environment that fostered the emergence and prosperity of
present-day human societies. Adapting to the Anthropocene’s complex array of
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change is a “super-wicked” problem (Levin et al. 2012, p. 2; Waddock 2013),
comprised of multiple, contingent, and conflicting issues. Super-wicked problems
cannot be fully assessed using siloed decision-making approaches developed by
hierarchical institutions using disciplinary science (Norris et al. 2016). Finding
adaptive solutions for how to thrive in the Anthropocene rests on human ingenuity
fostering transformability toward social, economic, and ecological sustainability.
To that end, we propose a platform for an emerging and evolutionary step change in
sustainability planning: landscape conservation design (LCD) (see Table 14.1).

Our theory of change (Fig. 14.1) is grounded in the belief that just as Earth’s
biomes and human civilizations evolved during the Holocene and will continue to
do so in the Anthropocene, so too must the governance structures and processes
societies use to guide decision-making (Armitage et al. 2010; Voss et al. 2006). To
be successful in tackling wicked problems, natural and cultural resource practi-
tioners need a flexible, multi-stakeholder governance structure that transcends

Table 14.1 Glossary of terms

Term Definition

Adaptive comanagement A process by which institutional arrangements and ecological
knowledge are tested and revised in a dynamic, ongoing,
self-organized process of learning-by-doing (Folke et al. 2002)

Adaptation pathway An analytical approach to planning that allows for uncertainty
and change by encouraging consideration of multiple possible
futures and the robustness and flexibility of options across these
futures (Bosomworth et al. 2015)

Double- and triple-loop
learning

Double-loop learning: revisiting assumptions about cause and
effects; triple-loop learning: reassessing underlying values and
beliefs, potentially resulting in changes to institutional norms
(Argyris 1976; Butler et al. 2016; Pahl-Wostl 2009)

Governance Sustaining coordination and coherence among a wide variety of
stakeholders with different purposes and objectives (Pierre 2000)
heuristic Involving or serving as an aid to learning, discovery, or
problem-solving by experimental and especially trial-and-error
methods (Merriam-Webster Dictionary, http://www.merriam-
webster.com/dictionary/heuristic)

iCASS Platform A heuristic for landscape conservation design. The iCASS
Platform is an innovation systems framework consisting of five
attributes and nine principles. The iCASS acronym stands for:
i = innovation, iC = inclusiveness: convene stakeholders,
iA = interdisciplinary assessment of current and plausible future
conditions, iS1 = interactive spatial design, and iS2 = informative
strategy design

Innovation systems
framework

A holistic and dynamic approach to problem-solving that utilizes
creative thinking to solve societal challenges (Iizuka 2013)

Landscape A bounded area of indeterminate size that humans have an
affinity for or connection to, and within which they assess
appearance, quality, and function of the landscape based on
social norms and interest (Termorshuizen and Opdam 2009)

(continued)
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single-institution interests and siloed decision-making (Knight et al. 2013; Toomey
et al. 2016). To attain that vision, we briefly discuss the well-established concepts
underlying landscape conservation design, and then using established adaptation
principles, we develop an innovation systems framework—the iCASS Platform—
and introduce its five attributes and nine principles. The purpose of this paper is to
provide practitioners with a framework that can be used to guide, test, and evaluate
landscape conservation design initiatives. Our intention is to ignite transformation

Table 14.1 (continued)

Term Definition

Landscape conservation Landscape conservation is the rapidly growing practice of people
working together across large geographies, regardless of political
boundaries, to conserve our natural and cultural heritage and
ensure a sustainable future for both people and nature [Network
for Landscape Conservation. (n.d.). Retrieved August 23 (2017)].
It connects wild lands, working lands, and urban areas into
whole, healthy landscapes [or social-ecological systems], and
enhances the conservation value of all lands [and waters] through
the development of strategies that promote adaptation and
resilience [Center for Large Landscape Conservation (n.d.)]

Landscape conservation
design (LCD)

A stakeholder-driven, participatory process that: (1) integrates
societal values and cross-jurisdiction, multisector interests with
the best available interdisciplinary science and traditional
knowledge; (2) assesses spatial and temporal patterns,
vulnerabilities, risks, and opportunities for landscape elements
valued by stakeholders; (3) results in a set of spatially explicit
products and multi-objective adaptation strategies; and (4) which
protects biodiversity, conserves ecosystem services, and
promotes social-ecological systems (e.g., landscapes) that are
resilient and sustainable for current and future generations

Silo A system, process, department, etc. that operates in isolation from
others (Oxford Dictionary, https://en.oxforddictionaries.com/
definition/silo)

Social-ecological system An integrated system of ecosystems and human society with
reciprocal feedback and interdependence. The concept
emphasizes the humans-in-nature perspective (Folke et al. 2010)

Social learning Where multiple agents combine different values, experiences, and
knowledge to identify issues and potential solutions, analyze
alternatives, debate choices, and identify priorities through
inclusive and deliberative processes (Ojha et al. 2013)

Stakeholder All human agents and agencies, regardless of expertise, title, or
role in the design process

Transformability The capacity to create a fundamentally new system when
ecological, economic, or social (including political) conditions
make the existing system untenable (Walker et al. 2004)
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from single-institution, siloed assessment and planning to stakeholder-driven, par-
ticipatory design, leading to collaborative decision-making and extensive landscape
conservation.

It bears noting that this paper is unique among the many that tackle similar issues
and scope: It is written by practitioners from federal/state agencies and nonprofit
organizations that are enmeshed in the socio-political realities of conservation in the
USA and, as such, provides a lens of pragmatism not necessarily present among
scholarly papers. We acknowledge every country has a particular conservation
context it must operate within, such as the challenges between private property
rights versus the commons, economic constraints, etc. This paper, and the iCASS
Platform it introduces, incorporates universal truths in adaptation planning and
governance and, as such, can be applicable, not only within the US context, but the
global community at large.

Fig. 14.1 Theory of change. The iCASS Platform, a set of attributes and principles for landscape
conservation design, can result in effective inputs, activities, outputs, and outcomes that facilitate
sustainable social–ecological systems
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14.2 Landscape Conservation Design

This paper holds that sustainability—an overall condition of low vulnerability and
high resilience (Wu 2013)—is and will remain, the single most important concern
of the global community (Kuhlman and Farrington 2010; Waddock 2013), and that
it is best achieved using the adaptation strategy of landscape conservation. Issues
surrounding the vulnerability and resilience of linked social–ecological systems are
well documented in global and national assessments (IPCC 2014; Melillo et al.
2014), national strategic planning documents (NFWPCAP 2012), and international
agreements (United Nations 2015). However, questions remain about how, and at
what rate, societies structurally and functionally adapt their decision-making pro-
cesses when faced with either fully anticipated or completely unknown manage-
ment challenges.

Achieving a trajectory toward sustainability requires transformation: a shift from
traditional decision-making models and a move toward novel approaches designed
for the challenges of the Anthropocene (IPCC 2014). Societies begin the process of
transformation when events challenge their resilience or when their support systems
begin to show vulnerabilities (Kates et al. 2012). Ideally, transformational processes
gain momentum when stakeholders undergo iterative double- and triple-loop
learning to reconsider their values and institutions, question status quo method-
ologies, and explore broad-scale intensive and extensive strategies (Argyris 1976;
Butler et al. 2016; Pahl-Wostl 2009).

Sustainability science (Heinrichs et al. 2015) has broadened the discussion from
incremental management actions focused on individual components of localized
systems to holistic, transformational design processes that enhance the coupling of
social and ecological systems (Berkes et al. 2003; Folke et al. 2010; Walker et al.
2004).

Transformational approaches, such as ecosystem management (Lackey 1998)
and adaptive co-management (Folke et al. 2002; Plummer et al. 2012), have been
developed and tested over recent decades. More recently, “large-scale,” “land-
scape,” and “large landscape” approaches (with or without the term “conservation”
appended) have begun to be expressed in policy (DOI 2017) and explored in
regional decision-making processes (Minnesota Prairie Plan Working Group 2011).

Erlhoff and Marshall (2008) note the design discipline includes the people,
processes, and products that facilitate people’s intention (or purpose) to transform
their environment into a more desirable one. We refer to people, purpose, process,
and product as cornerstones of innovation. Cope and Kalantzis (2011) describe
design as “an engine of change” (p. 49), and Roozenburg and Eekels (1995) define
it as “conceiving [of] an idea for [development of] an artifact or system, and
expressing the idea in an embodiable form” (p. 53). Within the context of landscape
conservation, design can be an adaptation pathway—a transformative
decision-making approach that challenges, if not contributes to, the body of existing
strategic frameworks. Our intention is to further landscape conservation through
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stakeholder-driven design processes, undertaken at regional scales, which identify
desired landscape configurations and adaptation strategies that promote
sustainability.

Therefore, we define LCD as a stakeholder-driven, participatory process that:
(1) integrates societal values and cross-jurisdiction, multisector interests with the
best available interdisciplinary science and traditional knowledge (the people);
(2) assesses spatial and temporal patterns, vulnerabilities, risks, and opportunities
for landscape elements valued by stakeholders (the process); (3) results in a set of
spatially explicit products and multi-objective adaptation strategies (the products);
and (4) which protects biodiversity, conserves ecosystem services, and promotes
social–ecological systems (e.g., landscapes) that are resilient and sustainable for
current and future generations (its purpose).

A proactive approach to landscape conservation that yields a robust, complex,
interconnected network of protected, conserved, working, and developed lands can
facilitate an adaptive response to emerging or unforeseen challenges and promote
resilient societies within sustainable landscapes (Melillo et al. 2014; NFWPCAP
2012). The over-arching aim of LCD is to collaboratively develop innovative,
coordinated strategies (a strategic plan) that facilitate adaptation across jurisdic-
tions and sectors. In addition, it identifies landscape configurations (blueprints) that
allow ecological systems to resist, recover, and adapt to changing conditions (Aplet
and McKinley 2017; Fisichelli et al. 2016), typically by encouraging ecologically
representative, redundant networks that work to restore or maintain ecosystem
integrity, strengthen connectivity, and appropriately scale responses to disturbances
(NFWPCAP 2012).

To be successful, LCD must be a bottom-up, collaborative approach to making
decisions, as opposed to a top-down, single-institution planning process (Ansell and
Gash 2008; NASEM 2015; Wyborn and Bixler 2013). LCD combines the concepts
of social learning and spatial and strategic planning to come to understand the
nature of ecological systems as the supporting context of social–ecological systems.
LCD can be a crucial aspect of landscape conservation because of its participatory
approach, and because successful landscape conservation rests on stakeholder
choices (Nassauer 2012). Stakeholder participation in LCD can assure that products
developed offer relevant guidance to those engaging in the stewardship and use of
desired future landscapes (Nassauer 2012). LCD characteristics and how they differ
from planning characteristics are presented in Table 14.2.

14.3 The iCASS Platform: An Innovation Systems’
Framework For LCD

A single design process for landscape conservation would stifle the innovation
needed to address the challenges of wicked problems (Erlhoff and Marshall 2008;
Nassauer 2012). As an alternative, we propose a heuristic for LCD: the iCASS
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Platform. It is an innovation systems’ framework: a holistic, yet flexible
system-based approach that encourages innovation to solve societal challenges
(Iizuka 2013). It consists of five attributes—innovation, convening stakeholders,
assessing conditions, spatial design, and strategy design (Fig. 14.2)—and nine
principles (Fig. 14.3). To design it, we synthesized four sources: (1) international
agreements on adaptation and biodiversity conservation (IPCC 2014; UNEP 2000,
2011), and US government adaptation policy (CEQ 2011) (Supplemental Material,
Table S1); (2) input obtained during five practitioner forums hosted between

Table 14.2 Landscape conservation design and equivalency with general planning characteristics
organized by four cornerstones of innovation

Cornerstones
of innovation

Planning characteristics (The
current approach)

Landscape conservation design
characteristics (The transformed approach)

People Single institutions Multiple institutions

“Internal” coordination/
facilitation

Bridging organization coordinates/
facilitates

Purpose Achieve the agent’s mission,
mandates, and goals

Achieve resilient and sustainable
multifunctionality

Focus is within jurisdictional
boundaries

Focus is region-wide

Agent-specific learning and
decision-making

Social learning and decision-making

Institutional success Collective impact

Process Institution-driven Stakeholder-driven

Rigid governance structure Flexible governance structure

Stakeholders provide input
as part of the process

Stakeholders direct all aspects of the
process

Issue-driven Value/interest-driven

Atomistic Holistic

Disciplinary-based Interdisciplinary-based

Science informs single-agent
policies, programs, strategies

Science informs multiple stakeholders’
policies, programs, strategies

Planning for historic/current
conditions

Designing for potential futures

Siloed decision-making Horizontal decision-making

Iterative Iterative

Product Determined by agent Determined by stakeholders

“Draft” until “Final” Prototypes

“Final” until revised “Living”

“Sit on the shelf” Live in “the cloud”

Text, maps, data Same plus models, decision-support tools,
strategic plans, cooperative agreements, etc.

Directs institutional action at
site-specific scale

Guides collective action at the
regional-scale
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Table 14.3 This non-extensive list conveys case studies from the United States that illustrate
attributes of the iCASS Platform

iCASS Platform:
Attributes

Example Summary/Purpose References

Innovation Carnegie Airborne
Observatory

Using advanced
imaging technology and
data analytics to
galvanize action that
protects the
environment over large
geographic extents

Carnegie Airborne
Observatory (2018).
Who we are [HTML].
https://cao.
carnegiescience.edu

Conservation
Innovation Center

Develops partnerships,
processes, and products
that maximize the
efficiency and
effectiveness of
broad-scale
conservation

Chesapeake
Conservancy (2018).
Conservation
Innovation Center
[HTML]. http://
chesapeakeconservancy.
org/conservation-
innovation-center/

Conservation
Planning Atlas

Platforms that showcase
spatial information and
supporting
documentation that
technical experts,
managers, and
decision-makers can
interact with

Conservation Biology
Institute (n.d.). LCC
Conservation Planning
Atlases [HTML].
https://consbio.org/
products/projects/
conservation-planning-
atlases

Inclusiveness:
Convene
Stakeholders

Landscape
Conservation
Cooperatives

A national network of
bridging organizations
that bring diverse
stakeholders together to
work collaboratively
through conservation
planning and design

Landscape Conservation
Cooperative Network.
(n.d.). About LCC
[HTML]. https://
lccnetwork.org/about/
about-lccs

National Wind
Coordinating
Collaborative

Identifies, defines, and
discusses through broad
stakeholder
involvement and
collaboration wind
power-wildlife
interactions

National Wind
Coordinating
Collaborative (2018).
About NWCC [HTML].
https://www.
nationalwind.org/about-
nwcc

Pajaro Compass
Network

A diverse membership
consisting of
cross-jurisdiction,
multisector interests
working collaboratively
to articulate collective
values

The Pajaro Compass
(2016). A Network for
Voluntary Conservation
[PDF]. http://www.
pajarocompass.org/
resources/documents/
pdf/pajaro-report.pdf

(continued)
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Table 14.3 (continued)

iCASS Platform:
Attributes

Example Summary/Purpose References

Interdisciplinary
Assessment of
Current and
Plausible Future
Conditions

Integrated
Landscape
Assessment

Collaboratively
exploring the dynamics
of broad-scale,
multi-ownership
landscapes over time by
evaluating and
integrating information

Oregon State University
(2018). Integrated
Landscape Assessment
Project [HTML]. http://
inr.oregonstate.edu/ilap

Landscape
Conservation and
Climate Change
Scenarios for the
State of Florida

A strategic instrument
allowing exploration of
potential future
conditions which helps
organizations make
more informed choices
in uncertain times

Vargas, J.C., Flaxman,
M., & Fradkin, B.
(2014). Landscape
Conservation and
Climate Change
Scenarios for the State
of Florida: A Decision
Support System for
Strategic Conservation.
Summary for Decision
Makers.
GeoAdaptive LLC,
Boston, MA and
Geodesign
Technologies Inc., San
Francisco CA. Retrieved
from http://
peninsularfloridalcc.org/
page/climate-change-
scenarios

Ecoregional
Assessments

Identifies regionally
important habitats and
gauges potential
changes to them

The Nature Conservancy
(2017). Ecoregional
Assessments [HTML].
https://www.
conservationgateway.
org/Files/Pages/
ecoregional-assessment-
to.aspx

Interactive Spatial
Design

Adaptation
Portfolio Spatial
Decision Support
System

An optimization
algorithm integrated
with priority mapping
overlays that spatially
allocates three
management types of
interest

Gallo, J. A. & Aplet, G.
(2016). Allocating Land
to a Three Zone Climate
Adaptation Strategy
Using a Spatial Decision
Support System. Open
Science Framework.
May 14. https://osf.io/
h5pa8/

Arid Lands
Initiative

A facilitated planning
process that developed a
priority areas portfolio
that meets conservation
goals for connectivity

Arid Lands Initiative
(2014). Our Shared
Priorities [HTML].
http://aridlandsinitiative.
org/our-shared-
priorities/

(continued)
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Table 14.3 (continued)

iCASS Platform:
Attributes

Example Summary/Purpose References

Crucial Habitat
Assessment Tool

Facilitates early
non-regulatory planning
efforts to reduce
conflicts while ensuring
wildlife values are
better incorporated into
land use planning

Western Association of
Fish and Wildlife
Agencies (2018).
Crucial Habitat
Assessment Tool:
Mapping Fish and
Wildlife Across the
West [HTML]. http://
www.wafwachat.org/

Minnesota Prairie
Conservation Plan

Identifies a landscape
configuration and
recommendations for
protecting, enhancing,
and restoring acreage
goals

Minnesota Prairie Plan
Working Group (2011)

Informative
Strategy Design

Implementation of
the Minnesota
Prairie
Conservation Plan

Identifies stakeholder
management actions for
prairie conservation that
ensures no duplicative
efforts, missed
opportunities, or
confusion

Minnesota Prairie Plan
Working Group (2011).
Implementing the
Minnesota Prairie
Conservation Plan.
Minnesota Prairie Plan
Working Group,
Minneapolis, MN.
22p. Retrieved from
http://www.mda.state.
mn.us/*/media/Files/
news/govrelations/
pollinators/
dnrprairieconsplan.ashx

National Climate
Adaptation Strategy

A comprehensive,
multi-partner
framework to guide
responsible and
effective actions by
natural resource
managers and other
decision makers

National Fish, Wildlife
and Plants Climate
Adaptation Partnership
(2012)

Puget Sound Action
Agenda

A diverse partnership
effort, informed by
qualitative and
quantitative science,
that identifies regional
strategies and specific
actions

Puget Sound
Partnership., (n.d.).
Action Agenda for
Puget Sound [HTML].
http://psp.wa.gov/
action_agenda_center.
php
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October 2014 and July 2015 in the USA (Supplemental Material); (3) governance
and adaptation planning literature; and (4) over 225 years of combined professional
experience in conservation research, planning, and delivery within the US context.

The iCASS Platform is a synthesis of adaptation planning concepts and
methodologies presented as a set of attributes and principles organized around four
cornerstones of innovation: people, purpose, process, and product (Dignan 2013). It
emphasizes a design process that is inclusive, interdisciplinary, interactive, and
informative. The iCASS Platform can facilitate LCD via processes that create and
empower social networks, foster stakeholder involvement, engender co-production
and cross-pollination of knowledge, and provide multiple opportunities for delib-
eration, transparency, learning, and collaborative decision-making (Iizuka 2013;
Malerba 2002). By providing organizational guidance to stakeholders on the overall
design process, while allowing space for local customization and innovation to
unfold, the iCASS heuristic offers practical and flexible guidance for practitioners to
follow and may contribute to the larger body of strategic decision-making
approaches that exist. We provide case study examples from the authors’ experi-
ence in the USA to demonstrate iCASS Platform attributes in Table 14.3.

Our intention is to pivot from single-institution, siloed assessment and planning
to stakeholder-driven, participatory design, leading to collaborative
decision-making and extensive landscape conservation. We understand that advo-
cating a collaborative, multi-objective design approach to landscape conservation
represents relatively new territory form any practitioners. While it is our assertion
that the iCASS Platform provides a theoretical construct that facilitates making such
a leap, only through monitoring many LCD processes, and evaluating if resilient
and sustainable social–ecological landscapes are achieved as a result, can its suc-
cess or failure be determined.

14.3.1 Attribute: i = Innovation

14.3.1.1 Principle #1: Wicked problems are addressed through
innovation

Landscape conservation requires a design process that facilitates innovation: the
exploration, development, and application of ideas that address wicked problems
and improve human well-being (Brown 2009). Innovation emerges when a sys-
tems’ framework is used to facilitate social learning among diverse agents (Iizuka
2013) who use that knowledge to question existing norms and design new concepts,
services, and products (IPCC 2014; Malerba 2002; Ojha et al. 2013). Innovation is
the central attribute for iCASS and underpins all other attributes.

Social learning is a foundational principle in innovation systems frameworks and
stakeholder efforts to address change and uncertainty. It occurs when multiple
agents combine their different values, experiences, and knowledge in order to
identify issues and potential solutions, analyze alternatives, debate choices, and
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establish priorities through inclusive, deliberative processes (Ojha et al. 2013). It is
expedited by iterative processes that provide opportunities for governance bodies,
consisting of design practitioners, scientists, decision-makers, local experts, and other
stakeholders, to engage in hypothesis building, experimentation, adaptive manage-
ment, and deliberative forms of decision-making (Fulton Suri 2008; IPCC 2014;
Jacobson and Robertson 2012). Social learning results in positive outcomes such as
stronger relationships, fundamental changes in participant and organizational
behavior, and development of innovative strategies (Berkes 2009; Salter et al. 2010).

LCD—similar to other research, planning, and design efforts—requires iterative
processes to facilitate social learning in addressing complexity and uncertainty. It is a
continuous cycle of conceptualization—an ongoing divergence and convergence of
ideas (Roozenburg and Eekels 1995). The application of prototyping is integral to the
iterative design process, foundational to experimentation, and key to social learning.
Prototypes can inspire stakeholder engagement, visually represent and explore new
ideas, produce tangible products that improve over time, and highlight design weak-
nesses or flaws prior to implementation (Erlhoff and Marshall 2008; Fulton Suri 2008).

Facilitating innovation capable of addressing landscape change requires inte-
grated governance: stakeholder-driven, participatory decision-making grounded in
social networks, experimentation, and empowerment (Crona and Parker 2012;
Tress et al. 2005). Integrated governance is grounded in stakeholder representa-
tiveness and engagement, transparency, collaboration, and informed action (Carson
2009; Hartz-Karp 2007). It originates when cross-jurisdiction, multisector stake-
holders progress from siloed decision-making approaches—which have tradition-
ally promoted a polarity between conservation and resource use—to collaborative
approaches to managing the flow of ecological services to society (Carcasson 2013;
Hanleybrown et al. 2012). Integrated governance can foster innovation by pro-
moting and facilitating transdisciplinary communication, expanding stakeholder
knowledge by sharing ideas and perspectives across organizational boundaries, and
considering multiple perspectives in making decisions (Erlhoff and Marshall 2008;
Tress et al. 2005).

14.3.2 Attribute: iC = Inclusiveness: Convening Landscape
Stakeholders

14.3.2.1 Principle #2: Diverse Social Networks Identify a shared
Vision for the Landscape (Innovation Cornerstones: People,
Purpose)

Convening a cross-jurisdiction, multisector body of stakeholders that represents the
diversity of social values and interests in the landscape is central to the successful
design and development of a sustainable social–ecological landscape (CEQ 2011;
IPCC 2014; UNEP 2000, 2011). Inherent in this attribute is the recognition that no
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Fig. 14.2 iCASS Platform is an adaptive, innovative systems’ framework for landscape
conservation design organized around four cornerstones of innovation: people, purpose, process,
and product. It includes five attributes: a innovation, b inclusiveness: convening stakeholders,
c interdisciplinary assessment of current and plausible future conditions, d interactive spatial
design, and e informative strategy design

Fig. 14.3 The iCASS Platform consists of an adaptive set of nine principles organized around five
attributes
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single institution possesses the ability to respond to the complexity of the
Anthropocene alone, and that an inclusive, stakeholder-driven approach to LCD
relieves individual institutions from solving the sustainability conundrum alone.
The purpose of being inclusive in LCD is to convene and empower abroad coalition
of stakeholders to create a shared vision of a landscape responsive to societal
perceptions of vulnerability and risk. Another objective is to design and deliver
measures—a collective, stakeholder response—that promote a sustainable land-
scape (Roozenburg and Eekels 1995; Sayer et al. 2013).

A diversity of stakeholders in the design process increases opportunities to share
knowledge, technical expertise, and other resources (Ansell and Gash 2008);
assures that relevant science will be used to guide learning and decision-making
(Funtowicz and Ravetz 1994; Pahl-Wostl 2009); and allows for individual and
institutional champions to emerge in taking a collaborative decision-making
approach to sustainability (Fulton Suri 2008). More importantly, it helps ensure
design products are relevant to stakeholders (Nassauer and Opdam 2008; Salter
et al. 2010). We know that identifying and integrating knowledge across disciplines
and stakeholder groups can be challenging (Raymond et al. 2010), yet it is an
essential step toward achieving inclusiveness. Bringing a broad range of stake-
holders together is not, however, a panacea. Stakeholders often bring competing
objectives and maladaptive agendas to the table (Butler et al. 2016), but working
through disparate views and values is an important step in promoting inclusiveness,
social learning, and coordinated management.

14.3.2.2 Principle #3: Inclusive, Deliberative Processes Build Trust
and Strong Social Networks that Identify Societal Choices,
Competing Values, and Other Design Specifications
(Innovation Cornerstones: Process, Product)

Building effective partnerships capable of enduring the challenges of extended
collaboration is difficult. Improved approaches to enhance the success of stake-
holder participation and further transformation toward a desired future are needed
(Hansen et al. 2012). Inclusive, decentralized decision-making processes, like LCD,
are grounded in three core principles of open governance—participation, trans-
parency, and collaboration (Pahl-Wostl 2009). Convening an inclusive set of
cross-jurisdiction, multisector stakeholders requires unique and adaptive leadership
models. Bridging organizations are key to facilitating inclusive, open governance
processes that build trust among diverse stakeholders (Hanleybrown et al. 2012;
Jacobson and Robertson 2012). Their role is to cultivate initial enthusiasm for the
project, provide a neutral environment for stakeholders to deliberate, commence
and coordinate work, and identify project champions to provide complementary
leadership (Crona and Parker 2012).

Deliberation—the purposeful process of empowering stakeholders by providing
facilitated forums that strive for transparency—is necessary in horizontal, partici-
patory decision-making (Carcasson 2013; Ojha et al. 2013). Trust and collaboration
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are more likely to unfold and cultivate innovations that facilitate long-term out-
comes when diverse stakeholders share views and information in open and trans-
parent forums (Knight et al. 2013; Termorshuizen and Opdam 2009). Disagreement
and conflict may arise at points throughout the deliberative process. Forward pro-
gress in LCD may be impeded until a bridging organization or stakeholder
champion steps into resolve the conflict (Hartz-Karp 2007; Jacobson and Robertson
2012). Nevertheless, successful collaborations overcome such challenges, and
combine expertise and resources to achieve synergistic effects in adaptation (Kania
and Kramer 2011).

It is not enough to focus solely on participatory decision-making processes.
Doing so can result in a stakeholder consensus for meeting their needs and interests
without meeting ecosystem needs, especially over the long-term. What we strive for
is a pragmatic, yet disciplined approach that produces substantive outcomes using
the tenets of conservation science while empowering stakeholder social learning
and negotiation (Groves and Game 2016). To that end, facilitated forums lead
stakeholders to: identify design specifications; include values, interests and targets;
present perspectives on vulnerabilities and risks; articulate assumptions; and
develop scenarios, prototypes, and strategies for promoting sustainable social–
ecological landscapes (Iversen et al. 2012; Jacobson and Robertson 2012). Design
specifications guide compilation and co-production of scientific information—in-
cluding interdisciplinary assessments of current and plausible future conditions—
that supports decision-making.

14.3.3 Attribute: iA = Interdisciplinary Assessment
of Current and Plausible Future Conditions

14.3.3.1 Principle #4: Multidisciplinary Research Teams Advance
Social Learning About the Landscape (Innovation
Cornerstones: People, Purpose)

Designing sustainable social–ecological systems requires fully realized narratives
that express the social, economic, and ecological values held and desired by
stakeholders (CEQ 2011; IPCC 2014; UNEP 2000, 2011). Assessing the current,
plausible, and desired future conditions of a multifunctional landscape is a complex
task suited to no single discipline (Salter et al. 2010). Multidisciplinary research
teams consisting of technical and non-technical stakeholders, representing relevant
social, economic, and ecological disciplines, and local, traditional, and indigenous
groups are fundamental to landscape conservation and the design of sustainable
social–ecological systems (IPCC 2014). Inherent in this attribute is the recognition
that no single discipline can understand the uncertainties of how social–ecological
systems respond to change; and that interdisciplinary assessment teams are needed
to explore the transdisciplinary nature of, and issues associated with, those systems
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(Erlhoff and Marshall 2008; NFWPCAP 2012; Norris et al. 2016). Interdisciplinary
assessments compile and co-produce information that provides a holistic under-
standing of the complex spatial and temporal aspects of, and linkages among,
social–ecological elements of interest to stakeholders. In addition, such assessments
facilitate social learning about how environmental change and uncertainty affects
those interests (NFWPCAP 2012; Salter et al. 2010).

14.3.3.2 Principle #5: Interdisciplinary Assessment of Social–
Ecological Systems, Model Risks and Vulnerabilities,
and Suggest Opportunities to Trend Toward Desired Future
Conditions (Innovation Cornerstones: Process, Product)

Developing interdisciplinary assessments to provide a holistic, system-based per-
spective of stakeholder interests requires stakeholder engagement. Social, eco-
nomic, and ecological conditions vary by region, and stakeholders are one of the
most relevant sources of qualitative and quantitative information about those three
elements (CEQ 2011; IPCC 2014; UNEP 2000, 2011). Computer models have
proven valuable for systematizing and assembling quantitative information from
various disciplines to better understand problems; however, they are less useful for
assessing qualitative changes in societies and institutions, which can dramatically
affect how individuals and groups interact with their landscape. These qualitative,
normative aspects of decision-making have inspired movement toward participatory
interdisciplinary assessments (Salter et al. 2010; UNEP 2011).

Bridging organizations can coordinate the development of participatory inter-
disciplinary assessments that seek to understand transdisciplinary challenges posed
by complex societal interactions with a landscape. Design methodologies (Brown
2009; Erlhoff and Marshall 2008; Roozenburg and Eekels 1995) can be used to
identify research questions from values and issues defined by stakeholders.
Assessment teams should seek out and use existing quantitative data and qualitative
information and knowledge relevant to stakeholder values and perceived risks;
integrate local, traditional, and indigenous knowledge into all assessment aspects;
use innovative technologies to model spatial and temporal patterns, vulnerabilities,
and risks (IPCC 2014); and develop social, economic, and ecological endpoints as
system-state indicators to understand the current condition of the landscape as well
as for a range of plausible future scenarios (Allen and Hoekstra 2015; Groves and
Game 2016; IPCC 2014; Tress et al. 2005).

Each scenario should be a coherent, internally consistent, plausible future con-
dition (IPCC 2014; Melillo et al. 2014); and as a set of scenarios, they should
collectively offer a divergent range of relevant possible futures (National Park
Service 2013; Rowland et al. 2014). Useful scenarios allow decision-makers to craft
experimental responses to multiple futures, comprehend the implications of specific
uncertainties, and identify opportunities (National Park Service 2013; Rowland
et al. 2014). Interdisciplinary approaches within this framework are needed to
integrate information on historical, present-day, and possible future system states,
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including climate, land use, demographics, and other social–ecological drivers.
Stakeholders can offer additional insights into the vulnerability, sensitivity, and
adaptive capacity of valued social–ecological elements under different potential
future system states. Participatory, interdisciplinary assessments can yield analysis
of key information sources, ecological context, priority element rankings, data and
knowledge uncertainty, vulnerable landscape elements, and potential climate
refugia (Hansen et al. 2012). The scientific information co-generated from inter-
disciplinary assessments directly informs spatial design.

14.3.4 Attribute: iS1 = Interactive Spatial Design

14.3.4.1 Principle #6: Stakeholders Design Landscape Configurations
that Promote Resilient and Sustainable Social-Ecological
Systems (Innovation Cornerstones: People, Purpose)

Spatial design uses the compiled and co-produced data, information, and knowl-
edge from the assessment to identify locations best suited for the range of desired
land uses (Groves and Game 2016). Technical and non-technical stakeholders and
decision-makers who reflect the diversity of social values and interests on the
landscape, and that have a thorough understanding of its vulnerabilities, risks, and
potential opportunities, are essential when spatially designing configurations that
promote sustainable social–ecological systems (CEQ 2011; IPCC 2014; UNEP
2000, 2011). Inherent in this attribute is a recognition that no single institution
possesses the ability to model and map priority locations to retain the diversity of
societal values and stakeholder interests, and that an interactive, participatory
approach is more effective in visually representing desired future landscape con-
ditions that are supported by stakeholders. The purpose of an interactive spatial
design process is to produce landscape configurations that protect biodiversity and
the delivery of ecosystem services, maintain and enhance ecosystem integrity, and
promote sustainable social–ecological systems (Groves and Game 2016; IPCC
2014; NFWPCAP 2012).

A beneficial aspect of stakeholder engagement in spatial design is development
of a deeper trust that the models used to identify priorities integrate their interests
with other information and knowledge, which furthers social learning and collective
agreement on resource allocation and landscape objectives (Melillo et al. 2014).
Interactive spatial design helps stakeholders to organize and evaluate the costs and
benefits of various options, communicate the uncertainty associated with various
trade-offs, and identify priorities (Melillo et al. 2014; Moilanen et al. 2009). As they
participate in spatial design, stakeholders learn that meeting one objective often
makes it difficult or impossible to achieve others, requiring further negotiation.
Overall, the co-development of a spatial design helps organize landscape elements
while maintaining and improving stakeholder buy-in (De Groot et al. 2009; Melillo
et al. 2014).
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14.3.4.2 Principle #7: Interactive Modeling and Mapping are Used
to Develop a Portfolio of Spatial Designs (Innovation
Cornerstones: Process, Product)

Bridging organizations can coordinate development of a spatial design portfolio
that promotes sustainable social–ecological systems. The use of decision support
tools and applications, in conjunction with charrettes attended by stakeholders,
facilitates development of complex spatial designs and visual communication of
priority land-use decisions (De Groot et al. 2009; Moilanen et al. 2009). Two
primary approaches to spatial modeling include: optimization models, which pro-
vide spatial analytical solution sets that strive for the biggest “bang for the buck” for
one or a few objectives; and priority mapping overlay models, which assign a
relative value of importance for a priority objective (e.g., biodiversity) or combi-
nation of objectives (e.g., social and ecological resilience) for every landscape
analysis unit (Knight et al. 2013). For the latter approach, a large number of
sub-objectives may be combined in a tree-based hierarchy. Both approaches have
their benefits, and an integrated model using both may be desirable (Jankowski
et al. 2014).

A spatial design portfolio contains model-based maps showing the potential
locations of specific land-use or management activities, considering future scenarios
(Moilanen et al. 2009). Design models attempt to maximize the size of core areas
while minimizing perimeter and reducing edge effects. Other identified areas can
include buffer zones and transition areas and important habitat connectivity areas
that maintain landscape permeability and facilitate gene flow (Moilanen et al. 2009;
NFWPCAP 2012; Schmitz et al. 2015). The portfolio can communicate spatial and
temporal uncertainty by visually depicting variability and sensitivity of the mod-
eling results (Jankowski et al. 2014) under various scenarios. Land-use prioritiza-
tions co-generated from spatial design directly inform strategy design.

14.3.5 Attribute: iS2 = Informative Strategy Design

14.3.5.1 Principle #8: Decision-Makers Identify Strategies
that Further Stakeholders’ Shared Vision for the Landscape
(Innovation Cornerstone: People, Purpose)

Strategy design builds upon the portfolio of products developed in spatial design to
address the knowledge-action gap that occurs in many broad-scale, conservation
planning efforts (Groves and Game 2016; Wyborn and Bixler 2013).
Decision-makers—supported by scientists and planners—are critically important to
successful development of coordinated adaptation strategies that promote sustain-
able social–ecological systems (IPCC 2014; Melillo et al. 2014; Watson et al. 2012;
Wyborn 2015). Inherent in this attribute is a recognition that siloed decision-making
models focused within institutional boundaries are unable to sufficiently respond to
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the complexity and rate of change in social–ecological systems. Horizontal
decision-making models facilitate the development of information relevant across
institutional boundaries and can inform collective action and have collective impact
(Watson et al. 2012; Wyborn and Bixler 2013). The purpose of informed strategy
design is to translate science products into mutually reinforcing strategies that
identify stakeholder roles in fulfilling a shared vision for the landscape. A strategy
can promote across jurisdiction, multisector approach to governance (Wyborn and
Bixler 2013) that coordinates on-the-ground delivery, monitoring, evaluation, and
an adaptive approach to design revision. Integrated governance encourages man-
agement across social and ecological boundaries and anticipates conditions that
support viable and productive communities within social–ecological systems
(NFWPCAP 2012). Strategy design maximizes synergies and minimizes trade-offs
and confusion resulting from siloed decision-making and implementation.

14.3.5.2 Principle #9: Informed Decision-Making Navigates
Development of a Strategic Plan (Innovation Cornerstones:
Process, Product)

Bridging organizations bring stakeholders together around the assessment products
and spatial prioritizations developed throughout the LCD process. In strategy
design, stakeholders use that body of work to develop a common understanding of
synergistic implementation approaches through the identification of high-level
adaptation strategies. These strategies are then articulated as a collaboratively
developed strategic plan that guides stakeholder activities within a multifunctional
landscape (Melillo et al. 2014; Wyborn 2015).

The Collective Impact framework (Barberg 2015; Hanleybrown et al. 2012;
Kania and Kramer 2011) sets an alignment goal where each stakeholder articulates
their contribution to ensuring the sustainability of their supporting social–ecological
system. As Naiman (2013) notes, when restoring large river systems, success
depends “on a diverse group of stakeholders working together, not by requiring all
participants do the same thing, but by encouraging each participant to undertake
specific activities at which it excels in a way that supports and is coordinated with
the actions of others” (p. 406). No single agent can deliver all the tools needed to
implement a strategy. Strategy design identifies the full range of potential
cross-jurisdiction, multisector tools that complement individual stakeholder efforts
and make the collective whole more effective. This articulation of mutually rein-
forcing activities (Barberg 2015; Kania and Kramer 2011) lies at the core of
strategy design.

Fostering agreements between stakeholders that have, at times, conflicting
missions, mandates, and goals are difficult. Knowledge of and skill in conflict
resolution, facilitation and negotiation techniques, and a diversity of tools such as
structured decision-making, “robust decision-making,” and trade-off analysis can
help stakeholders get past road- blocks (Melillo et al. 2014). Best practices in
co-governance suggest focusing first on low-hanging fruit—easy wins—to gain
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momentum (Ansell and Gash 2008). Early success builds trust, and stakeholders are
more likely to attempt larger challenges (Berkes 2009). Overtime, continual action
evolves into what Lauber et al. (2011) term the “partnership utilization” phase,
where the stakeholders’ implementation efforts mature.

14.4 Conclusion

Adapting to the Anthropocene’s complex array of change agents is a
“super-wicked” problem that cannot be fully assessed using siloed decision-making
approaches developed by hierarchical institutions using disciplinary science.
Developing solutions increase sustainability rests, in part, on the ability of natural
and cultural resource practitioners to transform how they make decisions about land
conservation and utilization.

LCD is a pathway to transforming sustainability planning. As a
stakeholder-driven, participatory process, it identifies landscape configurations and
adaptation strategies that promote sustainable social–ecological systems. We pro-
pose an innovation systems framework for LCD: the iCASS Platform—a flexible
governance structure that transcends single-institution interests and siloed
decision-making processes. The iCASS Platform is a set of attributes and principles
organized around four cornerstones of innovation: people, purpose, process, and
product. It emphasizes a design methodology that is inclusive, interdisciplinary,
interactive, and informative. The iCASS Platform can facilitate LCD and expedite
landscape conservation via processes that create and empower social networks,
engender co-production and cross-pollination of data, information and knowledge,
and provide multiple opportunities for deliberation, transparency, learning, and
collaborative decision-making.

Although this paper focuses solely on the design component of the adaptive
learning cycle (generally expressed as plan ! design ! implement ! moni-
tor ! evaluate ! revise ! repeat) (Williams et al. 2009), we acknowledge the
importance of testing the iCASS Platform (i.e., implementing, monitoring, and
evaluating results) to determine its effectiveness furthering LCD. We argue that
bridging organizations play a fundamental role in coordinating and facilitating
LCD. We also contend that they are the appropriate entities to evaluate iCASS’s
effectiveness as a participatory design methodology—one that integrates societal
values and cross-jurisdiction, multisector interests with the best available interdis-
ciplinary science and traditional knowledge. Using iCASS to guide the assessment
of spatial and temporal patterns, vulnerabilities, risks, and opportunities for land-
scape elements valued by stakeholders can produce a set of spatially explicit
products and strategies that can achieve resilient and sustainable social–ecological
systems for current and future generations.
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Chapter 15
Long-Term Experiences with the Action
“Soil of the Year” in Germany

Monika Frielinghaus and Gerhard Milbert

Abstract Soils are valuable because they provide the basis for food and are the
habitat for many animals, plants, and microorganisms. They are integral parts of
landscapes, protect water resources, and store and transform nutrients. Soils act as a
buffer against climatic effects and tell stories. This incomplete list already shows
that soils are multifunctional and not replaceable. They are a limited resource whose
protection has to be specially considered. Soils are threatened in their
multi-functionality by pollutants and chemical substances, climate change, sealing,
and erosion. All human activities use soils in a direct or indirect way. Therefore,
everybody is a “soil stakeholder” and has to bear responsibility for soil protection.
However, conservation cannot be successful without an awareness of and knowl-
edge about soil valuation. This insight, which means understanding soils and their
problems, has to be developed through education and the transfer of knowledge.
This was the background against which the members of the German Soil Science
Society (DBG) and the Federal Soil Association of Germany (BVB) initiated the
action “Soil of the Year” in 2004. A committee prepared a concept for the launch
and a guideline for the annual election procedure. The action is evaluated based on
a presentation of 15 different soils.
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15.1 Obliviousness Versus Awareness of Soil Value

In speeches by the chiefs of various Native American tribes, it says: “The earth is
our mother, she nourishes us. What we put into the ground she returns to us” (Big
Thunder, Wabanaki Algonkin), “We have not inherited the land from our parents,
we have only borrowed it from our children” (Sammüller 2007).

There are good reasons for improving awareness of and responsibility for our
soils. With the rapid development of engineering, technology, and trade, the basic
attitude toward soils has changed in recent centuries. Individual scientists and
politicians have repeatedly warned about natural catastrophes: “A nation that
destroys its soils destroys itself” (Fallou 1862; Roosevelt 1936). However, this has
hardly led to any changes. Thus, David Montgomery warns us, “Will modern soil
conservation efforts prove too little and too late, like those of ancient societies? Or
will we relearn how to preserve agricultural soils as we use them even more
intensively? Extending the life span of our civilization will require reshaping
agriculture to respect the soil not as an input to an industrial process, but as the
living foundation for material wealth. As odd as it may sound, civilization’s sur-
vival depends on treating soil as an investment, as a valuable inheritance rather than
a commodity—as something other than dirt.” (Montgomery 2007, p. 246).

What are the reasons why warnings are not taken seriously and our perception of
the meaning and value of soils is currently warped?

Soils in industrialized countries are no longer perceived today as an indispens-
able basis of life. People’s diet has largely become disconnected from food pro-
duction. Much food is imported today from all over the world. This leads to “soil
obliviousness” or to soil being treated too carelessly, since life-threatening food
shortages are hard to be feared there (Rees 2015). This carelessness is all the more
serious as it comes at the expense of developing countries. The increasing exis-
tential needs of large parts of the world’s population in underdeveloped and
developing countries have created a vicious circle: People there struggle daily with
the limited resources of nature, and their fates suffer from the consumption of fertile
soil (European Soil Charter 1972, 1996). This means that “forgotten land” in
Europe has led to disinterest in the global “soil destruction.” The purpose of the Soil
of the Year action must be to bring new impetus into many strata of society that
generates curiosity and interest in soils.

15.2 Aims of the Action Soil of the Year

Some special features of the medium of soil (as opposed to water or air) must be
noted, to which attention must be paid when formulating the goals.

• Soils are largely out of our direct sensory experience; they are rare (e.g., on
harvested arable land) and then only visible in two dimensions. They are not
demarcated, clearly defined bodies. They form a continuum with very gradual
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transitions between the different soils. Soils are referred to both microscopically
and globally.

• This uppermost part of the earth’s crust, which we call “soil,” formed over very
long periods of time, often more than 10,000 years, so it is hard for a single
generation to relate to it. In addition, very different soils were created, which can
also change. Soil formation and alteration can rarely be traced (e.g., in case of
erosion events). The negative changes are often very slow and therefore different
from those of air or water (Frielinghaus and Sommer 2005).

• The functions of soils in landscapes and ecosystems are very complex and
therefore difficult to understand.

• Soils are primarily associated with price and value from an economic point of
view. They are perceived in the context of building land, settlement structures,
motorway construction, commercial space, and related jobs. As yet, their value
has not been assessed under the aspect of social and ecological functionality
(Thoenes et al. 2004).

• As a result, soil-related environmental problems are scarcely communicated in
society, e.g., only marginally and without continuity in schools.

• Knowledge about the very complicated circumstances found in the soil must be
disseminated in a clearly understandable form. Thanks to the continuity of the
action, recognition and “aha” effects are to be generated year by year in order to
create a basic attitude shaped by emotions. This is regarded as a basis for
positive behavior toward soil protection (Miehlich 2009).

• The action Soil of the Year is one of many activities designed to send out clear
signals. These involve many actions in all German Federal States and even
internationally. Awareness-raising communication is to be initiated in public.
The different roles, awareness, and interests of the individual target groups must
be observed by the multipliers. Knowledge transfer must be modified accord-
ingly. This should support different networks over a lengthy period of time.
Awareness does not arise at any particular place or time, but grows slowly,
influenced by different, repetitive stimuli.

15.3 Experiences with the Presentation of the Soils
of the Years 2005–2019

The International Soil Science Union launched “World Soil Day” on December 5,
2002, at its World Congress in Bangkok. In Germany, in 2004, the three Soil
Science Associations German Soil Science Society, Federal Soil Association and
Engineering Association for Contaminated Sites Management and Land
Reclamation founded a “Soil of the Year” program together with the Federal
Environment Agency. They commissioned a committee to steer and accompany the
action “Soil of the Year,” especially regarding public relations. Its members
organize the presentation of the recommended soil of the next year. They publish
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posters and flyers and a “Soil of the Year” Web site (Boden des Jahres 2019). They
organize events about soil protection. Together with members of the German soil
agencies which propose the specific soil, they prepare a special event in the Federal
Government Representation in Berlin. On December 5, 2004, the first Soil the Year
2005 was presented.

Experience shows that there have been very different expectations regarding the
didactic suitability of the proposed soils. For the members of the committee, this
required a learning process in order to achieve the formulated goals (Frielinghaus
2010). This will be explained using several examples. The following soils have
been elected Soils of the Year in Germany (Table 15.1).

Some examples are described below to assess their suitability (Milbert 2018;
Bodenwelten 2019; Boden des Jahres 2019)

Table 15.1 Soils of the Year 2005–2019

Year Soil (German
name)

WRB classification
(closest name)

Didactic
suitabilitya

Presenter of the soil
(Country, Federal State)

2005 Schwarzerde Chernozem +++ Germany, Saxony-Anhalt

2006 Fahlerde Albeluvisols/Retisols + Germany,
Mecklenburg-Vorpommern

2007 Podsol Podzols +++ Germany, Lower Saxony

2008 Braunerde Cambisols/Arenosols + Austria

2009 Kalkmarsch Gleyic Calcaric
Fluvisols

+++ Germany,
Schleswig-Holstein

2010 Stadtboden (Urban soils)/
Technosols

++ Germany, Berlin

2011 Brauner
Auenboden

Fluvisols/Fluvic
Cambisols

++ Germany,
Baden-Württemberg

2012 Niedermoor Histosols (Fens) +++ Germany, Brandenburg

2013 Plaggenesch Plaggic Anthrosols +++ Germany, Lower Saxony

2014 Weinbergsboden Regic Anthrosols +++ Germany, Rhineland
Palatinate

2015 Stauwasserboden Stagnosols/Planosols +++ Germany, North
Rhine-Westphalia

2016 Grundwasserboden Gleysols ++ Germany,
Schleswig-Holstein

2017 Hortisol/
Gartenboden

Hortic Anthrosols +++ Germany, Thuringia

2018 Felshumusboden Folic Histosols/
Suprafolic Leptosols

++ Germany, Bavaria

2019 Kippenboden (Dump Regosols)/
Technosols

++ Germany, Saxony

a The didactic suitability is based on a clear picture of the horizons, the recognition of the origin,
the recognizable endangerment through use or climate change, or the possibility to tell
stories: + moderate, ++ good, +++ very well suited
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15.4 Chernozem—Soil of the Year 2005

Chernozems (black soils, Fig. 15.1) arise from calcareous parent material (mainly
loess sediments) in regions with hot, dry summers, and cold winters (continental
climate), preferably in the lee position of low mountain regions. The organic
residues of grasses and herbs cannot be completely decomposed due to drought in
summer and cold in winter. These humus-rich soils with a thick topsoil, usually 60–
80 cm thick, were developed over a long time. Soil-dwelling animals such as
hamsters, ground squirrels, and earthworms ensure that the soil is constantly mixed.
The formation of black soils began during the end of the last Ice Age more than
10,000 years ago in a climate with predominantly steppe-like vegetation. Black soil
areas were colonized very early on by people in the Stone Age for agriculture. In
today’s climate, no new black soil can arise in Germany. Black soils can store a lot
of water and many nutrients and have therefore been particularly productive arable
land for thousands of years. Large areas of black soils are to be found in the
landscapes around Hildesheim (Lower Saxony), Magdeburg, Halle and Köthen

Fig. 15.1 Chernozem—Soil of the Year 2005. a Earthworm holes and filled holes dug by small
mammals. Photograph Schulze-Kellinghaus, Soil of the Year committee. b High-yield winter
wheat on Chernozem. Photograph I. Merbach, Soil of the Year committee. c Intensive animal life
in black soils. Photograph I. Merbach, Soil of the Year committee
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(Saxony-Anhalt) or in the Querfurt Basin (Thuringia). Black soils and black-like
soils occupy about 3% of the soil surface and about 5% of agricultural land in
Germany. The largest areas of black soil (56%) are in the Federal States of
Saxony-Anhalt and Thuringia.

Although black soils are one of the best soils, they cannot compensate for the
stresses of very intensive land use. The biggest danger is high surface sealing. They
are also threatened by water and wind erosion, as well as increasing damage. Soil
compaction is a significant risk factor. The best way of protecting black soils and
the area in which the greatest experience has been gathered is environmentally
sustainable agriculture.

15.5 Histosols (Fens)—Soil of the Year 2012

Histosols (Peat soils, Fig. 15.2) typically contain more than 30% organic material
and are a dark brown to black color. Depending on their conservation status,
fen-forming plant residues are visible to different extents. The subsoil of fen soils

Fig. 15.2 Histosols (Fens)—Soil of the Year 2012. a Shallow drained fen soil. Photograph G.
Milbert, Soil of the Year committee, b Terrestrialization process of a lake, leading to an eutrophic
fen. Photograph Biologische Station Großes Heiliges Meer, Hopsten, Soil of the Year committee,
c Eutrophic fen, alder swamp. Photograph M. Dworschak, Soil of the Year committee
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often consists in glacial deposits such as sand, silt, loam and clay, or of lacustrine
deposits. Depending on their parent material, lacustrine sediments are white (lime
mud), olive green (algal gyttja), or dark brown (clay mud). Fen soils mainly
develop in groundwater-influenced lowlands or along rivers and lakes. On a global
scale, they are typical of the cool, humid climates of the northern hemisphere. In
Germany, fen soils cover a surface of approx. 1 million hectares. The largest areas
up to 30,000 ha are situated in Schleswig-Holstein, Lower Saxony,
Mecklenburg-Western Pomerania, Brandenburg, Bavaria, and Baden-Württemberg.
Usually, the development of fen soils is initiated by paludification at a high
groundwater level or increasing sedimentation into lakes. Dead plant material
accumulates under water saturation and air exclusion.

In siltation mires, the peat lies on the bottom of a water body above organic or
mineral lacustrine sediments. The peats of fen soil areas are formed of dead roots,
branches, leaves and sprouts of sedges, reeds, mosses, elders, willows, or other
swamp plants. Decomposition of the organic material is slow and incomplete.
A peat body only increases a few millimeters per year, directed to the water surface
and/or the lake center. The peat increase occurs from the bottom to the top. If the
peat layer thickness exceeds 30 cm, it is classified as fen soil (Histosols).

From an ecological point of view, natural fen soils are highly valuable. Only
conformist, mostly rare, exceptional animal and plant specialists such as the large
copper butterfly, cotton grass, and sedges are adapted to the high water content and
special nutrient conditions.

Thick fen soils contain up to 2000 tonnes of carbon per hectare. Worldwide,
Histosols store the most carbon per areal unit. Further, peat soils are important
archives of nature and civilization. They conserve former vegetation and climate
conditions as well as traces of settlements and former use.

For more than 1000 years, peat has been used as a solid fuel, medicine, and
fertilizer. Until the 1950s, peat digging was carried out industrially. Limonite, a
formation in fen soils with iron-rich groundwater infiltration, and lime mud were
also excavated until the beginning of the twentieth century. Today organic material
from peat is obtained for medical use on very few sites in Germany. Because of
their rare occurrence, in Germany intact fen soils close to their natural state have
been placed under nature conservation. Fen soils are often used for agriculture and
forestry. In the past, they had to be drained by ditches or drainage systems which
seriously and often irreversibly changed the peat properties. With different inten-
sity, most fen soils in Germany are presently used as pasture land. Intensively used
fen soils can release up to 40 tonnes of CO2 per hectare and year. For the con-
servation and permanent protection of intact lowland peat soils, carefully elaborated
development strategies are needed.
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15.6 Stagnosols/Planosols—Soil of the Year 2015

Stagnosols/Planosols (Pseudogley soils, Fig. 15.3) form where precipitation water
only drains away into the underground after long delay. Beneath a well permeable
layer that is waterlogged after rainfall, there is a dense layer with low permeability.
In the German soil classification, most soils affected by stagnating water belong to
the Pseudogleys, and those with an extended wet phase to the Stagnogleys. The
international classification allocates these soils primarily to the Planosols and
Stagnosols.

Fig. 15.3 Stagnosols/Planosols (Pseudogleys)—Soil of the Year 2015. a Soil Profile Kottenforst
Forest near Bonn. Photograph G. Milbert and M. Dworschak, Soil of the Year committee. b Wet
bleached and orange mottling as well as black colored areas in the Pseudogley profile. Photograph
G. Milbert, Soil of the Year committee. c Soil compaction after intensive soil traffic by agricultural
machinery. Photograph G. Milbert, Soil of the Year committee
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As a function of the soil’s water permeability, the weather conditions and plant
water use, surface water gley soils alternate between wet, moist, and dry phases.
These phases may vary in length and may occur several times during the course of a
year. This results in temporary excesses and temporary dearths of soil water. During
the wet phases, a lack of oxygen adversely affects plant roots and soil organisms.
On surface water above gley soils, only those plant species thrive that tolerate wet
soil conditions. Little by little, a mottled to veined soil develops with spots bleached
by water, side by side with rust-colored zones. Often, hard iron and manganese
segregations form so-called concretions.

Pseudogley soils are unique natural bodies that often support forest plant
communities that prefer changing moisture conditions, e.g., Common
Oak-European Hornbeam forests. Markedly wet Pseudogley soils are—due to their
extreme site conditions—well suited for rare animal and plant com-munities.

Pseudogley soils store precipitation water that evaporates with a time delay or is
consumed by plants. In this way, they act as a buffer against precipitation peaks.
The perched water drains slowly into the groundwater, possibly of nearby
groundwater soils, and into watercourses or bodies.

Forests adapted to changing moisture conditions can be stable, productive
ecosystems that are at the same time ecologically valuable. Tree species which
tolerate perched soil water are the common oak, European hornbeam, ash, black
alder, and downy birch. Those which are adversely affected include the Norway
spruce, larch, and beech; they develop only shallow roots in perched water. In dry
years, drought damage occurs. After several wet years in a row, roots suffer from
lack of oxygen. During storm events, shallow root trees tend to be uprooted.

Timber harvesting does not only harm the soil during dry phases. Surface water
gleys are sensitive to weather conditions and the climate. Increasing numbers of
heavy rainfall events result in more frequent wet phases. If climate warming
extends the vegetation period, plant water consumption will increase, and longer
dry periods could occur.

Wet–dry Common Oak-European Hornbeam forests could develop into Beech
forests in the long run. During the last 50 years, the vegetation period has already
lengthened more than two weeks, and the number of heavy rainfall events has risen.

15.7 Hortisol—Soil of the Year 2017

The name Hortisol is of Latin origin and combines “hortus” (garden) and “solum”
(soil). Hortisols (garden soils, Fig. 15.4) belong to the “terrestrial anthropogenic
soils” of the German soil classification system. They have been so thoroughly
modified by humankind that few characteristics resemble their original state.
Similar soils are Plaggenesch (Plaggic Anthrosol) and vineyard soil.

The Hortisol has an active soil life with a particularly high number of earth-
worms that mix the soil material intensively.
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The part of the soil that is subject to so-called bioturbation (Latin “turbare,” to
churn up) is a specific, humus-rich and often dark gray horizon. In combination
with the also humus-enriched topsoil, this reaches down to more than 40 cm below
the soil surface.

Why are garden soils so fertile and rich in humus? Human activity in combi-
nation with soil organisms, climate, and the parent material are the most important
factors behind garden soil development. Garden soils literally grow on or in various
soils or materials. Often, human beings have also brought in the material for the soil
through laborious efforts, e.g., in old gardens on terraces on the slopes or in castle
and cloister complexes. But it is only the gardener’s cultivation over decades or
even hundreds of years that makes the soil turn into a garden soil:

Fig. 15.4 Hortisol—Soil of the Year 2017. a Profile of a Hortisol (garden soil) Photograph
Thüringer Landesanstalt für Umwelt und Geologie, Soil of the Year committee. b Lumbricus
terrestris earthworm in a Hortisol profile. Photograph M. Dworschak/Geologischer Dienst NRW,
Soil of the Year committee. c Ceramic shards and other historically interesting objects found in old
garden soils. Photograph Geolog. Dienst NRW, Soil of the Year committee

376 M. Frielinghaus and G. Milbert



– The soil is regularly dug and turned, loosened and enriched with materials with
spades, hoes and other tools.

– Compost, feces, ashes, sweepings, organic waste, lime, bones, sherds, etc., are
put on the soil and mixed in.

– The soil is watered regularly during dry phases in summer and autumn.

Thanks to this work by the gardener, the soil grows by 40 to more than 100 cm,
depending on how long the garden is in use. On the top, it develops a new soil layer
that is particularly loose, fertile, and rich in humus and nutrients. This soil layer
contains much more phosphorous and nitrogen than other soils. Both are important
nutrients for crop plants.

Clay particles and humus retain a lot of rainwater that is then available to plants.
The high humus content provides for high biological activity. In particular, the
many earthworms help incorporate plant residues and compost into the soil, even
down to a depth of more than 1 m. Roots, soil organisms and lime make for a soil
structure composed of crumbs and consistent soil particles that keep the soil loose,
but stable. As a result, garden soil can supply plant roots with oxygen and release
carbon dioxide at its surface.

Wherever humans settled, they changed part of the land near their houses and
cottages into gardens. This is where the oldest and deepest Hortisols can be found.
Old villages contain sizeable areas of garden land even today, including land on
their outskirts (Grabeland—land that is dug up). Various kinds of cabbages and root
crops such as potatoes and beets were once cultivated there. Through long, intense
use, typical Hortisols were developed.

Many innovations in gardening practice started out from cloisters, as they were
once part of a pan-European network. In many cloister gardens, nuns and monks
bred new kinds of fruit and vegetable. In Thuringia, there are more than 200
historical cloisters and parishes. Many of them still have old gardens.

In urban settlements, kitchen gardens became common from the twelfth and
thirteenth centuries. The oldest gardens are situated in the core area developed in
the High Middle Ages, and younger ones in the areas where the towns expanded
within or outside their walls. These vegetable and kitchen gardens were very small.
Cultivated for hundreds of years, they now contain typical Hortisols. They are rare
in the city centers, where much of the soil has been removed or overbuilt.
Furthermore, the soil is often polluted with fire debris, brick fragments, cement, and
metal remnants. Urban areas (unlike rural areas) often used fertilizers such as liquid
feces from the cesspools, organic household waste, and ash. Since the middle of the
nineteenth century, sewage sludge, compost, and artificial fertilizers have been
used. These gardens primarily contribute to the production of food, particularly in
times of hardship, but also serve as a place to meet and communicate.

If soil is to be used carefully, it must be thought of as a living organism. Soil life
needs to be preserved, and chemicals (mineral fertilizer, pesticides) used cautiously.
Garden soils should not be sealed or heavily compacted, as they may lose their
many functions for the ecosystem.
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Unfortunately, many garden soils in the town centers and on the outskirts of
villages are now being overbuilt and are no longer a “green lung.” They are losing
their social function.

In many cities, school garden projects play an important role in teaching children
and young people about the value of and threats to soil.

15.8 Conclusions and Outlook

Experience with the Soil of the Year action confirms the difficulties associated with
the perception of soils as a limited resource with essential functions. The action
drew very different responses every year, with corresponding setbacks, but it can
now be stated that it has taken a firm place in the soil-related activities of various
institutions when it comes to improving society’s awareness of soil. The continuity
of naming a Soil of the Year and preparing interesting material, the continuous
Internet presentation (Boden des Jahres 2019; Bodenwelten 2019), and the creation
of a soil network have increasingly aroused national and international interest.

Under the patronage of the respective Federal State representation, the presen-
tation of the next soil will take place on the World Soil Day. This annual event
increases political interest in responsibility for soil protection.

Basic funding is essential to realize this action. For example, the German Soil
Science Society, the Federal Association of Soil, and the Association for the
Management of Contaminated Sites and Land Recycling assume responsibility on
the committee. The Federal Environment Agency deals with the financing of
printing and dispatching the materials. The committee members can only offer input
to the “Soil of the Year campaign” for initiatives related to the Federal States’ target
groups. The regional soil specialists communicate with farmers, gardeners, fores-
ters, museum staff, the staff of botanical and zoological gardens, landowners of all
kinds, artists, parishes, association members and soil specialists employed by the
authorities. These regional target groups have to find intelligent solutions and ask
for political and technical decisions. Interested citizens in towns and rural areas and
all types of media can only be reached effectively and with special regional or
problem-oriented activities in the Federal States.

A memorandum from the Scientific Advisory Council on Soil Protection states:
“We have discovered that citizens do not think as much about the use and pro-
tection of soils as scientists and soil protectors believed they did”
(Wissenschaftlicher Beirat 2002).

The activities used to impart knowledge about soils as an essential basis for
human existence and showing how endangered this limited resource is, unless
action is taken to protect soils, have to be made even more goal-oriented and more
effective. New knowledge of effective communication must lead to constant
reviews and improvement of knowledge transfer methods. Various events (such as
World Soil Day, Day of the Environment, Earth Day) and regional projects should
take place regularly for all target groups. The exchange of experience between the
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actors should be encouraged. There is a very wide range of material available for
each Soil of the Year from 2005 to 2019, enabling the various target groups to be
reached.
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Chapter 16
A Framework to Connect
Biodiversity-Ecosystem Functioning
Research to Habitat Fragmentation

Jiajia Liu, Lionel Hertzog, Guang Hu, Kris Verheyen
and Mingjian Yu

Abstract The relationships between biodiversity and ecosystem functioning
(BEF) are one of the key questions in ecological studies especially in the context of
the current global decline in biodiversity. However, limited effort has been done to
connect BEF relationships to habitat fragmentation while we are living in an age of
global habitat fragmentation, especially forest fragmentation. In this chapter, we
briefly discussed why such a connection is need. We follow by outlining the major
mechanisms by which habitat fragmentation can affect BEF relationships: (i) frag-
mentation-driven non-random turnover of species, (ii) changes in species–species
interactions affecting complementarity potential, and (iii) influences on insurance
effects due to changes in environmental conditions and landscape patterns. We
highlight the importance of considering spatiotemporal scales in studying BEF
relationships. Finally, to promote further research in this area, we present the evi-
dence currently available to science and outline major avenues for future studies.
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16.1 Introduction: Biodiversity and Ecosystem
Functioning

About thirty years ago, ecosystem ecologists realized that ecosystem functions such
as primary production or nutrient cycling were not only driven by abiotic condi-
tions, but also by the biotic community composing ecosystems (Tilman et al. 2013).
Joining forces with community ecologists, they derived a successful research
program that explored the relationships between biodiversity and ecosystem
functioning. The most famous research in this area was done based on grassland
experiments such as the Cedar Creek Biodiversity Experiment in the USA (Isbell
et al. 2013) and the Jena Experiment in Germany (Weisser et al. 2017). Results
showed that biodiversity generally has a positive effect on ecosystem functioning
(Liang et al. 2015; Ratcliffe et al. 2017; Huang et al. 2018).

Two main hypotheses were proposed to explain the positive biodiversity and
ecosystem functioning (BEF) relationships: complementarity and selection effects.
First, species within more diverse assemblages are expected to show higher com-
plementarity (Cardinale et al. 2002) which may be driven by resource partitioning,
such as complementarity light use strategies among neighboring plants (Jucker et al.
2014), abiotic facilitation by—for instance—the positive impact of nitrogen fixers
(Kahmen et al. 2006) or by plant–soil feedbacks (Barry et al. 2018). Second,
communities with more diverse assemblages are more likely to show selection
effects which refer to the dominant role of a key species that contributes greatly to
the ecosystem functioning. For example, large-diameter tree species play a dis-
proportionally important role in carbon allocation and productivity (Slik et al. 2013;
Lutz et al. 2018). Selection effects are considered to be more important at the early
stage of succession (Tobner et al. 2016) while complementary effects will become
more important at the late successional stages (Reich et al. 2012). The importance
of these different mechanisms and their consequences on the relation between
biodiversity and ecosystem functioning will be context-dependent. For instance,
resource partitioning will be especially beneficial if resource supply is limited
(Ratcliffe et al. 2017; Barry et al. 2018) and abiotic facilitation will become more
important in stressed systems (Steudel et al. 2012). However, in a recent review Liu
et al. (2018b) showed that while an extensive literature exists on BEF relationships
on one side and on habitat fragmentation effects on biodiversity on the other side,
limited effort has been done to connect the dots and look at fragmentation effect on
BEF relationships (but see Hertzog et al. 2019).

16.2 What Is Habitat Fragmentation?

Habitat fragmentation is a process by which continuous and large habitats divided
into smaller and isolated patches (Fahrig 2003). In landscapes under human pres-
sure, habitat fragmentation often occurs together with habitat loss. Recent studies
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call for an explicit reorganization of habitat fragmentation studies to explore the
effect of habitat fragmentation per se independently of the effects of habitat loss
(Fahrig 2017). However, here we mainly discuss the effect of habitat fragmentation
in general. An increasing numbers of studies have reported that global habitat
fragmentation is a pervasive phenomenon (Haddad et al. 2015; Taubert et al. 2018),
while intact large forests are rare (Watson et al. 2018). For example, 70% of the
world’ forest lies within 1 km of an edge (Haddad et al. 2015), and 19% of the
tropical forests lie within 100 m of a forest edge (Brinck et al. 2017). Creation of
edges after habitat fragmentation mainly affects ecosystems through environmental
changes in humidity, fire frequency, nutrient, and light availability (Laurance et al.
2018; Smith et al. 2018). More isolated patches are less efficient in gene flow from a
long-term perspective. As such, habitat fragmentation generally increases mortality
of large old trees (Laurance et al. 2000), decreases species diversity, and leads to an
erosion of functional traits (Magnago et al. 2014; Liu et al. 2018a). To sum up, both
biodiversity and ecosystem processes can be strongly affected by habitat
fragmentation.

16.3 A Need to Connect Habitat Fragmentation and BEF

Previous studies on biodiversity and ecosystem functioning relationships mainly
focused on using a strong experimental design including a high level of replication
and strictly controlled environmental conditions to explore biodiversity effect.
However, these studies were criticized for their lack of realism and by extension
their limited implications for real-world systems (Srivastava and Vellend 2005).
First of all, these experiments assumed random species loss or gain a highly
unlikely process in the real world (Wardle 2016). For example, differential
responses to habitat fragmentation have been frequently reported within and among
biological groups (Fontúrbel et al. 2015; Pfeifer et al. 2017). Second, environmental
conditions have important effects on ecosystem functioning, both directly and
indirectly via biodiversity effects, which has been supported by recent papers (De
Laender et al. 2016). Third, previous studies ignored potential spatial effects such as
metacommunity dynamics (Loreau et al. 2003). Therefore, in order to have a
systematic understanding of diversity effects on ecosystem functioning in the real
world under threat of habitat fragmentation and habitat loss, we here discuss how
habitat fragmentation may affect BEF relationships and set up a tentative research
agenda for future studies.

16 A Framework to Connect Biodiversity-Ecosystem Functioning … 383



16.4 How Do Habitat Fragmentation and Habitat Loss
Affect BEF Relationships?

16.4.1 Causes: Environmental Changes, Connectivity,
and Habitat Loss

Habitat fragmentation leads to changes in environmental conditions, mainly
through edge effects. Forest edges are, for instance, drier and warmer than forest
interiors (Arroyo-Rodríguez et al. 2017; Laurance et al. 2018). These changes in
environmental conditions will lead to shifts in the biotic community composition
and in species–species interactions (Haddad et al. 2015; Wilson et al. 2016). Habitat
fragmentation also leads to loss in connectivity between habitat patches reducing

Fig. 16.1 A framework that explains how habitat fragmentation affects BEF relationships
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movement and flow. These changes in connectivity will affect metacommunity
dynamics, leading to shifts in the biotic community composition and in insurance
effects, which proposes that functionally redundant species at a given time may
show temporal complementarity (Thompson et al. 2017). Finally, habitat frag-
mentation will reduce average population sizes and species richness (Haddad et al.
2015), and this will affect biotic community composition and insurance effects
(Fig. 16.1).

16.4.2 Consequences for BEF Relationships: Non-random
Species Turnover, Species–Species Interactions
and Insurance Effects

The biotic community with its set of traits affect ecosystem functioning (Hooper
et al. 2005), and any changes in the functional composition of the communities
driven by habitat fragmentation and habitat loss can potentially affect BEF rela-
tions. Most importantly, this occurs when species most vulnerable to habitat
fragmentation and habitat loss have a disproportionally large contribution to
ecosystem functions. For instance, large-diameter tree species contribute to 41% of
aboveground live tree biomass (Lutz et al. 2018), and they have a higher carbon
sequestration ability than smaller trees (Stephenson et al. 2014). However, they are
vulnerable to habitat fragmentation via drier conditions induced by edge effects
(Laurance et al. 2000). Similarly, large seed dispersers play key roles in the
maintenance of forest carbon storage due to their important roles played in eco-
logical interactions (Bello et al. 2015). However, large-bodied seed dispersers, such
as hornbills and primates, are more sensitive to habitat fragmentation than
small-bodied animals. These shifts could affect the selection effect which refers to
the dominant role of a key species that contribute disproportionally to the
ecosystem functioning, if these lost species exert an important impact on the BEF
relationship. On the other hand, fragmentation-driven community shifts may also
promote selection effect by changing the evenness and the dominance structure
within the community (Hillebrand et al. 2008).

A second important consequence of fragmentation is the changes in species–
species interactions such as resource use partitioning, competition, facilitation, and
mutualism. These changes may be driven by shifts in the biotic communities.
Fragmentation and habitat loss can, for instance, affect pollinator communities
(Kramer et al. 2012), which will affect pollen dispersal and pollination efficiency
(Rusterholz and Baur 2010; Hagen et al. 2012). Species–species interactions may
also be driven by fragmentation-driven environmental changes such as abiotic stress
or resource availability (Barry et al. 2018). Baert et al. (2016) showed that domi-
nance increased under chemical stress in experimental microalgae communities
leading to stronger BEF relations. Resource limitation may also promote resource
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use partitioning (Grace et al. 2016), a mechanism that might be behind the findings
of Ratcliffe et al. (2016) that BEF relationships were stronger in water-limited
conditions.

Finally, fragmentation and habitat loss will affect the potential for insurance
effects, the fact that the functional consequence of species loss might be offset by
other species present in the community (functional redundancy, Reich et al. 2012)
or by immigration from other patches (metapopulation dynamics, Gonzalez et al.
2009). Habitat loss will reduce the species pool affecting the potential for functional
redundancy. For example, in large forest fragments many species of top predators
may be present such that the loss of any one of them will have little functional
consequences. On the other hand, in small forest fragments where only one unique
top predator species is present, the loss of one species may have strong functional
consequences (Terborgh et al. 2001). Therefore, BEF relationships are expected to
be stronger in smaller habitat patches (Liu et al. 2018b). In a recent study, Hertzog
et al. (2019) revealed that the effect of tree richness on forest multifunctionality was
stronger in small and isolated compared to large and well-connected fragments in
mature temperate forests of Belgium. In addition, fragmentation will affect the
connectivity between habitat forming a spatial insurance for ecosystem functioning
in heterogeneous landscapes (Gonzalez et al. 2009). For example, diversity effects
on ecosystem functions will be reduced if mobile grazer species were allowed to
move among studied patches (France and Duffy 2006). Ecosystems tend to be more
resilient to species loss when connected to other patches, and BEF relationships are
stronger in more isolated fragments (Wu and Loucks 1995; Staddon et al. 2010). In
contrast, connectivity loss erodes the stability of ecosystem functioning (Thompson
et al. 2017).

16.5 The Importance of Spatiotemporal Scales
from a Landscape Perspective

Ecosystem functioning can be enhanced by many different species across many
times and from nearby places resulting in a spatiotemporal dependency of BEF
relationships (Isbell et al. 2018).

16.5.1 Spatial Scales

BEF relationships are dependent on studied spatial scales (Thompson et al. 2018).
For example, there was a significant BEF relationships in primary forests at very
small spatial scales (0.04 ha), but it became insignificant at increasing spatial scales
(0.25, 1 ha) (Chisholm et al. 2013). In addition, the strength of the BEF relationship
can be different between ecosystems (Kardol et al. 2018).
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However, there is a mismatch of between studied sample units in BEF studies
and the size classes of habitat fragments in the real world. Sampling plots for BEF
studies are typically 0.04 ha in forest systems (e.g., Chisholm et al. 2013; Ratcliffe
et al. 2015; Liang et al. 2016) and varied considerably from 1 to more than 400 m2

in grassland systems (Roscher et al. 2005). On the other hand, the mean size of
forest fragments in tropical regions is 17 ha (Taubert et al. 2018), and most frag-
mentation studies used a gradient of habitat sizes ranged from 0.01 to more than
1000 ha (Brinck et al. 2017; Laurance et al. 2018; Liu et al. 2018a). Therefore,
biased sampling toward certain sampling sizes (e.g., 0.04 ha for forest ecosystems)
may not allow a full understanding of BEF relationship across spatial scales.

16.5.2 Temporal Scales

Many BEF experiments have focused on grasslands. For example, the longest term
Cedar Creek Biodiversity Experiment was established in 1994 (Isbell et al. 2013),
and the Jena Experiment was set up in 2002 (Weisser et al. 2017), and plots on
islands in northern Sweden were established in 1996 (Fanin et al. 2018). However,
other systems such as forests require a long term to reach a mature state while
experimental forest plots have, until now, very short study periods. For example,
the BEF-China experiment is only 10 years old (Huang et al. 2018), similar to other
forest experiments in the world that are less than 20 years (http://www.treedivnet.
ugent.be/). Interestingly, recent studies found that biodiversity effects are also
influenced by successional stages, with a more profound positive diversity effect at
the early successional stages (Lasky et al. 2014). Therefore, findings shown by
short-term studies may be different from those shown by long-term studies (Reich
et al. 2012). Similarly, Kardol et al (2018) showed that the effects of species loss on
community biomass decreased over time, but the pattern was influenced by habitat
size. Indeed, habitat fragmentation has long-term effects on biodiversity, which may
persist for more than a century (Vellend et al. 2006; Jones et al. 2016). This may
result in a time-delayed “functioning debt” by habitat fragmentation paired with an
extinction debt (Liu et al. 2018b).

16.6 Conservation Implications from BEF Studies
in Fragmented Landscapes

Habitat loss and fragmentation are a highly non-random process (Laurance 2008).
Forest fragments are more likely to be located in relatively higher elevated, steep,
and northern faced areas that are not suitable for agriculture (Sandel and Svenning
2013). This results in a pattern where areas with higher biodiversity and ecosystem
functions are more readily converted to agricultural lands (Liu and Slik 2014).
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Therefore, we may be unable to detect the full picture of BEF relationships due to
lack of sufficient samples in extremely diverse systems. Indeed, BEF studies typically
neglect tropical rainforests (Clarke et al. 2017), and recent studies found that more
carbon did not equal more biodiversity in less disturbed tropical rain forests (Ferreira
et al. 2018). Few studies have taken this into account, limiting the practical appli-
cations of BEF research to biological conservation (Srivastava and Vellend 2005).

16.7 Future Directions Under the Proposed Framework

The last two decades we have witnessed a shift of BEF studies from experimental
studies to its applications in the real world (Steudel et al. 2012; Liang et al. 2015;
Jucker et al. 2016), especially in heterogeneous and dynamic landscapes (Brose and
Hillebrand 2016; Hertzog et al. 2019). Considering that habitat fragmentation is
becoming a hugely important threat to global biodiversity and ecosystem func-
tioning (Haddad et al. 2015; Wilson et al. 2016), future research is direly needed to
further reveal how BEF relationships hold in fragmented landscapes. We therefore
propose a research agenda based on a combination of different approaches.

16.7.1 Using Remote-Sensing Maps to Model Long-Term
Fragmentation Effects

Large-scale fragmentation maps are increasingly available due to the rapid devel-
opment of remote-sensing technology (Haddad et al. 2015; Taubert et al. 2018),
which has promoted the global study on fragmentation effects on ecosystem
functioning. For example, a study using global tropical forest fragmentation maps
found that one-third of the carbon release was contributed by habitat fragmentation
(Brinck et al. 2017). A recent study using large-scale fragmentation mapping found
that habitat conditions were not improved in a nature reserve (Xu et al. 2017).
Combining the available large-scale mapping information on habitat fragmentation
and carbon release would allow the exploration of correlations between habitat
fragmentation and ecosystem function at the global scale.

16.7.2 Empirical Studies in Plots Forming a Gradient
of Fragmentation Intensity

Currently, several platforms have been developed to investigate long-term effects of
habitat fragmentation on biodiversity and ecosystem functioning, such as BDFFP
(Laurance et al. 2018), islands in the Thousand Island Lake (Wilson et al. 2016),
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islands in northern Sweden (Fanin et al. 2018), and the SAFE project (Ewers et al.
2011). These study sites have a gradient of fragmentation intensity, with system-
atically studied fragmentation effects, and would reveal how strongly the BEF
relation responds to fragmentation intensity. However, more studies are needed to
explore how widespread this response is, especially from a global network con-
necting and synthesizing the data from these fragmentation projects. Some studies
have scaled up from survey plots to landscapes to assess the impacts of fragmen-
tation on biodiversity (Lafortezza et al. 2010; Pfeifer et al. 2017), but further
exploration on BEF relationships based on these fragmentation studies is required.

16.7.3 Long-Term Surveys on Biodiversity and Ecosystem
Functioning

Although there are long-term projects that have studied the impact of fragmentation
and biodiversity (Haddad et al. 2015), fragmentation effects on functioning (Kardol
et al. 2018), and BEF relationships separately (e.g., http://www.treedivnet.ugent.be/),
few have taken a long-term approach to study BEF relationships in fragmented
landscapes. Fortunately, true islands in the Thousand Island Lake (Wilson et al.
2016), in the northern Sweden (Kardol et al. 2018), and habitat islands in BDFFP
(Laurance et al. 2018), and the SAFE project (Ewers et al. 2011) can be considered as
model system to study how habitat fragmentation affects ecosystem functioning.
These systems can provide unusual research opportunities to address these questions,
such as how ecosystem functioning responded to time-delayed effect of biodiversity
loss caused by habitat fragmentation (Vellend et al. 2006) (Fig. 16.2).

Fig. 16.2 A new agenda to explore BEF relationships in the fragmented landscapes combing data
from large-scale fragmentation maps (e.g., Haddad et al. 2015), global fragmentation study
networks (e.g., Wilson et al. 2016), and long-term surveys on biodiversity and ecosystem
functioning (e.g., BDFFP project, see Laurance et al. 2018). Red lines indicate major approaches
while blue lines indicate useful data to answer the linked questions
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16.7.4 Modeling Work to Derive a Different Set
of Predictions

In order to predict the relative importance of different mechanisms on the BEF
relationship in fragmented habitats, mathematical models may be used. These
models could be inspired by combining the approach outlined recently by De
Laender (2016) on the effect of environmental conditions on BEF relationships
together with the broader meta-ecosystem framework (Gounand et al. 2018). These
models track the consequences of habitat fragmentation for functional diversity and
the composition of the biotic communities and may provide powerful tools to
predict dynamics to be further tested in experimental and real-world settings.
Further inspiration to develop these models may come from the use of a limited
number of functional “super-traits” such as body mass for consumers (Brose and
Hillebrand 2016) in order to simplify model parameterization. These models, if
proved to provide adequate fit to a priori expectation, may be applied to different
scenarios of future land-use changes in specific landscapes in order to understand
how will ecosystem functioning likely change and what mechanisms will be
responsible for those (functional turnover, changes in species–species interaction or
insurance effects) in order to design mitigation strategies.

16.7.5 Experimental Work to Disentangle the Different
Mechanisms

To understand the relative importance of the different mechanisms through which
fragmentation and habitat loss may affect biodiversity and ecosystem functioning
relationships, experimental work using micro- or mesocosms will be needed
(Hammill et al. 2018). Already existing facilities such as the metatron may be used
to test for the effect of habitat fragmentation on BEF relation through connectivity
loss (Legrand et al. 2012). Similarly, habitat loss may also be mimicked in such
systems by reducing the species and functional pool. Experimentally reproducing
edge effects will demand technical ingenuity but is a critical step in order to better
understand and predict changes in BEF relationships under habitat fragmentation.

16.8 Conclusions

Natural habitats continue to be fragmented due to anthropogenic actions, and
beyond affecting biodiversity, habitat fragmentation can alter the relationship
between biodiversity and ecosystem functioning. In this chapter, we outlined the
major mechanisms by which habitat fragmentation can affect BEF relations:
(i) fragmentation-driven non-random turnover of species, (ii) changes in species
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interactions, and (iii) changes in insurance effects. We also highlighted the
importance of considering spatiotemporal scales in studying BEF relationships. To
promote BEF studies in fragmented landscapes, we presented the evidence cur-
rently available to science and outline major avenues for future research.
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Chapter 17
Basic Principles of Sustainable Land Use
Management

Zita Izakovičová, László Miklós and Jana Špulerová

Abstract The paper is aimed at the presentation of the integrative approach
assessment of environmental land use conflicts. It presents basic principles of
sustainable land use management. The changes in land use are reflected not only in
changes of land cover. They are also the cause of changes in landscape structure
and are the main initiation of many environmental problems. From this aspect, it is
important to engage the land structure studies not only in the studies of land use
forms and land cover, but also in the studies of position and relation in landscape
(cause–consequence). To find the cause and casualties of these changes is very
important for implementation of rationale landscape utilization. The basic tool for
suitable landscape utilization is integrated landscape management as a major
instrument of sustainable development. It must be based on understanding
landscape systematically as geosystem. The every point of the landscape is rep-
resenting the integrating scope, scene in which all natural resources are occurring as
layers (geological sources, water and soil sources, climate, biotic sources and
morphometric parameters) which are mixing together. It is seen as understanding
the space as integration of particular natural sources in given area of landscape.
Using one source can negatively affect the quality of other sources. For example,
intensive use of soil resources can threaten water resources—negative impacts of
chemistry, mechanization, and so on. Therefore, land use needs to be assessed on an
integrated basis. From aspect of ‘sustainability’, the target is to define such land-
scape management, which would regulate socio-economic development in land-
scape with its natural, human, cultural and historical potential. It is based on
matching the supply that is represented by landscape resources and demand that is
represented by community needs and community requirements. The discrepancy
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between supply and demand (not respecting the properties of landscape resources)
is the determining factor of formation of the environmental problems. The paper
presents evaluation of environmental problems resulting from conflict of interests in
the land use and methodology for sustainable land use that is based on the inte-
grative approach to the landscape.

Keywords Land use � Land cover � Sustainable development � Integrated land-
scape management � Landscape as geosystem � Environmental problems

17.1 Introduction: About Landscapes and Land Use

Landscape is a very dynamic system, comprised from two mutually interconnected
subsystems (natural and social), which is impacted by constant changes in time and
space. Time and space are the two most important universal variables, in which the
natural and human forces are together forming and permanently changing the
landscape into a cultural and giving it a unique character (Olah and Žigrai 2004).
Cultural landscape is an image of the state and development of society, because all
social changes appear eventually in change of the structure and utilization of the
landscape.

Land use is determined on one side by attributes of natural components, which
represent a specific offer for landscape usage by a human. On the other side, the
land use is determined by requirements, demands, abilities and overall possibilities
of land use by a society (Fig. 17.1). The requirements, demands as well as the
overall possibilities are changes in the course of time (change of human conditions,
change of priorities, change of ownership, change in technologies, etc.). A value,
which was a luxury good in the past, became an essential good. The change in the
demands and requirements of human society is then cyclically appearing in changes
of forms and intensity of landscape usage. On the other side, the changes can be
caused by repercussion of natural environment against a specific land use, if this is
becoming unsustainable. For example, improper land use can cause or potentially
accelerate the natural risks and hazards, which take part in change of landscape
structure and land use to a substantial rate. Mostly, the changes in society, which
are influencing the landscape, are faster and variable in comparison with sustained
natural process of landscape development. The utilization of the landscape reflects
the anthropization and stabilization of the landscape, which are conditioned by the
ratio of stabilizing and less stabilizing landscape elements.

In the literature, we can meet two basic terms—land use and land cover. Land
cover is according to Earth’s surface visible from the space, including natural
ecosystem (forest, grassland, water areas, etc.), human-transformed (agroecosys-
tems) or human-created ecosystems (urban areas, roads). Land cover shows the
combination of natural, semi-natural (human-changed elements) and artificial ele-
ments (human-created elements of landscape structure). The present state of
area-anthropization (human-created elements of landscape structure) can be
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evaluated based on presence and area extent of the particular element of the present
landscape structure, if it is a natural area with great landscape-ecological value or
vice versa or if its strong anthropicly changed area with low landscape-ecological
value. Assessment of land cover applies different statistical and analytical methods,
like index of heterogeneity, Shannon index, Index of ecological stability, index of
landscape structure, patch density, variability metrics, edge metrics, diversity
metrics, etc. (Forman and Godron 1986; Ivanova et al. 2011; Mander and Jongman
1999; Miklos 1996; Miklós et al. 1986; Rehackova et al. 2008; Sklenička 2006;
Turner et al. 2013).

Land use is based on set of functions for which the land is used. According to
Jensen and Murray (2005), the landscape usage is linked to human activities and its
influence in given landscape (e.g. agriculture, forestry, growth of urban area and
transport).

Oťahel’ et al. (2004) pointed to the difference between land use and land cover,
while map of land cover represents objects of Earth’s surface via their physiog-
nomic attributes and the map of land use via functional attributes. Land use and
land cover are interconnected. Land cover is continually shaped and transformed by
land use changes, e.g. when forest is converted to pastures or arable land. Land use
change is proximate cause of land cover change (De Sherbinin 2002).

Fig. 17.1 Integrated approach to sustainable land use management (Izakovičová et al. 2018b)
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17.2 Land Use Changes

The changes of land cover cannot be understand and explained without knowledge
of the land use changes, which condition human activities. The changes in land use
are reflected not only in changes of land cover, but they drive also the changes in
landscape structure and also other landscape processes, so they are the main ini-
tiation of many environmental problems. The following groups of changes can be
included to the most significant changes (Izakovičová et al. 1997, 2017):

• Change, threat and degradation of natural ecosystem, firstly in consequence of
direct occupation or fragmentation of natural ecosystem and barrier impact due
to growth of industrialization, urbanism, agriculture, recreation and other human
activities. The outcome of this process is the rise of grade of anthropization, i.e.
the increase of share of semi-natural and anthropogenic ecosystem at the
expense of natural ecosystems. The natural ecosystems are threaten also indi-
rectly by pressures and threat on their conditions—climate changes, hydrologic
regime, spread of non-native and invasive species etc. These are side effects of
expansion of human activities in the landscape. The result of these activities is
violation of natural development of native ecosystem, threats to environmental
stability of the area and biodiversity loss.

• Change, threat and degradation of natural resources are major threat to the
qualitative and quantitative attributes of individual natural resources. As natural
resources, we consider individual land-building components, which are capable
through its useful attributers to satisfy human needs. These resources as well as
biotic resources are threaten directly by land occupation and its depleting in
consequence of human activities—e.g. occupation of the best-quality land for
building (Fig. 17.2), occupation of forest for agricultural production etc. Indirect
threat on natural resources is happening via production of foreign substances,
which are a side effect of many form of land use—water pollution as conse-
quence of intensive agriculture, leak of oil from agricultural and forest machi-
nes, etc.

• Change in quality of environment—the combination of land cover elements
creates various landscape structures, landscape mosaics in the area, which
represent basic human living area. The structure and organization of these
elements are the basic indicators of quality and aesthetics of the environment.
Inappropriate land cover with domination of negative elements can considerably
disrupt the aesthetics, landscape image as well as overall quality of environment.

• Violation of landscape processes, particular acceleration of natural risks and
hazards—unsuitable land use, e.g. deforestation, vegetation removal, inappro-
priately intensive use of soil often implicates erosive–accumulative processes,
landslide, etc. Vegetation removal appears negatively also on hydrologic regime
in the area (accelerated floods, etc.) and can be also interacted factor of climate
changes (endangering of microclimate area regulation, lower oxygen production
and lower absorption of polluting substances).
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17.3 Research Focused on the Evaluation of Landscape
Changes

Landscape structure changes represent a wide and very important issue in landscape
research. The number of papers in scientific journals that focus on the topic of
landscape changes has been increasing significantly during last 10–15 years
(Baessler and Klotz 2006; Belcakova 2016; Bürgi et al. 2004; Bürgi et al. 2017;
Demková and Lipský 2015; Ivanova et al. 2011; Oťahel’ et al. 2004). Among many
conferences, workshops and seminars dealing with the topic of landscape changes,
the seminar Landscape change and its ecological consequences in Europe held in
Tilburg in 1995, should be mentioned, from which an important publication was
published (Jongman 1996). The international seminar with the characteristic title
Landscape Change: Learning from the past–Visions for the future was organized in
Norwegian Tromso in June 2006. Assessment of the landscape changes represented
key topic of IALE word congress, which held in Wageningen in July 2007. The
papers are published in the proceeding from the Seventh IALE World Congress
(Bunce et al. 2007). The RegioResources conference, held in 2018 in Smolenice, was
devoted to changes in landscape use affected by global megatrends (ILE SAS 2018).

Land use as well as general landscape changes are studied in the field both of
geography and landscape ecology, apart from other scientific and applied disci-
plines dealing with landscape issues. The approaches to the assessment of land-
scape structure changes are very different. The largest number of works is devoted
to study territorial organization of the land use forms and land use change in
different historical periods. This approach is widely spread at representatives of

Fig. 17.2 The realization of human activities in the landscape causes a significant anthropization
of the territory (Photograph: Zita Izakovičová)
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different landscape-ecological and geographical schools (e.g. Bicik et al. 2001;
Bunce et al. 1996; Burgi et al. 2017; Csorba 1996; Dyer 1994; Falťan et al. 2017;
Forman and Godron 1986; Kolejka 1987, 2006, 2018; Lieskovsky et al. 2018;
Lipský 2000; Lipsky et al. 1999; Muchova et al. 2016; Olah and Žigra 2004;
Oťahel’ and Feranec 2001; Petrovič 2006; Poudevigne and Alard 1997, Romportl
et al. 2013; White and Mladenoff 1994; Zigrai 1996 etc.).

The primary sources for evaluation of landscape changes are historical carto-
graphic and written materials. The most common method is interpretation of air
photographs, ortho-photomaps or interpretation of historic maps coming from
different mappings. Nowadays, modern geo-information methods (GIS) and
accessibility of multidata sources offer great opportunities in retrospective views on
the landscape (Bender et al. 2005a, b; Halabuk et al. 2015; Kienast et al. 2015;
Mander et al. 2004; Mander and Murka 2003; Palang et al. 2000, Palang et al. 2011;
Pauleit et al. 2005; Pauleit 2018; Pauleit and Golding 2005; Quattrochi and Luvall
1999, 2014). From this point of view to the most important can be assigned fol-
lowing projects: Corine Land Cover 2000–2018 (CLC 1990, 2000, 2018),
BioScene, BIOPRESS, LANDMAP and LCLUC-NASA (Haddock et al. 2007;
Haines-Young et al. 2012; Kumar 2010; Oťahel’ et al. 2004; Reschke and Huettich
2014; Roy et al. 2015; Roy and Joshi 2002; Soliva 2007; Štefunková and Hanušin
2016; Pauditšová and Slabeciusova 2014).

Corine Land Cover provides consistent information on land cover and land cover
changes across Europe (Pazur et al. 2015). CLC 2018 (CLC 2018) is an update for the
reference year 2018 of the first Corine Land Cover database which was finalized in
the early 1990s, as part of the European Commission programme to Coordinate
Information on the Environment (Oťahel’ et al. 2004). It provides information on
land cover and land cover changes during the past decade across Europe.
The methodology is based on the photograph interpretation of satellite images by the
national team of the participating countries. Today, 29 countries and over 100
organizations are involved in the production and dissemination of the CLC 2018
data. CLC 2018 shows the land cover changes in ecosystems such as forests, lakes,
pastures and grasslands and the impact of human activities on the land use. The very
important information of the projects CLC is information about fragmentation natural
areas, too. Forty-four land cover classes map changes over time. These classes are
suitable for evaluation of the land cover changes in the small scales. These classes are
not satisfactory for mapping at large scales. To assess the land use changes in an
urbanized environment, the project Urban Atlas was focused (EEA 2018a).

Similarly, project BIOPRESS was aimed at the evaluation of the land cover
changes around NATURA 2000 sites and evaluation of the pressures on biodi-
versity (BIOPRESS 2003). Five times more changes were calculated from transects
than from windows. The main observed land cover changes were different between
biogeographical regions.

LANDMAP (Mucher et al. 2003) is a unique system, allowing information about
landscape to be gathered, organized and evaluated into a nationally consistent data
set. LANDMAP information is collected in a structured and rigorous way that aims
to be as objective as possible. Its database contains both relatively objective
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information such as rock type and historical information, and subjective informa-
tion as sensory responses and cultural interpretation. LANDMAP information can
also be combined with contextual socio-economic information.

BioScene project developed models simulating the biodiversity changes in
consensus with land use changes, mostly in connection to agriculture (Tzanopoulos
et al. 2005). The individual scenarios were consulted with stakeholder and based on
it a sustainable agricultural development strategy in mountain regions was
developed.

The project LCLUC (Lieskovsky et al. 2018) was aimed on evaluation of
long-term agricultural land use change by reconstructing historic land use change
since the mid-1800s for a comprehensive sample of case study regions across the
Carpathian Basin.

Systematic attention is paid to monitoring land use changes by European Land
use Institute (ELI 2018). The uppermost aim of European Land use Institute
(ELI) is to build a sustainable and long-lasting partnership in research, development
and capacity development in integrated land use.

One of the most comprehensively developed methods focused on study the
cause, change and consequence is DPSIR methodology (Kristensen 2004). DPSIR
is a general framework for organizing information about state of the environment.
The framework assumes cause–effect relationships between interacting components
of social, economic and environmental systems, which are:

– Driving forces of environmental changes—land use changes (e.g. agriculture)
– Pressures on the environment (e.g. land cover changes—deforestation of the

landscape)
– State of the environment (increasing of the anthropization of the landscape)
– Impact on the population, economy and ecosystems (e.g. pressures on landscape

stability and biodiversity, erosion, flood, creation of mono-functional agricul-
tural and aesthetically unimpressive landscape, etc.)

– Response of the society (e.g. forest and biodiversity protection, revitalization of
eroded landscape, etc.).

Variations of the DPSIR framework are included in many national or interna-
tional strategies or documents like OECD Environmental Indicators (OECD 2001),
DSR (UNCSD 1996), US EPA (Bradley and Yee 2015) and it has been applied in
an increasing number of research projects. The application of such cause–conse-
quence approach of changes evaluation is essential to ensure sustainable landscape
management and use.

Landscape managers and creators, decision-makers and regional planning
agencies create an important impulse and a valuable information not only about the
history of the area, but also about the optimal, appropriate type of sustainable use of
cultural landscape (Antrop 2000; Baránková et al. 2011; Bell et al. 2009; Conway
and Lathrop 2005; Nikodemus et al. 2005; Štefunková and Hanušin 2016;
Wiggering and Steinhardt 2015).
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17.4 Conflict of Interests in the Land Use

Conflict of interests in the land use is based on matching the offer, which is
represented by the resources in the region, and demand, which is represented by the
community needs of development. The discrepancy between offer and demand (not
respecting the properties of landscape resources) is the determining factor of for-
mation various environmental problems. Several sectors claim to use the landscape
space. Individual resorts have specific demands for land use. Resort requirements
are not always in harmony. The following resorts are mostly involved in the land
use (Izakovičová et al. 2018a):

Agriculture: it is a very specific sector. It is, on one hand, obviously responsible
for the protection of its own production resource, the soil resources, but on other
hand, the effort to increase the production causes over-exhaustion of the soils, often
degradation by pollution, drought by ameliorations, erosion and compaction with
heavy machines. This sector is a specific example for the internal conflict of interest
within the same sector (Fig. 17.3).

Forest management and forest resources are crucial for the ecological stability,
biodiversity and environment. The Act on forest defines these aspects of the forests
as regulation or cultural ecosystem services of forests, which are delineated in
practice as forest of special purpose and protective forests. However, on the same

Fig. 17.3 Erosion on agricultural landscape (Photograph: Lothar Mueller)
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time, the forest management, which is oriented on timber production, is sometimes
considered as main enemy of the nature conservation, causing very diverse prob-
lems for biodiversity loss, erosion, accumulation, pollution, etc.

Water management: It is the key sector responsible for good quality and
quantity of water resources. The Water Act defines activities and duties of water
management and in practice the area is projected as protective zones of water
resources of a different character. On the other hand, the technical activities of water
management, as building dams, regulations of rivers, creating technical measures
against floods, are often evaluated as endangering, e.g. when water reservoirs
overlap precious habitats, the flow regulation destroys the natural living conditions
for animals, when the measures cause considerable lowering or in opposite rise of
underground water levels.

Urbanization: The residential areas, including all necessary accessories like
parks and other green infrastructure, are considered for resources permanently
ensuring human health and well-being. The communal activities such as waste
management, sewage management, but also the rise of the residential areas and the
population itself cause big problems by overlapping the agricultural land, pollution,
garbage and non-controlled activities of population in nearby nature.

Recreation: The recreational areas, spas, health resorts and provided recre-
ational activities are considered as natural resource for human health (Fig. 17.4).
On the other side, intensive recreational activities often means intensive impact on
nature, e.g. the ski resorts in high mountains, dense tourist path in national parks,
overpopulated recreation centres in natural parks, noise, garbage, etc. and cause
changes and destruction of natural habitats, lowering the ecological stability of
these natural resources (Barančok and Barančoková 2013; Špulerová et al. 2016).

Negative influences or pressures of the individual sectors are presented in the
Table 17.1.

The assessment of individual sectors based on the character of sectoral activities
is given from the environmental/ecological point of view. If the same encounter
would be assessed by an industrialist, an agriculturist or a forester, they would mark
endangered and endangering activities almost fully contrariwise. As a typical
example: the ecologists consider the timber production as a big threat to nature
conservation. In contrary, the foresters consider the nature conservation as one of
the most important barriers of the forestry.

The projected interests overlap each other in the space and thus create the
encounter of the interests of very diverse character. The activities of sectors for the
purposes of the evaluation of conflict of interests can be assessed from environ-
mental aspects (Miklos et al. 2019; Miklós and Izakovičová 1997):

• The positive impact on the landscape and ecosystems has activities aimed at the
nature protection and landscapes protection (conservation areas of different
degrees) and natural resources protection (protected zones of geological, soil,
water and forest resources). According to the division of ecosystem services,
these zones usually provide protection for ecosystems, including supportive, and
in some cases even productive services. As an example, the protection of soil
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resources focuses primarily on the use of production functions on the
high-quality soils. When these activities are encountered with activities of other
sectors (mainly with productive sectors), their execution is in most cases
endangered.

• The negative impact on the landscape and ecosystems causes activities of the
stress factors that aggravate the quantity and quality of the landscape as whole as
well as individual natural resources and, at the same time, they limit the use of
their ecosystem services. These are the activities from the industry, energetics,
mining, transport and urbanization sectors. Negative impacts of human activities
are manifested by spatial reduction of the areas of natural and semi-natural
ecosystems and natural resources, reducing the overall ecological stability of the
landscape, creating barriers to natural biota movement, producing contaminants,
degrading the environment. As an example, the degraded forest ecosystems and
agroecosystems have reduced economic value and limited use due to stress
factors. Contaminated soil is not hygienically suitable for growing crops for
direct consumption. When these activities encounter with activities of other
sectors (mainly with protective sectors), they have character of endangering
factors.

Fig. 17.4 Semi-natural or artificial lake create condition for recreation use—Ružiná water dam,
Slovakia (Photograph: Jana Špulerová)
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• Several sectoral activities are of twofold character. On one side, they are
important on even crucial for the provision of high-quality environment or
natural resources, and on the other side, their execution endangers the optimum
use of land, natural resources and ecosystem services.

The evaluation of the encounters of interests is processed in a matrix
(Izakovičová et al. 2018a) and they describe main sectoral activities (Fig. 17.5):

• the rows of the matrix incorporate those sectoral activities which aims towards
the protection and conservation of nature and landscape, protection of
natural resources and human environment. From the ecological point of
view, these activities can be considered as endangered by other sectors.

• the columns of the matrix incorporate those sectoral activities which aims
towards material production of goods and other technical services, such as the
industry, energetic, mining, transport, urbanization, recreation, agriculture,
forestry and water management. From the ecological point of view, these
activities can be considered as endangering the sectors mentioned above.

Table 17.1 Negative influences of economic sectors to the landscape and its resources

Branches Negative influence

Industry Taking of the natural ecosystems, occupation of natural resources
and areas, barrier effect, production of emissions, noise, smell,
negative aesthetic influence and production of the industrial waste

Extraction of the
mineral sources

Take of the natural ecosystems, noise, dust, negative aesthetic
influence, production of the waste, being of the anthropogenic form
of the relief

Transport Take of the natural ecosystems, fragmentation of habitats,
occupation of natural resources and areas, barrier effect, production
of the transport emissions, noise, dust, vibration, light effects and
negative influence of the sprinkles salts

Urbanization Occupation of natural resources and areas, barrier effect, take of the
natural ecosystems, production of the domestic waste and
production of the emissions from local sources

Agriculture Negative hygienic influences, dust, odour, production of the
agricultural waste, negative influences of the agricultural chemicals,
take of the natural ecosystems, occupation of natural resources and
areas, barrier effect, endangering of the territorial stability of the
agricultural landscape and negative influences of the agricultural
mechanization—physical degradation of the soil resources

Forestry Negative influences of the forestry chemicals, occupation of the
natural forest ecosystem and negative influences of the
inappropriate management of forest ecosystems

Water husbandry Confusing (eroding) of the water regime of the landscape, barrier
effect and occupation of the area

Recreation Occupation of natural resources and areas, barrier effect, take of the
natural ecosystem, production of the domestic waste, production of
the emissions from local sources, threatening of the flora and fauna
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• the squares of the matrix represent the encounters of the interests of the
sectors.

There are two ways for evaluating the encounters, as:

• by evaluation down the columns we ask, how does an endangering activity
threatens the endangered factors? Figure 17.5 describes this mode on the

Stress factors
Natural 
sources

Industry Urbanization Agriculture Forestry Recreation Type of the 
environment
al problem

Protected 
areas

taking of the 
natural 
ecosystems, 
negative 
influences of 
the 
emissions, 
barrier effect

taking of the 
natural 
ecosystems, 
fragmentation, 
barrier effect

taking of the 
natural 

ecosystems, 
negative 

influences of 
the 

chemicals

negative 
consequence
s of 
inappropriate 
management 

holograms, 
fragmentation,
erosion

capture of 
natural 
ecosystems 
destruction
of 
vegetation, 
noise, 
creation of 
wild dumps

Endangering
the 

landscape 
ecological 
stability

Forest 
sources

taking of the 
natural 
ecosystems, 
negative 
influences of 
the 
emissions 

taking of the 
natural 
ecosystems, 
fragmentation

negative 
influences of 

the 
agricultural 
chemicals, 
occupation 

of forest 
ecosystems  

negative 
consequence
s of 
inappropriate 
management 
- holograms,  
excessive 
extraction, 
excavation of 
natural 
ecosystems

taking of the 
natural 
ecosystems, 
negative, 
ecosystems 
destruction 
of 
vegetation, 
noise, 
disturbance 
of fauna

Endangering 
the natural 
resources

Water sources production of 
industrial 
waste water, 
water 
consumption

wastewater 
production, 
excessive 
water 
consumption

endangering 
of the water 
sources by 
chemicals 
and animal 

waste

endangering 
of the water 
sources by 
chemicals

wastewater 
production, 
excessive 
water 
consumption

Soil sources soil 
occupation, 

physical, 
chemical 

and 
biological 

degradation 
of the soil

soil 
occupation, 
endangering 
of the soil by 

emissions 
from local 
sources

plane 
occupation, 

negative 
influence of 
the forestry 
chemicals, 
soil erosion

degradation 
of the soil 

erosion,  
physical, 
chemical 

and 
biological 

degradation
Recreation 
resources

Air 
pollutants, 

noise, dust, 
radiation

anthroposis of 
the territory, 
increasing 

pressure on 
recreational 

areas

noise, smell, 
dust, 

negative 
hygienic 

influences

degradation 
of 

recreational 
areas due to 

intensive 
logging

negative 
impacts of 
increased 
visitors, 
waste 

generation, 
noise

Endangering 
the human 
resources

Human 
environment

Air 
pollutants, 
noise, dust, 
radiation

anthroposis of 
the territory, 
negative 
aesthetic 
influences

noise, smell, 
dust, 

negative 
hygienic 

influences, 
change of 
land-use

noise, 
negative 
influence of 
the forestry 
chemicals

inappropriate 

soil 
degradation 

contamination, 
compactness

etc.

localization 
of 
recreational 
objects in an 
urbanized 
environment, 
negative 
impacts of 
increased 
visitors

Fig. 17.5 The example of the matrix of endangering activities and endangered landscape
resources
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example of the evaluation of how the agriculture threatens the particular
endangered factors.

• by evaluation along the rows we ask, how is threatened and endangered factor
by endangering activities? Figure 17.5 presents this mode on the example of the
evaluation of how are the soil resources threatened by particular endangering
activities.

Few other important aspects of the process of evaluation in matrix have to be
mentioned. The provided matrix may be considered as a model (even qualitative) of
all possible mutual conflicts of all sectors. Of course, the presented graphical forms
of the matrix in paper are two-dimensional. However, in a real territory, there are
encounters not only of pairs of endangered and endangering activities, there may
appear very diverse combinations of several activities. Therefore, the evaluation of
encounters and conflicts are much more complex. On the example of study areas,
we applied GIS technology, which allows assessing the conflicts of several sectoral
activities on the same area in certain time, if they occur together. Therefore, the
matrix is actually multidimensional. The GIS technology allows to analyse each
conflict of interest quantitatively, according to their area size, including the conflict
of the land use with natural conditions.

The conflicts of land use can be documented quantitatively by statistical data,
which mirror the changes of areas of land use. Methodically, it is a simply pro-
cedure with many example of the studies in the literature (Bezák et al. 2017;
Braunisch et al. 2011; de Groot 2006). However, these statistics document the
changes in the certain time and certain area only of pairs of land use forms. The list
of all binate changes can be considered as integrated picture on the changes, but
they are still just a set of binate data.

The evaluation of the conflicts of interests as described above allows a general
classification of environmental problems caused by conflicts of interests in the
landscape into three groups:

(a) Problems of the endangering the ecological stability of the landscape

These problems arise as the consequence of influence of stress factors to elements
with high eco-stabilizing effect like nature conservation areas or other ecologically
valuable areas of the landscape (forest, water areas, meadows, pastures, areas of
public greenery, etc.). The most frequent problems in this group are the capture of
natural ecosystems for realization of investment activities such as residential and
recreational or industrial farm buildings and facilities. Significant negative influence
on natural ecosystems represents also the exploitation of mineral raw materials.
Natural ecosystems are also threatened indirectly, by changing environmental
conditions, by production of emissions, by landfilling, by negative impacts of
recreational and tourist activities such as vegetation shedding, moulding and other
physical damage to vegetation (Piscová 2011). These problems are depicted in first
two rows of the matrix (Fig. 17.5). The assessment of the problems of the threat to
ecologic stability and biodiversity is given on the example of Bratislava (Fig. 17.6).
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Fig. 17.6 Environmental problems to nature protection, ecological stability and biodiversity.
Legend: Endangered elements: 1—protected areas in combination with elements of the territorial
system of ecological stability and protected forests, 2—elements of the territorial system of
ecological stability in combination with protected forests, 3—biocorridors, 4—other forests,
Endangering factors: 5—damaged vegetation, 6—polluted air, 7—contaminated watercourse,
9—contaminated soils, 10—hygienic zones of anthropogenic objects, Others elements: 11—water
area, 12—water flow, 13—cadastral border, 14—state border, and environmental problems arising
from conflicts of interest are the areas the combination of green and black colours
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(b) Problems of the endangering the natural resources

They arise from spatial conflict of stress factors and natural resources. The result of
this conflict is deterioration of quality and quantity of natural resources. The most
important problems in this category belong to damaging natural resources because
of the production of foreign substances like water pollution, soil contamination,
forest damage and so on. Frequent is damage of soil resources by physical
degradation such as landslides and erosion, compacting. These problems are
depicted in third, fourth, fifth and sixth row of the matrix.

(c) Problems of the endangering the immediate human environment

They arise from the impact of stress factors on areas where people permanently live
(residential areas) or where they spend the holidays or heal themselves (recreational
and health resorts). In this group, the most frequent problems include the load of the
residential and recreational environment due to air pollution, dustiness, smell, noise,
etc. These problems are depicted in the last two rows of the matrix (Fig. 17.5).

17.5 Sustainable Management of the Landscape

The major international initiatives emerged in the past decade to study land use and
land cover changes. They focused on understanding driving forces of land use
changes, developing diagnostic models of land cover change and producing
regionally and integrated models (Bastian et al. 2012; Brandt et al. 1999; Geist and
Lambin 2002; Lambin et al. 2001; Pauditšová and Slabeciusova 2014; Tengberg
et al. 2012; Tress and Tress 2001). Integrated approaches study both natural and
human aspect of landscape structure. These studies connected with methodical
procedures reflecting effects of changes of individual types of land use in various
periods on the landscape reveal the rate of sustainability of coexistence of nature
and social subsystems in the model area (Antrop 2005; Axelsson et al. 2012; Burgi
et al. 2017; Frelichova and Fanta 2015; Schröter et al. 2005). These integrated
approaches are needed in the next stage to ensure the sustainable development helps
to support and develop land utilization needs.

The need for sustainable landscape management comes from pragmatic needs, as
constantly rising environmental and existence problems require it. The sustainable
land use is linked to the concept of multifunctionality. The rationale addresses the
interdependence of social, economic and environmental effects of land use, taking
into account commodities and both negative and positive externalities. Landscape
and its ecosystems provides a variety of functions or goods and services, covering
production, regulation and cultural services (EEA 2018b; Kumar 2010).
Multifunctionality, therefore, is a key feature for implementing sustainable land
development (Wiggering and Steinhardt 2015).
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The basic tool for sustainable utilization of the landscape is the integrated
landscape management what we understand as the environmentally based harmo-
nization of the tools, which regulates the spatial organization and functional uti-
lization of the landscape to eliminate the conflict of interests of the sectors.
Sustainable landscape management is based on understanding of the landscape as
an integrated natural resource, an interrelated complex of natural resources in
certain area. As the area—the space—is representing the integrating scope, scene in
which all resources are occurring as layers (geological sources, water and soil
sources, climate, biotic sources and morphometric parameters), which are in per-
manent material-energy connection. This helps to understand the space as inte-
gration of particular natural sources in a given area. Every point of the earth surface
presents specific homogeneous entity of mutual combination of listed sources
(landscape building components, which through its attributes are capable to satisfy
human needs and as such in relation to human society act as natural resources) and
the relationship between these resources.

The ‘integrated’ in this case means the systematic assessment and harmonization
of the encounters of the interests of all relevant sectors from the environmental point
of view. The sustainable landscape management is based on an integrated landscape
research in its three basic landscape dimensions—in primary, secondary and tertiary
landscape structure, analyses, syntheses and interpretation of the connections and
dependencies between these dimensions with the target to define such landscape
management, which would harmonize socio-economic development with the
natural, human, cultural and historical potential of the landscape. The basic char-
acteristic of three landscape dimensions is as follows (Izakovičová et al. 2018a):

– Primary landscape structure (PLS): It is a set of material elements of the
landscape and their relations that constitute the original foundation and condi-
tion for other two structures. These are the abiotic elements—the geological
base and subsoils, soils, waters, geo-relief and air. The principles of their
functioning are not changeable.

– Secondary landscape structure (SLS): It is constituted by man-influenced,
reshaped and created elements of land cover, which is the result of land use.
There belong the elements of real biota, man-made objects and constructions.
A very frequent case of the conflict of interests is exactly the disharmony
between land use and primary landscape structure.

– Tertiary landscape structure (TLS): It is a set intangible (non-material)
socio-economic factors/phenomena displayed to the landscape space as the
interests, manifestations and consequences of the activities of individual sectors
that are relevant to landscape. These are the protection and other functional
zones of nature and natural resources protection, hygienic and safety zones of
industrial and infrastructure objects, zones of declared zones of specific envi-
ronmental measures, administrative boundaries, etc. They are defined in acts,
plans and other development documents. Since they are of non-material char-
acter, they often overlap each other. This fact is one of the main causes of
conflict of interests.
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17.6 Solving the Conflicts of Interests in the Landscape

The sustainable landscape management is based on an integrated landscape research
in its three basic dimensions of landscape, analysing the connections and depen-
dencies between the dimensions with the target to define such landscape manage-
ment, which would regulate socio-economic development with natural, cultural and
historical resources and potentials of landscape. The basic principles of the sus-
tainable landscape management are (Izakovičová et al. 1997):

(a) preservation of the overall ecological stability of landscape is the most
general and complex condition for conserving gene pool, biological diversity,
stability and the natural functioning of ecosystems and through that also for
conservation of the natural production capacity of landscape. The preservation
of ecological stability is, therefore, primarily achieved by the
landscape-ecological optimization of the spatial structure of landscape—
through the suitable distribution of landscape elements in space, their proper
utilization or protection.

(b) protection and rational utilization of natural resources, in particular of air,
water, soil, biotic resources and mineral resources. The state of natural
resources is determined by their quantity and quality conditions. Protection and
rational utilization of natural resources are realized partly through the optimal
collocation of objects and activities in the area and by application of the suit-
able technologies.

(c) protection of the close human environment means preserving the quality of
air, drinking water and food chain, reducing negative influences like noise,
radiation and waste, preservation of aesthetic quality and human environment,
etc. The protection of the environment against the unfavourable influences
means mainly the optimization of technological processes of production
branches and preservation of the aesthetic quality of the environment by the
optimal land cover.

(d) ensuring social and cultural diversity by respecting the national, religious
and culture–historical peculiarities of individual communities that form region.
This objective like the preceding one can be ensured through the ‘ecologiza-
tion’ and humanization of the above structure, especially by the interaction of
economic and legislative tools and by the humanization of social conscious-
ness. The basic goal of this principle is protection and preservation of historical
landscape structure—traditional forms of the land use.
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The implementation of the sustainable landscape management must consist of
following steps.

– To promote the landscape-optimal land use—the landscape-optimal spatial
organization and functional utilization of the landscape. This mentioned step
amendment is defined as a complex process of reciprocal synchronization of
area requirements of human activities with landscape-ecological land condi-
tions, which are resulting from landscape structure.

– The implementation of technological arrangements—to establish effective
technologies focused on eliminating production over limit of polluting sub-
stances with the goal to minimize their influence on the respective environ-
mental elements with allochthonous substances and other contaminant, also
necessary to apply appropriate saving technologies in agriculture and forestry.

– Application of regulative of landscape-ecological optimal land use to sector
plans—it is unavoidable to set regulative of usage of the particular resources by
production and non-production subjects in order not to prefer the development
of one area over another and avoid issues coming from conflicts of interest.

– Implement principles of sustainable development into the awareness of the
population, mostly by stakeholders and policy makers—the basis is to create
effective system of education on sustainable landscape management and on
sustainable development (Fig. 17.7). Only sufficiently educated population is
able to promote the principles and criteria of sustainable development in practice.

Fig. 17.7 Nature trails guide the movement of tourists in protected areas (Photograph: Jana
Špulerová)
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– Assertion of effective tools—ensuring legislative protection, economical tools,
etc.—mainly legislative rules and regulations ensuring rational utilization of
natural resources, as well as protection of human being, its health and envi-
ronment. From this aspect, it is needed also the realization of effective eco-
nomical tools as taxes, duties, and fees for environmental pollution and people’s
health injury, economical tools eliminating the marginality of regions, social
disparities etc.

The consequence of the above means that sustainable landscape management is
a method that helps to answer the question where and how to provide human
activities in the landscape would be in least contradiction to natural conditions
(Miklós et al. 1986). This process of the landscape-ecological optimal spatial
organization, utilization and protection of landscape results basically to two kinds
of proposals: (1) to the proposal of most suitable localization of demanded human
activities within the given territory (answer to the question where?—e.g. the most
suitable locality for arable land) and successively (2) to the proposal of necessary
measurements ensuring proper environmental functioning of those activities on the
given locality (answer to the question how?—how to apply the most suitable way of
landscape management and ways to reduce natural risks and hazards).

17.7 Landscape-Ecological Optimization of the Land Use

The basic and dominant activity of integrated landscape management is spatial and
functional land use optimization. The central conception of this process is based on
the understanding of the landscape as geosystem, as complex of natural resources.

The core of the evaluation is the decision-making process based on the con-
frontation and subsequent proposal of the harmonization way of the:

– complex of the properties of the landscape as a complex natural resources on the
one side, with the

– demands and influences of human activities on those properties on the other
side.

The realization of the human activities in the landscape has different forms that is
manifested by:

– localization of artificial elements into the natural landscape—construction of
buildings, lines, etc.

– Large area exploitation of the natural landscape—zones of agriculture, forestry,
etc.

– Application of different functional zones in order to protect the natural land-
scape (protected natural landscapes, protected zones of water resources, etc.), as
well as elements of the socio-economic structure (protected zones of buildings
and lines, etc.)
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– devices, objects, technologies and others, which produce stress factors causing
the landscape deterioration–production of heterogeneous polluting substances,
soil degradation processes, etc.

Proposal of the landscape-ecological optimum land use is based on the con-
frontation between the landscape values and the requirements of human activities.
The process of evaluation consists of the following steps:

– determination of the functional suitability values (especially environmental
limited and restricted values) of individual indexes for each human activity,

– determination of the weighted coefficients of individual indexes for each human
activity,

– determination of the total suitability value of each landscape-ecological unit
(geosystem) for each human activity.

In order to calculate the total suitability of a geosystem for a human activity, the
following formula should be used (Miklós et al. 1986, edited by authors)

W R;Gð Þ ¼
Xn

j¼1

v Rð Þ
j :s R;Gð Þ

j

n:100

where

W(R, G)—total suitability of geosystem G for activity R
j = 1 to n—properties of geosystem from 1 to n
vj
(R) —importance (weighted coefficient) of property j for activity R
sj
(R, G)—partial suitability of property j in geosystem G for activity R in %
n—number of the properties

Specification of the environmental regulative (limits and restrictions) creates
base of the decision-making process. The determined indicators as limits may
exclude the realization of a human activity in a given area. This concerns the
determination of indicators that do not allow the use of a certain area for a given
activity from the environmental principles viewpoint. For example, one of the limits
for the development of recreation is the size of protected areas.

We understand the determined values and indicators that significantly limit the
intensity of a given activity in an area, although they do not absolutely exclude it, as
restrictions. For example, the agricultural production is not excluded in an area of
water protection, but its intensity is considerably restricted by the recommended
structure of crops, by the restricted use of chemicals and mechanization, etc.

The determination of environmental limits allows an objective and scientific
decision-making on the localization of human activities in the landscape. It is
necessary to add that this is a very complicated and time-consuming process
demanding a multidisciplinary and synergistic approach.
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It starts from the existing norms in the society and conditions in nature. If there is
no stated norm for a given phenomenon or human activity, the approach starts from
a collective evaluation of experts.

Determining the limiting values requires an extensive collection of data on the
operation of the landscape system as a whole and on its individual components. It is
so because the successful and conflict less implementation of every human activity
is to a certain degree dependent upon a wide variety of factors in an environment in
which the activities are carried out. Therefore, the properties of landscape as a
whole as well as those of its individual components represent certain limits for the
localization and realization of individual activities.

The example of the creation of environmental regulative is in Table 17.2.
In general, a set of regulations (limits and restrictions) includes the following

categories (Miklós and Izakovičová 1997):

A. Abiotic regulations: Their values are conditioned by the characteristics of the
abiotic complex. geomechanical, hydrological, aerodynamic and soil limits
belong here. These limits are of a permanent character and cannot be easily
changed by technology (e.g. the relative stability of the geological substratum,
climate, etc.).

B. Biotic regulations: Their values are derived from the characteristics of the
biotic complex. They arise from the needs of living organisms. Up to now, the
biotic limits have been respected very little in practice. This situation threatens
both gene pool and the biodiversity, ecological stability of the landscape.

C. Anthropogenic regulations: They result from the demands and requirements of
human activities that limit the development of other activities through their
negative effects or by simply using an area. They comprise, for example,
technical, hygienic, protective and other limits. Compared to the preceding
types of limits, these indicators can be changed relatively easier. Although the
anthropogenic regulations have the character of temporary limits, they represent
the group of very serious hygienic and environmental security limits.

D. Complex landscape regulations: They are based on the principles of the
functioning landscape as a whole. They include eco-stabilization, localization,
carrying capacity, behavioural, aesthetic, cultural–historical and other limits.
This is a set of very dynamic limits since they result from the principles of the
operation of landscape as a whole and have to respect unavoidably its historical
development.

The process of creating regulative is most frequently carried out by means of the
decision-making tables. The process of the evaluation is defined by mostly three
degrees of the availability for realization of the human activity on the area:

L: Limit—realization of human activities in given area is impossible
0: Restriction—realization of human activity in given area is less suitable, real-
ization is possible under specified conditions
1: Realization of human activity in given area is suitable.
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The limits application is of great importance for sustainable landscape man-
agement, where it forms the basis for landscape-ecologically optimized
decision-making processes of landscape utilization. They are applied both to the
evaluation of the present functional use of the territory and to elaborating the
proposals for its further development.

The aim of the landscape-ecological evaluation of the present land use of the
territory is to define those landscape-ecologically problematic areas in which the
present land use does not correspond with landscape-ecological criteria or to
identify the areas where some of the environmental limits restrict the present land
use. The aim of the newly proposed, landscape-ecologically optimum land use is to
eliminate these problem areas, to foresee possible new problems and thus to create a
structure which is in harmony with the natural and socio-economic conditions of the
territory. The landscape-ecologically optimum land use is a basic precondition for
the sustainable landscape management.

Limits and restriction does not act in the landscape isolated but synergically. The
locality of given human activity can be limited or restricted by two or more factors.
The determination of limiting and restricting factors for given activity proceeds
from evaluation of functional relation between attributes of landscape elements of
abiotic, biotic and socio-economic complex and requested human activity. The
following principles of limitation are as follows (Izakovičová et al. 2018b):

– abiotic conditions are the determining factors in a given area’s diversity. They
establish appropriate area utilization. Due to permanent and unique character of
these elements, the attributes of abiotic elements become determining factors of
human development. Land use management must reduce the risk factors in
localities sensitive and predisposed to anthropogenic degradation processes
(including erosion, subsidence, landslide, earthquake, etc).

– It is essential to support such development, which does not threaten natural
values of landscape units in protected and ecologically valuable areas (localities
of the territorial system of ecological stability, localities NATURA 2000). This
enables mainly science research, nature protecting or possibly medial, recre-
ational activities, etc.

– Similarly, the development of human activities with negative impact on indi-
vidual natural resources must be excluded in areas, where natural resources are
legally protected and explicit priority must be given to developing activities,
which protect individual natural resources.

– All detrimental activities must be excluded from sensitive areas with strong
pressure burden. These include areas with air pollution, soil and water con-
tamination and noise pollution.

– Areas without pressure load should be maintained free from activities, which
can potentially harm current living quality. This area is suitable mostly for
high-quality living development with adequate recreation, ecological and agri-
cultural services.
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The outcome of this decision process is:

– Selection of such activities, which cannot be located on the given area from
environmental point of view.

– Selection and restriction of activities, which cannot be located on a given area
from landscape-ecological point of view.

– Hierarchy of activities which maintains area´s optimal landscape-ecological
function.

– Complex of measurements required to protect area´s nature, natural resources
and environment.

17.8 Conclusion

Sustainable landscape management is an actual, new-age, but at the same time very
complex actual problem which is to be solved by landscape research as integration
of the researches of natural, cultural–historical and socio-economical resources in
the landscape. The integrated researches allow solving the environmental problems,
as well as the existential problems of humankind as negative influences of the
floods, climatic changes, health, etc., arising due to the prevailing resorts in land use
and protection.

The needs of the sustainable landscape management issue from:

– requirements to improve and ensure the spatial stabilization of the territory. The
stated criterion is here formed by the demand to achieve the biological balance
in the landscape,

– needs for the nature protection and rational utilization of the natural resources, in
particular the protection of the soils, waters, forests and gene pool,

– needs for the protection of cultural and historical resources,
– needs for the regeneration of human resources and for the protection of human

health,
– demands on the humanization and aesthetic of the landscape.

These requirements represent the fundamental principles of the sustainable
development of the society. Its application in practice contributes not only to
elimination of environmental problems, but also to the intensification of
socio-economical development of the given areas in harmony with capacity abilities
of natural resources. The successful application of sustainable land use management
requires multiple social measures at all levels of legislation, economic outcomes,
education and teaching. The regulations for optimal land use must be applied to
sector plans too.
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Chapter 18
Impacts on Landscapes, Biodiversity
and the Environment: Methods
of Assessment and Compensation

Valery V. Kravchenko

Abstract A review is provided of the methods used to assess the impact of a
planned activity on the environment and biodiversity, based on the Russian national
environmental impact assessment (EIA) procedure. The review describes methods
for identifying influencing factors and their level, and the condition of all com-
ponents of the environment; for forecasting violations; and for choosing the loca-
tion of an object. The essence of these methods is based on an assessment of
integral and component-specific indicators of environmental risk. This approach
allows any available information on the environment to be used, in particular
quantitative, semi-quantitative, qualitative, verbal and expert estimates. The fore-
cast is used to develop actions to prevent and decrease environmental violations and
reveals other violations for which actions are developed for their natural compen-
sation. This technology helps make the assessment of violations more objective and
is used to develop actions which are capable of compensating for violations in an
ecologically safe manner.

Keywords Impacts � Landscapes � Biodiversity � Environment � Violations �
Methods of assessment and compensation � Russia

18.1 Introduction

The main deficit of the Russian system of environmental impact compensation is
the absence of precisely stated requirements for mandatory natural compensation
adequate to these impacts. Under existing legislation, only the possibility of such
compensation is provided. As a result, the methodological base for the assessment
of impacts and the development of measures for their compensation is practically
absent in Russia.
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The system of environmental impact compensation as it exists in Russia is
focused mainly on offset payments. These payments, in so-called consolidated
form, are paid directly into the federal and regional budgets. Thus, the fees, paid for
environmental impacts in accordance with approved fixed rates and methods of
environmental impact assessment, are rarely earmarked for environmental measures
and almost never for compensation for the concrete impact for which they have
been paid.

The existing paradigm of impact compensation, even in monetary terms, is based
on an assessment of the impact in relation to one protected asset, although it may
affect a few environmental assets, or be of a cumulative type. The problem of
integrated assessment of impacts and their compensation is not considered in either
legal or methodological documents.

It is thus necessary to create a mechanism to secure environmental impact
compensation under these conditions—a natural compensation system supported by
legal and methodological principles, excluding monetary compensation. In Russia,
there are no principles or methods for real environmental impact compensation, so
that the mechanisms for the avoidance of negative impact on the environment work
ineffectively.

In this context, a new project was realized with the goal of incorporating German
and European experience on avoidance and compensation of environmental impacts
into the Russian national system of environmental impact assessment.

For this purpose, an attempt was made to single out major methodological
elements of environmental accompaniment of projects from the Russian, German
and European experience. A set of these elements forms a body for the assessment
of environmental impacts and their compensation, regardless of the country
involved or the normative documents used. A clear understanding of the meaning of
these elements should allow all participants interested in ecological accompaniment
of investment projects to find effective methods of problem solution and compro-
mises for the resolution of conflicts arising during project planning and realization
and thus to balance the public interest in further economic development with that of
the improvement of the condition of the environment.

The present chapter does not claim to provide unequivocal answers to all
questions arising in the context of the ecological accompaniment of investment
activity. It is designed to help participants orient themselves more easily in a
concrete situation, find required information material and select or develop
appropriate methods for problem solution. We hope that this chapter will help
readers improve the quality of work on projects, cut the costs of their realization
and, ultimately, promote the improvement of the environmental and landscape
quality.
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18.2 Development of Measures for Impact Compensation
as a Final Stage of Environmental Impact Assessment

18.2.1 General Provisions

The major stages of impact assessment (EIA) of a project and their content and
methodological approaches have been described in detail in (Kravchenko et al.
2012). This chapter considers only certain methodological aspects of these stages
directly related to the development of compensation measures.

The structure of the environmental impact assessment includes the following
stages (Fig. 18.1).

Preparatory stage:

• Description of a proposed project, ascertainment of impact factors and their
evaluation

• Specification of the scope of the investigation
• Delimitation of the area segments for the investigation: the impact area, the

effect area and the compensation area.

Analysis of the territory:

• Specification, description and assessment of affected environmental assets
• Differentiation of areas with different level of conflicts and identification of the

main conflicts.

Development of the planned project options:

• Development of options, taking into account conflicts ascertained.

Prediction of impact and comparison of planned project options:

• Forecast of all impact factors on the assets and functions of the environment in
the context of their assessment

• Asset-by-asset comparison of options, based on the forecast
• Integrated evaluation of options, choice of preferred option.
• Ascertainment of significant negative impacts.

Development of nature protection measures:

• Development of measures for avoidance, minimization and compensation of
significant negative environmental impacts.

The impact assessment documentation and the project documentation include the
development of nature protection measures. This chapter provides a package of
measures aimed not only at avoidance and minimization, but also at compensation
for significant negative environmental impacts which may arise as a result of a
proposed project.

Such measures are developed after obtaining forecast of environmental impacts
taking into consideration recorded effects. If the impairment is significant, measures
are selected for the elimination of the effect that causes this impairment or for
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Fig. 18.1 Main stages of environmental impact assessment and the position within the sequence
of impact mitigation regulation measures (Kravchenko et al. 2008)
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minimization of its level. After the development of such measures and the modi-
fication of the original characteristics of the technical project, the impact is
re-evaluated. If the remaining impacts still have high level of impairment, measures
are developed for compensation of these impacts.

In this chapter, we will therefore call this complex of measures «measures on
impact mitigation regulation» or simply «impact mitigation regulation» .

A number of assessments should be made for the development of nature pro-
tection measures at each stage of the EIA. A short list of such assessments and their
main tasks are given in Table 18.1.

Let us consider the basic methods of realization of the listed stages.

Table 18.1 Substantive methodological task complexes of impact mitigation regulation
(Boehme et al. 2005)

Task complexes Goal and purpose of the evaluation process

Ascertainment of the situation
Ascertainment and evaluation of the efficiency
and functionality of the natural balance and
the landscape quality

Evaluation of the impact area, with the goal of
the differentiation of the significance of values
and functional characteristics:
• As the basis for the evaluation of the impacts
(comparison of the situation)

• As a reference situation (initial or target
situation)

• As the basis for the justification of avoidance
measures

Estimate of effect Ascertainment and
evaluation of the effects expected from the
project and from the compensation measures

Evaluation of the changes caused by the
impacts of the project, as a component of the
forecast/estimation of the impacts
• With regard to type and extent/intensity
(relevance)

• With regard to correspondence with
normative goals and principles of the Nature
Conservation Act, or local environmental
planning

Evaluation of site-specific and
construction-engineering-related avoidance
options
Evaluation of the improvements (upgrades)
caused by the compensation measures
• With regard to type and extent/intensity
(relevance)

• With regard to correspondence with
normative goals and principles of the Nature
Conservation Act, or local environmental
planning

Compensation determination Evaluation in
the context of determination of type
(qualitative equivalence) and scope
(quantitative equivalence) of negative impacts
and compensation

Evaluation of upgrades caused by
compensation measures (component of
forecast and estimation of effects)
• With respect to contribution to upgrade of
value/functionality

• Evaluation of equivalents of functions
according to type and scope (equivalence)
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18.2.2 Delimitation of the Area to Be Studied

The area under study is delimited in such a way that all options of expected
negative environmental impacts of a project could be fully considered in spatial
terms.

The following characteristics are taken into consideration in the delimitation of
the area under study:

• Sizes of effect areas with project-related impacts, including significant negative
ones

• Spatial relationships of the affected functions of the environmental assets,
including those for the planning of compensation measures

• Manners of input and distribution of harmful emissions
• Potentially affected specially protected areas.

The following structural elements are identified on the area under study
(Fig. 18.2).

Project site—The project site refers to the area of land to be used directly for the
project (site, route, etc.). At the project site, the functions and values of the natural
balance and of the quality of the landscape will be directly impacted by the project,

Fig. 18.2 Structural elements of the area for the proposed project
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as a result of its construction activities and facilities. It is the point of origin for all
negative impacts caused by facilities, construction activities and operations. The
project site, with any alternative sites and options, is defined in the project
description.

Impact area—The impact area is the area with significant or permanent nega-
tive damage due to facilities, construction and operations. It thus encompasses the
project site and, depending on the type of project, any adjacent or distant areas
which may be affected. Therefore, an analysis of the negative impacts to be caused
by a project is essential for delimiting its area of impact. These impacts should be
categorized according to the significance or duration of their effects for the effi-
ciency of the natural balance and of the landscape quality.

Effect area—The effect area encompasses the entire area in which
project-related negative impacts may have an effect. It generally extends beyond the
impact area.

The effect area is usually defined in such a way that it outlines the territory
within which negative effects on specific functions of the environmental assets are
expected. Depending on the size and specific characteristics of these effects, one or
several zones can be determined, e.g. along the road (Fig. 18.3).

Effect areas are delimited on the basis of the significance of effect factors, taking
into consideration the sensitivity of environmental assets. Therefore, it is necessary
to justify the sensitivity level, if it is not stipulated by industry standards.

Compensation area—The compensation area is the area for which compen-
sation and offset measures are to be provided. It may extend beyond the affected
area, particularly in the case of so-called «compensation pool solutions».

Fig. 18.3 Delimitation of effect and impact areas
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18.2.3 Determination and Assessment of Impact Factors

Determination of single impacts. All impact factors are determined at the stages of
project realization, in the context of its technical and technological components:

• Impacts caused by construction-related technological processes at construction
sites (preparatory measures, construction of sites, installation of technical
equipment, etc.)

• Facility-related impacts. Usually, these impacts are irreversible and persistent
• Operationally related impacts (removal of wastes, water and energy supply,

discharges and emissions of harmful substances under normal and under
emergency conditions, electromagnetic and radiation emission, etc.)

• Impacts caused by the shutdown of facilities, subsequent reclamation and ulti-
mate disposal of industrial wastes (utilization and recycling).

Environmental assets and their functions, which are affected by these factors, are
also determined. Impact factors vary depending on the type of activity.

Determination of cumulative impacts. Cumulative impacts are impacts
resulted from changes caused by past, present or reasonably predicted future
activities which accompany the proposed project and enhance its environmental
impact. These include synergic impacts which emerge as a result of the combined
intensification of single impacts. The list of major cumulative impacts is given in
Table 18.2.

Table 18.2 Major types of cumulative effects (Gassner et al. 2005)

Type of effect Characteristic Example

Accumulated
effects over
time

Permanent or frequently repeated
impacts (effects not yet subsided before
the next occurs)

Uncontrolled waste disposal on
shores of lakes and rivers

Spatial
accumulated
effects

Spatially concentrated impacts, so that
the effect radii overlap

Biotope fragmentation due to
frequent road building

Combined
effects

Synergism of effects from multiple
sources within a medium

Emissions into atmosphere from
many sources

Delayed
effects

Long delay before effect becomes
apparent

Damage to forests, carcinogenic
processes

Spatially
shifted effects

Effects occur far away from their source Dams, transfer of emission
impurities in atmosphere

Trigger or
threshold
effects

Sudden deployment of ecological
processes that modify the system
behaviour in principle

Washout of heavy metals after
exhaustion of the buffering
capacity of the soil

Structural
surprises

Multimedia or multisystemic effects
associated with long-term changes in
natural systems

Effect of increased carbon dioxide
emission on the global climate

Induced
effects

Incidental and consequential effects of a
primary effect

Road construction causing
development of residential areas
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As cumulative impacts usually affect several environmental assets, they are
described in terms of the assessment of the relationship between these assets.

Assessment of impact factors. Each factor revealed is assessed from

• The scope, frequency and persistence of the impact
• Its radius or effect area
• The intensity of the impact and of the changes it will likely cause within this

radius or area.

18.2.4 Description and Assessment of Environmental Assets
and Their Functions

Accounting of certain assets and their functions. Only the following environ-
mental assets are considered in the assessment of compensation for significant
negative impacts:

• Flora and fauna
• Soils, including the geological environment
• Ground and surface waters
• Air and the climate, and
• Landscape
• Humankind
• Cultural and other material resources.

Another step in the EIA investigation process is the description (inventory) and
assessment of these assets and their functions. They are performed in the context of
forecast of effects and impacts. All important functions of the enumerated assets are
taken into consideration.

Assessment of certain assets and their functions. The significance (value) of a
function is usually assessed for a concrete asset. Sometimes, the category sensitivity
is assessed for certain functions and impact factors. An evaluation system of criteria
is developed for the assessment of these categories.

The following technique is used for the assessment of environmental assets.
A level assessment scale is developed for each criterion, and each level is assigned a
qualitative or numerical value, e.g. Level III: low value; Level II: medium value;
and Level I: high value. The number of such levels depends on the number and
credibility of information. The more detailed and reliable this information is, the
greater the number of levels which can be assigned. There is no need, however, to
strive for extra specification. Generally, three to five levels are enough.

Criteria can be assigned on the basis of either two principles:

• Individual selection of criteria for each level of the assessment scale
• Selection of universal criteria similar for all levels.
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The realization of the first principle means a reference description of the state of
the asset to which its particular value is to correspond. The comparison of the real
situation with these references at a concrete site allows the assignment of an
analysed asset to one or the other evaluation level. Such an approach provides the
possibility to assess the situation rapidly, which is very important for preliminary
impact assessments. At the same time, it is impossible to investigate in detail all
these separate functions of an asset. An example of similar assessment for the
asset «Air and climate» using a five-level scale is given in Table 18.3.

The other approach is more universal. It allows a detailed analysis of certain func-
tions of the asset, assigning similar criteria for all value levels.Moreover, the number of
levels is variable, which allows for the use of developed criteria for other projects.

The sensitivity of environmental assets and their functions with regard to con-
sequences resulted from a proposed project at various stages of its realization (e.g.
noise pollution, emissions of harmful substances, groundwork) is determined within
the framework of the analysis of the territory. The data obtained are the basis for
delimitation of areas with a high density of conflicts which should be avoided if
possible. Pollution of the atmosphere, soil and water, changes in water levels or the
microclimate, the emergence of barrier effects, or the fragmentation of territory may
have an impact on the functions of one or the other environmental asset. Therefore,
it is necessary to determine the sensitivity of each asset to the respective impact
factor for a forecast of impacts. The classification of sensitivity results from the type
of affected functions with regard to the impact factor under consideration.

Table 18.3 Evaluation framework for the protected asset «Climate/Air» (Kuepfer 2005)

Classification Evaluation criteria

Level A very
high

• Cold air corridors relevant for residential areas
• Steep inclines near residential areas (>5°, or 8.5% incline)
• Areas which are particularly active in terms of clean air and/or the
bio-climate (e.g. forests, large orchard meadow complexes)

• Climate protection forest, immission protection forest

Level B high • Cold air generation areas relevant for human habitation (inclines of 2–5°, or
3.5–8.5% incline; cold air formed there can flow directly into residential
areas, or is collected by way of cold air corridors, and thus passed into
residential areas)

• All other cold air corridors (i.e. those not directly relevant to residential
areas); areas active in terms of clean air and/or the bio-climate (e.g. small
forests, scattered orchard meadow complexes)

• Protective planting

Level C
medium

• Cold air generation areas with low incline (cold air generation areas not
relevant to residential areas)

• Areas in which neither significant cold or fresh air generation is provided,
nor in which significant air pollution exists

Level D low • Areas with little pollution of clean air or the climate, e.g. residential areas
with significant greenery

Level E very
low

• Areas with major pollution of clean air and/or the climate, which affects
adjoining areas, e.g. industrial areas polluting commercial areas
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For example, determination of the level of sensitivity of a groundwater’s aquifer
to pollution by harmful substances (an impact factor) is based on the relationship
between the occurrence depth of this aquifer to the permeability level of overlying
layers. The latter have low sensitivity at deep occurrence of groundwater with
surface layers impervious to water. In case of shallow aquifers without surface
layers, its sensitivity is high.

A specific sensitivity scale for each environmental asset to the impact factors is
determined.

Accounting of relationships between environmental assets. Besides the
assessment of certain environmental assets and their functions, it is necessary to
take into consideration the relationships of these functions within and between
certain environmental assets of their ecosystem. Such an assessment is carried out
in three steps:

• Accounting of relationship for each environmental asset
• Asset accounting of relationships
• Accounting of impact transfer from one asset to another.

The majority of certain functions of the environment are realized in combination
with several assets. In general, it is possible to distinguish an asset for a concrete
function with which it is connected, depends on, to a greater extent, or maximally
affects. There is no necessity to estimate this function for all assets in which it is
ascertained and with which it is connected. It is enough to assess the function only
for a concrete asset. Figure 18.4 shows relationships between assets and their
certain functions, and those assets are shown for which it is enough to assess a
concrete function.

18.2.5 Forecast of the Impacts of Environmental Assets
and Their Functions

The forecast of impacts is based on the results of the analysis and assessment of
impact factors and state of certain environmental assets and their functions.

The main input characteristics for the forecast are the following:

• The intensity of the impact on the environmental asset analysed, and its func-
tions and forecast for the assessment of impacts

• The significance (value) of the environmental asset analysed and its functions
• The sensitivity of the environmental asset analysed and its functions
• The characteristic of an effect area or areas, including their assessment in cat-

egories of sensitivity and significance (value).

The forecast is based on a comparison of intensity of impact on the analysed
asset or its function and its sensitivity or significance (value). These characteristics
are expressed in certain grades of estimation described in Sects. 2.3 and 2.4.
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The level of impacts is considered to be higher at those sites in the effect area where
the highest intensity of this impact corresponds to the highest sensitivity or sig-
nificance of the environmental asset analysed or its functions. The accuracy and
objectivity of a forecast depend on the estimation scales, i.e. on how precisely and
objectively they have been developed.

To compare the intensity of impact on the asset analysed or its function and its
sensitivity or significance (value), matrices are used, in which these indices are
combined. The principle of construction of such matrices is shown in Fig. 18.5.

These matrices allow to combine maps with information on intensity of impact
and significance for individual environment component and for between environ-
ment components (Fig. 18.6).

Values of sensitivity or significance (value) range on the basis of evaluation
criteria. The same principle is used for ranking intensity of load resulted from
impact factors. The intensity of impact will be higher, e.g., at a high level of load

Fig. 18.4 Relationships between protected assets and the functions of nature and the landscape
(Kravchenko et al. 2008)
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and a high value of the function. If the load and value are low, insignificant impact
is expected. In this case, the matrix is symmetrical. In principle, depending on the
specific characteristics of the proposed project, it can be asymmetrical. For
example, if the function value is high, the impact will be recognized as significant,
regardless of load level. However, the use of such asymmetrical matrices must be
justified.

Four different methodological approaches are used to forecast impacts,
depending on the types of impact and the conditions under which the particular
project is to be realized:

1. Assessment of impacts leading to the direct loss of a natural object or area
2. Assessment of impacts unrelated to sensitivity and significance of the assessed

asset or its functions
3. Assessment of impacts related to the value of an asset or its function (simple

linkage)
4. Assessment of impacts related to sensitivity and significance (dual linkage).

Fig. 18.5 Forecast matrix of the impact on the environmental asset or its function
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Figure 18.7 shows the general scheme of selection of approaches for forecasting.
These approaches are described in detail in (Kravchenko et al. 2008, 2014).

18.3 Development of Nature Protection Measures

18.3.1 General Provisions

The following types of measures can be distinguished.

Fig. 18.6 Combining maps based on forecast matrices
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Mitigation measures
Mitigation measures are measures by means of which possible negative impact on
nature and the landscape can be wholly (avoidance) or partially (minimization)
prevented. These include particularly structural measures (e.g. tunnels, green
bridges, passageways, guide facilities) and measures for the protection against
temporary endangerment of nature and the landscape (e.g. fencing in, protection of
bodies of water and single trees, or protective planting in the context of the con-
struction procedure).

On-site, in-kind compensation measures
This type of compensation refers to conservation and landscape care measures
suited to restoring the negatively impacted functions and structures of the natural
balance in the same functional manner, or which provide for the restoration or
landscape-appropriate new creation of the landscape quality. However, this does
not fundamentally mean the identical recreation of the same structures.

Offsetting measures
Offsetting measures are conservation and landscape care measures which become
necessary if in-kind compensation is not possible. Offsetting measures should be
capable of restoring in an equivalent manner the functions and structures of the

Fig. 18.7 Selection of approaches for impact forecasting. Forecast approaches are marked by
numbers: 1—Assessment of loss of object or area; 2—Forecast without linkage; 3—Forecast with
simple linkage; 4—Forecast with dual linkage (Kravchenko et al. 2008)
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natural balance destroyed by the project or of ensuring the restoration or the
landscape-appropriate new creation of the quality of the landscape.

Design measures
The landscape-appropriate greening and incorporation of such artificial structures as
embankment areas, motorway interchanges, median strips, shoulders, de-watering
basins and/or noise protection facilities are referred to as design measures, inas-
much as the vegetation elements of such ancillary areas of roadways have no
compensatory effect. Measures outside the scope of care and maintenance which
provide a considerable contribution to landscape-appropriate restoration and new
creation (e.g. planting of trees and shrubs on embankment areas or in interchange
areas) generally serve as compensation and/or offsetting measures for the affected
functions of the landscape quality. Measures which do not provide any
landscape-appropriate restoration or new creation and the only purpose of which is
to provide greening for the route (e.g. the seeding of landscape lawns in de-watering
basins or the greening of median strips) are purely design measures. These mea-
sures are to be considered part of the operation area of the project and do not
assume any compensatory function for the quality of the landscape.

The decision on the necessity for compensation, on the determination of its type
and sufficiency, and on the permissibility of an impact is based on the scheme
shown in Fig. 18.8. Decision-making is carried out step by step. First, the possi-
bility of impact avoidance is ascertained. If that is not possible because of the
technical specific characteristics of the project, an attempt is made to minimize
these impacts to the permissible level. If the impacts remain significant after such
measures, measures of compensation are developed. If it becomes clear that not all
impacts can be compensated completely or partially, chosen choice must be made:
what is more important for the public interest—the need for the realization of the
project, or the interest in nature conservation. If nature protection takes priority, the
proposed project is considered impermissible. Otherwise, offsets are developed. If
not all impacts can be offset, approval of the project with compensation payments
may be permissible with targeted equivalent environmental improvement at another
site. This is the same offsetting, but is organized differently.

It should be noted that monetary compensation may be used only as an
exception. In any case, compensation fees are spent on out-of-kind/off-site offsets,
when full compensation of impacts has not been achieved within the framework of
the proposed project. In Germany, this problem is often solved by using an
available offset measure from a «pool» of compensation areas and measures.
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18.3.2 Development of Impact Avoidance and Minimization
Measures

The development of such measures is aimed at avoidance of significant negative
impacts or their minimization to permissible level. It is necessary to distinguish
between avoidance of impacts in the effect and impact areas.

In the effect area, it is necessary to strive to avoid or at least minimize all
impacts. Impact avoidance and minimization measures in this area are implemented
by modifying the project plans. If it is impossible to change the design of an
investment project due to certain specific features, measures are developed which

Fig. 18.8 Sequence of assessment and decision-making in the impact mitigation regulation
(Kravchenko et al. 2014)
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are implemented during the stages of project realization—construction and opera-
tion, appropriate to the environmental asset and its impacted functions. The main
principles of the development of such measures during the project decision-making
process or for its realization are listed below.

18.3.2.1 Planning

• Non-consumption of areas of particular importance for nature conservation and
landscape management; decision in favour of the route least critical from a
conservationist point of view

• Parallel routing to existing lines and structures
• Protection of near-natural habitats and landscape elements, occurrences of

endangered species, soil and surface formations of natural or cultural/historical
significance and areas and components of characteristic value for the landscape,
from removal and disturbance by relocation or route shift

• Limitation of the construction area
• Construction of underground segments and laying of underground cables with

avoidance or limitation of intrusion into groundwater and groundwater lowering
(e.g. at excavation sites in groundwater-dependent biotopes, installation of clay
drainage system)

• Orientation of building foundations extending into the groundwater body in line
with the groundwater flow direction, to prevent groundwater backup

• Planting of vegetation for protection of forests exposed by power line cuts.

18.3.2.2 Execution

• Implementation of certain measures (such as land clearing, earth-moving work,
construction work) outside of sensitive periods for certain species

• Restriction of the effects of construction operations (e.g. securing of habitats,
trees or sites from vehicular traffic or damage); consideration of the guidelines
for the protection of trees and shrubs in the area of construction

• For underground cables, preference for closed construction
• For underground cables in groundwater-dependent habitat types, usually no

groundwater lowering during the growing season
• Avoidance of the introduction of non-native topsoil
• Appropriate temporary storage of topsoil and no storage on areas valuable for

nature conservation
• Storage and replacement of soils separated by topsoil and subsoil, to permit

restoration of the original soil structure
• Loosening up of compacted areas after completion of the construction process
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• Careful disposal of wastes, materials, etc., after completion of the construction
process

• Transplanting valuable vegetation stands
• Labelling of the overhead lines according to the state of the art, in order to avoid

animal losses due to collision.

In the impact area, in the area with project facilities and their infrastructure,
avoidance is,first of all, realizedmainly bymeans of the optimization of the site selection
for a proposed project. Such optimization is carried out at the EIA site selection stage,
seeking the project location with the lowest level of ecological risk. Any remaining
significant negative impacts as a result of the direct effect must be compensated.

The most significant difficulties arise when an investor seeks changes in the
stipulations made in the initial project in order to balance the interests of nature
conservation. These changes require compromise solutions and can be developed in
three main directions:

• The principal alternatives of the proposed project from the viewpoint of nature
conservation

• Reduction of the proposed project scope
• Selection of other environmentally reasonable sites for the proposed project.

18.3.3 Development of Impact Compensation Measures

The derivation of concrete compensation and offsetting measures for the restoration
of the negative impacts upon the balance of nature and the landscape quality is
carried out on the basis of:

• The goals and principles of conservation and landscape care, and the precepts of
landscape planning derived from it, or from other regional conservationist goals

• The requirements of species protection
• The concept of project-related measures
• The compensability of impact.

Before concrete development of measures, their concepts and the goal of the
entire project are stipulated. The measures developed are to correspond to nature
conservation goals established for this area within the framework for territorial
projects at any level. If there are no such projects for a concrete area, the goal of the
measure is to be derived from the general nature protection goals.

As soon as the programme of the measures and its goal are ascertained, certain
compensation measures and suitable areas for their implementation are selected
according to the scheme shown in Fig. 18.9.

Only areas which will require upgrading and are capable of being upgraded can
be considered for compensation and offsetting measures. These preconditions are
met if they can be upgraded to a condition which can be categorized as ecologically
higher than the baseline condition.
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18.3.4 Standards for the Selection of Compensation
and Offsetting Measures

18.3.4.1 Basic Requirements

• High probability of success for actual implementation and permanence
• Permanent effective supervision of the areas must be provided

Fig. 18.9 Selection of measures and areas for compensation (Kravchenko et al. 2014)
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• Selection of areas on which the natural balance and the quality of the landscape
can be upgraded and require upgrading

• Basic suitability of site conditions with regard to the goals of the compensation
measures

• No «dual occupancy» of areas which have already been used for compensation
measures for other impacts

• No use of areas which could be significantly impacted by planned or foreseeable
projects, even if such impacts upon the area would only be indirect

• «Rehabilitation measures» such as ammunition clearance or toxic site rehabil-
itation are generally excluded

• No crediting of protected area certification (area protection only); land in pro-
tected areas can be used if it can be ecologically upgraded, and that would be
useful from a conservationist viewpoint.

18.3.4.2 Functional Requirements

Compensation measures require in-kind restoration of the functions and values
existing prior to the impact, in a close functional context. That does not mean that
the identical restoration is required, but rather that the essential functions which the
landscape previously fulfilled must also be able to be fulfilled in the future. This is
as a rule possible if the same or similar elements are restored. The more important
the lost function is, the closer the relationship of the compensation measures to the
affected functions must be in order to be able to be counted as on-site in-kind
compensation.

For offsetting measures, the functional relationship is looser. Nonetheless, off-
setting measures should have as close as possible an approximation to the criteria of
on-site in-kind compensation, and the effectiveness and functionality of nature and
the landscape should be restored in a similarly equivalent manner.

18.3.4.3 Spatial Requirements

For recognition as on-site in-kind compensation measures, a close spatial rela-
tionship to the impacts to be compensated is necessary. Only those measures can be
recognized which affect the space in which the significant negative impacts are to
occur. Measures in the direct impact area of operationally caused negative impacts
will not be recognized. These are considered landscaping measures which may in
exceptional cases be recognized as compensation for negative impacts on the
appearance of the landscape. For offsetting measures, the spatial relationship is
looser. This compensation can be carried out at a greater distance and in a different
manner— «off-site/out-of-kind» . In any case, a spatial connection between the
impact and the compensation areas must exist, e.g., within the same natural spatial
region.
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18.3.4.4 Time-Related Requirements

In order to achieve recognition as on-site/in-kind compensation measures, the
functions and values impacted upon must be able to develop effectively to their
pre-impact quality within 25 years. Any measures which will require a longer
period of time are to be considered offsetting.

The implementation of compensation and offsetting measures should begin
simultaneously with the initiation of the impacting project, at the latest, and should
be concluded by the time that project is completed, in order to minimize the
so-called «time-lag effect». This requirement refers to the technical implementation
of compensation measures and follow-up care. Depending on the goal of the par-
ticular measure, the development and maintenance care may require a longer period
of time.

If negative impacts upon sensitive functions, such as breeding losses for bird
species, are expected, compensation and offsetting measures may be necessary even
prior to or during the implementation of the impact.

18.3.4.5 Requirements on the Extent of the Area

As a rule, significant negative impacts are to be compensated on an area at least as
large as the impacted area.

18.3.5 Compensation or Offsetting Measures?

The main differences between compensation and offsetting measures are in the
requirement for the preservation of functional and spatial relationships for com-
pensation measures and the possibility of restoration within a short period of time
(usually no more than 25 years for these measures). The preservation of territorial
relationships can be visually exemplified.

A territory with two landscape sites was provided for the building project: a
meadow with wild fruit trees over 30 years old and a ploughed field. The signifi-
cance of these sites is assessed at the first step of the development of compensation
measures. It is higher for the orchard meadow than for the ploughed field
(Fig. 18.10).

In the second step, the level of effect seriousness is assessed. For example, one
part of the site has a greater density of buildings than another. To assess this site
occupancy index, a two-step scale is used. The threshold value, including imper-
vious coverage, is 0.35 of the total area. A higher level of effect is determined for
compact construction planning (Fig. 18.11).

The intensity of impacts is assessed in the third step, by overlapping the plan of
the evaluation of the actual condition and the building scheme (Fig. 18.12). Since
the plan calls for the use of the entire area for construction, all impacts are
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considered significant, and it is necessary to compensate the area proportionately to
the degree of impact. Methods of scoping of compensation proportional to the level
of violations are described in the monograph (Kravchenko et al. 2014).

Fig. 18.10 Step 1. Categorization of the planning area prior to construction. Areas with different
significance for natural balance and landscape scenery (Kravchenko et al. 2008)

Fig. 18.11 Step 2. Categorization of the planning area according to the planning. Areas with
different levels of seriousness of intervention (degree of impervious coverage and degree of use)
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After the ascertainment of the scope of compensation, a type of compensation
measures is selected—either a compensation or an offsetting measure. In this case,
the selection depends on specific characteristics of the building project and the
selection of a site of the required size within the construction area. If this choice is
possible, compensation measures are developed within this impact area
(Fig. 18.13).

If it is impossible to find the required areas, appropriate areas directly adjacent to
the impact area are selected. In this case, it is necessary, first, to increase the
significance level of these areas and, second, to take measures to enable the
restoration of lost functional relationships (Fig. 18.14).

If it is impossible to find vacant areas that meet the requirements of functional
and territorial relationships (Sect. 3.3), offsetting measures are implemented outside
the impact area, but under similar environmental conditions (Fig. 18.15).

The selection of compensation or offset measures depends on the possibilities of
the restoration of the impaired area for a certain period of time which is determined
from the duration of this period. The recovery period depends on how long society
can wait for the results of compensation, i.e. improvement of the ecological situ-
ation which will have deteriorated due to the project implementation. Approximate
terms of recovery of certain ecosystems or biotope types and related possibilities of
their compensation or offsetting measures are given in Table 18.4.

Fig. 18.12 Step 3. Process of derivation of impact intensities
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Fig. 18.13 Step 4. Determination of compensation measures. Variant 1. Compensation on the
building site

Fig. 18.14 Step 4. Determination of compensation measures. Variant 2. Compensation on other
sites covered by the local development plan, e.g., planting a green margin around the estate
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Fig. 18.15 Step 4. Determination of compensation measures. Variant 3. Out-of-kind/off-site offset
outside the building zone (Out-of-kind/off-site compensation on another site, e.g. transformation of
an intensively used meadow into woodland or into a low-nutrient meadow)

Table 18.4 Development times for ecosystems and biotope types. Possibilities of compensation
(on-site and/or offsetting) (Koeppel et al. 1998)

Development
time, years

Ecosystems and/or biotope types

Compensable biotope types. Development times <25 years

<5 • Short-life ruderal vegetation
• Pioneer stages of sandy low-nutrient grassland, secondary sandy
low-nutrient grassland, e.g. in sand quarries

• Eutrophic and/or species-poor, structure-poor ditches

5–15 • Most manifestations of acidic soil shrubbery and hedges
• Nitrophilic high forb fields
• Long-lasting ruderal fields

15–25 • Species-rich high forb fields
• Shrubbery on fallow land
• Relatively species-poor secondary sandy low-nutrient grassland and
semi-dry grassland

• Pioneer forests

Only offsettable biotope types. Development times 25–150 years

25–50 • Vegetation of secondary oligotrophic and mesotrophic standing bodies
of water, species-poor sedge reeds

• Species-rich, strongly structured ditches and creeks
• Broom heaths on fallow land

50–80
50–150

• Quaking bogs and other land-forming ecosystems on standing bodies
of water (species-poor examples)

• Certain manifestations of thermophilic shrubbery
• Species-rich meadows, mown twice annually
• Certain manifestations of open bog woods rich in coniferous trees and
birch, on drained bogs, secondary growth
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18.4 Conclusions

1. The analysis of the Russian, German and European experiences on the assess-
ment of environmental impacts of the planning project and avoidance and
compensation of these impacts has shown that in any country, with the real-
ization of any project, conflicts may emerge between the existing situation and
new initiatives and between the facilities under construction and the environ-
ment. In the solution of these conflicts, however, priorities are assigned to a
number of different criteria, which often have a strongly subjective nuance.
Nevertheless, it should be noted that there is a growing tendency to prioritizing
long-term environmental values. This tendency is reflected in the development
of international and national legislation for the defence of the public interest
against unreasonable investment initiatives, in the development of local stan-
dards and technical regulations which restrain specific types of activities, and in
the development of environmental impact compensation technologies.

2. It should be emphasized that under the conditions of great uncertainty and lack
of information, the tasks of assessment, forecast and decision-making in the
context of the natural impact compensation are complicated. Moreover, these
tasks are often to be solved by people with completely different qualifications.
Such a situation requires the use of forms of presentation of project information
and methods of data processing, which are available to a wide range of people.
From this perspective, it can be very useful for Russia to get to know the range
of methods for the solution of impact mitigation regulations applied in
Germany. These are generally qualitative, semi-quantitative and expert methods
with which not only quantitative, but also extensive verbal information can be
managed.

3. Despite the availability of numerous methodological documents on the devel-
opment of nature protection measures, it is difficult to admit that there is a
technology according to which the key issues of the environmental impact
assessment can be answered unambiguously and objectively—What directly
will be affected and how is this impact to be avoided or compensated? The
author of this chapter expresses hope that methodological elements of the
measures on avoidance and compensation of impacts offered to the readers can
contribute to the creation of such a technology.

4. At the first stages of implementation and efficient application of this technology
in Russian practice, it is necessary to test the methods presented on different
project types or to develop analogues which can solve the same problems. This
is a task for various scientific disciplines, and additional investments and
approval by superior authorities are not necessarily required. Such work can be
realized within the framework of relatively large planning projects.

5. The implementation of natural environmental impact compensation in Russia is
urgent and necessary. This will allow the country to significantly improve the
environmental situation and reach the European level in the sphere of envi-
ronment protection.
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Chapter 19
Assessing the Ecological Status
in Regions of Russia and Neighbouring
Countries

Viktoria R. Bityukova

Abstract Environmental stress occurs when the level of anthropogenic impact
exceeds the resilience of landscapes. A system of indicators of anthropogenic
impact and a calculation method for an integral index of the intensity of anthro-
pogenic impact are substantiated in the article. The index reflects the structure of
anthropogenic impact (on the air basin, water, land, forest resources, as well as
agrarian and radiation effects) and its dynamics for 1990–2016. The study of
changes in the structure of environmental landscapes of regions in Russia and
Kazakhstan has revealed that considerable contrasts in the placement of industrial
complex and population settlement that had formed during the previous develop-
ment stages are stable. Assessing changes with the help of anthropogenic impact
integral index related to natural landscape resilience allows assessing regional
changes in Russia and Kazakhstan and revealing main similarities and differences
between those changes, as well as examining both industry-specific and spatial
patterns forming environmental conditions at the regional level.

Keywords Ecological stress � Ecological situation � Anthropogenic impact �
Complex estimation � Landscapes

19.1 Introduction

Ecological status is gradually becoming an increasingly important factor of regional
growth in former Soviet countries. Large-scale social and economic, institutional
and technological changes since the early 1990s occurring in the course of the
economy’s adaptation to market conditions and inclusion of Russia and neigh-
bouring countries in the world market have significantly affected the environment,
especially at the regional and city level. The past quarter of the century has seen
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dramatic changes in the ecological status (ES) in Russia. New conditions have
made their appearance, and the importance of ES formation factors has changed: the
role of technological factors has gradually decreased, and the role of structural
industry shifts has increased since it was relatively high-tech processing industries
that experienced maximum output reduction. The greater raw material orientation of
economy in Russia and Kazakhstan has amplified anthropogenic impact in mining
regions, while the largest cities faced a rapid growth of automobilization being an
important factor of anthropogenic impact. Institutional mechanisms have not suc-
ceeded in producing ES territories; environmental payments do not stimulate a
greener economic activity though large private business possesses considerable
financial resources for production modernization.

The major role of geographical differentiation of economic activity in the for-
mation of territorial differences in the nature and intensity of anthropogenic impact
on the environment should be emphasized. Together with the factor of differenti-
ation of resilience of various types of natural landscapes to anthropogenic impact,
it is causing territorial heterogeneity of the ecological status. The research of these
factors allows constructing not just a stating model, but an explanatory one.

At the same time, the environmental conditions in the industrially developed
former Soviet countries rich in natural resources, in particular, Russia and
Kazakhstan, still bear the features inherited from the period of the Soviet indus-
trialization. Their role can be revealed through a comparative study of the two
countries, the industrial complex of which was formed within a single space.

An integral index of anthropogenic impact has been developed in order to assess
changes in environmental conditions in the regions of the Russian Federation and
the Republic of Kazakhstan. The scale and method of the research were chosen
based on the availability of statistical information for various levels and time
periods, comparability of environmental indicators in Russia and Kazakhstan and
adequacy of the available statistics. In addition to the analysis of the impact of key
factors as well as trends in the ecological status, a comprehensive assessment of the
transformation of environmental and economic situation caused by changes in
branch and territorial structure of the regional economy is needed. The compre-
hensive assessment lays the basis for greater efficiency of environmental
investment.

19.2 Research Method

Integral indices of environmental conditions started to appear almost simultane-
ously in the USSR and in the West. But differences in development conditions of
this research method and in its purposes, the impossibility of sharing practices
predetermined separate ways already at the initial stage of formation of complex
indices. Generalizing the available experience of foreign scientists, governmental
and international commissions in this field, it is possible to identify a number of
features. First, the use of basic indicators (GDP, gross domestic savings, net
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domestic product) is normalized based on the cost estimate of depletion of natural
resources, ecological damage and natural capital (UNEP 2011; Dixon and Xie
2007; OECD 2010). The second is the integral indicators of sustainable develop-
ment (ecological sustainability, real progress, etc.) including both indicators of
quality of life and ecological indicators (Scandinavian Destination 2012, ARCADIS
2015). The third important feature is the initial orientation towards the search of
indicators reflecting a contribution of the countries to global problems, i.e. eco-
logical footprint, living planet index (Ewing et al. 2008). And finally, proper
environmental indices based on either indicators of anthropogenic impact (air
emissions, waste water) or “environmental efficiency” (impact of an ecological
factor on human health and ecosystems) (Baeumler et al. 2009; The Green City
Index 2012; McGrath 2014).

Large former Soviet countries, such as Kazakhstan and Russia, require a mul-
tiscale environmental research: country assessments lacking a regional component
are unacceptable for countries as vast as they are. Subregional assessments are even
more promising; however, the ecological statistics at the level of districts and
municipalities is too scarce for a comprehensive complex assessment of anthro-
pogenic impact over time. Thus, two levels have been chosen for the research:
country and regional, allowing assessment of industry-specific and territorial shifts
of areas of anthropogenic impact over time.

Key problems which researchers face while elaborating a technique for impact
assessment at the regional level are a weak statistical base, frequent change of
calculation procedures and incomparability of some indicators within intercountry
comparisons due to various approaches to measurements and calculations. For
example, a key group of indicators highly relevant to the assessment of anthro-
pogenic impact in the Russian regions connected with the impact on forest
resources is less relevant to Kazakhstan. Taking into account a common group for
conventional forests and haloxylon desert woodlands in the Kazakhstan statistics,
the use of indicators of impact on forest resources demands a careful approach and
expert adjustment (Environment Protection in Russia 2017; Environment Protection
in Kazakhstan 2015).

Creation of the integral index included four main stages:

Stage 1. Selection of priority components. In this case ecological indicators of
almost all significant sources of impact were taken into account: pro-
duction sector, power industry, motor transport, agriculture and forestry,
population as a source of impact (through household waste and indirectly
through other indicators), indicators of radiative effects and others.

Stage 2. Selection of indicators for each group was based on the principles of
systematicity, reliability, availability of statistics, pronounced territorial
differentiation and clearly interpreted dynamics. Each type of anthro-
pogenic impact has a set of absolute and relative (specified in brackets)
indicators: A1—density of air emissions of the production sector and motor
transport per the acreage of the cities, production sector and transport;
A2—coefficient of emission toxicity calculated as the ratio of emission
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volume normalized to a single toxicity to the gross air emission volume; B1

and B2—respectively, share of water consumption and wastewater dis-
charge in surface water supply; C1—solid waste density taking into
account their hazard class; C2—share of disturbed industrial lands; D1 and
D2—share of cultivated and reclaimed lands, respectively; D3, D4 and
D5—mineral, organic fertilizers and pesticides, respectively, per 1 hectare
of arable lands; D6—cattle livestock per the area of pastures; E1—share of
total standing volume of cut timber; E2—the area of felling per calculated
cut; E3—share of unauthorized felling; F1—share of inhabitants in
radioactive contamination zones; F2 and F3—soil pollution density with
137Cs radionuclides of the forests and the area, respectively; F4—share of
lands of the cities, production sector and motor transport polluted by
radionuclides; F5—share of lands of former nuclear test sites and major
accidents related to radioactive pollution.

Stage 3. Translation of initial value matrix for assessment indicators into values
normalized for addition of different-sized indicators. The following criteria
can be used while selecting normalization principles: the nature of asym-
metry of separate indicators, their contribution to the final assessment and
interpretation of the totals. While searching for an optimum normalization
principle, three most widespread methods were applied: ranking, linear
scaling and logarithmic scaling. Logarithmic scaling proved to be the most
acceptable method for the integral index. For the first time suggested for
assessment of territorial differences of anthropogenic impact in the Russian
regions, this method not only removes excessive differences of indicators,
but also adequately reflects the increasing pollution level parallel to the
growing integral index (Bityukova and Kirillov 2011).

X ¼ logXmin
Xi

logXmin
Xmax

ð19:1Þ

xi—index value in i region.
Stage 4. Integral index of anthropogenic impact (IAI) is calculated through the

aggregation of group average values for the above-mentioned normalized
indicators according to the Formula:

IAI ¼ A1 þA2

2

� �
þ B1 þB2

2

� �
þ C1 þC2

2

� �

þ D1 þD2 þD3 þD4 þD5 þD6

6

� �

þ E1 þE2 þE3

3

� �
þ F1 þF2 þF3 þF4 þF5

5

� �
ð19:2Þ
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In order to make the assessment more objective, two options of calculation were
applied to the integral index: the index of the power of anthropogenic influence
(PAI) based on absolute measures and the index of the intensity of anthropogenic
influence (IAI) based on relative measures. Use of both absolute and relative
measures is especially important taking into account large regions in the studied
countries. Application of absolute or relative measures depends on the research
objective. If it is focused on the impact on the natural landscape or population
health, absolute values are more justified as the whole volume of pollutants caused
by a source spreads in the landscape and influences the population.

19.3 Integral Assessment of Anthropogenic Impact

Integral IAIs were calculated for four time periods: 1990—the beginning of the
transition period, 1998—the end of crisis, 2003—the end of the first stage of
compensatory growth and 2014—the most recent available statistics. In general, the
results have demonstrated the adequacy of the developed technique for identifica-
tion of territorial differentiation of environmental conditions in large countries.

The total index has shown a high, though reducing degree of interregional
distinctions in terms of the intensity of environmental pressure on the territory of
the two countries (from 3.6 to 1.7 times during 1990–2016). Various changing
trends in individual factors have also determined the dynamics of the complex
regional index after the collapse of the Soviet Union.

Decreasing AI has become an underlying trend, and internal fluctuations cor-
responded to the dynamics of economic indicators. At the same time, in the early
2000s, during the maximum increase in oil prices, pollution volumes moved to the
extracting regions with low population density. As the result, an export-oriented
raw zone Taimyr–Yamal–Urals that concentrates over 55% of industrial production
in the country and 70% of air emissions is distinguished based on the environmental
pollution (especially, air emissions related to the combustion of associated petro-
leum gas). Unlike the majority of old developed regions where pollution is local-
ized in the cities, the impact is dispersed across the territory in newly developed
extracting regions.

Use of pollution density indices (as compared to absolute values of volumes)
moves three types of regions down in rankings, both in Russia, and in Kazakhstan.
First, large regions with an intense, but rather localized AI (Krasnoyarsk Krai,
Tyumen, Karaganda, Arkhangelsk, Rostov, Vologda, Irkutsk), second, regions with
large rivers under serious anthropogenic pressure, but with low density of impact
(Novosibirsk, Omsk, Perm) and third, strong agro-industrial regions (Stavropol
Krai, Altai Krai, Kostanay) have seen an advancing production decline in the
leading agricultural regions with the most intensive agriculture since the 1990s. On
the contrary, industrial regions with localized impact (Tula, Lipetsk, Belgorod) and
especially federal cities of the Russian Federation and cities of republican status rise
in ranking. Agricultural pressure exacerbates ecological stress in the Black Earth
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and southern regions of the Russian Federation, as well as in traditionally agrarian
regions of Kazakhstan—North Kazakhstan and Akmola.

However, centres of ecological stress, unevenly spread across the territory of both
Russia and Kazakhstan, are the same for any assessment method. These are the
Chelyabinsk, Sverdlovsk, Kemerovo, Moscow and Bryansk regions. All Russian
macroregions (Fig. 19.1) have regions with serious anthropogenic impact that dis-
tinguishes them from others. Old developed regions are characterized with a more
evenly distributed impact density which is more localized beyond the Urals. In
general, regional differences are rather levelled.

In Kazakhstan, the centre of ecological stress, Pavlodar-Karagandy-East
Kazakhstan area, has actually begun to smear during the considered period due
to decreasing impact in the East Kazakhstan region and new centres of ecological
stress: oil-extracting West and densely populated South of Kazakhstan.

Despite considerable economic shifts and transition to a new type of economy,
the inherited factors still play a crucial role in the ranking of regions. Almost all
regions with a very high level of anthropogenic impact have large industries since
the USSR that determine specialization of the region. The Chelyabinsk and
Sverdlovsk regions and metallurgical and industrial centres of the European part of
Russia, i.e. the Lipetsk, Vologda, Tula regions, are the centre of regions with the
greatest intensity of anthropogenic impact. Capital regions are an important part of
this centre: the Moscow region suffers additional pressure due to an inflow of
population and sources of impact, while the Leningrad region has high rates of IAI
mostly owing to the industrial development. Radioactive pollution, though having

Fig. 19.1 Changes in the integral index of anthropogenic impact in 1998–2016
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reduced considerably, is still noticeable in the zones of accidents of the previous
period (Bryansk and other regions affected by the Chernobyl accident and the
Chelyabinsk region that still bears the footprint of the accident on the Mayak
Production Association).

19.4 Stability of Natural Landscapes and Regional
Differences in Environmental Stress

Environmental stress occurs when the level of anthropogenic impact exceeds the
resilience of landscapes. The ecosystem stability indicator reflects a complex set of
environment adaptation responses to anthropogenic impact which allows assimi-
lating pollution, stabilizing climate change, maintaining gas balance in the atmo-
sphere, etc. The integral index used as an integral characteristic of natural
ecosystem resilience in this research was calculated as:

– the share of the area of the region with a certain stability score multiplied by the
stability index within the area;

– the average stability score was defined based on the maps of the Atlas of natural
resources and ecology of Russia: live phytomass (t/ha), annual production of
phytomass (t/ha) and structural variety of wildlife sites in different parts of the
country (anthropogenic transformation of natural vegetation cover (%)); stability
of soil cover (Alyabina and Krechetov 2002; Pikovsky 2002), potential of air
pollution (Bezuglaya 1995), surface water pollution (Maslennikova and
Skornyakov 2002).

After AI levels and landscape stability levels are summed up according to the
matrix, nine aggregated types of regions are formed based on the level of envi-
ronmental stress. Since the environment stability indicator has a slower response
than AI during economic transformations, it is the AI that mainly defines the
dynamics of the integral index (Fig. 19.2).

The early 2000s saw an extremely negative tendency when AI was accelerating
rapidly (due to growing hydrocarbon extraction) in the most vulnerable natural
landscapes: in tundra, including the Arctic tundra. The minimal level of catching
and utilization of polluting products in fuel industry posed a serious threat.
However, the oil-extracting industry became the leader in the number of invest-
ments into crucial nature protection assets, and the situation has changed. In
response to air pollution reduction, utilization of associated petroleum gas,
decreasing number of oil spills, AI in these territories has taken a downturn in the
recent years.

Kazakhstan, in general, possesses a much greater resilience of landscapes than
the considerable part of Russia where 63% of the territory is characterized by the
lowest pollution resilience. Kazakhstan has 49% of highly stable territories and
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51% of averagely stable natural landscapes. However, the shifting AI in the Caspian
Sea region poses a serious threat.

Environmental rankings of regions based on the complex index are an efficient
way of determining the priorities of environmental policy. The integral index
provides new insights into the complexity and versatility of the environmental
conditions. But a clear understanding of calculation specifics of the complex
indicator is necessary to make the ranking a convenient decision-making tool in
terms of environmental control and environmental management. The selected AI
measurement technique considerably affects the outcome. It is important to use AI
density for large countries with isolated intense sources of impact and extensive
unaffected territories. Moreover, Kazakhstan that has experienced essential changes
of agricultural areas (arable lands, pastures have reduced in the regions by 30–50%)
and urban lands during the land reform has the territorial structure of the intensity
integral index considerably changed towards increase since 2003, while the indices
for 1990 and 1998 proved to be underestimated.

Key factors maintaining territorial structure of AI areas in Russia and
Kazakhstan are:

1. Inherited development. The largest AI centres in the territorial structure of
Kazakhstan and Russia are still the regions where the industrial base was
developed and formed back in the Soviet period: the Urals and industrial regions
of the European part, Pavlodar and Karaganda regions. Despite low efficiency

Fig. 19.2 Relationship between the level of anthropogenic impact and resilience of natural
landscapes in the regions of Russia and Kazakhstan
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and insignificant economic feasibility related to production and extraction of
some minerals, a number of large enterprises, seriously harming the environ-
ment, continue to exist. It is all the fault of the existing structure of population
settlement (miner’s towns) and impossibility to move people from depressive
monotowns. This factor is more typical of Russia, than of Kazakhstan.
The influence of the inherited factors is clearly demonstrated in the following
areas:

– energy intensity of the leading industries combined with the structure of fuel
balance in power industry and housing and public utilities in the eastern part
of the country. The greatest energy intensity is still typical of large industrial
regions with a very high level of environmental stress and of the most
environmentally safe regions generally because of the increased coal con-
sumption by municipal services;

– industrial specialization, age and quality of assets. The institutional envi-
ronment and the policy of companies define the extent of asset moderniza-
tion, the velocity and sometimes the direction of the process varies. The
industrial impact is decreasing, most rapidly in the oil sector, but the industry
remains a leading and most dynamic factor influencing the ecological status;

– accumulated radiation pollution is a specific factor in a number of regions,
but its role is gradually decreasing.

2. Institutional factor. Despite the stated models of the free market and general
privatization, only few foreign companies could establish full control over large
industrial enterprises in Russia which has contributed to the stability of the
territorial structure of AI areas.

Factors influencing transformation of AI territorial structure:

1. Becoming part of the global resource market. Soaring hydrocarbon prices have
caused active development of oil and gas fields in shelf zones, the Arctic zone,
the East of Siberia and the Western regions of Kazakhstan. It created new AI
centres in the Western Kazakhstan: increase in oil production of the Atyrau
region from 2.5 million tons in 1990 up to 31.9 million tons in 2014, devel-
opment of the Karachaganak oil and gas field in the West Kazakhstan region
caused increase in oil production from 4 million tons in 1990 to 13 million tons
in 2014.

2. Institutional factor. Emergence of the Western companies in mining and man-
ufacturing industry of Kazakhstan has reduced the level of environmental
impact in terms of specific indicators, for example, Kazakhstan has almost twice
less emissions than Russia per unit of oil produced. It influences the territorial
structure of pollution areas: new industrial centres in Kazakhstan are less sig-
nificant on a national scale than in Russia (based on relative measures).

3. State environmental policy. A weak state policy in relation to the oil companies
has made Khanty-Mansi Autonomous Okrug a “leader” in air pollution for the
first time in 2004–2007. Having doubled air emissions, the district “has outrun”

19 Assessing the Ecological Status in Regions of Russia … 463



Krasnoyarsk Krai. After signing the resolution “On measures to encourage the
reduction in air pollution products flaring gas in flares” in 2009 which sets the
target indicator of combustion of associated gas on flares of no more than 5% of
the extracted associated gas and provides for an increased payment for its
combustion above the limit, large-scale investment has been made. As the result
of the utilization coefficient of associated petroleum gas growing from 75.5% in
2011 up to 91.7% in 2013 and 93.2% in 2014, there was a reduction in its
combustion in flares and a decrease in pollutant emissions by 21.4%.

4. Reaching the limit of ecological capacity in some regions. Most of regions in
Kazakhstan are located within semi-arid and arid zones where ecological limits
of water sources, pastures and arable lands are almost reached. When using
relative measures, the Mangystau and South Kazakhstan regions demonstrate
very high specific rates of anthropogenic impact on limited water sources and
land resources. Therefore, any minimum increase of anthropogenic impact in
regions with ecological capacity close to its limits leads to a serious degradation
of the environment.

5. Demographic changes as a factor transforming the territorial structure of
anthropogenic impact are typical, first of all, of Kazakhstan that has AI
increasing in the South due to population growth and falling in the North due to
depopulation.

Therefore, integral assessment of environmental conditions in the regions of
Russia and Kazakhstan has revealed both similarities caused by the consequences
of an accelerated industrialization during the Soviet period and differences in the
formation of environmental situation caused by different natural and social and
economic conditions. The impossibility of blaming decisions made 50 years ago for
all problems becomes clear; the reasons for environmental problems are much
deeper. The regions of advancing development that possess competitive advantages
have high AI level. Rich resource extracting regions see AI strengthening
throughout the whole natural complex, faster than the economy develops. The
largest city agglomerations experience the effect of the economy of scale that
attracts investment and labour, creating greater transport pressure on infrastructure,
waste disposal problems, deforestation, environment degradation and depletion of
water resources. The state is responsible for the development of the whole territory,
and the measures of regional environmental policy gradually improve the situation.

The solution to modern environmental problems lies in a compromise between
the demand for an intense economic development and the need for environment
protection. Despite considerable positive changes in the national environmental
policy, advance economic development regions possessing competitive advantages
still tend to have a high AI level.
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Chapter 20
Planning Tools for the Protection
of the Natural and Cultural Heritage
in the Eastern Mediterranean Area

Maria Gabriella Trovato and Dana Ali

Abstract Rapid changes are happening in the Eastern Mediterranean region under
the pressure of urban sprawl, rural abandonment and adoption of different agri-
cultural technics, tourism intensification, and movement of displaced populations
between the Mediterranean shores. In view of the risks to cultural and natural
heritage, the American University of Beirut (AUB) team at the Landscape
department developed a Landscape Risk Assessment Model (RA), and Landscape
Decision Support System (LDSS) to take into account the protection of landscapes
of particular interest, as well as the rational planning of all the landscapes with
special emphasis on the use of natural resources. The paper reports the results of the
research conducted during the ENPI EU project MEDSCAPES in developing
landscape planning tools for the protection of the natural and cultural heritage in the
region. The assessment was applied in the study area of each partner country of the
ENPI project, allowing for a better understanding of the implications in land use
and conservation decision making.

Keywords Landscape Risk Assessment � Landscape Decision Support System �
Landscape planning tools

20.1 Introduction

In recent years, the competition of uses for scarce and highly valuable natural
resources and the frequency and severity of natural and technological disasters have
increased, and this trend is likely to worsen in the years to come. The documents of
the European Conference of Ministers Responsible for Regional/Spatial Planning
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(CEMAT) show that sustainable spatial development ensures the coherence of
socioeconomic targets with respect to the territory and its ecological and cultural
functions, aiming to enhance the quality of life for current and future generations by
the creation of sustainable communities able to manage and use resources efficiently
(Petrisor 2014), exploiting the ecological and social potential of the economy for
innovation, and safeguarding welfare, environmental protection, and social cohe-
sion (Collignon 2009). The MEDSCAPES project, through the development of a
methodology to assess and evaluate the landscape of the Eastern Mediterranean and
its threats, aimed to support landscape strategies and planning through the intro-
duction of the concept of landscape as a tool to integrate the different features of the
region (the ecological and cultural ones).

In the framework of MEDSCAPES and working on the implementation of the
European Landscape Convention (ELC 2000), an experience was conducted at the
Landscape Design and Ecosystem Management department (LDEM) at the
American University of Beirut (AUB) to develop scientific tools designed for the
protection, conservation, and management of the natural and cultural heritage of the
Eastern Mediterranean region. The objective was to elaborate a Landscape Risk
Assessment Model (LRA) to assess, using GIS, the loss of the landscape value, of
the chosen areas in the four partner countries, under the pressure of selected and
measured hazards, and to develop a Landscape Spatial Decision Support System
(LDSS) to support decision making, and assist stakeholders in comparative
assessment and selection of options for change.

This paper describes the methodology that was forged and implemented to
analyze the landscape hazards, landscape values, and landscape risk. Moreover, it
reports on the interactive web-based interface that was created to allow the users to
view the results of the Landscape Character Assessment (LCA) and LRA and to
alter scenarios in the LRA pertaining to the intensification of urban sprawl patterns
hazard and landscape value (LV). This methodology is built upon a process of
analysis and investigation of prevailing studies and RA-DSS models developed and
implemented in past years. It relied on the results of the LCA conducted in the four
Eastern Mediterranean partner countries of the project (Cyprus, Greece, Jordan, and
Lebanon) and takes into account two main components: the landscape value, as a
resultant of natural and cultural elements and the severity of risks which cause a
threat/pressure for change. Four hazard categories were chosen and assessed:
desertification, intensification of urban sprawl patterns, erosion, and forest fire.

This study presents some limitations due to the complexity in comparing and
interrelating data from four different countries, the difficulty in acquiring the same
type of materials in the four partner countries, and the impossibility of monitoring
the changes through time due to the lack of data.
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20.2 Materials and Methods

20.2.1 Study Area and Available Data

The study area of the LRA and LDSS model covers the level 1 LCA conducted in
the four partner countries of the project (Fig. 20.1). The study area in Lebanon
represents 45% of the country, chosen to represent its four distinct geomorpho-
logical regions, namely the coastal plain, Lebanon Mountain range, the Bekaa
Valley, and the Anti-Lebanon Mountain range.

In Jordan, two study areas were chosen, Mujib and Al-Yarmuk. Mujib is located
within Madaba and Kerak governorates and extends from the Jordan Rift Valley
(JRV) escarpment in the West, at 420 m below sea level, to the central highlands
plateau in the East, at elevations greater than 700 m above sea level. Al-Yarmuk is
located in the northwestern part of Jordan, includes large urban centers (Irbid and
Al Ramtha), as well as extensive agricultural activities, and hosts areas of unique
heritage and historical significance.

Two areas were selected in Greece, Epirus and Lesvos. Epirus is located in the
Region of Epirus, a predominantly mountainous area characterized by significant
landscape diversity, including cultivated settled areas and grazed pastures. Lesvos is
the third largest island in the Aegean Sea, with approximately 41% of olive

Fig. 20.1 Risk Assessment Model study areas in the four partner countries. a Lebanon, Area:
4747 km2; b Jordan-Mujib, Area: 6790 km2; c Jordan-Al-Yarmuk, Area: 3800 km2; d Cyprus,
Area: 9251 km2; e Greece-Epirus, Area: 6790 km2; f Greece-Lesvos, Area: 1632 km2
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plantations, 34% with maquis and garrigue, 17% with forest, and 3% with other
crops, and finally the remaining land has various uses such as constructions,
wetlands.

In Cyprus, the entire island was part of the study. The island is divided into three
geomorphological zones: the Trodos Mountain, the Pentadaktylos Range, and the
Mesaoria plain.

The four partner countries and six study areas chosen represent a great diversity
of geomorphology, land use, settlement patterns, and economy, which has been
considered in the development of tools for the study to achieve a comprehensive
and representative conceptual model.

20.2.2 Methodology

Disaster management (Bacon 2011) has gained importance recently, and disaster
risk reduction has been internationally recognized as a world challenge since the
1992 Earth Summit on Environment and Development in Rio De Janeiro, Brazil,
which highlighted the connection between development, environment, and disaster
risk reduction (Dransch et al. 2005). In Europe, since the 1980s, the European
Commission has been encouraging studies on natural disasters. Under the Seventh
Framework Program, a holistic and multidisciplinary approach tackling hazards and
the cumulative impacts of multiple hazards, vulnerability, and risk assessment was
developed, aimed at reducing and mitigating the environmental, social, and eco-
nomic effects of natural disasters in an integrated manner (Menoni and Margottini
2011).

The methodology we used is built upon a process of analysis and investigation
of prevailing studies and RA-DSS models developed and implemented in past
years.

There is much literature today on sustainable risk mitigation involving academic,
practitioner, and governmental considerations (Walker et al. 2011). However, while
environmental risk assessment has been broadly applied to identify risks on the
environment in relation to the types of hazards, Landscape Risk Assessment studies
with a focus on landscape value have been a less investigated issue (Martinico and
La Rosa 2009). Overall, very few publications connect landscape assessment with
land-use decision making.

The LRA-LDSS framework, presented in this paper, incorporates some impor-
tant key aspects:

• The LRA was conducted at the scale of Landscape Descriptive Units (LDUs)
that were delineated by the LCA process. This allowed the tool to visualize the
hazard impact on the different Landscape Character Types.

• The LRA was formulated through a risk equation as a result of the relation
between the two factors: hazard and landscape value
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• The framework made use of a two-dimensional matrix as a risk legend, bor-
rowed from the ARMONIA EU project (Armonia 2005) that was reworked and
adapted to our study.

• The LRA-LDSS used the scenario-based approach to spatially visualize a series
of possible physical landscape transformations due to the increased intensity of a
landscape hazard.

Our conceptual framework is the result of the integration of LCA, LRA, and
LDSS and describes the operative steps used to derive hazards maps, landscape
values maps, risk maps, and scenarios’ maps (Fig. 20.2). It is organized as per the
following scheme.

20.3 Landscape Risk Assessment (LRA) and Landscape
Decision Support System (LDSS)

The Landscape Risk Assessment was conducted in four phases: pre-assessment,
risk appraisal, judgment/risk evaluation, and risk management with the Landscape
Decision Support System.

   LRA 
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Fig. 20.2 Landscape Risk Assessment conceptual framework
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20.3.1 Pre-assessment Phase

The pre-assessment phase set out to frame the aims of the model, to verify the
availability of data per partner country, to collate LCA results, and to test and assess
the model in line with project objectives. The strategy aimed to first build upon the
results of the Landscape Character Assessment, where level 1 LCA was incorpo-
rated in the hazard analysis, and level 2 LCA assessments were integrated in the
landscape value analysis. Data collation followed and continued in parallel with the
refinement of the risk assessment model. Discussions on data availability, coher-
ence, and verification took place between the partners and the Lebanese team, in
order to achieve a comprehensive and homogenous methodology. The model was
further refined due to the limitations of available data among partners.

20.3.2 Risk Appraisal Phase

The risk appraisal phase was rooted on the hazard identification, hazard ranking,
and assessment of magnitude per landscape descriptive unit (LDU), as well as
landscape value identification and assessment per LDU.

20.3.2.1 Landscape Hazard Identification

In the MEDSCAPES project, landscape hazards were defined as potential threats
that are likely to cause damage to the landscape character in the event that they
occur (La Rosa and Martinico 2013). They were chosen based on research on the
most pressing threats to the Mediterranean region, fieldwork data collection on
pressing threats per landscape character type (LCT), discussions with partners, and
the ranking of hazards. Four types of quasi-natural and man-made hazards were
finally chosen: desertification; erosion; forest fires; and intensification of urban
sprawl patterns, reflected in their severity, availability of information, applicability
across partner countries, and relevance to the results of LCA.

20.3.2.2 Landscape Hazards Assessment and Ranking

Hazard assessment is an integral component of risk analysis, carried out by pro-
cessing information from secondary sources (in the forms of maps) and/or through
empirical research (direct observation on field). In this study, desertification, ero-
sion, and forest fires were deduced from secondary sources through a qualitative
assessment. Intensification of urban sprawl patterns was quantitatively assessed,
utilizing both empirical and secondary data sources. Within each partner country,
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LDUs formulated the unit of assessment, and the magnitude of risk per each LDU
was ranked along four equal intervals (1 as low hazard intensity and 4 as high
hazard intensity) Fig. 20.3.

The intensification of urban sprawl patterns was based on a study by La Rosa
and Martinico in Sicily, Italy (La Rosa and Martinico 2013) and was assessed using
four parameters: existing settlement pattern attribute, landform attribute, geology
attribute/slope relation, and the presence of informal settlements. Criteria chosen to
weight the four parameters emphasized the importance of existing settlement pat-
terns on future trends (weighted 40%), the relation of geology/slope (weighted
30%), the current trend of settlement of each landform type (weighted 20%), and
finally informal settlements (weighted 10%). The assessment, ranking, and indexing
methodology are shown in Table 20.1.

20.3.2.3 Landscape Value Identification and Assessment

In the LRA model, landscape value was assessed based on its physical character,
adopting LCA level 2 methodology, which accounts for the ecological and cultural
quality and integrity of a landscape unit. To reach a comprehensive model that
builds upon the LCA, the assessment took into consideration the contemporary
methods of evaluating the landscape, the expertise of the involved partner countries
(Table 20.2), and the availability of data. The latter were extracted from the LCA
process, land cover, and land-use maps, nonetheless satellite imagery, as well as
historical/cultural maps, produced by governmental institutions was used. The
parameters chosen were ecological integrity, weighted at 80% (naturalness of
habitat; habitat continuity; and dominant habitat type) and historical/cultural values,
weighted at 20% (archeological sites; heritage/historical entities, trails, centers, and
museums), which were both quantitatively assessed.

Fig. 20.3 Hazard assessment methodology
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Ecological Integrity

Ecological integrity assessment was based on the LCA level 2 methodology of the
MEDSCAPES project (Fig. 20.4) and took into consideration habitat continuity,
dominant habitat type, and the naturalness of the LDU, all weighted equally
(33.33%).

Historical/Cultural Values

For the purposes of this study, cultural values were assessed using national maps
per partner country and their subsequent ranking of data extracted based on the
importance of the site/monument, the dimension of the area/architecture, and on the
regional and national significance. Two main components were taken into con-
sideration archeological sites and heritage/historical entities (trails, centers, muse-
ums, etc.). The assessment was quantitatively conducted considering the
availability of spatial data.

20.3.3 The Judgment/Risk Evaluation Phase

The risk evaluation was conducted by determining the significance of the estimated
risks in relation to the loss of the assessed landscape values by applying the
MEDSCAPES risk equation:

Table 20.2 Partners’ input for landscape value assessment criteria

Greece Cultural values (architecture, traditional settlements, field patterns, terraces)

Environmental values (vegetation, geomorphology, fauna)

Historical values (archeological and monumental sites)

Economic values (agricultural, tourist)

Cyprus Cultural integrity (change of use, survival of cultural pattern, visual impact of
change)

Ecological integrity (naturalness of LDU, habitat continuity, # of main habitat types,
dominant type, intensity of management)

Jordan Geology

Natural landforms

Vegetation

Fauna environment

Landscape diversity

Historical roads + town centers
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Fig. 20.4 Ecological integrity of the Lebanese study area. a Habitat Continuity, b Dominant
Habitat, c Naturalness
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Risk ¼ Hazard� Landscape Value ð1Þ

which was derived from the original equation borrowed from the EU project
ARMONIA:

Risk ¼ Hazard� Expected losses ð2Þ

where expected losses are understood as vulnerability per value.
In our approach, expressed by the above equation, hazard is a potential threat

that is likely to cause damage to the character of the landscape in case it occurs, and
landscape value (LV) is the value of the assets in each landscape descriptive unit
(LDU), mainly being ecological, natural, and historical/archeological assets. The
two components of the equation were visually portrayed using a two-dimensional
matrix, adapted from a study by Greiving et al. (2006). In this study, the 4 � 4
matrix with hazard intensity (x-axis) and landscape value (y-axis) yield an inte-
grated risk value. A color-coding method was used for each value in the matrix and
serves as legend for the corresponding landscape risk maps generated. Lowest risks
in the matrix are closer to the origin, while the highest risks are farthest from the
origin (Fig. 20.5).

20.3.4 The Risk Management Phase: Landscape Decision
Support System (LDSS)

The decision support system is defined as a computer-aided system to support
decision making, assisting stakeholders in comparative assessment and selection of
options for change. It assists in scenario alteration and generation to support future

Fig. 20.5 MEDSCAPES Landscape Risk Assessment (LRA) matrix: a Color code legend of the
LRA; b Dark colors = high risk of loss, Light colors = low risk of loss
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decisions. Spatial Decision Support Systems (SDSSs) for natural resources man-
agement are computer-based tools that tightly integrate decision theory and models
with ecological models and GIS analyses and mapping (Rauscher 1999). Planning
is a future-oriented activity, and the future being planned for is always more or less
uncertain. Nevertheless, an image, of what the future may look like in important
aspects, is needed in order to provide a context for the actions considered for
inclusion in the plan. Therefore, the MEDSCAPES Landscape Decision Support
System (LDSS) aims at helping stakeholders to spatially create and visualize future
alternatives to support their planning activities. It is map-centered and offers an
integrative framework in Landscape Risk Assessment and scenario building for the
support of land-use decisions. The scenarios act as crucial bridges between
environmental/landscape science and policy. They influence policymaking by
summarizing and synthesizing scientific knowledge in a form that can be used by
policymakers to develop policies (2002). The MEDSCAPES Scenario Generator
(SG) has been developed with the following capabilities:

• Credible scenarios are translated into changes on the GIS map.
• The SG queries the user for the appropriate information.
• The scenario(/s) are then processed through the model.

Developed as an interactive web-based interface, the LDSS is used for imple-
menting the LRA approach while managing the input data. It allows users to
visualize the results of the Landscape Character Assessment, the Landscape Risk
Assessment process, with related hazards, landscape values and risk, to create
spatially based scenarios for the identification and prioritization of areas and for the
definition of adaptation strategies and measures (Fig. 20.6).

The Landscape Decision Support System has the following key features:

• It maps and visualizes information on up to four different hazards and the
consequent losses on landscape value at the scale of the LCA level 1 assessment
(1:250,000 scale).

• It enables different scenarios to be run which generate information about hazards
and landscape loss for all the study areas in the four partner countries and for
each of the LDUs, so that different options for mitigating risks or developing
land can be compared.

• It enables editing scenarios by altering different indexing weights and LDU
ranks.

• It provides a knowledge base on hazards.

20.3.4.1 LDSS Functionality

The LDSS consists of a database, spatial analysis, and bi-dimensional visualization
of LCA and risk maps, graphical user interface (GUI), and a simulation model. The
database supports cartographic info and permits the users to build spatial relations
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between coordinates and attributes. The spatial analysis and bi-dimensional visu-
alization of risk maps enable the user to interactively explore two-dimensional
LCA, hazards, landscape values, and risk maps in the selected areas of the four East
Mediterranean partner countries. The GUI facilitates the interaction of the final user
with the system. The simulation model permits the user to spatially create scenarios
by rank modification (Fig. 20.7) or weight modification. The tool and the GUI
closely follow the conceptual model of the LRA, enabling the user to perform the
step by step assessment, varying input parameters, testing and comparing different
combinations of scenarios. The user’s interface is designed in a way to easily allow
users to interact, create, and visualize through maps the result(s) of their choice(s).

20.4 Results

The methodology was first tested on Lebanon’s study area and was later appro-
priated unto partner’s countries. This allowed for a trial and error period, which was
followed by the sharing of the conceptual model with the partners of the project,
and a back and forth interaction to reach a satisfactory and representative model.
The final outcome reflects the difficulties encountered in the process of work, from
unifying data typologies, to ranking and indexing methods when data were either

Fig. 20.6 Methodology showing the process of work from LCA to a Landscape Decision Support
System passing through the Landscape Risk Assessment
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missing or of a different nature (e.g., terminology used, level of detail). This study
reveals the necessity to develop systems able to use and process diversified
information, in order to produce comparable results. The idea here was to build a
model that could be further developed to respond to the differences within each
country, for example by taking into account the country’s planning rules. In any
case, it was a trial to consider the landscape in a model that accounts for hazards,
typology, and risk management.

20.4.1 Hazard Maps

Desertification, erosion, forest fire, and intensification of urban sprawl hazard maps
were produced for all of Cyprus and for the selected area of Lebanon. In Greece and
Jordan, forest fire was not assessed due to impediments in acquisition of the needed

Fig. 20.7 LDSS scenarios create by rank modification
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information. Furthermore, while the desertification, erosion, and forest fire hazard
data are from different sources, and include different parameters of analysis of
stressors that were not assessed during the length of the MEDSCAPES project, the
final outcome is the result of data collected and compared using the available forms
of national information, which were reworked and qualitatively ranked due the
uncertainty of the materials (Figs. 20.8 and 20.9).

20.4.2 Landscape Value Maps

At the end of the landscape value assessment, we produced a LV map for all the
selected areas for each partner’s country, shown in Fig. 20.10 are Lebanon and
Cyprus’s landscape value maps.

20.4.3 Landscape Risk Maps

The overall landscape risk maps produced within the LRA-LDSS are the result of
the MEDSCAPES risk equation that integrates hazard versus landscape value for
the LDUs in the four analyzed countries: Cyprus, Jordan, Greece, and Lebanon
(Fig. 20.11).

The two-dimensional matrix as a risk legend enabled us to spatially represent the
results of our study. Furthermore, it plays an important role in the evaluation
process of the effects of the risk in relation to the loss of landscape character of the
affected area. For each chosen hazard, it was possible to estimate and judge the risk
of a reduction in LV that is directly proportional to the intensity of the hazard. The
upper right part of matrix, highlighted as ‘high risk of loss,’ shows LDUs that are
subjected to a greater risk. It means that they are the areas of particular interest for
protection/conservation land-use decisions and indicate a more pressing need of
attention. In Lebanon, the risk of erosion, for example, is shown in the matrix
below, where 57% of LDUs lie within the high risk of loss zone, 31% lie within the
medium risk of loss zone, and 9% lie within the low risk of loss zone (Fig. 20.12).

20.4.4 Landscape Decision Support System

The LDSS framework, through weighing and evaluating alternatives, helps decision
makers in conceptualizing alternatives, and therefore, in taking the related decisions
for future planning. It is conceived in a way to be further upgraded integrating up to
date information to produce more credible scenarios. Once an alternative is selected
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Fig. 20.8 a Desertification, b Erosion, c Forest Fires, and d Intensification of urban sprawl hazard
maps for the LDUs in Lebanon
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and implemented, the results could be compared with the produced scenarios and
then a revaluations of criteria has to be done. This tool was built with the aim of
spreading awareness on landscape-related topics by visualizing through our user’s
interface the effects that today’s actions could produce in our territories in the East
Mediterranean. Since its inception, through workshop and seminars training, we are
introducing the audience to the interface and letting them visualize, for example, the
consequences that the spread of urbanization could have on the future development
and, in particular, on the landscape seen as a human-ecologic system, which can
offer a wide range of benefits with positive effects on the quality of life of the local
community. On the other hand, the LDSS foresees the user’s interaction as
manipulation of rank and weight of indicators with particular emphasis on inten-
sification of urban sprawl and ecological integrity. The user-friendly interface
allows multiple users to provide input and generate real-time output to support
negotiated spatial decisions (Arciniegas and Janssen 2012).

Fig. 20.9 a Desertification, b Erosion, c Forest Fires, and d Intensification of urban sprawl hazard
maps for the LDUs in Cyprus
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Fig. 20.10 Landscape value map in Lebanon (a) and Cyprus (b)

Fig. 20.11 Landscape Risk Assessment (LRA) maps for Lebanon and Cyprus, depicting erosion
� landscape value
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20.5 Conclusions

This study, conducted at the regional scale of the Eastern Mediterranean basin, is an
important attempt to develop tools, the LRA, and LDSS to help stakeholders in the
process of landscape decision making for the protection of the natural and cultural
heritage of the region. The methodology focuses mainly on the physical compo-
nents of the landscape that were evaluated under the landscape ecology lens with
the incorporation of few cultural assets. Though limited, these assets were important
in portraying a more thorough picture of the Mediterranean landscape character and
of the threats to which it is subjected. Furthermore, the methodology and frame-
work we developed are playing an important and strategic role in advocating the
importance of the landscape in the planning process, and in spreading awareness on
the protection and management of natural and cultural heritage in the Eastern
Mediterranean region.

This was a means of assisting administrators/stakeholders in the planning pro-
cess through scenarios that were created by modifying weight and rank of the
indicators. The generation and selection of scenarios advocate for a bottom-up
approach to landscape planning that could complement the conventional practice,
and it constitutes a step forward into sustainable land-use protection and
management.
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Chapter 21
Assessment and Management
of Suburbanization Pressure
on Landscape in the Munich Region

Johannes Gnaedinger, Cristina Mattos, Tanja Fugiel
and Joerg Schaller

Abstract In growing cities and suburban regions, availability of resources and
landscape quality is becoming increasingly scarce. We present an analytical explo-
ration of the remaining suitabilities and of the spatial boundaries for further settlement
and infrastructure development in the highly dynamic and densely populated region of
Munich in southern Germany. We processed existing geodata, land use data and
environmental data on the regional scale to determine the remaining potentials and
limitations for further settlement development. In doing so, gradients of high to low
suitability as well as areas of strict exclusion were distinguished. These generalized
and region-wide results were applied and assessed in detail in a subregional devel-
opment process. There, cross-disciplinary work and inter-municipal coordination
were fundamental prerequisites to substantially foster the steering of land use and the
avoidance of unstructured growth, resource exploitation and landscape degradation.
The political will for landscape preservation strategies and the courage for increasing
cooperation in spatial development are the fundamental prerequisites from the
municipal to the state level. In the past, several associations for landscape protection
were established in the Munich region. Facing the ongoing strong settlement growth,
decisive collaboration, enhancement and extension of those activities and initiatives
will be required. To support such activities, the above-mentioned spatial analyses and
scenarios in inter-municipal processes, projects and regional spatial planning have to
be applied and deepened in order to consolidate these processes instead of remaining
or falling back into local individualisms. Those are by nomeans suitable to master the
spatial and environmental challenges of today.
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planning � Settlement and infrastructure development � Suburbanization � Urban
sprawl
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21.1 Introduction

The greater Munich Region (or Planning Region 14), comprised of the city of
Munich and 186 municipalities in Bavaria, Southern Germany, is one of the fastest
growing regions in Germany and in Europe. The stark growth observed, e.g. in the
past decade (inhabitants +16%) has resulted in a strong pressure on the region’s
landscape, natural and cultural resources, intensification of land use and threats to
the quality of life. Most of these changes have been driven by population growth
and movements, and in consequence settlement and infrastructure developments
(Mattos 2007). This tendency will continue at least in the near future, as for the
whole region about 350,000 new inhabitants are predicted from 2015 to 2035
(Bayerisches Landesamt fuer Statistik 2019). The scarcity of developable land
within the boundaries of the city of Munich has led to extremely high property
prices, increased requirements on technical and social infrastructure and restrictions
on the ability of low-income populations to settle in Munich (Clark and Moonen
2014). As the city runs out of space for settlement growth, the housing backlog
increases, dwelling and settling of companies in the suburban space becomes an
alternative, with additional pressure on the regional landscape, increasing travel
distances and competition for the most attractive locations.

In this article, we present three approaches related to this complex challenge:
(a) the development of GIS suitability models to point out the restrictions as well as
to assist in detecting the remaining environmentally compatible settlement poten-
tials, (b) the cross-disciplinary and inter-municipal awareness-rising and steering of
further growth and (c) the politically supported establishment and networking of
regional landscape initiatives.

21.2 GIS Suitability Models

In face of the Munich Region’s planning challenges, intensive spatial data pro-
cessing is required, where logical sequence of tasks (geoprocessing workflows)
must be performed and documented. Geographic information systems (GIS) are
essential in this effort, providing the necessary tools for spatial analyses. GIS
models facilitate and increase the efficiency of geoprocessing by automating the
workflows. ModelBuilder, a component of Esri’s ArcGIS platform, is a visual
programming language for interactively building geoprocessing models on a
graphical interface (Allen 2011) (Fig. 21.1). Easy to use, it allows to create and
change models by connecting individual geoprocessing tools into a workflow.

Using data created for the Landscape Development Concept of the Munich
Region LEK14 (Regierung von Oberbayern 2009; Schaller and Schober 2007), and
based on the development goals and principles defined by Bavarian authorities, a
framework of GIS models was created to assess settlement suitability and potential
future settlement development scenarios in the region, updating and upgrading
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existing preliminary models, testing technologies and methodological approaches
that could contribute to the regional planning (Mattos 2007; Schaller and Mattos
2009; Schaller et al. 2009).

Ten settlement development models were designed and implemented in ArcGIS
ModelBuilder: (1) eight ‘individual’ suitability models address relevant aspects of
settlement development (exclusions, restrictions, physical environment suitability,
land cover/land use suitability, socio-economic suitability, proximity to infras-
tructure, proximity to recreation and scenery beauty) (Fig. 21.2); (2) one main

Fig. 21.1 Example of geoprocessing model in ModelBuilder’s graphical interface

Fig. 21.2 Examples of individual suitability models: restrictions (top, left), land use (top, right),
socio-economic (bottom, left) and scenery (bottom, right)
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suitability model combines and weights the outputs of the eight individual models,
adjusts them to each of the four intra-regional groups of municipalities identified
with distinct characteristics and development trends and generates a settlement
suitability map for the region (Fig. 21.3); (3) a final ‘dynamic’ model adds a
timescale to assess the potential future settlement development in the region based
on the suitability mapping and on different prognoses of population growth—‘high
migration’, ‘stagnation’ and ‘airport expansion’ (construction of a third runway)
scenarios.

21.3 Application in a Subregional Spatial Development
Process

These analytical and generalized results were applied and exploited for the
north-eastern part of Region 14, the area surrounding the Munich airport (Sweco
GmbH et al. 2017). The aim was to determine the effects of the expected growth
upon inhabitants, transport and spatial quality and to propose adequate actions.
Based on the data of LEK14, on the study presented above, and with additional data
sets, e.g. from traffic forecast, we examined (1) how population, economy, work-
places and traffic will develop prospectively until 2030, (2) the resulting challenges
for spatial planning in the fields of settlement and transport as well as for nature,
landscape and land consumption and (3) the resulting fields of action and possible
measures to solve conflicts and to master the current and prospective challenges.

We performed a survey among the participating municipalities, where we asked
for their policies in settlement development, for their approaches in solving prob-
lems caused by steadily increasing traffic and for their efforts to preserve agricul-
tural land use, nature and landscape.

Fig. 21.3 Main suitability model (left) and example of suitability-based spatial allocation of new
settlements for a population growth scenario in the city of Munich (right)
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The analyses of the survey results showed that the municipalities exhibited only
few activities to guarantee a long-term sustainable spatial development. Above all,
their readiness to collaborate in committed problem-solving was very low in rural
parts of the region and somewhat higher in developed and suburbanized areas,
probably because of higher pressures as well as the insight that one municipality
alone will not master these complex challenges any more.

In a series of feedback workshops and future workshops with mayors, county
officials, large companies and superior authorities, a common understanding of the
spatial qualities, of the common challenges and main targets for the subregion’s
future was developed.

As a method for getting a common understanding of the subregion, a set of
scenarios (business as usual; rigorous land-saving; development along public
transport axes and public transport nodes; Fig. 21.4) was elaborated and discussed.
It turned out that there is a common will to find sustainable solutions in the sense of
the third scenario, being considered achievable through joint efforts. An urgent task
is to overcome the ‘egoisms’ of the individual municipalities and to establish a
stronger common regional planning policy with sound steering functions going
beyond the communities’ administrative boundaries, rather than a regional plan that
predominantly collects the merely individual intentions of the municipalities.
Together fields of action and finally recommendations for actions were prepared by
the experts and then discussed, refined and suggested to the political and admin-
istrative representatives.

Workshop discussions of the scenarios in Fig. 21.4 showed that scenario 3 was
favoured by almost all political representatives. Whilst scenario 1 implies a con-
tinuation of planning only on the level of the individual municipalities, and finally
badly ordered suburban structures, scenario 2 implies the contrary: any further use
of open space for settlement development as well as any extension of roads would
immediately be stopped in favour of a concentration of development inside the
urban fabric and in favour of a consistent extension of public transport systems
instead the motorized individual traffic.

The clear vote for scenario 3 resulted, on the one hand, from safety mindedness
(wish for continuation of the high economic prosperity) and, on the other hand,
from the insight that current problematic trends in land use and traffic will require
changes in political decision processes and consequently in planning. Therefore,
scenario 3 was considered a compromise between continued growth (housing,
commercial and industry allocation) and a stronger sustainable, resource-saving
development, well-ordered spatial structures and landscape preservation.

Which steps are required to put scenario 3 into practice? In the next chapter, we
will present how municipalities of the Munich Region tried to preserve landscapes
in the past and until today. Many municipalities are engaged in the preservation of
exceptional landscapes but at the same time they still consider the ‘normal land-
scapes’ just a spatial resource, if not an obstacle for settlement development. Facing
the ongoing suburbanization processes and still growing traffic problems, however,
we will furthermore argue where the municipalities and the region as a whole
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should go in the long run in order to conduct environmental preservation in the
entire remaining open space.

21.4 Regional Strategies for Preservation of Open Spaces
and Landscapes

In the past decades, municipalities of different subregions around Munich had
founded landscape associations: Isar Valley Association; Heathland Association;
Dachau Moss Association; Association for Recreation Areas (Isartalverein 2019;
Heideflaechenverein 2019; Erholungsflaechenverein 2019 and Verein Dachauer
Moos 2019). The associations’ purposes are the protection of outstanding land-
scapes against pressure from settlement growth, from road construction or from
negative effects of recreation, but as well to offer the growing population suitable
spaces for recreation. The meaning of those landscape associations is invaluable, as
they effectively preserved substantial open spaces from being suburbanized or

Fig. 21.4 Three future scenarios for a subregion north-east of region 14 Munich. Top left:
scenario business as usual (1), with ongoing uncontrolled suburbanization, driven by motorized
individual transport. Top right: contrast scenario (2), with rigorous land-saving and change to
public transport systems. Bottom left: realistic scenario (3), development along public transport rail
axes and rail nodes, with directed and qualified settlement development in subcentres and with
preservation of extensive regional open spaces
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overexploited in other ways. Doubtlessly the regional tradition of landscape asso-
ciations is a great success story, a great benefit and a valuable heritage for the
region.

However, the pressure in its different manifestations still holds on and even gets
stronger. For example, some municipalities feel forced to modify the boundaries of
legal nature conservation areas in order to gain more space for the development of
residential and business areas. Also, there are long lists of planned new road
constructions or road extensions, evidently leading to even more motorized traffic
and new settlement allocation in exterior areas. This is why the municipalities as
well as the planning region should not just live from their former achievements: the
preservation of typical, paradigmatic landscapes through the work of the landscape
associations will not be enough anymore. Instead, the municipalities have to go
further. They also have to increase the awareness for the ‘normal landscapes’ or the
‘everyday landscapes’, because they are particularly exposed to the urban sprawl.
The foundation of additional landscape initiatives for normal landscapes however
will become as important as those for the exceptional landscapes.

As very promising new examples, two subregions recently made big steps for-
ward as the respective communities started inter-municipal cooperation (RES
Regional Development Strategy Fuerstenfeldbruck County; Regional Management
Munich South-West). They implemented coordinated land use planning processes
by integrating landscape preservation, settlement allocation, infrastructure devel-
opment and joint social infrastructure. Landscape preservation played a key role
when these inter-municipal processes where set up. Now, the processes shall be
continued, land use planning shall be done more jointly and greater consideration
shall be given to landscape issues.

Together, the areas of the landscape associations and new spatial initiatives form
a considerable network around Munich, as Fig. 21.5 shows.

Besides the territories of the landscape associations protected by agreement,
there are also formally, respectively, legally protected areas based on nature con-
servation laws (like Natura 2000/FFH, Nature Conservation Areas/NSG, Landscape
Protection Area/LSG) and on the Regional Plan (e.g. Greenways/Gruenzuege), as
shown in Fig. 21.6. As mentioned above, the boundaries of at least the LSG do not
seem absolutely secure. Similarly, and already more regularly, the Greenways’
extensions are getting reduced little by little with each updating, not least because
on the official maps they are not delimited by sharp boundaries but by open hatches.
We realize that the protective status of restrictive legal categories is not absolutely
guaranteed. Even there, open spaces tend to be reduced and landscape qualities as
well as ecosystem connections and functions tend to be lost.

The tendencies of disappearance of open spaces depicted so far call for more
emphasis especially on the societal and political level. For the realization of the
commonly desired scenario 3 (compare Fig. 21.4 and explanations), as well as for
effective long-term protection of open spaces, we consider the following political
and organizational steps indispensable:
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Fig. 21.5 Overview of the territories of the landscape associations as well as of new space-related
initiatives (PSU, own cartography)

Fig. 21.6 Overview of legally protected areas and regional greenways (PSU, own cartography)
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– Instead of just individualistic planning of the communities, inter-municipal
planning policies should be established for all relevant types of land use, i.e.
integrated spatial planning (like RES Fuerstenfeldbruck and Regional
Management South-West). This will minimize competition, strengthen collab-
oration and synergetic effects among municipalities and will finally lead to
better coordinated, more sustainable and clear spatial structures.

– For explicit consideration and awareness of the landscapes, the established
landscape associations in the Munich Region should be developed further by
connection and extension of their territories, as well as by connection of the
associations among each other, and by integrating further regional initiatives and
NGOs.

– The landscape associations’ contributions, suggestions and demands to land use
policy have to have a strong compliance within the planning activities of region
and subregions. This will require some organizational and regulatory structures
(governance mechanisms).

– In the sense of subsidiarity, governance mechanisms on regional and
inter-municipal levels should be channelled and facilitated by the Federal State
and the Federal Republic. Furthermore, effective spatial planning instruments
along with clearly defined steering competences instead of ongoing deregulation
are urgently needed.

To push ahead and to feed the political process, deepening professional studies
should be carried out (see also above, GIS Suitability Models), such as
spatio-temporal analyses, detection of patterns of land use change, potentials or
losses of ecosystem services and capabilities, as well as joint recommendations for
actions in landscape networks, land-saving settlement allocation and sustainable
mobility systems. All those open spaces worth to be preserved should be clearly
delimited in order to finally be saved, managed and enhanced for the next
generations.

21.5 Conclusions

1. GIS suitability models help to identify and visualize suitable areas for settlement
development, to locate and quantify consequences of alternative developments
and to reduce uncertainties about the future.

2. They allow to integrate various information in a systematic way generating
quantified, georeferenced, visual outputs.

3. They are invaluable foundations for effective spatial planning, for expert plan-
ning and for political decision support.

4. Inter-municipal processes with discussion of alternative development scenarios
should be initiated as they can substantially strengthen the municipalities’
awareness for joint responsibility and their capacity for action.
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5. As a result, the foundation of landscape initiatives, landscape associations or the
inter-municipal work on spatial strategies and management structures stresses
the public importance and ensures continuous effort in landscape policy.

6. Participatory and integrative processes based on voluntary commitments cannot
replace a top-down spatial planning system: in the long run, both approaches
(subsidiarity principle) are indispensable for maintaining the quality of space
and landscape.
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Chapter 22
Gradient Analysis and Surface Metrics
for Landscape Ecology

Peter J. Kedron and Amy E. Frazier

Abstract In landscape ecology, spatial pattern analysis is primarily conducted
using landscape metrics designed to examine categorical land cover datasets that
can be segmented into discrete areas of homogenous coverage. However, this
approach to landscape analysis may be inconsistent with many ecological theories
which emphasize the continuous, gradient nature of ecological phenomena. To
address this challenge, researchers are beginning to develop an alternative gradient
surface model, which represents the landscape as a continuous environmental
gradient by using ratio rather than categorical data to capture landscape hetero-
geneity. While the gradient surface model is capable of capturing more landscape
heterogeneity, the lack of discrete boundaries between land covers makes it
impossible to summarize composition and spatial configuration using conventional
landscape metrics. To facilitate spatial pattern analysis of these gradient surfaces,
researchers are developing an alternative set of surface metrics to quantify the
composition and spatial configuration of features in continuous data formats.
Application of surface metrics remains limited in landscape ecology, and it is still
unclear how they might be interpreted in many contexts. To facilitate adoption of
the gradient surface model and surface metrics, this chapter uses a categorical map
of forest land cover in the conterminous USA and a complementary gradient surface
model of percent tree canopy cover of the same locations to compute corresponding
sets of landscape metrics and surface metrics and identify metric analogues between
the two models. Based on this analysis, the ecological meaning of several selected
surface metrics is discussed in the context of forest structure. The chapter concludes
with key considerations for practitioners and researchers adopting and developing
surface metrics.
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Keywords Landscape ecology � Spatial pattern metrics � Gradient analysis �
Surface metrics � Forest

22.1 Introduction

For decades, the “patch-mosaic model” (PMM; Forman 1995), which represents
landscapes as mosaics of discrete areas of homogenous land cover, has provided a
critical foundation for understanding pattern–process relationships in the landscape.
Yet, despite its ubiquity, the PMM neglects the continuous gradient nature of many
ecological phenomena and can, therefore, be inconsistent with ecological theory
(McGarigal and Cushman 2005; Cushman et al. 2010). As a result, alternative
landscape conceptualizations that capture a greater amount of landscape hetero-
geneity through gradient surface models (GSM) are beginning to emerge (Kupfer
2012; Frazier and Kedron 2017a). However, while these models overcome some of
the limitations of patch-based models, the tools for quantifying the two key aspects
of landscape structure—composition and configuration—remain underdeveloped.

This chapter is based on a prior study by Kedron et al. (2018) and reviews the
state of spatial pattern analysis in both the patch-mosaic and gradient surface
paradigms. It also presents an analysis to bridge the methodological divide between
the two approaches and facilitate adoption of a gradient perspective in landscape
analyses. Specifically, a new brand of metrics for quantifying composition and
configuration in landscapes—surface metrics—are evaluated for a set of ecoregions
and scales, and their values are compared to traditional landscape metrics to identify
analogues between the surface and patch-mosaic paradigms. Based on this analysis,
the ecological meaning of several selected surface metrics is discussed in the
context of forest structure. The chapter concludes with key considerations for
practitioners and researchers adopting surface metrics and continuing their devel-
opment and use.

22.2 Spatial Pattern Analysis in Landscape Ecology

As a research field, landscape ecology has distinguished itself from other branches
of ecology by focusing on the reciprocal relationship between spatial pattern and
ecological process (Turner 2005; Kupfer 2011). For nearly 40 years, the spatial
pattern analysis portion of landscape ecological research has relied almost exclu-
sively on the development and application of landscape metrics for quantifying
patterns in categorical land cover maps. Availability of software platforms such as
FRAGSTATS (McGarigal et al. 2012) have made landscape metrics accessible
(McGarigal et al. 2009; Uuemaa 2011), allowing them to become so dominant that
the current state of knowledge in landscape ecology, including most understanding
of pattern–process relationships, rests almost entirely on this approach.
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However, despite the widespread adoption, the use of patch-based models and
landscape metrics is not without critique. Categorical land cover maps collapse
intra-pixel heterogeneity, resulting in the loss of potentially relevant ecological
information (Fig. 22.1a). This information loss can be exacerbated when data are
aggregated to different scales to facilitate analyses (Frazier 2014; Schindler et al.
2015; Bruton et al. 2015). Patch-based models and metrics ignore the continuous
gradient nature of the environment (Cushman et al. 2010). Thus, landscape metrics
may not measure landscape functionality or provide insight into underlying eco-
logical mechanisms and their relationship to environmental patterns (Kupfer 2012).

To address these issues, new conceptual models, metrics, and software for
quantifying landscape patterns are being developed. One promising research stream
relies on gradient surface models (GSM) to represent landscape heterogeneity using
ratio rather than categorical data (Frazier and Wang 2013). One drawback to these
gradient models is that values are continuous, and there are no discrete boundaries
between land cover types. Since traditional, patch-based landscape metrics require
discrete patches of land cover, they cannot be used to measure composition and
configuration in gradient surfaces. Recognizing this limitation, landscape ecologists
introduced surface metrics to the field for this purpose (McGarigal et al. 2009).

While surface metrics have been applied in several ecological contexts including
flood plains (Scown et al. 2015), habitat connectivity (Moniem and Holland 2013),
topography (Zhang et al. 2018), forests (Frazier 2016), and urban areas (Wu et al.
2017), their widespread adoption has been hindered by several factors. First,
because many of the surface metrics used in landscape ecology were originally
developed for use in mechanical engineering, they lack clear ecological interpre-
tation. Second, like many traditional landscape metrics, surface metrics also suffer
from redundancy and correlation because they share common statistical founda-
tions, which can create confusion, misdirected effort, and erroneous conclusions.
Finally, limited access to software has slowed metric adoption and corresponding
theory development. A critical step in advancing use of the GSM and surface
metrics to improve our understanding of pattern process relationships is establishing

Fig. 22.1 a Patch-mosaic model with categorical raster, b gradient surface model with continuous
raster of percent canopy cover, and c 2.5D visualization of continuous raster
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the ecological meaning of surface metrics across a range of environmental contexts
(Kent 2009; Kedron et al. 2018). The study highlighted here provides a step in that
direction.

22.3 The Gradient Surface Model and Surface Metrics

Gradient surface models represent the landscape as a continuous environmental
gradient by using ratio rather than categorical data to capture a greater degree of
landscape heterogeneity (Frazier and Kedron 2017a). The attribute value of each
pixel in the continuous raster can be conceptualized and visualized as a 3D surface,
where the pixel location is represented by x and y, and the intensity of the value of
interest is represented by z. For example, when modeling tree canopy cover using a
GSM, the ratio of percent canopy cover for each pixel can be represented in a 2D
raster (Fig. 22.1b), or that ratio value can be extruded into 3D to illustrate variations
in forest canopy closure across a landscape (Fig. 22.1c). Representing the landscape
in these ways clearly demonstrates variation in the intensity of canopy cover. Land
cover gradients such as the one shown in Fig. 22.1 can be generated directly from
remotely sensed datasets through indices such as the normalized difference vege-
tation index or procedures such as spectral unmixing, which decompose the spectral
signal into its constituent parts and proportions. Gradients can also be generated
from categorical maps by statistically combining data through moving windows or
other aggregation schemes.

While conceptualizing and modeling the landscape as a gradient better matches
the continuous nature of many environmental variables, one major limitation is that
these models lack discrete boundaries between land cover classes, making it
impossible to summarize composition and spatial configuration using conventional
landscape metrics (Frazier 2014; Frazier and Kedron 2017b). Because the majority
of landscape metrics cannot be meaningfully applied to GSM landscapes, an
alternative set of surface metrics are being adapted and refined to quantify the
composition and spatial configuration of features in continuous data formats
(McGarigal et al. 2009; Kedron et al. 2018).

Surface metrics have their origins in microscopy and the related field of surface
metrology (Barbato et al. 1995) where they were developed to quantify a variety of
roughness and texture characteristics, primarily in microscopic surfaces. Dozens of
surface metrics have been developed for these purposes, and they generally fall into
several categories according to the properties they measure (Table 22.1). For
example, amplitude metrics measure variation in surface “height”, where height
refers to the magnitude of the value of interest. Several metrics in this category
summarize conventional aspects of the statistical distribution of values (e.g., mean,
skewness, etc.). These metrics quantify the composition of the landscape variable
but do not measure configuration. Applied to an ecological variable such as ele-
vation, amplitude metrics could statistically summarize the distribution of elevation
values across the landscape (Sa, Sq), while also providing insight into local
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Table 22.1 Commonly used surface metrics for landscape ecology investigations

Symbol Name Description

Amplitude metrics

Sa Average roughness Average absolute deviation of surface heights from mean

Sq Root mean square
roughness

Standard deviation of surface heights

Sp Maximum peak
height

Highest value

Sv Maximum valley
depth

Lowest value

S10z Ten-point height Avg. height above mean surface for five highest local
maxima plus avg. height below for five lowest local minima

Ssk Surface skewness Asymmetry of surface height distribution

Sku Surface kurtosis Peakedness of surface distribution

Spatial metrics

Scl20,
Scl37

Correlation length 20
and 37%

Horizontal distance of areal autocorrelation function that has
fastest decay to 20% and 37%, respectively

Sds Summit density Number of local peaks per area

Sfd Fractal dimension Calculated for different angles of angular spectrum by
analyzing Fourier amplitude spectrum

Srw Dominant radial
wavelength

Dominating wavelength found in radial Fourier spectrum

Srwi Radial wavelength
index

Relative dominance of Srw over other radial distances

Std Dominant texture
direction

Angle of dominating texture calculated from Fourier
spectrum

Stdi Texture direction
index

Relative dominance of Std over other directions of texture

Str20,
Str37

Texture aspect ratio
20 and 37%

Ratio of fastest to slowest decay to correlation 20% and 37%,
respectively, of autocorrelation function

Hybrid metrics

Sdq Root mean square
slope

Variance in local slope across surface

Sdq6 Area root mean
square slope

Similar to Sdq but includes more neighbors in slope
computation

Sdr Surface area ratio Ratio between surface area to area of flat plane with same x,y
dimensions

Ssc Mean summit
curvature

Average principal curvature of local maximas on the surface

Abbott curve metrics

Sbi Surface bearing
index

Ratio of Sq to height from top of surface to height at 5%
bearing area (z0.05 in Fig. 22.2a)

Sci Core fluid retention
index

Area above Abbott curve in the core zone (refer to
Fig. 22.2a)

(continued)
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elevation maxima and minima (S10z). In this case, “height” refers specifically to
topographic height, but in other cases, such as NDVI, “height” would refer to
greenness of vegetation.

The metrics in the spatial metrics category measure aspects of spatial configu-
ration of the measured variable. These metrics include summit density (Sds), gra-
dient texture and direction (Std, Stdi), and metrics measuring surface anisotropy
(Scl20, Scl37). For example, when applied to an NDVI surface of vegetation
intensity in an agricultural landscape, the texture direction index (Std) could provide
insight into the directional planting patterns of row crops or tree farms. However,
several of these metrics highlight how the microscopy origins of surface metrics
complicate ecological interpretation. In particular, Scl20 and Scl37 measure the
horizontal distance of the areal autocorrelation function that has fastest decay to a
20% and 37% threshold, respectively. The 37% threshold is equal to 1/e and is
commonly used in microscopy. While e is a universal constant with applications in
population ecology, it is not yet clear whether this threshold is the most appropriate
for ecological interpretations of surface metrics.

The metrics in the hybrid metrics category measure both amplitude and spatial
arrangement and include measures such as the ratio of “vertical” to horizontal slope
change (Sdq and Sdq6) as well as second-derivative measures curvature (Ssc) and
the surface area ratio (Sdr) of an environmental gradient. An ecological application
of the hybrid metric Sdq (slope) for a forest canopy cover gradient surface could
provide an indication of the severity of change in canopy cover in certain areas of
the landscape. Areas with abrupt change would have high Sdq values while areas
with gradual transitions would present low Sdq values.

The metrics in the Abbott curve category are all derived from the Abbott curve.
The Abbott curve, which is also known as the Abbott-Firestone curve or the bearing
area curve, is the cumulative probability density function of the surface profile’s
height (Fig. 22.2). Abbott curve metrics were originally designed to quantify the
bearing properties of industrial surfaces such as how well they would distribute and
hold lubricant. These metrics are based on an inversion of the cumulative height
distribution histogram and summarize the prevalence of 3D spaces (pits and val-
leys) across the landscape (Sci, Svi). For example, in a surface that represents the

Table 22.1 (continued)

Symbol Name Description

SdcX_Y Height difference of
Abbott curve

Height intervals of the Abbott curve: 0–5, 5–10, 10–50, and
50–95

Sk Core roughness
depth

Height difference between the intersection points of the
found least mean square line in the Abbott curve

Spk Reduced peak height Height of upper left triangle in Abbott curve

Svk Reduced valley depth Height of triangle drawn at 100% on Abbott curve

Svi Valley fluid retention
index

Area above Abbott curve in “valley” zone (refer to
Fig. 22.2a)
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percent forest cover in each pixel, the structure of the Abbott curve could indicate
whether a landscape has pockets of remnant forest in an otherwise clear agricultural
landscape, or, conversely, it could indicate the degree of forest closure after a
logging effort.

22.4 Establishing Connections Between Landscape
and Surface Metrics

Since surface metrics are only beginning to see widespread application in landscape
ecology, there is a limited body of work demonstrating how they might be inter-
preted in ecological contexts. A small number of studies have established empirical
connections between surface metrics and landscape metric through analogues.
While identifying analogues is not prerequisite for utilizing surface metrics, it
would allow landscape ecologists to draw from the insights developed during
40 years of PMM-based landscape analysis to enrich and expand the emerging
GSM paradigm. For example, Fan and Myint (2014) identified relationships
between a series of landscape metrics and statistical measures of spatial autocor-
relation computed using three vegetation indices. While the spatial autocorrelation
measures used in their analysis were not derived from microscopy or surface
metrology, they did quantify landscape composition and configuration in a gradient
surface, which is the ultimate goal of surface metrics. McGarigal et al. (2009) used
a cluster analysis and rank correlation analysis to identify potential analogues
between surface metrics and traditional landscape metrics for a range of gradient
data types. The authors were able to identify several potential connections, but
suggested further research was needed to expand their results. Responding to that
call, Kedron et al. (2018) examined potential metric analogues within the forested
ecoregions of the USA and expanded the analysis to include the consistency of
analogues across spatial scales.

Building on these prior studies, the remainder of this chapter summarizes and
expands the analysis performed by Kedron et al. (2018) by highlighting important

Fig. 22.2 Abbott curve
(bearing area curve)
illustrating the calculation of
surface bearing index, core
fluid retention index, and
valley fluid retention index.
Based on Image Metrology
(2017)
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metric analogues, summarizing lessons from the existing literature, and outlining
directions for future research. The research utilizes a patch-mosaic model (cate-
gorical map) of forest land cover in the conterminous USA and a complementary
gradient surface model of percent tree canopy cover to compute corresponding sets
of landscape metrics and surface metrics. The surface metrics are analyzed for
clustering across scales. The surface and landscape metrics are then compared
through Spearman’s rank correlations.

22.5 Spatial Pattern Metric Analogues in the Forested
Ecoregions of the Continental United States

22.5.1 Study Region

Four nested levels of ecoregions have been mapped in the USA to facilitate
ecosystem management strategies across agencies and organizations (Omernik and
Griffith 2014; McMahon et al. 2001). Level I ecoregions are the largest and
Level IV are the smallest. This study focuses on Level II ecoregions, specifically
eight forested, Level II ecoregions defined by Omernik (1987) (Fig. 22.3). These
eight ecoregions were selected because complementary forest data are available in
categorical (PMM) and continuous (GSM) formats produced by the
Multi-Resolution Land Characteristics Consortium (MRLC). Both datasets are
based on Landsat imagery (Coulston et al. 2012, 2013), which facilitates com-
parison. The categorical land cover raster (hereafter, NLCD) nominally includes 16
classes, which we aggregated into parent classes to create a single forest class. The
continuous land cover raster (hereafter, TCC) represents percent tree canopy cover
and ranges from 0 to 100%.

Fig. 22.3 EPA forested Level II ecoregions with the total number of grid candidates and final
number of forested landscapes included in analysis
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We generated a sampling grid with 20 km2 sub-regions and randomly selected
125 sub-regions from each of the eight ecoregions for analysis. Prior to sampling,
grid squares located within the boundaries of urbanized areas with populations over
500,000 were removed to facilitate a focus on forest cover. In some cases, selected
squares did not contain any forest cover, and these were removed prior to analysis
(Fig. 22.3). To promote a multi-scale analysis, the NLCD and TCC were aggre-
gated to 60, 120, and 180 m resolutions using majority rules aggregation (with
random decision when a tie occurred) for the NLCD and mean statistical aggre-
gation for the TCC. These aggregation operations produced four distinct scales for
analysis.

For each sampled square sub-region, at each spatial scale, we computed 28
surface metrics using the TCC data and SPIPTM software (Table 22.1). Following
convention, surface metrics were calculated with a correction for surface mean to
allow for a relative comparison. We also computed 17 class-level and 7
landscape-level landscape metrics (Table 22.2) using the NLCD data and
FRAGSTATS software (McGarigal et al. 2012). Detailed description of the land-
scape metrics is available at (https://www.umass.edu/landeco/research/fragstats/
fragstats.html), while equations and descriptions of the surface metrics are available

Table 22.2 Landscape metrics analyzed as potential analogues of surface metrics

Symbol Metric Description

Class-level metrics
Area/edge metrics

AREAa Patch area Area of patch

GYRATEa Radius of gyration Indicator of patch extent that measures distance between
each patch cell and patch centroid

PD Patch density Number of patches per unit area

ED Edge density Amount of patch edge per unit area

LPI Largest patch index Percentage of total landscape comprised by largest patch

LSI Landscape shape
index

Perimeter–area ratio for the landscape

Shape metrics

PARAa Perimeter–area ratio Measure of shape complexity that is not standardized to
Euclidean geometry

SHAPEa Patch shape
complexity

Patch perimeter divided by minimum patch perimeter
possible for maximally compact patch of corresponding
area

FRACa Fractal dimension
index

Measure of shape complexity across a range of spatial
scales

CIRCLEa Circumscribing
circle

The smallest circle that can circumscribe a patch, a
measure of shape complexity.

CONTIGa Contiguity Measure of spatial connectedness based on LaGro
(1991)

(continued)
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Table 22.2 (continued)

Symbol Metric Description

Proximity metrics

PROXa Proximity index Dimensionless index measuring distance between
patches of corresponding patch type considering both
size and proximity

ENNa Euclidean nearest
neighbor distance

Shortest straight line distance between focal patch and its
nearest neighbor of same class

SIMIa Similarity index Dimensionless index measuring distance between
patches of all types and considering both size and
proximity

Interspersion metrics

AI Aggregation index Frequency with which different pairs of patch types
appear adjacent in the map

Connectivity metrics

COHESION Cohesion Physical connectedness of corresponding patch type

CONNECT Connectivity index Number of functional joinings between patches of
corresponding patch type using a user-specified distance

Landscape-level metrics
Interspersion metrics

CONTAG Contagion Measures dispersion and interspersion of patch types

PLADJ Percent of like
adjacencies

Frequency with which different patch types (cells) are
located next to each other

Diversity metrics

PRD Patch richness
density

Number of patch types divided by total landscape area

SHDI Shannon’s diversity
index

Measures diversity through the proportion of each land
cover type in the landscape

SIDI Simpson’s diversity
index

Probability two cells selected at random are different
patch types

SHEI Shannon’s evenness
index

Measures evenness of patch distribution across the
landscape

SIEI Simpson’s evenness
index

Measures evenness of patch distribution across the
landscape

MSIEI Modified Simpson’s
evenness index

Measures evenness of patch distribution across the
landscape

Definitions from McGarigal et al. (2012)
aClass distribution statistics computed including: mean (MN), area-weighted mean (AM), median
(MD) range (RA), standard deviation (SD), and coefficient of variation (CV)
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at (http://www.imagemet.com/WebHelp6/Default.htm). Fifteen surface metrics
failed to produce valid data and were dropped from subsequent analyses (removal
of these metrics is discussed in Sect. 22.5).

22.5.2 Identifying Components of Forest Structure

Components of forested landscape structure were identified using the surface
metrics to account for correlation between surface metrics and variation in metric
correlation across scales. Component identification followed a two-step process.
First, polythetic agglomerative clustering based on a Spearman’s rank measure of
metric distance was used to identify sets of related metrics in each ecoregion at each
scale. Because clustering generated multiple solutions for each ecoregion, scree
plots and dendograms were used to identify the optimal number of clusters at each
scale. Second, to assess the cohesiveness and universality of surface metrics clus-
tering, the percentage of ecoregions in which metrics clustered was calculated
across scales and ecoregions.

Eighteen surface metrics consistently clustered into four or five landscape compo-
nents across all four scales of analysis. As resolution coarsened, dissimilarity measures
between clusters decreased, indicating more overall similarity between metrics fol-
lowing aggregation. At the same time, metric relationships within clusters remained
consistent (agglomerative coefficients ranged 0.86–0.93) and closely matched the
original rank-based distances observed between surface metrics prior to clustering
(cophenetic correlations ranged 0.73–0.89). The set of surface metrics belonging to
each cluster also varied minimally across ecoregions and scales (Table 22.3).
Collectively, these results suggest that, in the context of forested ecoregions, surface
metrics exhibit consistent relationships that are also robust to changes is spatial scale.
This finding provides a foundation for the identification of landscape metric analogues
and supports the possibility that observed relationships between traditional landscape
metrics and surface metrics may be consistent across scales and forested ecoregions.

22.5.3 Establishing Metric Analogues

To aid in the ecological interpretation of surface metrics in the context of forested
landscapes, Spearman’s rank correlations were calculated for each of the sampled
forested landscapes for each spatial scale. When observed, high correlations in
different ecoregions and scales indicate potential consistency in the aspects of
landscape composition or configuration that surface metrics capture. Consistent
correlations also support the transference of ecological theory and interpretation that
has been established through PMMs over the past 40 years to GSMs. To
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simultaneously account for metric redundancy and facilitate interpretation, the
correlation structure of metrics is discussed in the context of the five components of
landscape structure identified during the analysis of surface metric clustering.

C1: Canopy Contiguity The first component (C1) of forest structure consists of
surface metrics measuring the coverage range of areas in the landscape of highest
and lowest percent canopy cover. Across ecoregions and scales, this cluster con-
sisted of three metrics (S10z, Sbi, and Sdc0-5), which clustered together 91% of the
time at 30 m resolution, 81% of the time at 60 and 120 resolutions, and 71% of the
time at the 180 m resolution. The high cohesiveness of this cluster is likely the
result of mathematical relationships between the three metrics and the upper limit of
percent canopy coverage within the TCC being bound to 100% cover since each
metric is computed using pixel measures from the extremes of landscape percent
canopy cover. In forested landscapes, these extremes often become homogenous as
pixel values in the upper and lower five percent of the percent canopy cover
distribution converge. In other ecological contexts, the cohesiveness of these
metrics may be reduced. However, observing no relationship is unlikely given their
shared mathematical elements.

Regarding analogues with traditional landscape metrics, surface metrics in C1
demonstrated moderate relationships with patch-based measures of landscape shape
and contagion with absolute rank correlations ranging from 0.41 to 0.51
(Table 22.4). The highest correlations were observed between Sdc0-5 and PLADJ,
CONTIG, and PARA, indicating a negative relationship between the range of
percent canopy cover in the least forested areas of a landscape and landscape
aggregation and like adjacency. Conversely, the surface bearing ratio, Sbi, which

Table 22.3 Surface metric clustering by resolution across the ecoregions

Cluster Measuring Surface metrics Cohesiveness

30 m 60 m 120 m 180 m

1 Canopy contiguity S10z, Sbi,
Sdc0_5

0.91 0.81 0.81 0.71

2 Canopy distribution and
isolation

Sci, Sp, Sv, Ssk,
Sds

0.77 0.77 0.77 0.71

3a Canopy roughness, patch
complexity and edge

Sa, Sdr, Sq, Sdq,
Sku, Sfd

0.65 – – –

3b Sa, Sdr, Sq, Sdq,
Sku

– 0.80 0.80 0.80

4a Canopy direction and
autocorrelation length

Scl20, Shw, Srwi,
Stdi

0.79 – – –

4b Scl20, Shw, Srwi,
Stdi, Sfd

– 0.55 – –

4c Scl20, Shw, Srwi,
Sfd

– – 0.93 0.93

Cohesiveness values indicate how consistently metrics cluster together across ecoregions
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measures the ratio between variation in percent canopy cover in an entire landscape
and the range of percent canopy cover exhibited a positive relationship with the
same patch-based measures of landscape aggregation and adjacency. In micro-
scopy, higher values of Sbi indicate good bearing properties because they are
associated with surfaces with regularized variation in height and fewer extreme
outlying peaks or values. In the context of percent forest canopy cover, such
surfaces would tend to be characterized by consistently covered areas with fewer
areas of minimal coverage, an interpretation reinforced by the observed rank
correlations.

Taken together, the cohesiveness and metric analogues of C1 suggest these
surface metrics are related to the contiguity and aggregation of a forested landscape
and give particular attention to the extremes of the distribution forest canopy cover.
However, unlike their patch analogues, the surface metrics of this cluster do not
directly measure the spatial configuration of a landscape. Instead, these surface
metrics capture characteristics of the distribution of percent canopy cover in a
landscape that tend to occur in areas with aggregated and contiguous forest cover.

C2: Canopy Distribution and Isolation The second identified component (C2) of
forested landscape structure consists of five surface metrics (Sci, Ssk, Sds, Sp, Sv)
that clustered together over 70% of the time across all four scales of analysis. Two
of these five metrics, maximum peak height (Sp) and maximum valley depth (Sv),
did not provide a great amount of information in most forested landscapes. These
metrics measure either the maximum or minimum value of pixels in the landscape.
In forested ecoregions, it is likely that at there will be at least one 30 m pixel that
contains 100% forest cover and at least one that contains 0% forest cover, which
makes these metrics largely uninformative.

The three remaining surface metrics in C2 measure different aspects of the
distribution of percent canopy cover. Surface skewness (Ssk) quantifies the asym-
metry of the canopy cover distribution, which provides insight into the percentages
of canopy cover most prevalent in the landscape. Core retention index (Sci) is a
functional parameter that, in microscopy, is typically used to measure the area of a
surface acting as a lubricant reserve. In a forested context, this metric could be used
as an aggregate indicator of the overall growth potential of areas in the landscape
that have some canopy cover but are not as densely covered as those areas in the
landscape with high percent canopy cover. Unlike skewness and core retention,
surface summit density (Sds) is an explicitly spatial measure of the number of local
forest canopy cover maxima per unit area. Summit density is a local measure of
forest intensity that can be sensitive to variations in percent canopy cover that occur
over small distances. For example, in landscapes where forest stands are intermixed
with developments or wetland areas that create localized breaks in canopy cover,
the resulting pockets of intense canopy coverage would appear as local peaks in the
gradient surface raising the summit density value.

Collectively, the surface metrics in C2 characterize distribution of percent
canopy cover in forested landscapes. The three metrics of interest—Ssk, Sci, and
Sds—all show moderate to strong rank correlations with patch-based measures of
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patch area, shape, and isolation (Table 22.4). Sci and Ssk both demonstrated strong
negative relationships with forested area measures, AREA and PLAND, but strong
positive relationships with neighbor distance, ENN_AM. Increases in the number of
pixels in a landscape with low percent canopy cover would correspond to
increasing Ssk and Sci. At the same time, landscapes with more low percent canopy
cover pixels will have less forested landscape area, and as those areas split apart
greater distances between neighboring forest patches. The splitting of the landscape
would increase the perimeter of forest patches while reducing their area, an
observation supported by the positive correlation between both metrics and the
shape metric PARA_AM. This type of landscape would also be likely to be char-
acterized by small Sds as local pockets of forest would be farther
apart. A conclusion supported by the negative correlation between Sds and
ENN_AM.

C3: Canopy Roughness, Patch Complexity, and Edge The third identified
component (C3) of forested landscape structure characterizes variation in percent
canopy cover across the landscape. Five surface metrics (Sa, Sq, Sku, Sdr, Sdq)
make up this component. However, only four of those metrics clustered consistently
across all four scales of analysis. Kurtosis of the percent canopy cover distribution
(Sku) was most closely related to Sa and Sq but only clustered with those metrics in
five of the seven ecoregions studied. At the 30 m resolution, C3 also included
surface fractal dimension (Sfd), which measures the geometric complexity of a
surface. However, this metric showed stronger relationships with the surface met-
rics in the canopy direction and autocorrelation component (C4) at the coarser
resolutions. Fractal indices are often scale invariant, which may explain why Sfd
exhibited inconsistent relationships with other surface metrics more sensitive to
changes in scales. Exclusion of Sfd from C3 raised cluster cohesiveness from 0.65
to 0.80. For this reason, Sfd is excluded from the discussion of C3.

Four of the five surface metrics make up C3 measure variation in the intensity of
percent canopy cover across the landscape. Average roughness (Sa) and root mean
square roughness (Sq) both measure mean deviation in percent canopy cover. These
two metrics are mathematically related, which suggests that researchers should use
discretion when choosing which metrics to include in an analysis and select only
one of these to reduce redundancy. Moreover, because Sa and Sq are incapable of
differentiating peaks in percent canopy coverage from valleys in percent canopy
coverage, or of differentiating the spacing of differences in canopy cover, we rec-
ommend augmenting analysis using these metrics with other surface metrics.
Surface area ratio (Sdr) is one metric that can be used to further differentiate
forested landscapes with similar roughness measures. In microscopy, Sdr measures
the percentage of additional surface area a surface has when compared to a flat
plane. Sdr will typically increase with the spatial intricacy of a surface. In the
context of forested surfaces, this metric provides insight into the amplitude and
spacing of variations in percent canopy cover throughout a landscape. Root mean
slope (Sqd) is another metric that can be used to differentiate forested landscapes
with similar roughness values. Like Sdr, Sdq is sensitive to amplitude and spacing.
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In the context of forested ecoregions, higher values of Sdq are likely to be asso-
ciated with greater differences in percent canopy cover occurring over shorter
distances.

The surface metrics in C3 had strong relationships with patch-based measures of
edge density, shape, and variation in patch area (Table 22.4). Average roughness
(Sa) and root mean square roughness (Sq) had moderate positive correlations with
AREA_CV and CLUMPY, which suggest that landscapes with greater variation in
percent canopy cover tend to also have more aggregated forest patches that vary
more widely in size. The surface metrics Sdq and Sdr correlated highly with
patch-based metrics edge density, ED, and fractal dimension, FRAC. This finding
suggests that variation in the slope of percent canopy coverage of a landscape are
analogous to edges between patches in the PMM, and that forests with greater
roughness tend to have intricately mixed land covers that create complex shapes in
the landscape.

C4: Canopy Direction and Autocorrelation Length The final component (C4) of
forest structure included surface metrics that measured the direction of the dominant
pattern observed in percent canopy coverage (Stdi), and the distance between
correlated locations in canopy cover landscape (Scl_20, Srwi). C4 consistently
included measures of correlation length, Scl_20, and dominant radial wavelength,
Srwi, but added or dropped fractal dimension, Sfd, and dominant texture direction,
Stdi, depending on scale. At scales where Stdi created its own cluster, the remaining
surface metrics in C4, including Sfd, demonstrated greater cohesiveness (0.93).

Other than Stdi, the metrics in C4 showed moderate rank correlations with the
patch-based metric CLUMPY, which measures class aggregation (Table 22.4).
Positive correlation between aggregation and autocorrelation length would be
indicative of forests with a small number of forest patches with large areas that also
have high percent canopy throughout the entire patch. Stdi did not correlate highly
with any patch-based metrics, which may be the product of the landscapes under
investigation. There may be no clear reason to expect landscapes within forested
ecoregion may to exhibit a clear directional pattern in percent canopy coverage. If
this is the case, finding correlation with patch-based metrics is unlikely. However,
Stdi may be useful in the characterization of other landscapes. For example, agri-
cultural landscapes and managed forests may present clear directional characteris-
tics quantifiable using this metric. The surface metrics in C4 appear to have fewer
clear PMM analogues than those in the other components of forest structure.

22.6 The Road Ahead

22.6.1 Removal of Metrics and Scales

Initially, this investigation included 15 additional surface metrics that were ulti-
mately dropped from the analysis because they failed to return valid results in
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multiple ecoregions. Considering why these metrics failed to produce usable
measures in the context of percent canopy cover of forested areas provides insight
into the ecological interpretation of surface metrics and future research directions.

The reasons for surface metric removal varied. First, like Stdi, measures of the
uniformity of surface texture (Str20, Str37) may perform poorly in ecological
contexts without a dominant directional trend or in contexts where surface variation
is minimal. Second, in landscapes characterized by high percent canopy cover in all
locations, certain surface metrics (Sdc5_10, Sdc10_50, Sdc50_95) calculated from
intervals of the cumulative distribution may not be calculable or practical. In the
landscapes examined, Sdc0_5 (canopy deviation intervals at 0 and 5%) produced
acceptable values, but many of the remaining intervals produced zero values. In
these types of surfaces, anisotropy may also be minimal or absent, and metrics
measuring that characteristic (Scl37) may not be reported as well. These findings
reinforce the need for practitioners to carefully select the set of surface metrics they
will use in a given spatial context.

Similarly, the original analysis of scale conducted for this examination included
resolutions up to 480 m. However, analysis was ultimately restricted to resolutions
of 180 m and lower because too many surface metrics failed to produce usable
values at coarser resolutions. This result is important for researchers in at least three
ways. First, it highlights the need for those working with surface metrics to consider
whether they can reasonably expect to calculate results at a given resolution.
Second, it demonstrates the potential limits to adapting surface metrics for use in
ecological contexts. Finally, it suggests that detailed examination of scaling rela-
tionships common in the PMM may be difficult to replicate at similar scales in the
GSM.

22.6.2 Advice for Practitioners and New Research
Directions

Incorporating the GSM and surface metrics into the analysis of landscapes is still
maturing, practitioners interested in using or contributing to the development of
surface metrics should be mindful of several considerations.

First, not all surface metrics developed for use in industrial applications are
appropriate for use in landscape analysis. We highlighted several applications of
metrics here for forest investigations, but the usefulness of different metrics will
likely vary by application. In addition to some surface metrics failing to compute in
certain landscapes, metrics designed to summarize physical features like height,
surface area, and void volume may be difficult to translate when the attribute under
consideration is non-physical in nature. The attribute examined in this chapter was
the percent canopy cover of each individual raster pixel. While this can be visu-
alized and conceptualized as a 3D surface (Fig. 22.1c), for example, spaces
between peaks do not have the same interpretations as volumes. For example, in
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this context, a measure of those spaces, core index Sci, could be conceptualized as
the closure potential of forest areas. However, this conceptualization makes an
assumption about a variety of unobserved factors (e.g., soil type and slope) that may
be constraining canopy coverage.

Second, like patch-based landscape metrics, surface metrics demonstrated
redundancies that should be accounted for prior to use in analysis. Many surface
metrics have very similar mathematical derivations and are designed to quantify
related concepts. For example, several of the metrics presented here are derived
from the Abbott curve and thus are interdependent. Practitioners should review
metrics prior to analysis and attempt to account for potential redundancies to reduce
possible biases in subsequent statistical analyses and inferences.

Third, practitioners should give careful consideration to scale, both the resolu-
tion (i.e., grain) and spatial extent, of their GSM data. As information about the
heterogeneity of the landscape is lost during aggregation, surface metrics become
unstable in their characterization of the landscape. In the forested ecoregions
examined, many surface metrics could not be computed at resolutions coarser than
180 m. These results suggest that there may be optimal scales at which to use
surface metrics in this context.

Fourth, surface metrics should not be considered one-to-one analogues of
patch-based landscape metrics. Patch-based landscape metrics quantify either the
composition or the configuration of the landscape, with metrics focused on con-
figuration directly considering the spatial arrangement of land cover. Many of the
surface metrics analyzed here measure only the composition of the landscape.
Because surface metrics were designed to summarize the bearing and fluid retention
properties of an entire surface, most metrics focus on the landscape in aggregate.
Surface metrics that do directly measure configuration were also the metrics that
were most difficult to identify analogues. For example, measures of surface texture
direction, slope, and autocorrelation had few robust analogues in the PMM. More
work is needed examining the potential meaning of these metrics in different
ecological contexts.

Fifth, surface metrics offer a variety of new perspectives that may not be cap-
tured by the comparative approach presented here and have yet to be explored in the
literature. For example, surface metrics open the possibility of analyzing variation
within patches. Because the PMM relies on categorical rasters and patches are
defined as contiguous areas of identical categorical classification, this model offer
no insight into intra-patch variation. In contrast, in forested landscapes, surface
metrics can be used to characterize canopy coverage within patches that were
identified by the PMM or alternative threshold approaches. This approach could for
example shift how the sub-field understands ecological processes related to func-
tional metrics like core area or edge contrast.

Finally, further work is needed in standardizing and increasing the availability of
surface metrics within landscape ecology and related fields. While the mathematical
derivations of surface metrics are codified and available through proprietary soft-
ware packages, few metrics are freely available through programming languages
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like R or in standalone software programs like FRAGSTATS. While the next
planned release of FRAGSTATS plans to incorporate the metrics examined in this
paper, until that time, progress remains slowed by the lack of software.
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Chapter 23
Landscape Character and Ecosystem
Services Assessment: A Case Study
from India

Debbie Bartlett and Sarah Milliken

Abstract This chapter describes a research project in Gujarat, north-west India,
which resulted from a request for help with developing a strategy to deal with
Prosopis juliflora, an invasive thorny shrub also known as ‘Mesquite’. After due
consideration, we concluded that any attempt at eradication would not only be
impractical, it would also be unlikely to succeed. Funding was therefore sought to
enable us to apply an integrated approach combining several methods to provide an
information base for land use planning, rather than taking a single species approach.
Landscape character assessment enabled natural areas in the region to be identified
and this was followed by detailed participatory ecosystem services assessment
focusing on one specific natural area. This process revealed that, although the
spread of Prosopis juliflora is a key concern for ecologists, local people value the
plant as a source of fuel and other resources for which there was no obvious
alternative. All the results were collated into a natural area profile document, which
was presented to the focus group participants as well as to other stakeholders and
decision-makers as a robust evidence base to inform future land use planning
decision-making.
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23.1 Background and Objectives

Kachchh district is located in the northern part of Gujarat state, north-west India
(Fig. 23.1). It is an arid/semi-arid area and the countryside consists of a mix of
productive farmland which is used to grow large-scale crops such as cotton, castor,
mango and pomegranate, subsistence farming, salt desert, and extensive grasslands
which are of great importance to pastoralists that still practice transhumance. With
such a wide range of habitat types, landscape character assessment is a useful tool
as a first step towards understanding the area (Tudor 2014). The way in which the
different elements provide benefits to the residents and influence land cover and
land use can then be investigated by carrying out an assessment of their ecosystem
services.

The spread of P. juliflora is reducing the availability of grazing land for
migratory pastoralists (e.g. Geevan et al. 2003; Koladiya et al. 2016). P. juliflora
(Fig. 23.2), a non-native shrub originally from South America, was introduced to
prevent the salt deserts from encroaching onto the grasslands. While this may have
been successful, the unintended consequence has been the rapid spread of this
extremely invasive plant which is highly successful at competing with native
vegetation, particularly in arid areas with high soil salinity. This plant is considered
to be a problem in many countries (Lowe et al. 2004), and it is particularly abundant
in the Kachchh region, especially in the Banni, the largest natural grassland in the

Fig. 23.1 Location of Gujarat state and Kachchh district

522 D. Bartlett and S. Milliken



Indian subcontinent, where remote sensing data show that it has spread at a rate of
about 25 km2/year, and it is predicted that by 2020 more than 56% of the grassland
will be covered by the shrub (Kathiresan 2006).

Much of the region is rural, with 40–45% of households in Gujarat dependent on
natural resource-based livelihoods. The 2001 earthquake, which killed more than
18,000 people in the state, had a significant impact on medium and small-scale
industries, including cotton processing and the salt industry, resulting in the loss of
employment for thousands of people (Ashok et al. 2001). The state of Gujarat is the
second most industrialised state in India, and its rapid development has had a marked
impact on the environment, local communities and their livelihoods (Awasthi 2000).
The Growth Strategy for Gujarat initiated in 2002–03 has led to a quantum leap in
economic growth by providing huge incentives which have successfully encouraged
inward investment and industrial development. However, poorly planned growth has
exacerbated social inequalities, damaged the environment and compromised the
delivery of ecosystem services. This has led to a reduction in funding for education,
health and employment and has resulted in environmental damage which has
affected rural livelihoods by degrading resources which, along with pollution, has
led to reduced productivity and incomes (Hirway 2017).

While Environmental Impact Assessment (EIA) has become an integral part of
the decision-making process since it was introduced to India in the 1990s, and while
in theory it is required for all developments over a certain size, in practice weak
enforcement, including the inability to impose fines, is resulting in many

Fig. 23.2 Prosopis juliflora lining a road in Kachchh where large herds of livestock are a frequent
sight
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developments taking place without undergoing an EIA, despite their potential to
cause negative environmental and socio-economic impacts (Panigrahi and Amirapu
2012). The urgency of encouraging investment to rebuild the regional economy
after the 2001 earthquake may have resulted in local social and environmental
factors being overlooked (see, for example, Therivel and Wood 2017). Rapid
development, especially along the coast, that does not appear to have included a
consideration of local social factors in the planning process, combined with envi-
ronmental pressures (increasing soil salinity, water shortage and the spread of
P. juliflora), is clearly affecting traditional livelihoods and increasing the vulnera-
bility of communities to the effects of climate change.

23.2 Research Concept

The aim of our research was to introduce an integrated approach to land use
planning in India, using Kachchh district as a case study. Landscape character is
based on a combination of biophysical and cultural factors rather than adminis-
trative boundaries, and in England, this approach has been used to provide guidance
for decision-makers that incorporate community views about their environment as
well as factual data for all the ‘natural character areas’ to produce Character Area
Profiles (Natural England 2014). These describe natural and cultural features, how
the landscape has changed, what has caused this, and identify any drivers likely to
cause future change.

This was followed by an assessment of the ecosystem services, an approach that
has come to the fore since the Millennium Ecosystem Assessment (United Nations
2005) which examined the state of the environment from the perspective of the
services which benefit humans and, in many cases, on which we depend. This
enabled the identification of specific environmental opportunities, in order to pro-
vide a robust context for decision-making that benefits local communities and
informs the development agenda, while at the same time minimising negative
impacts on the environment.

We applied this approach to Kachchh district, beginning with the identification of
the Natural Character Areas, followed by a participatory ecosystem services
assessment exercise, in order to demonstrate an integrated land use planning process.

23.3 Identification of Natural Character Areas
in Kachchh

This began with a detailed desk study, gathering together physical, biological and
socio-economic data to identify areas within the region with similar characteristics.
Topographical, geological and soil maps were used, in combination with remote
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sensing imagery, to reveal vegetation, bare ground and waterbodies, and how these
had changed over time. Books, published papers and reports were reviewed to
amass information on livelihoods and socio-economic factors as well natural
attributes, such as ecological assemblies/communities, including notable wildlife
and designated areas.

The desk study provided the basis for the fieldwork, which adopted a combi-
nation of the Landscape Character Assessment method originally developed by the
Countryside Commission in the 1990s and updated by Natural England (Tudor
2014). Field sheets were modified to reflect local features such as temples,
P. juliflora (assessed on the DAFOR scale1) and herds of camels, goats and buffalo.
The desk study informed the selection of locations for field assessment, which were
visited by a team consisting of both Indian and European researchers (Fig. 23.3).

The field sheets were analysed and the results, combined with the desk study,
enabled the region to be subdivided into natural areas, shown as different colours in
Fig. 23.4. The coastal plain, shown in both red and blue to include the intertidal
area, was then selected for in-depth study.

The flat topography of the coastal plain has encouraged the settlement of
industries. Development was further encouraged by policies after the 2001 earth-
quake which introduced tax breaks to encourage investment in the area and the
setting up of Special Economic Zones (Ministry of Micro, Small and Medium
Enterprises 2015). The rapid industrialisation of the coastal plain has resulted in a
proliferation of features such as roads, communication masts and wind turbines
(Sharma et al. 2012), and it was for this reason that we chose to focus on the impact
of development on the rural communities in this natural character area.

23.4 The Natural Character Area Profile for the Coastal
Plain

The Natural Character Area profiling exercise, carried out for the whole region,
provided the basis for more detailed research on this particular area which extends
for about 406 km, bordering the Kachchh mainland to the north, the Gulf of
Kachchh to the south and the Arabian Sea to the west. As one of the three major
gulf systems of India, this coast has high biological richness and a variety of
habitats, including coral reefs, mangroves, creeks and estuaries. Many village
livelihoods depend on the natural habitats and ecosystems, with salt production and
fishing having an obvious link to the marine environment. The flat topography is
also beneficial for agriculture, horticulture and animal husbandry. The topography
and the strategic position, combined with physical and geochemical attributes, have
contributed to the recent increase in industrial developments (Thivakaran 2011).
The National Highway crosses most of Kachchh district and connects it with its two

1D = Dominant; A = Abundant, F = Frequent, O = Occasional, R = Rare.
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major and 11 minor ports. Industries include chemical, fertiliser, cement production
and mineral mining, among others.

The vast amount of energy required by these industries has led to the estab-
lishment of power generation plants such as thermal power stations and wind farms

(a)

(b)

Fig. 23.3 Field team in action, comprising both European M.Sc. students and Indian researchers
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which are especially prevalent along the coast. The location of industrial infras-
tructure appears to be ad hoc, with adverse consequences for landscape, deterio-
ration of natural habitat such as mangroves, and the loss of the traditional
livelihoods. This industrial development has encouraged migration towards the
coast, which has resulted in the growth of coastal towns and the creation of new
settlements, with the conversion of agricultural land into new land uses. Industrial
development has also favoured a shift from traditional housing (bungas) made of
natural materials, to concrete houses. While the rapid industrialisation of the coastal
plain has brought some benefits to the villages, such as an increase in literacy and
new job opportunities, these have been limited, and the overall impact has been
negative.

Water is a key issue in this arid region. The demand from industry, combined
with the removal of key ecosystems such as mangroves, is raising the water table,
while water quality is declining due to industrial pollution and the release of salt
water into the groundwater. Climate change and rising sea levels exacerbate this as
salt water flooding events are more frequent and monsoon rainfall is variable. This
combination of factors has resulted in a decrease in drinking water quality and
availability and an increase in soil salinity. Traditional livelihoods such as fishing
and livestock rearing and agriculture are being severely affected. Fish production is
low due to a combination of pollution and reduction of the mangroves which are
used as breeding grounds by many species, while the poor-quality soils result in low
crop and grassland productivity which in turn affects livestock grazing. In addition,
P. juliflora is spreading across the coastal area, as it grows better than native plants

Fig. 23.4 Natural character area map of Kachchh. The coastal plain, the area selected for in-depth
study, is shown in red and blue to denote the intertidal range. Other notable areas are the Great
Rann (orange) and the Little Rann (grey)
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on saline soils. This shrub is useful for fuel and charcoal production but is generally
considered detrimental to both livestock and agriculture.

This stage of research enabled the key characteristics of the coastal plain and the
current issues affecting it to be identified; these are summarised in Box 1.

Box 1: Key Characteristics of the Coastal Plain

• Predominantly flat, low-lying coastal landscape with extensive open,
sparsely vegetated areas.

• Rich deposits of bauxite, limestone, lignite and bentonite enable intensive
mining operations and allied industries such as cement plants.

• Vast areas of salt pans employ 43,000 seasonal workers each year
(Fig. 23.5).

• The coastal strip has a higher population density than the hinterland.
• Industrial development has encouraged the growth of coastal towns and

the creation of new settlements, reducing the agricultural area.
• There is significant wind farm development evident along the coast

(Fig. 23.6).
• Infrastructure such as highways, roads, ports, communication masts and

power stations indicate the presence of increasing industrial activity
(Fig. 23.7).

• The sandy area between Mandvi and Pingleswar is an important breeding
site for sea turtles.

• Extensive mangrove formations and a continental shelf of 164,000 km2

facilitate rich fishing grounds (Figs. 23.8 and 23.9).
• Agricultural land and herds of livestock indicate significant farming

activity (Fig. 23.10).

The basic characterisation (Box 1) gives a comprehensive overview, but it is
based on the results of the desk study and the views of the research team working
on the project. It would, therefore, have been highly dangerous to draw any con-
clusions at this stage, as important issues could easily have been overlooked. The
next stage, therefore, involved local people in order to determine their views on the
changing landscape and to assess the ecosystem services.

23.5 Community Participation in Ecosystem Service
Assessment

Eight villages were selected to be involved in the participatory exercise along
different parts of the coast (Fig. 23.11).
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Fig. 23.5 The salt works at Bachau. Salt production is an important and well-established industry
and provides significant seasonal employment

Fig. 23.6 Wind turbines near Lakhapar providing a stark contrast with traditional farming
methods
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Fig. 23.7 One of many power stations on the coast, demonstrating modern industrialisation
among traditional salt pans, where salt has been harvested from sea for centuries

Fig. 23.8 Mangroves which protect the coast from storm damage and soil erosion also provide
important nursery grounds for fish to breed
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Fig. 23.9 Fisherman in a creek near Mandvi. Fishing is important both commercially and for
subsistence in some areas (although most Gujaratis are vegetarian) but catches are reported to have
declined significantly over recent years

Fig. 23.10 A large herd of goats. The bare ground with scattered P. juliflora is typical of the land
around villages
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23.6 Village Profiles

An initial desk study revealed some distinctive features, listed below:

• AshiraVandh contains the Lala Indian Bustard sanctuary
• Kanmer includes hilly land
• Kathada is the only village with forest
• Lakhapar is the only village with significant industry
• Lakhapar and Tragadi have salt pans
• NimdiVandh includes estuary and creek areas.

The villages differ significantly in size, with AshiraVandh being the largest and
Tuna and Wandi, combined, being the smallest (Fig. 23.12).

There were cultural differences, with some villages being predominantly
Muslim, and others Hindu or a mixture of religions. The population sizes, literacy
levels and numbers of individuals identifying as scheduled casts (SC) and sched-
uled tribes (ST) are given in Table 23.1.

Remote sensing satellite imagery was used to determine land cover in each
village and to explore land cover changeover fifteen years, from 1999 to 2014
(Table 23.2). An example, showing interpretation for AshiraVandh in 2014, is
given in Fig. 23.13.

The most significant changes are loss of cultivated land, particularly in Lakhapar
where over 70 ha have been replaced by industry; increased settlement in Tuna and

Fig. 23.11 Locations of villages visited in the coastal zone (those close together appear as one)
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Fig. 23.12 Village areas

Table 23.1 Key to villages: Wan, Wandi; Tun, Tuna; Tra, Tragadi; Nim, NimdiVandh; Lak,
Lakhpar; Kat, Kathda; Kan, Kanmer; Ash, AshiraVandh

Population Males Females % literacy in
village (%)

% literacy in
males (%)

% literacy in
females (%)

SC
(%)

ST
(%)

Van 388 186 202 71.03 80.23 63.64 31.96 1.03

Tun 5114 2573 2541 50.41 61.68 39.10 13.67 0.02

Tra 1238 636 602 54.52 62.57 46.11 0 0

Nim – – – – – – – –

Lak 989 547 442 50.85 67.78 30.23 0 0

Kat 2848 1387 1461 70.95 82.57 60.14 11.48 4.60

Kan 3816 1941 1875 53.58 64.77 41.88 19.42 0.03

Dho 2222 1194 1028 65.94 79.74 49.28 13.95 0.68

Ash – – – – – – – –

Table 23.2 Land cover change between 1999 and 2014

Landcover Ashira Vandh Kanmer Kathada Lakhapar NimdiVandh Tragadi Tuna & Wandi

Settlement −14.43 0.00 0.00 0.00 +2.60 0.00 +42.42

Cultivated land −142.24 +12.24 −232.85 −70.68 +4.51 −46.82 −83.12

Industry +70.67

Forest +2.60

Scrub +782.27 −5.10 +289.00 −180.48 +20.82 −22.90 +39.59

Mud flat −662.45 −7.16 +3.11 −28.18 +125.72

Salt pan +187.76 +21.19 +4.40

Estuary −5.01

Creek +5.86

Road 0.00 0.00 0.00 0.00 0.00 0.00 −3.29

River +51.59 0.00 0.00 0.00 0.00 0.00 0.00

Water bodies −14.75 −68.27 −7.86 −79.00
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Wandi; and replacement of salt pans by P. juliflora (classified as scrub in the table)
in Lakhapar and Tragadi. Expansion of scrub was also found on former mudflats in
AshiraVandh and on formerly cultivated land in Kathada.

23.7 Focus Groups

Focus groups (Fig. 23.14) were held during May and June 2015 using a
pre-prepared structured interview schedule to collect information on the topics
listed below:

• Livelihoods and alternative livelihoods
• fuel source(s)
• women’s views/role
• change/the future
• education
• landscape issues
• topics raised by participants.

Fig. 23.13 Satellite imagery and interpretation of land cover

534 D. Bartlett and S. Milliken



23.8 Analysing the Data

The results from both the landscape character and participatory investigations were
analysed to enable an ecosystem services assessment to be carried out. The results
for each village were displayed on posters which included photographs taken
during the initial visit, and text in both English and Gujarati (Figs. 23.15).

A second visit was made to each village in December 2015, with two copies of
the poster along with maps showing land cover change. One poster was given to the
villagers, and the other was used to record comments and correct any misunder-
standings (Figs. 23.16, 23.17, 23.18 and 23.19), and then retained in order to
facilitate the final ecosystem services assessment. The use of the land cover maps

Fig. 23.14 Focus group discussion at AshiraVandh
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Fig. 23.15 Examples of the posters taken to the villages on the second visit to check that we had
correctly represented their views

Fig. 23.16 Villagers in AshiraVandh checking their poster
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Fig. 23.17 Ladies, visible in the background in Fig. 23.18, getting their turn to comment

Fig. 23.18 Group discussion about the poster in Wandi
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was not successful as the participants, although very familiar with their locality,
were simply not used to the ‘bird’s eye view’—a learning experience for us.

23.9 Ecosystem Services

These are the benefits provided by ecosystems that contribute to the viability and
quality of human life. They can be tangible products such as food and water, flood
regulation, control of soil erosion or disease, or non-material benefits such as
recreational and spiritual benefits.

The coastal plain of Kachchh district provides a wide range of ecosystem ser-
vices. Each is derived from the attributes and processes (both natural and cultural
features) within the area. The predominant services are summarised below.

Provisioning Services

• Food provision: The coastal plain Natural Character Area contains extensive
areas of agricultural land with cultivation of different crops such as bajra (pearl
millet), jowar (sorghum), cotton, guar (cluster bean) and castor. Large areas of
pasture land provide grazing for livestock. The fishing industry is supported by
the provision of crustaceans and fishes such as pomfrets, tuna and Bombay
duck. Important ecosystems such as mangroves provide fodder for livestock

Fig. 23.19 Dayesh Parmar, researcher and translator, explaining the poster to villagers in Tragadi
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(leaves and fruit). Salt and edible seaweeds are also provided by marine
ecosystems.

• Medicine: Native plants are of key importance for traditional practices and
medicinal use, for example, gugal (Commiphora wightii).

• Fibre and fuel: P. juliflora and other shrub species provide an important source
of wood fuel. The charcoal produced from P. juliflora is known to have a high
calorific index, thus producing high-quality charcoal. Mangrove leaves are also
used as fuel.

• Minerals: Bauxite, limestone and bentonite are the main minerals found in the
area, leading many industries to settle on the coast.

• Other: Despite the negative impact of P. juliflora, it provides a number of
secondary products, such as honey and gum.

Regulating Services

• Climate regulation: Significant carbon storage is provided by extensive areas
of mudflats, mangroves and grasslands.

• Regulating soil quality: Ecosystems such as mangroves prevent sea water
infiltration, thereby reducing the risk of salinisation. Mangroves and their
associated habitats also filter and assimilate pollutants from the water, thus
reducing their occurrence in the coastal soils. Habitats such as estuaries maintain
a constant flux of sediments and nutrients, thereby maintaining soil productivity.

• Regulating water quality: Mangroves and their associated habitats preserve
water quality and reduce pollution by filtering suspended material and assimi-
lating dissolved nutrients.

• Regulating coastal flooding and erosion: The major risk of flooding in the area
comes from the sea. The extensive coastal habitats, such as mangroves, creeks,
mudflats and sandy dunes, as well as marine ecosystems such as coral reefs,
provide an important natural defence against flooding by reducing the impact of
wave action on the coastline. In recent years, this service has become highly
important due to the rising sea level; coastal habitats provide erosion control as
well as protection from cyclones and storms.

Supporting services

• Species diversity: Marine ecosystems of the Kachchh coast are very rich in
species diversity and abundance. Mangroves, algae (108 species recorded) and
seagrass species along with phytoplankton provide primary production which
sustains rich faunal life—dolphins, crabs, fish, prawns and shrimps—which are
both ecologically and economically important.

• Breeding sites: The coast around Mandvi is a breeding site for the endangered
green sea turtle, olive ridley turtle and leatherback turtle. Mangroves provide
breeding grounds for many marine animals, including commercially important
fish, prawns, lobsters and crabs.

• Shelter: Mangroves provide shelter for many animals during harsh weather
conditions and protection to coastal communities.
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• Habitat maintenance: Mangroves supply nutrients and oxygen to animals and
plants in the ecosystem.

Cultural services

• Sense of peace/inspiration: A sense of peace is provided by the coastal
landscape.

• Tranquillity: Remote areas far from the hubbub of the city can be found on the
coast.

• Recreation: there are many opportunities for quiet enjoyment of the beautiful
beaches; there is horse and camel riding on Mandvi beach, and it is a popular
bathing place (Fig. 23.20).

• Spiritual value: Many different cultures coexist in the area, with places of
significance for different religions. The tranquil and relaxing atmosphere of the
area provides an enhanced spiritual experience.

• Education: The unique landscape and biodiversity of the area offers opportu-
nities for watching rare species in their natural area. This is especially true for
sea turtles and a wide range of both migratory and endemic bird species.

This ecosystem service assessment enabled a number of strategic objectives to
be identified with the aim of balancing the priorities of ensuring the livelihoods of
local stakeholders while at the same time maintaining important habitats and native
wildlife. These were formulated as Statements of Environmental Opportunity
(SEO) and are listed below.

Fig. 23.20 Mandvi beach, a popular tourist destination
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• SEO1: Maximise the potential of P. juliflora for fuel, charcoal and biochar and
explore the potential for eradicating it in key areas such as the Naliya grassland.

• SEO2: Maintain and enhance the natural and cultural heritage, for example, by
promoting sustainable tourism that delivers direct benefit to local people.

• SEO3: Formulate a strategy to minimise the negative impact of industry on the
environment and local communities and increase the potential for delivering real
benefits such as quality jobs for local people.

• SEO4: Enhance and maintain mangrove and creek ecosystems and ecosystem
services such as flood prevention and fish production while considering the
potential for industrial expansion in the area.

The results of the draft Natural Character Area profile (Fig. 23.21) were pre-
sented at a workshop held on 29 December 2015 at the Vivekanand Research and
Training Institute (VRTI) in Mandvi, to which the villagers and other stakeholders
were invited.

23.10 Conclusion

Landscape character and ecosystem services assessment is a well-established
technique that has been used by planning authorities in Europe for several decades.
Developing countries such as India offer an opportunity to incorporate these

Fig. 23.21 Front cover of the Natural Character Area profile
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approaches before the industrialisation process adversely affects the environment.
While preservation of natural ecosystems should neither prevent development nor
disadvantage the well-being of local communities, an integrated approach to land
use planning, balancing environmental conservation and economic growth, is
desirable. The Natural Character Area approach, based on combining Landscape
Character Assessment with Participatory Ecosystem Assessment, is proposed as a
way to achieve this.
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Chapter 24
Landscape-Ecological Conditions
and Conflicts of Environmental
Management in the Arctic Zone
of Russia

Alexander Evseev and Tatiana Krasovskaya

Abstract Landscapes ecological studies nowadays may supply valuable data for
advanced environment management. Inadequate recognition of successful
social-economic development dependence on regulated exploitation of ecosystem
services produced by different landscapes/ecosystems types launches environment
management conflicts among different stakeholders, degradation of ecosystems, etc.
Management patterns beneficial both to environment and society may be elaborated
using ecosystems services assessments based on landscape/ecosystems studies and
land-use patterns attributed to different territories. Provisioning ecosystem services
use such as food and raw materials, partly water resources production, etc.
nowadays are more or less considered in different systems of management prac-
tices. But other ecosystem services exploitation pattern, i.e., regulating, supporting
and cultural/information services use still reflects “The tragedy of the commons”.
The main obstacles for elaboration of appropriate ecosystems services exploitation
are connected with their inadequate link to landscapes and environment manage-
ment structure as well as poor quantification of these links. Results of landscape/
ecosystems studies revealing ecosystem available services and their monetary
assessments necessary for quoting of their exploitation by different stakeholders are
presented for the Arctic zone of Russia.
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24.1 Landscape Ecological Studies

Landscapes ecological studies nowadays may supply valuable data for advanced
environment management corresponding to the goals of sustainable development.
Inadequate recognition of successful social-economic development dependence on
regulated exploitation of ecosystem services produced by different landscapes/
ecosystems types launches environment management conflicts among different
stakeholders, degradation of ecosystems and even loss of nature and culture her-
itage objects. New data about energy-matter fluxes in anthropogenically modified
landscapes draw attention to their management aspects beneficial both to
environment and society. The key challenges of management aspects are the
following: how to assess existing pools of ecosystem services, how to manage
multiple ecosystem services across landscapes to provide their reproduction, what
spatial environment limits are necessary to consider for reproduction territories of
different ecosystems services. Relevant landscape ecological studies which started
at the end of the twentieth century, nowadays became important parts of interna-
tional sustainable development programs. They demonstrate integrated ecological-
economic results necessary for environment management practice (Voinov et al.
2004; Brouwer et al. 2013; The Economics 2015, etc.). Quantitative parameters of
landscapes related to ecosystem services may be described in economic terms
showing the value of nature. Such integrated approach in landscape studies reflects
the principal trend of science development in the twenty-first century, in general:
multidisciplinary studies of numerous links in “social–economic–nature” or
“man–nature” system.

The Millennium Ecosystem Assessment (2005) presented an overview of
ecosystems services exploitation all over the world and clarified importance of
ecosystems services proper use for the sake of sustainable development.
Ecosystems services international classification was elaborated, reflecting the
growing public interest to their assessment for adequate management in economic
activities (Haines-Young and Potschin 2017). According to the recently developed
global model (GUMBO) linking economic and social welfare with different natural/
ecological factors, the estimated value of global ecosystem services was about
4.5 times higher than that of the gross world product (GWP) in the year 2000
(Boumans et al. 2002).

24.2 Ecosystem Services

Provisioning ecosystem services use such as food and raw materials, partly water
resources, etc., nowadays are more or less considered in different systems of
management practices. But other ecosystem services exploitation pattern, i.e.,
regulating, supporting and cultural/information services use still reflects
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“The tragedy of the commons” (Hardin 1968), promoting landscapes degradation
and environment management conflicts—critical disturbances in “man–nature”
system. The main obstacles for elaboration of appropriate ecosystems services
exploitation are connected with their inadequate link to landscapes and environment
management structure as well as poor quantification of these links.

Quantification process of separate ecosystem services is very rapid today, but as
a rule, regulating, supporting and cultural ecosystem services are linked to separate
ecosystems pools regardless of accommodating landscape structure supplying their
coherence. In spite of great scientific value of creating quantitative database for
ecosystem services pools in different landscapes such assessment results appear to
be of low importance for territorial planning practice. Economic factors controlling
development plans as a rule ignore the value of ecosystems services with the
exception for natural (biological) resources production. The key task of ecosystem
management is connected with determining multiple ecosystem services value
across landscapes (Raudsepp-Hearne et al. 2010). Ecosystem service spatial anal-
ysis based on landscape studies helps to identify areas rich or poor in ecosystems
services supply for different types of economic activities.

Possibilities of landscape studies and mapping results use for display of spatial
patterns of ecosystem services are actively studied nowadays (Burkhard et al. 2014;
Semenov and Lysanova 2015; Bastian et al. 2015; Yaneva 2016, etc.). Most often
the following approaches are met: (1) “Landscape/ecosystem” based on their
regional spatial structure; (2) “River basin” delimiting spatial landscape/ecosystem
structure within basins’ limits and (3) “Land-use” based on revealing of different
types of local ecosystems exploitation. Each of these methods matches different
investigation tasks and goals as well as available reference database. In our study,
we tried to combine two of these approaches (1 and 3) in order to reveal potential
environment management conflicts produced by excessive ecosystem services
exploitation in the Arctic zone of Russia.

24.3 Study Region in the Russian Arctic

One of our study areas was situated in Nenets Autonomous okrug (Federal district)
and it belongs to eight Arctic regions of Russia which advanced economic devel-
opment was planned in the nearest future according to the recently adopted State
program (2017) (Fig. 24.1).

The coastal Arctic zone of Russia accommodates a great variety of ecosystems
patterns. The study area was situated at the northern part of the Russian Plain and
belonged mainly to subarctic subzone with an exception of Novaya Zemlya
Archipelago and other islands which were in the Arctic zone. Subarctic ecosystems
occupied the major part of the territory and were presented by different tundra
types: arctic-4.9%, northern-10.3%, southern-57.9%, mountainous-3.5% and
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forest-tundra ecosystems (15.4%) which developed at the southern limit of tundra
belt and sometime penetrated further to the North via river valleys (15.4% of the
territory). The south-western part was occupied by northern taiga forests (8% of the
territory) (Figs. 24.2 and 24.3).

Intrazonal ecosystems were presented by bogs and coastal and river meadows.
Such ecosystems structure is typical for plains of the whole Arctic zone.

Fig. 24.1 Study area: Nenets Autonomous Okrug

Fig. 24.2 Ecosystems structure of Nenets Autonomous okrug (Geography 2013)
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24.4 Methodology

The planned economic activities for the study area till 2020–2030 enabled to outline
the following groups of stakeholders connected with the major environment man-
agement types in the studied region: industrial (mainly extraction of hydrocarbon
resources), transport (marine, railway, etc.) and residential, nature conservation
(nature protected territories of different types), territories of traditional nature use
(TTNU-reindeer breeding, hunting, fishing, etc.), recreation (commercial recreation,
ethnic-tourism, etc.). At some territories future development will be based on
similar spectrum of ecosystem services exploitation, thus provoking environment
management conflicts contradicting sustainable development goals. More than that
the different land-use types may overlap each other.

Landscape characteristics necessary for our studies were received from IPY
Project MODIL-NAO (2008), Mihalev et al. (2008) and Ecological Atlas of Russia
(2018) and completed by our field data. Basic investigation methods in general may
be referred to ecological–economic (TEEB 2013) but modified to match the goals
of our study: we tried to link ecosystem services pools with landscape/ecosystems
spatial structure. Firstly, we examined the landscape structure and determined
principle ecosystems services supplied by different ecosystems regarding their
future exploitation by different stakeholders. For example, bogs supply water
purification and water filtration service important for different stakeholders because

Fig. 24.3 Shrub tundra dominated by dwarf birch (Betula nana) and wild rosemary (Ledum
palustre) near Naryan-Mar. (Photo by Alexandra Bancheva)
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it provides water resources supply and partly reduces water purification expendi-
tures. Secondly, the “supply rate” was assessed based on published experimental
field data for similar Arctic ecosystems. Knowing future exploitation areas, we
received location and size of territories with available spatial pools of ecosystem
services necessary for quoting. Finally, monetary assessments were done based on
market prices (for water purification, “carbon units” price according to Paris
Climate Agreement, etc.) and relevant general assessments (biodiversity preserva-
tion) in case of their absence. Limited data on “supply rate” and monetary
assessment methods especially for information/cultural ecosystems services forced
to regard the results as primary which may be broadened in future. Mapping was
done in GIS media. Heterogenous characteristics: regional ecosystems variables
presented by ecosystem services, ethnic-cultural data, overlapping modern land-use
patterns, etc., were processed with the help of atlas information system (AIS) tools.
One of the most interesting AIS characteristics is the possibility of its integration
with decision support system (Tikunov 2004).

Landscape-ecological conditions determine available pools for practical use of
ecosystems services. Different types of economic activities in this respect may be
directed at exploitation of different spectrum of ecosystem services: mineral
resources extracting companies and reindeer breeders depend on pools of different
provisioning ecosystem services, i.e., reserves of mineral and pasture resources.
Ecosystem services of general use by principal stakeholders both for economic and
social use are shown in Fig. 24.4. Their joint exploitation may give rise to local
environment management conflicts in case quoting absence.

Fig. 24.4 Ecosystems of general use typical for the study area
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Forecast of main of environment management/land-use competing patterns
based on ecosystems services use is shown in Table 24.1.

Table 24.1 clearly demonstrates that the most “deficient” ecosystem services for
future economic development may be regulating. Landscape/ecosystem studies of
their donors enable to find spatial quotas beneficial both to environment stability
and economic activities.

24.5 Mapping of Management Conflicts

We tried to apply such approach compiling the map of environment management
conflicts at indigenous population territories in the Russian Arctic (Figs. 24.5 and
24.6).

Conflicts types at the map (Fig. 24.6) were presented using temporal and
intensity scales elaborated due to processing of field and published data. The
existing conflicts in impact regions were shown.

Potential environment management conflicts were also shown for different
stakeholders for two regions: Amderma and Indiga the Northern Sea Route ports
(small settlements nowadays) (Fig. 24.7). Their revival is connected with the
adopted plans of infrastructure development to promote construction/modernization
and further exploitation of these sea ports.

Table 24.1 Forecast of principle competing patterns of ecosystem services exploitation

Land-use/
environment
management
type

Industrial Transport Settlement/residential
(nucleus)

TTNU

TTNU Regulating,
supporting

Regulating Regulating,
provisioning,
supporting, cultural/
information

–

Industrial – Regulating Regulating,
supporting

Regulating,
supporting

Transport Regulating – Regulating Regulating

Settlement Regulating,
supporting

Regulating – Regulating,
provisioning,
supporting, cultural/
information
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Fig. 24.5 Typical environment management conflict—abandoned oil rig on territories of
traditional nature use; Nenets autonomous Okrug. (Photo by Ivan Mizin)

Fig. 24.6 Environment management conflicts at indigenous population territories in the Arctic
zone of Russia (Evseev et al. 2018a)
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24.6 Ecosystem Services and Their Valuation
in the Numto and Ya’Erv Study Areas

Landscape/ecosystems services structure enabled to determine and assess their
available pools and forecast their exploitation in a certain pattern of environment
management/land-use. Landscape/ecosystem studies in Numto Nature Park enabled
to define ecosystem services structure for forest-tundra and bogs ecosystems typical
for this territory. Figure 24.8 demonstrates the structure and percentage from the
total value for ecosystem services of peat bogs based on our ecological–economic
assessments. These ecosystem services may be considerably reduced by the planned
oil extraction. Information/cultural services are missing because of poorly devel-
oped assessment methods though their importance is great: they are linked to
Nenets TTNU support. Their loss may lead to ethnic-social environment manage-
ment conflicts.

Our assessments for one of the regions at the study area Ya’Erv TTNU
(Fig. 24.9) demonstrated the existing pool for one of the supporting ecosystem
services—carbon deposition (important for CO2 in atmosphere control)
(Table 24.2).

Quantification of ecosystem services is a complicated task and its methods still
need further development relevant to different environmental conditions.
Nevertheless, the primary assessments of ecosystem services are possible nowadays
based on local landscapes/ecosystem studies (Voinov et al. 2017; Scholz 2015,
etc.). Our relevant recent ecological–economic assessments were based on the
analysis of landscape/ecosystem maps (Mihalev et al. 2008) completed by field

Fig. 24.7 Potential nature management conflicts areas
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Fig. 24.8 Ecosystem services provided by peat bogs in Numto region

Fig. 24.9 Ya’Erv TTNU in Nenets autonomous Okrug
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data. The final assessment results (Fig. 24.10) were presented in economic units
(USD) to demonstrate the value of different ecosystem services as productive
economic landscape (diagram) determining its market price and possible economic
losses in case of conflicts in environmental management as well as costs of com-
pensatory measures.

Table 24.2 Carbon deposition in ecosystems; Ya’Erv study area

Ecosystems ha Annual deposition rate (t/ha)

1 Tundra 331,773 0.44–0.73

2 Forest tundra 7921 0.42

3 Northern taiga 8979 0.9

4 Bogs

Peat 150,461 0.65

Grass 14,764 0.18

5 Meadows 35,691 0.23

Fig. 24.10 Ecological–economic assessment map for Ya’Erv TTNU based on ecosystems
map. Read commas as points (Evseev et al. 2018b)
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24.7 Conclusions

Landscape/ecosystem studies form the basis for environment management conflicts
forecast and control. Origin and types of land-use/environment management con-
flicts in the Russian Arctic are common for other regions as well in general, but still
have specific regional features. Their specific features include the following
(Evseev et al. 2018b):

• Large size of conflicts territories;
• Relatively young origin of the existing conflicts (about half of a century);
• Development in regions with limited resilience to anthropogenic load and

unfavorable for economic development on climatic reasons and remoteness;
• Increasing landscapes structure variability because of rapid climate change;
• Direct threat to the global biosphere buffer;
• Possibility of social-ecological destabilization.

Landscapes/ecosystems studies innovative ecological–economic use nowadays
appeared to be of great importance for regions of pioneer economic development
such as the Arctic zone of Russia. They provide assessment data for ecosystems
services pools produced by different landscapes as well as possible responses of the
environment leading to reduction of ecosystems services reproduction rate or entire
loss. Territorial spatial planning of environment management/land-use matching the
principles of sustainable development needs such information to prevent nature
management conflicts among stakeholders planning to exploit limited spatial pools
of ecosystem services in their activities thus provoking ecological and social-
economic conflicts. The Arctic zone is of special concern in this respect. Its
ecosystems resilience to anthropogenic impact is low because of climate severity
and rehabilitation costs of disturbances are very high if possible. Modern types of
environment management (industrial, transport, etc.) may destroy TTNU, which
support indigenous population of Northern minorities causing acute ethnic-cultural
conflicts. And finally, the Arctic region territory plays an important role in regu-
lation of many global turn-over processes providing nature buffers mitigating
negative changes in biosphere. Quoting practice based on landscapes/ecosystems
services studies may prevent the development of environmental management
conflicts. Each territory of future economic development needs special ecosystem
services reproduction areas which size must correspond to the intensity of
ecosystem services exploitation. Determination of the appropriate reproduction area
size is a very complicated task which needs large scale landscape/ecosystem
studies. Nevertheless, the Arctic Council1 gives the following general environment

1The Arctic Council is a high-level intergovernmental forum that addresses issues faced by the
Arctic governments and the indigenous people of the Arctic. It includes eight permanent members
with sovereignty over the lands within the Arctic Circle. Outside these, there are more than a dozen
observer states.
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management regional recommendations for land-use planning: nature protected
territories-15%, “sparing” (adapted to the environment, ex.-TTNU)-30%.

Only three years ago the Arctic Council launched a special ecological–economic
studies program for the Arctic region aimed to recognizes the stewardship necessity
of its natural capital and reduce the pressures and threats on Arctic ecosystems by
mainstreaming values of biodiversity and ecosystem services into policy making.
Landscape/ecosystem studies necessity was mentioned in the recent TEEB Arctic
documents (The Economics 2015). Several working groups of the Arctic Council
perform these studies–SDWG, CAFF, AMAP, etc., nowadays (Arctic Council
2018).
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Chapter 25
Vegetation Monitoring on Quarries
in the Russian Far North as a Basis
for Creating Models and Analyzing
Trends of Landscape Processes

Olga I. Sumina and Elena M. Koptseva

Abstract The area of anthropogenically disturbed lands is constantly increasing;
thus, regeneration processes in landscapes, which are substantially determined by
vegetation, are being studied all over the world. Industrial expansion to the Russian
Far North is causing the appearance of large territories where plant and soil cover
are completely destroyed and natural vegetation recovery takes place as primary
succession. Direct field monitoring produces the most exact data on vegetation
dynamics. This paper presents the results of our long-term study of primary suc-
cession on quarries located in 7 areas of forest tundra and southern tundra in
North-West Siberia. Vegetation was monitored on 30 stationary key plots (5 * 5 m)
and on the whole area of 17 quarries. The biodiversity of vegetation was considered
on two levels (species and plant communities), and changes in species composition
and plant diversity were analyzed. On two quarries (the New and Old Quarries)
located in forest tundra, vegetation mapping allowed us to monitor changes in their
vegetation as a dynamic sequence (4, 8, 12, 31, and 35 years after the start of
primary succession). A quarry with a complex ground surface relief is a good
full-scale model of regeneration processes developing within a heterogeneous
landscape. A multivariant model of such processes has been elaborated on the basis
of the vegetation maps obtained. The model describes the main trends in natural
recovery in heterogeneous landscapes in the North. In diverse quarry habitats,
primary succession starts at different times, not simultaneously, and the speed of
succession not only differs between different habitats, but also varies with time. The
highest difference in speed is observed at the initial stage (the maximum rate is
typical of accumulative habitats), while at the next stage the difference between
eluvial and transeluvial habitats decreases, and later, the rate of processes differs
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only between eluvial and accumulative sites. As opposed to the traditional view-
point that the speed of primary succession becomes slower from stage to stage, our
results have also shown that succession could accelerate during the ‘middle’ stages,
concurrently with an increase in mosses’ and lichens’ participation in communities.
Developing vegetation gradually eliminates sharp contrasts in environmental con-
ditions within a quarry, because the plant cover levels out the moisture conditions
and nutrient distribution. Thus, the main trend of succession in heterogenic land-
scapes is an increase in vegetation control over the abiotic environment and the
expansion of areas under communities of moderate moistening habitats. Our
long-term experiments, knowledge, and data have the potential to be included in
international projects aimed at better understanding, monitoring, forecasting, and
managing landscape processes in the Arctic.

Keywords Disturbed lands � Quarry � Natural vegetation recovery � Primary
succession � Vegetation dynamics � Direct monitoring � Model of landscape
processes � Forest tundra � Southern tundra � Russian far north �
North-West Siberia

25.1 Introduction

Vegetation is a good indicator not only of environmental conditions but also of the
current disturbance level, dynamics, and regenerative potential of terrestrial
ecosystems. Ecosystem restoration processes after disturbances are substantially
determined by vegetation: (i) plant producers are the basic component in terrestrial
ecosystems; (ii) an ecosystem’s regenerative potential depends on features of the
plant community; and (iii) plant cover stabilizes erosion and other destructive
processes in the soil, etc. Thus, vegetation monitoring is the most suitable way to
gain information on the condition and dynamics of terrestrial ecosystems, and the
most exact data can be obtained by direct field monitoring.

The area of anthropogenically disturbed lands is constantly increasing; therefore,
studies on ecosystems’ regeneration processes are significant all over the world
(Frouz et al. 2008; Rowland et al. 2009; Audet et al. 2015; Marler and del Moral
2018). In the Russian literature, the large disturbed areas formed by severe effects of
industry are called ‘technogenic landscapes’. We have spent more than 25 years
studying the vegetation of disturbed lands in different regions of the Russian Far
North, but this publication is focused on data collected in the northern part of West
Siberia, the region where oil and gas production is being actively developed, and
associated infrastructures are being set up.

Vegetation dynamics have been studied on territories where plant cover and soil
cover have been completely destroyed by bulldozing or other mechanical distur-
bances (quarries, bulldozed sites, etc.). Natural vegetation recovery after such
impacts takes place as primary succession, which is defined as ‘the establishment
and subsequent development of the first assemblage of species on a previously
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unvegetated surface’ (Miles and Walton 1993). Primary successions ‘demonstrate
the creative role of nature in building up complete and complex ecosystems from
simple beginnings’ (Bradshaw 1993).

One of the ways to assess the state of ecosystem is biodiversity assessment
(Huang et al. 2018; Karadimou et al. 2018). Two levels of biodiversity are con-
sidered in our research: species and community diversity. The main goals of our
study are to reveal the characteristics of plant cover reestablishment dynamics via
direct monitoring and to develop a model of primary succession to analyze trends in
landscape processes.

We hypothesized that:

1. The pool of species colonists on disturbed lands is made up of local flora, and
alien species from other zones are not significant.

2. Species composition in vegetation on disturbed lands in different regions of the
Far North is similar.

3. Biodiversity during primary succession changes gradually and slowly with no
sudden jumps.

4. Even if quarries have a similar mineral substrate at the beginning of primary
succession, trends differ from one site to another, resulting in the appearance of
various types of plant community. Accordingly, the diversity of plant com-
munities in disturbed territory increases.

5. A quarry with a complicated ground surface relief is a good full-scale analogous
model to study regeneration processes in ecosystems developing within a
heterogeneous landscape.

25.2 Materials and Methods

The results presented in this publication are based on data obtained in 1993–2008
and 2015–2016 in North-West Siberia, in five localities of forest tundra (neigh-
borhood of the towns of Labytnangi, Novy Urengoy, Nadym, Gubkinsky, and the
settlement of Pangody) and two localities of southern tundra (the ‘Payuta’ and
‘143 km’ stations on the railway to Yamal Peninsula) (Fig. 25.1). Detailed
descriptions of our field data collection and analysis methods are given in our
publications mentioned below.

The vegetation was monitored, including full records of species composition and
descriptions of plant communities, on key stationary plots as well as in different
quarries.

A quarry without surface leveling after exploitation is a heterogeneous territory
with a complicated relief and a large variety of habitats (Fig. 25.2).

Thirty key plots (5 * 5 m) placed within plant communities (characterized by
homogeneous stands, constant physiognomy, and dominant species) were set up in
different quarry habitats situated in forest tundra and southern tundra. These per-
manent plots, located in sites with relatively homogeneous environmental
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Fig. 25.1 Locations of our study areas in North-West Siberia: 1—Labytnangi town, 2—‘143 km’
station, 3—‘Payuta’ station, 4—Nadym town, 5—Pangody settlement, 6—Novy Urengoy town,
7—Gubkinsky town

Fig. 25.2 Habitat diversity in a quarry. 1—undisturbed forest tundra community, 2—edge part
with fragments of old plant cover, 3—stairs on slopes, 4—steep slopes, 5—alluvium of ground
under the slopes, 6—flat surfaces on the quarry floor, 7—heaps of soil at the bottom, 8—gentle
slopes, 9—ponds
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conditions, were described periodically. Each relevé included a total list of species
and estimations of the total vegetation cover, a cover of vascular plants, mosses,
and lichens, with cover-abundance estimates for each species.

To assess the communities’ diversity in quarries, numerous other plots of
5 * 5 m apart from the key plots were described, so the classification according to
the Braun-Blanquet approach made for North-West Siberia was based on
604 relevés (Sumina and Koptseva 2004; Sumina 2012a, 2013). For the nomen-
clature of vascular plants, we used the system developed by Czerepanov (1995).

During the monitoring, we periodically noted the total list of species in each of
17 quarries. Two of them, situated in forest tundra near the town of Labytnangi,
were studied in detail as ‘model quarries.’ From 1995 to 2003, we mapped their
vegetation annually. These sandy-loam quarries both replaced open spruce–larch–
birch woodland, were about 1 ha in size, and were situated at a distance of 7 km
from each other.

In 1995 (the year mapping started), the first quarry was 4 years old, and we
named it the New Quarry (Fig. 25.3a). Another was named the Old Quarry, as it
was more than 30 years old when we started mapping there in 1998 (Fig. 25.3b).
Analysis of the monitoring data showed that a period of 4 years is optimal to reveal
changes in vegetation (Koptseva et al. 2007); thus, the maps of 1995, 1998, 2003

Fig. 25.3 General view of the two model quarries: the New Quarry (a—1994, b—2007) and the
Old Quarry (c—1999, d—2007)
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(for the New Quarry), and 1999, 2003 (for the Old Quarry) were selected for further
processing. Similarities between the two model quarries in terms of environment
and size gave us an opportunity to treat the changes in their vegetation as one
dynamic sequence (4, 8, 12, 31, and 35 years after the start of primary succession).
Maps were created using the computer program MapInfo, which allowed us to
estimate the relative area of all selected contours in percentages (Sumina 2010,
2013).

To compare the plant communities formed in quarries with undisturbed vege-
tation, the 24 relevés of open spruce–larch–birch woodland, birch forest, willows
and alder shrubs, as well as tundra with Betula nana, were made in plots of
5 * 5 m.

25.3 Results

25.3.1 Biodiversity on the Species Level

In quarries
All our data confirm that the colonization of technogenic habitats is determined by
the pool of the local flora. The family of Poaceae grasses occupies the first position
in species diversity; both this family and the aster family (Asteraceae) and willow
family (Salicaceae) are very typical for disturbed lands of the Russian Far North.
The proportion of species with arctic, arcto-alpine, and boreal types of areas does
not differ in quarries from that in the local flora. The idea that anthropogenic
habitats are mostly colonized by southern boreal species, the process known as
‘borealization’ in Russian terminology (Gruzdev 1990; Yurtsev 1995; Akul’shina
et al. 1996), was not confirmed.

The species composition of vascular plants on technogenically disturbed lands in
each study area is very specific. The Jaccard similarity index score was not more
than 30%, unlike pioneer mosses and lichens, which are more similar in different
areas (Sumina 2013). The difference in the set of vascular plant species is con-
siderable not only between regions with different local floras, but even between
quarries within the same region. Every quarry has its own set of species. The
widespread idea of the similarity (‘unification’ in Russian terminology) of floras in
anthropogenically disturbed territories (Malyshev 1981; Yurtsev 1995) arises from
the comparison of lists of the most widespread and active plants on disturbed lands.
However, full lists of species show significant differences and an absence of
‘unification.’

According to our findings, the speed and success of disturbed sites’ colonization
by plants and the species diversity of developing vegetation are affected by such
factors as geographical location, which determines the richness of the local flora,
heterogeneity of the territory (large variety of habitats), moisture, granulometric
composition of the substrate, and time (Sumina 2013).
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The total number of vascular plant species on a quarry increases at the beginning
of primary succession (Fig. 25.4). Later, it decreases, because some pioneer species
are no longer found in old quarries, but at the same time the mosses and lichens
appear which are typical of tundra communities.

In plant communities
Plant communities on disturbed sites differ from undisturbed coenosis not in terms
of species richness and total plant cover density, but mostly in respect of dominant
species composition and undeveloped spatial structure (Fig. 25.5). The number of
vascular plants per 1 m2 is often comparable with this index in undisturbed tundra.

Typical tundra dominants, mainly shrubs, dwarf shrubs, mosses, and lichens, are
not numerous and abundant in the vegetation of quarries, where perennial herbs are
active and predominate (Table 25.1).
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Fig. 25.4 Change in average
number of vascular plant
species on quarries with
different times of natural
recovery. No 20–30-year-old
quarry was found

Fig. 25.5 Undisturbed tundra with herbs, dwarf shrubs, and mosses (a) and dense plant
community with herbs, young growth of shrubs and trees, and mosses in quarry (b). Photographs
by I. Ryabtsev (a) and N. Glushkovskaya (b)
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25.3.2 Biodiversity on the Community Level

The classification of plant communities developing in quarries of North-West
Siberia includes data from four areas (two in forest tundra, the other two in southern
tundra). Seven associations, six subassociations, forty-four variants, and eighty-
three subvariants of communities were identified. All of them belong to one alliance
Chamerio-Matricarion hookeri ISHBIRDIN et al. 1996 (Ishbirdin 2001) of the
order Chamerio-Betuletalia nanae KHUSAINOV et al. 1989 (Khusainov et al.
1989; Ishbirdin et al. 1996; Ishbirdin 2001) from the class Matricaria hookeri-
Poetea arcticae ISHBIRDIN 2001 (Sumina and Koptseva 2004; Sumina 2012a,
2013).

In each study area, 2 or 3 associations were present (Table 25.2). Some of them
were distributed over several areas, for example the association Chamerio-Festucetum
ovinae KHUSAINOV and ISHBIRDIN 1989 (Khusainov et al. 1989), combining the
communities of the initial stage of succession, has been described in three areas of
southern tundra and forest tundra. This association has the highest number of variants
(9). Subassociations were always found within only one area. Variants and subvariants
display specific characteristics of habitats and/or stage of succession, so their number
and diversity directly depend on the heterogeneity of the disturbed site and time of its

Table 25.1 Main life forms of dominant species on quarries in the study areas

Life forms Forest tundra Southern
tundra

L NU km P

Trees 2 – – –

Shrubs 3 2 1 –

Dwarf shrubs – – – –

Polycarpic herbs 12 9 16 12

Monocarpic herbs, annual and biennial 2 – 1 –

Total number of dominants 19 11 18 12

The number of dominant species of each life form is shown. Study areas: the towns of Labytnangi
(L) and Novy Urengoy (NU), the ‘143 km’ (Km) and ‘Payuta’ (P) stations

Table 25.2 Total number of syntaxa in study areas of North-West Siberia

Study area Number of

Associations Subassociations Variants Subvariants

Southern tundra

Payuta 3 – 8 11

143 km 2 2 15 25

Forest tundra

Labytnangi 3 4 13 37

Novy Urengoy 2 – 8 10
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recovery. The maximum number of these low-level syntaxa was found near the town of
Labytnangi (forest tundra) and near the ‘143 km’ station (southern tundra). These areas
both have a large variety of technogenic habitats.

25.3.3 Monitoring of the Key Plots’ Vegetation

The data obtained confirm that the recovery process is faster in forest tundra than in
southern tundra. The observed stages of primary succession in forest tundra are
more numerous (up to 4) than in southern tundra (2, or rarely 3) where each stage
takes more time; in other words, natural revegetation is more successful in areas
located further south.

In each of the 25 key plots located in forest tundra, there were several constant
species that were present in the plot throughout the monitoring period. As a rule,
these species were typical native plants (apophytes) such as Equisetum arvense,
Chamaenerion angustifolium, Salix viminalis, Deschampsia obensis, Festuca ovina,
Eriophorum scheuchzeri or young trees and shrubs such as Betula tortuosa, B. nana,
Larix sibirica, Picea obovata, Salix phylicifolia, and S. lanata. Species disappearance
was noted in 21 out of 25 plots. Most of these species were pioneers of disturbed land
colonization: Alopecurus aequalis, Polygonum humifusum, Puccinellia hauptiana,
Tripleurospermum hookeri, Artemisia tilesii, others were hydrophytes on sites which
started to dry out: Rorippa palustris, Rumex aquatilis, Eriophorum scheuchzeri,
Carex brunnescens, and Epilobium palustre. However, the main change in the spe-
cies composition noted at all the plots was that it grew richer. During 10 years of
monitoring, 53 species settled in communities and remained in them.

The comparison of species composition in key plots in any 2 consecutive years
shows a higher level of similarity than a comparison of the first and the last years of
the monitoring period (Table 25.3). This means that changes in species sets occur
gradually. An overall change in the dominant species, i.e., a change in the com-
munity, was noted in only one plot, located in the accumulative type of habitat
within the bottom part of a quarry (Fig. 25.6). After 4 years of natural recovery, the
open herb community with Tripleurospermum hookeri and a total plant cover of
15% was found in this plot. Over a period of 5 years, Salix viminalis became
dominant, and after 10 years, two species (willow and Alopecurus aequalis) pre-
vailed in the community, but later (after 14 years of recovery) only Salix viminalis
was the most abundant.

Only part of the table is provided, as the data for other plots repeat those
presented here.

In most of the plots, the change in the communities proceeded gradually. Once
the total plant cover had increased to 50%, it remained nearly constant. Over a
period of 10 years, the set of species was enriched by woody plants, mostly trees
and shrub species, with dwarf shrubs the latest to appear in communities. Over
30 years, the plant cover density and composition of dominant species alter slightly,
but certain changes in the community continue (changes in species composition,
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abundance, and dominance, as well as in the set of life forms and spatial structure).
Our results demonstrate that even though the vertical and horizontal structures of
the community develop simultaneously, stratification by layers takes place faster
than pattern formation (Sumina 2012b, 2013, Fig. 25.7).

Table 25.3 Comparison of vascular plant species number in key plots in different years (Jaccard
index, %)

Plot number Comparison of 2 consecutive years Comparison of the first and the
last years of observationMinimum value Maximum value

17 95 100 89

10 88 100 81

19 86 95 80

7 82 93 70

4 76 94 65

21 89 100 55

24 90 98 45

9 63 91 40

11 71 93 40
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Fig. 25.6 Change in abundance of species in key plot № 11 within 10 years. Axis X—time of
recovery (years), axis Y—species abundance (%). 1—Salix viminalis, 2—Eriophorum scheuchz-
eri, 3—Alopecurus aequalis, 4—Tripleurospermum hookeri, 5—Beckmannia eruciformis,
6–Juncus nodosus

568 O. I. Sumina and E. M. Koptseva



25.3.4 Monitoring Vegetation in the Model Quarries

As a rule, between 5 and 15% of the quarry area is occupied by vegetation
developing on old soil–plant cover which has moved (due to overburdening) to the
edges of the quarry. In 3–4 years in such habitats with the most favorable condi-
tions, the plant cover density reaches 75–90%. Taking into account the fact that the
recovery process here occurs as secondary succession, we did not consider such
habitats for further analysis. The size of the area occupied by vegetation developing
in primary succession within the quarry is about 20% after 4 years of recovery and
more than 70% after 8 years (Table 25.4). Communities with herbs and commu-
nities with shrubs are the most widespread during the initial 8–10 years (about 30–
35% and 30–40% of the quarry, respectively). Over a period of 30 years, the area of
initial vegetation decreases to 12–15%, while the secondary types retain their area
(40%). After 35 years, the territory is mainly (about 50%) colonized by commu-
nities with young trees, mosses, and lichens, including many typical tundra species.

In quarries of forest tundra located on the site of a former open spruce–larch–
birch woodland, the development of willows and alder shrubs, open woodland, and
fens can be predicted (Sumina and Beldiman 2011; Sumina 2013). This forecast is
based on the results of a comparison of the most developed communities in the

Fig. 25.7 Plant microcommunities under tree crowns are the element of the community pattern
that develop first of all
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oldest quarries and undisturbed vegetation. The coenosis of open spruce–larch–
birch woodland (Fig. 25.8a), birch forest (Fig. 25.8b), willows and alder shrubs,
tundra with Betula nana, and fens were compared with quarries’ plant communities
in terms of species composition and plant abundance. Multidimensional scaling by
Statistica 6.0 was used for the analysis. The highest similarity with natural alder
shrubs was exhibited by their equivalents on quarries, as Duschekia fruticosa can
change an environment very quickly by forming the dense upper layer (Fig. 25.9),
creating leaf litter and increasing the amount of nitrogen in the soil. The tundra with
Betula nana had no equivalents even on the oldest quarries.

Table 25.4 Areas (%) of different plant communities in the two model quarries

Parameter Quarry name

New Old

Time of natural recovery, years 4 8 12 31 35

Open ground 69.6 13.4 9.4 – –

Vegetation (in total) 30.4 86.6 90.6 100 100

Communities of secondary succession 9.8 14.8 16.5 4.0 4.8

Communities of primary succession, including: 20.6 71.8 74.1 96.0 95.2

Communities of herbs 6.1 37.6 27.7 14.9 12.2

Communities of herbs and mosses 0.9 0.8 2.5 8.9 5.5

Communities of herbs and shrubs (Salix,
Duschekia)

13.6 33.4 43.9 40.6 27.0

Communities with young trees (Larix, Betula) – – – 0.5 2.0

Communities with young trees, mosses, and lichens – – – 31.1 48.5

Fig. 25.8 Undisturbed plant communities in the vicinity of the town of Labytnangi: the open
spruce–larch–birch woodland (a) and birch forest (b). Photographs by N. Glushkovskaya
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For the natural recovery of forest vegetation, the exposure of the slope is
important. The process is better on western and eastern slopes. On northern slopes,
snow melting is too slow and some young growth dies. On the southern slopes,
young trees die from spring frost or from root collar burns in the summer
(Fig. 25.10).

The angle of the slope also matters. A positive relationship between the tree
development and the ground surface inclination angle was revealed. Pinus sibirica
prefers steeper slopes (up to 20–25°), while birch grows better on slopes less than
15° (Fig. 25.11).

Fig. 25.9 Community with Duschekia fruticosa in the New Quarry after 16 years of natural
recovery
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The comparative analysis of five maps of two model quarries revealed the fea-
tures shared by their recovery processes. In concordance with the obtained results,
the primary succession process differs from one habitat to another, depending
mainly on substrate moisture. The main trend of succession is an increase in areas
with communities of moderate moistening habitats, which occupy more than 50%
of a quarry’s territory after 35–40 years. The area they occupy in dry, wet, and
periodically wet habitats is 20%, 5%, and 15%, respectively (Fig. 25.12). Thus, the

Fig. 25.10 Dependence of woody plant undergrowth density on the slope exposure. Axis X:
S—south, N—north, W—west, E—east. Axis Y: number of trees per hectare

Fig. 25.11 Relationship between the average amount of undergrowth of Pinus sibirica (a) or
Betula tortuosa (b) and the surface inclination angle
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environmental conditions became balanced (moderate moisturizing prevails)
because the development of vegetation (increase in total plant cover and commu-
nities’ stratification, appearance of woody plants, formation of moss–lichen cover,
etc.) promotes environmental stabilization.

4 years 8 years

12 years 31 years

35 years

1
2
3
4
5
6

1 – bare substrate, 2 – ponds, 3 – communities of 
habitats where humidity differs in different 
seasons, 4 – communities of moderately wet 
habitats, 5 – dry habitats, 6 – communities of 
secondary succession.

Fig. 25.12 Change during succession in proportion of the areas of communities located in
habitats with different humidity. 1—bare substrate, 2—ponds, 3—communities of habitats where
humidity differs in different seasons, 4—communities of moderately wet habitats, 5—dry habitats,
6—communities of secondary succession
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25.3.5 Model of Vegetation Dynamics Within
a Heterogeneous Landscape

Natural landscape includes neighboring habitats with different, often even con-
trasting, environmental conditions; their adjacency must influence the dynamic
processes going on in ecosystems. A quarry whose ground surface has a complex
relief can be a good full-scale model of the regeneration processes developing
within a heterogeneous landscape (Sumina 2013, 2014). Compared with other
examples of primary succession, quarries used for building material extraction are
the best objects of study. There is no influence either from cold water, as in the case
of areas near a melting glacier, or substrates with a special chemical composition, as
in the case of volcanic lava. In other words, the environmental conditions in
quarries are closer to the standard situation in natural terrestrial ecosystems.

The variety of habitats in each quarry can be reduced to five main types:
(1) ‘eluvial’ on the dry top parts of slopes, (2) ‘transeluvial’ on the middle parts of
slopes, (3) ‘transeluvial–accumulative’ at the feet of slopes, (4) ‘accumulative’ on
the flat surface of the quarry bottom, and (5) ‘accumulative’ in ponds. Parameters of
habitats such as humidity, acidity and the proportion of fine fractions in soils, and
soil nutrition increase from Type 1 to Type 5. The difference between habitats is
noticeable even at the initial stage of the succession. The speed of succession differs
from one habitat to another: Natural recovery is slow in eluvial habitats, and faster
in transeluvial–accumulative and accumulative ones, but the earliest formation of
sustainable communities is noted in the wet sites of the quarry bottom (in ponds and
on their banks).

On the basis of the obtained results, the multivariate model of vegetation
development on heterogeneous territory where different habitats are adjacent was
elaborated (Sumina 2012c, 2013, 2014). This model describes in detail the pro-
cesses occurring in different habitats during the five stages of succession
(Fig. 25.13).

The start of primary succession is the same in all habitats: There is a bare
substrate without plants or soil (zero moment, Fig. 25.13); however, even at that
moment there are micromycetes in the ground (Sumina et al. 2010). During primary
succession, biological weathering rises, and the influence of mosses and lichens on
the mineral substrate is much stronger than that of vascular plants (Sumina and
Lessovaia 2016). The substrate acidity gradually increases. Soil under the undis-
turbed surrounding open woodland is more acidic than on the quarry. The most
acidic substrates are in the wet habitats of old quarries (about 35–40 years old and
older). Based on our findings, pH values decrease simultaneously with the rise in
moisture and plant cover density, which also influences the moisture level (Sumina
and Lessovaia 2016). The impact of vegetation on abiotic conditions becomes
stronger when woody plants (shrubs and trees) appear. Over time, erosion changes
the relief in a quarry: Positive forms are destroyed, and negative ones are filled with
moved material. These processes level off moisture conditions, a process which is
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also facilitated by growing vegetation. A detailed description of all successional
stages is found in the above-mentioned publications.

25.4 Conclusions

1. Long-term vegetation monitoring is an important tool for understanding land-
scape processes under the impact of natural factors and human activity.

2. Our results confirmed 4 out of 5 preliminary hypotheses. The ‘unification’ of
plant species composition on disturbed lands was not revealed. The vegetation
of different quarries, even those located in the same area, is extremely individual
in terms of the composition of species and syntaxa.

3. Natural landscapes are heterogeneous, and quarries used for building material
extraction, featuring various habitats, are a good full-scale model to study
processes of landscape regeneration. The main trend of succession in hetero-
genic landscapes is an increase in the vegetation’s control over the abiotic
environment and leveling out of the main factors, such as moistening and
nutrient distribution. A multivariant model of these processes was developed

Stage of primary 
succession

Type of habitat
1 2 3 4 5

0. Zero-moment 
0-1. Start
1. Pioneer plants
2.Grasses
3. Shrubs
4. Young trees
5. Final

Footnotes: 
No vegetation
Open plant communities of pioneer species
Open plant communities of hydrophytes
Dense plant communities of hydro- and hygrophytes on pond banks and in water
Communities of tussock grasses and shrub seedlings
Grass communities with fragmented shrub layer  
Communities with dominating willows
Communities with dominance of Duschekia fruticosa
Grass communities with shrubs and fragmented layer of young growth trees  
Open woodland with spruce, larch and birch

Fig. 25.13 Scheme of the multivariant model of primary succession in heterogeneous landscapes
(the example of quarries in forest tundra of North-West Siberia). 1–5 types of habitats—see the
text. The arrows indicate the direction of succession
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based on unique field monitoring data. This model should be tested and quan-
tified in other regions of the Arctic.

4. Our studies on technogenically disturbed lands of the Russian Arctic revealed
typical courses of both species diversity and vegetation dynamics.

5. Our long-term monitoring sites and available knowledge and data basis have the
potential to be included in future international projects aimed at understanding,
monitoring, forecasting, and managing processes in Arctic landscapes.
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Chapter 26
The Eddy-Covariance Method and Its
Application from the Volga Steppe
Region to Eastern Siberia

Thomas Foken, Mikhail Strunin and Mathias Göckede

Abstract The eddy-covariance method is a tool that uses the high-frequency tur-
bulent fluctuations within the atmosphere to determine energy and matter fluxes
between the atmosphere and the underlying surface. The most important device is
the sonic anemometer to measure the fluctuations of the three-component wind
vectors, with the first instruments developed in the 1960s in Moscow and tested in
the Volga steppe region. This paper presents a general overview on
eddy-covariance methodology and instrumentation, including sophisticated updates
based on wavelet analysis that help to overcome theoretical limitations with respect
to investigating fluxes at high temporal resolution, and above large landscapes. As a
first example for these updates, we present high-resolution methane fluxes in the
Siberian permafrost area characterized by highly non-steady-state conditions. In a
second example, we analyze aircraft measurements in the Lena region, which
presents a horizontal distribution of the sensible heat fluxes from the surface to the
boundary layer height, demonstrating the effect of the topography on the turbulent
fluxes.
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26.1 Introduction

The eddy-covariance method is nowadays a widely used observational approach for
determining fluxes of energy and matter between the surface and the atmosphere,
with applications not only in meteorology but also in ecology and applied sciences.
The first instrumentation devices that facilitated a practical realization of
eddy-covariance were developed in Moscow and tested in the Volga steppe region.
The presented paper gives an overview of the development of the method from its
early stages nearly 70 years ago to the present. Furthermore, through two examples
based in Siberia, we demonstrate how eddy-covariance can be applied for
landscape-scale investigations. One of the important challenges in climate research
is to quantify the potential impact of increasing methane emissions linked to the
thawing of permafrost soils in a warming Arctic climate. Here, we present obser-
vational studies from Northern Siberia based on the eddy-covariance approach, one
focusing on local scale fluxes in the Chersky region and the second on
landscape-scale fluxes using aircraft measurements over the Lena region. Both
studies aim at improving our understanding of permafrost carbon cycle processes
under global climate change, therefore contributing to the reduction of uncertainties
in the future climate projections.

26.2 The Eddy-Covariance Method

The eddy-covariance method was originally proposed at about the same time by
Montgomery (1948), Swinbank (1951), and Obukhov (1951). Obukhov empha-
sized the importance of this method for the development of parameterizations of the
energy and matter exchange between the atmosphere and the underlying surface,
which are today an important part of all weather and climate models. Still, after the
presentation of the theoretical foundations, more than ten years of research were
required until the first design of today’s anemometers was finalized by
Bovscheverov and Voronov (1960), and only some years later were similar
instruments developed in the USA (Kaimal and Businger 1963) and Japan (Mitsuta
1966). A crucial step toward the general applicability of these new instruments was
the organization of sonic anemometer inter-comparison experiments, with one of
the first being performed in the Volga steppe region near Tsymlyansk (Tsvang et al.
1973).

The basic equation for the measurements of an energy and matter flux Fx in
kinematic units is

Fx ¼ w0x0 ð1Þ

with w′ giving the fluctuation of the vertical wind component and x′ representing
the fluctuations of the horizontal wind component in the case of the momentum
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flux, of the temperature in the case of the sensible heat flux, the water vapor
concentration in the case of the latent heat flux (evapotranspiration), or the con-
centration of a trace gas in the case of any trace gas flux. All of these fluctuations
must be measured with a frequency of 10–20 Hz. These high sampling frequencies
and the associated storage of the large amount of data were a major obstacle in the
early years of application, but due to advances in the development of electronic
components even higher measurement frequencies can now be realized.

The most important instrument for the eddy-covariance method is the sonic
anemometer. The first sonic anemometers used the phase shift method
(Bovscheverov and Voronov 1960; Kaimal and Businger 1963, Fig. 26.1). In this
method, the ultrasonic signal emitted by the transmitter is received at several points,
and wind velocities can be derived as a function of the phase difference between the
transmitted and received signals. Modern sonic anemometers use the travel time
principle and a direct time determination (Hanafusa et al. 1982). In this method, a

Fig. 26.1 Russian phase shift anemometer during the experiment ITCE-81(Tsvang et al. 1985) at
the Tsymlyansk research area (left) together with the Japanese Kaijo-Denki sonic anemometer
PAT 300, working with the travel time principle (Photograph: Foken)
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sonic signal is transmitted from both sides of a measurement path and received on
the opposite sides. Since the propagation of these signals is influenced by the wind
velocity, one signal is faster than the other. The exact travel times of the sonic
signals are subsequently used for the determination of the wind velocity:

t1;2 ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
c2 � u2n

p � ud
c2 � u2

d ð2Þ

where d is the path length, ud is the wind component along the path, un is the
normal component of the wind, and c is the sound velocity.

The difference of the reciprocal travel times gives the wind velocity, and the sum
of the reciprocal travel times can be used to derive the sound velocity:

1
t1
� 1
t2
¼ 2

d
ud ð3Þ

1
t1

þ 1
t2
¼ 2

d
c

ffiffiffiffiffiffiffiffiffiffiffiffiffi
1� u2n

c2

r
� 2

d
c ð4Þ

The sound velocity is a function of temperature and the moisture

c2 ¼ 403T 1þ 0:32e=pð Þ ð5Þ

using the partial pressure of water vapor e and the air pressure p. The product of the
temperature T and the moisture dependent term is called the sonic temperature and
the flux that can be calculated based on the sonic temperature is the buoyancy flux,
which can be transformed with the moisture flux into the sensible heat flux.

The moisture and other trace gas fluxes can be measured with trace gas analyzers
at a high time resolution according to Lambert–Beer’s law

I ¼ I0 � e�k�d� cc0 ð6Þ

where k is the absorption coefficient, d is the path length, and I0 the radiation
intensity at absorber concentration c0. Based on this principle, the actual concen-
tration of the trace gas in question can be derived at very high frequency from the
fluctuations of the detected radiation intensity at a selected wavelength. Trace gas
analyzers can either be installed as an open-path instrument near the sonic
anemometer, or alternatively, air from an inlet near the sonic anemometer can be
pumped through tubes to the measuring cell of a closed-path analyzer.

Nowadays, the eddy-covariance method is well established with necessary
correction methods and quality control tests available in ready-to-use software
packages (Aubinet et al 2012). Typically, the averaging time for fluxes is 30 min.
However, in certain cases, a higher temporal resolution provides a distinctive
advantage, and for both application examples presented in this chapter, flux rates
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for shorter time intervals and a distribution of the flux to different frequencies (sizes
of the turbulent eddies) have been achieved.

The vertical turbulent flux of sensible heat can be calculated with

H ¼ cpqw0h0; ð7Þ

where cp is the specific heat at constant pressure, q is the air density, w′ the
fluctuations of the vertical wind component, and h0 are fluctuations of potential
temperature. Regarding the sign convention, positive values of H indicate an energy
transfer from the surface to the atmosphere. The vertical turbulent flux of latent heat
(turbulent water vapor flux converted to thermal units) can be calculated from the
expression

kE ¼ kqw0q0; ð8Þ

where E ¼ w0q0 is the turbulent water vapor flux with q′ the fluctuations of the
specific humidity, and k is the latent heat of vaporization. From these fluxes, the
Obukhov length can be calculated, which characterizes the stability of the atmo-
spheric boundary layer and the dynamics of its development.

26.3 Eddy-Covariance Measurements with Aircrafts

Aircraft measurements allow the application of eddy-covariance techniques, where
instead of a sonic anemometer a multi-channel Pitot tube and a hot-wire ther-
mometer are used and instead of a time series, a spatial series is measured. The
Russian ILYUSHIN-18D (IL-18D) is an aircraft laboratory (Strunin et al. 2004)
carrying special instruments designed to measure atmospheric variables at a very
high frequency during field campaigns. A gust-probe system measured the wind
speed, wind direction, and air temperature (see Fig. 26.2). Turbulence measure-
ments included horizontal (longitudinal with respect to flight direction) wind speed
fluctuations, vertical wind speed fluctuations, air temperature fluctuations, and
absolute air humidity fluctuations. A high-response pressure sensor, connected to a
Pitot pressure probe and static pressure holes, measured dynamic pressure.
A barometer, connected to the static pressure holes of the aircraft pressure system,
measured static pressure. A fast-response platinum wire thermometer, specially
designed for aircraft conditions, measured the temperature. The angle of attack was
based on measured pressure differences in the holes of a spherical probe. Gyros
measured variations in pitch angle, and a stable accelerometer measured variations
in aircraft vertical acceleration. Doppler radar measured the horizontal components
of the aircraft’s ground speed, and the vertical component of the aircraft’s ground
speed fluctuations was calculated using the well-known gas-dynamics and
dynamics equations of Lenschow (1972).
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The ILYUSHIN-18D is perfectly equipped to investigate structure and some
properties of the atmospheric boundary layer (ABL) over the non-homogeneous
underlying surfaces. For this purpose, a special scheme of flight is needed to
facilitate aircraft observations at a high quality. All measurements are made at
sampling legs, which are the horizontal flight paths with constant airspeed and
altitude of the aircraft. As an example, Fig. 26.3 shows a map of the sampling area
and flight paths over non-homogeneous terrain in the vicinity of Yakutsk in Eastern
Siberia. Blue and red circles are start and end points of each flight leg. This scheme
allows comparison of the data obtained over the same area but under different
thermodynamic conditions. Regional flight paths that were about 90 km in the east–
west direction were made at five different levels from 100 m up to 1500 m above
the highest point of the underlying terrain. Observation sites for the ground-based
tower measurements over a larch and pine forest site and over a grass field were
located directly under the regional flight paths.

Fig. 26.2 Aircraft laboratory Il-18D (left) and aircraft sensors (right) used for eddy-covariance
measurements (Strunin 2008)

Fig. 26.3 Map of sampling area in the vicinity of Yakutsk city, including the scheme of aircraft
observations over the Lena River, a larch and pine forest site (tower S), and those over a grass field
(tower U) (Hiyama et al. 2007)
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26.4 Flux Calculations with Wavelet Technology

Over many years, the Fourier transform has been the basic method of spectral
analysis of turbulence. However, this method has a number of limitations narrowing
the area of its application. The wavelet transform (Grossmann and Morlet 1984) is
free of many limitations peculiar to the Fourier method and may be used in studying
heterogeneous signals. The wavelet transform for a random function is determined
from the expression (Kumar and Foufoula-Georgiou 1994; Torrence and Compo
1998):

Wf ða; bÞ ¼ aj j�1
2

Zþ1

�1
Wðt � b

a
Þf ðtÞdt; ð9Þ

where a is the scale parameter and b is the shift parameter (localization). The
wavelet function WðtÞ is called the basis function or basis (“mother”) wavelet. The
complex Morlet’s wavelet is described (for non-dimensional frequency x0 > 5) by
the formula (Grossmann and Morlet 1984):

WðtÞ ¼ p�
1
4ðcosx0tþ i sinx0tÞe�t2

2 ; ð10Þ

As a result of application of the wavelet transform to a discrete series, the matrix
of the expansion coefficients Wf ða; bÞ of a random function f ðtÞ is calculated. The
energy wavelet spectrum is determined from the expression (Kumar and
Foufoula-Georgiou 1994; Torrence and Compo 1998):

Ef ðaÞ ¼ C�1
W

Zþ1

�1
Wf ða; bÞj j2db; ð11Þ

where CW is a constant dependant on the basis wavelet. This constant is calculated
in the following way:

CW ¼ 2p
Z1

0

W�ðxÞj j2
x

dx; ð12Þ

and W�ðxÞ is the Fourier image of the “mother” wavelet function. If two random
functions f ðtÞ and gðtÞ are considered, it is possible to define the wavelet
cross-spectrum as (Grossmann and Morlet 1984):

EfgðaÞ ¼ C�1
W

Zþ1

�1
Wf ða; bÞWgða; bÞdb; ð13Þ
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where Wg a; bð Þ is the complex-conjugate wavelet transform of the random function
gðtÞ. The function Wf ða; bÞj j2, calculated from the real and imaginary matrices of
wavelet coefficients, is called the wavelet scalogram of the function f ðtÞ, and the
product Wf ða; bÞWgða; bÞ is defined as the cross-calogram of the functions f ðtÞ and
gðtÞ . The real CofgðaÞ part of the cross-spectrum is the complete analog of the
Fourier co-spectra (Lui 1994).

According to the choice of the wavelet function, the result has a better resolution
of the frequencies (complex Morlet’s wavelet, e.g. used by Strunin and Hiyama
2004) or in the time scale (Mexican hat wavelet, e.g. used Collineau and Brunet
1993). In the following two examples, both versions of wavelet applications were
used.

26.5 Application of Eddy-Covariance Techniques
and Wavlet Technology

26.5.1 Methane Fluxes in the Siberian Permafrost Area

Permafrost soils in northern high latitudes are characterized by enormous carbon
stocks that are estimated to contain about 50% of the global below-ground carbon
reservoir. With about two-thirds of the Arctic being classified as wetlands, the
prevalence of inundated conditions also implies that permafrost regions hold the
potential to become substantial future sources of methane. This very complex
region is, therefore, the subject of many scientific investigations. The example
presented in this chapter is focused on the Chersky region in North-East Siberia
(Kittler et al. 2016; Göckede et al. 2019). In the study area, two eddy-covariance
measuring complexes were installed with a sonic anemometer and a closed-path gas
analyzer to measure water, methane, and carbon dioxide fluxes (Fig. 26.4).

The area is composed of extensive low-lying wetlands characterized by a patchy
structure, but hilly upload tundra with small mountains is also present. Therefore,
besides the geochemical situation, the conditions for micrometeorological mea-
surements are also very challenging at times, and the recommendation for
eddy-covariance measurements—steady-state conditions within the averaging time
of 30 min—cannot always be fulfilled. Intermittent turbulence, katabatic flow, or
microfronts are typical conditions observed during the summer months at this
observation site, all of which have been shown to particularly influence methane
fluxes in the form of high flux emission events (Schaller et al. 2019). To circumvent
biases in methane flux calculations that are associated with intermittent turbulence,
the flux calculation based on a Mexican hat wavelet that provides a good approach
to determine flux rates at a time resolution of about 1 min (Schaller et al. 2017).

Figure 26.5 shows one case study for the application of a wavelet analysis to
study a non-steady-state flux situation in a clear night with only a light breeze.
Before 23:30, due to the weak turbulent mixing, the surface was decoupled from the
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instrumentation level (*5 m a.g.l.), which led to the build-up of a concentrated
pool of methane near the ground. After that, increasing turbulence eventually led to
the venting of this methane pool toward the instruments at the tower
top. Accordingly, the methane concentration increased rapidly by more than
500 nmol mol−1 around midnight. At 23:59, the 1 min wavelet flux increased
rapidly from 1.9 up to 6.8 nmol mol−1 m s−1—this is the beginning of the event,
which lasted until 00:07. Exactly, in the time interval 23:30–23:59, the mean flux
also increased, but its rate is much lower than the summed 1-min fluxes (Schaller
et al. 2017). Based on such findings, a recommendation was derived to include
fluxes calculated with a wavelet tool in the case of non-steady-state conditions, in
order to avoid systematic biases to long-term flux budgets determined with the
standard eddy-covariance data processing approach.

Fig. 26.4 Eddy-covariance tower at the Chersky research site (Photograph: Göckede). The system
consists of a heated sonic anemometer (METEK USA1), an open-path gas analyzer for CO2/H2O
(LiCor 7500, only right picture), and the inlet line for a closed-path gas analyzer for CH4/CO2/H2O
(Los Gatos FGGA)
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26.5.2 Definition of the Atmospheric Boundary Layer
Height and of the Local Circulations

Vertical profiles of the sensible heat flux H clearly indicate the upper boundary of
convective (CBL) or stable boundary layer (SBL), because it is possible to exactly
fix the level where H = 0. Other parameters do not give such evidence criteria. In
case of the SBL, the level where H= 0 directly indicates the boundary layer height
zi. In the homogeneous CBL, the sensible heat flux becomes zero at the level of 0.7
zi. The latter dependence was verified by vertical profiles of potential temperature
and specific humidity obtained during numerous aircraft observations and is used
now in different scaling models for the convective boundary layer (Stull 1988;
Kaimal and Finnigan 1994).

The method was tested based on the aircraft observations of the mesoscale
thermal internal boundary layers (MTIBLs) in the Yakutsk area (Strunin et al. 2004)
and over the Sea of Okhotsk (Strunin 2008). It was demonstrated that the sensible
heat flux was the best indicator of the mixing layer vertical spreading. This method
is a good approach for estimating not only the height of homogeneous boundary
layer zi, but also for the fixing of local values of the depth di for the CBL developed
over the thermally non-homogeneous terrain. The upper layer of the
non-homogeneous CBL is spatially variable, therefore we suggested the method for
estimating the CBL local depth based on spatial distributions of turbulent sensible
heat fluxes.

The method has the following advantages:

– It has high accuracy due to clear fixing of zero level;
– It allows determination of the local height of the boundary layer over the

non-homogeneous terrain;

Fig. 26.5 Example of a methane flux at the Chersky research site in the night 2/3 August 2014.
The flux determined with the wavelet tool and 1-min time resolution (orange lines) is compared
with the conventional calculation with 30 min averaging time (eddy-covariance: violet) in the
lower picture, while the upper picture shows the Mexican hat wavelet flux intensity: blue refers to
the smallest, green to medium and red to highest methane flux contributions (Schaller et al. 2017)
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– It is suitable for use in the aircraft-based data analysis of horizontal distributed
parameters.

A few examples of using the method for analyzing non-homogeneous boundary
layers are presented below.

Investigations of the CBL over the Lena River and its banks were made in
April–June 2000 in the Yakutsk area (Western Siberia) within the framework of the
international mission GAME-Siberia (Hiyama et al. 2003). During this observation
period, the Lena River—with a width ranging between 5 and 15 km—was sub-
stantially colder than the surrounding surface, with temperature differences between
banks and water partially exceeding 15°. The sampling scheme employed within
the context of this experiment is shown in Fig. 26.3, and examples of the vertical
aircraft soundings are presented in Fig. 26.6. The results demonstrate that only
during one day of the experiment (on May 1) did vertical profiles allow for an exact
determination of the top of the CBL (Fig. 26.6a), while in the other cases, (e.g. on
June, 1 and June, 19) the boundary layer heights could not be clearly constrained
(Fig. 26.6b and c). Furthermore, vertical sounding could not provide horizontal
structures at the CBL top, which is a very important parameter for studying
boundary layers over non-homogeneous terrain. Data analysis revealed the devel-
opment of mesoscale thermal internal boundary layers (MTIBLs) that radically
changed the structure of the CBL. MTIBLs were obvious in the structure of virtual
potential temperature, specific humidity and, especially, in the structure of vertical
turbulent sensible and latent heat fluxes. Figure 26.7 shows the non-monotonous
distribution of the turbulent fluxes in vertical cross sections of the sensible heat
turbulent fluxes for May 1 and June 1 and 19, 2000, over the Lena River valley, as a
more obvious graphical representation of the existence of MTIBLs. Surface tem-
perature is also plotted in the figures to display surface thermal conditions as well as
the horizontal scale of surface heterogeneities. Some features of the underlying
surface (lowland and the Lena River) are also marked. It was shown in these figures
that vertical sensible (both with latent) heat fluxes are sensitive to the presence of
large-scale thermal heterogeneity at the surface, and that the fluxes can indicate the
existence of MTIBLs. The CBL over homogeneous terrain is typically character-
ized by strong upward sensible heat fluxes, but these fluxes change their sign at
some levels in the CBL. This sign change was used to mark the presence of an
MTIBL. The clearest development of an MTIBL occurred on June 19. Downward
heat fluxes over the river lowlands denoted stable atmospheric conditions that
expanded to the top of the CBL over the cold surface. Vertical cross sections of
sensible heat fluxes over the Lena River and surrounding terrain (Fig. 26.7) allow
revealing of the distribution of the local values of CBL heights di (Strunin and
Hiyama 2005a), which are obtained from the condition that local values of sensible
heat fluxes Hi = 0 are at the level of 0.7 di.

Another detected phenomenon, besides the arising of MTIBLs described above,
was a local breeze circulation (LC), which significantly changed the structure of
horizontal advection up to the occurrence of reverse-airflow zones. One example of
a LC arising over the Lena River banks is shown in Fig. 26.8 (Hiyama et al. 2007).
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It is important that, unlike the usual land breeze, local vortices were generated by
the cold water surface with a relatively small (about 10 km) horizontal extent. The
temperature difference between the heated land surface and the cold water body of
the river was, by default, considered to be the first cause of the occurrence of a local
vortex. However, local vortices are also known to be formed owing to airflow
around obstacles on the underlying surface.

Moreover, local vortices occurred only over the windward riverbank, which is
characteristic of breeze circulation. At the same time, it is well known that a vortex
arising from airflow around an obstacle is located on its leeward side (Skorer 1980).
Thus, the height difference between the lowland of the river and its banks did not

Fig. 26.6 Vertical profiles of potential temperature h and specific humidity q over the Lena River,
based on aircraft observations and radio-soundings (Strunin et al. 2004)
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have a noticeable influence on the flow pattern, and the main cause of LC occur-
rence was the temperature difference between the water and bank surfaces; i.e., the
LC had a clearly defined breeze character.

The necessary conditions for the formation of mesoscale layers and local breeze
vortices were revealed, and the criteria for the detection of their occurrence were
developed. It could furthermore be shown that the occurrence of local vortices
could be one of the causes of imbalance in the budgets of heat and water vapor
fluxes estimated from data of ground-based measurements.

26.5.3 Wavelet Scalogramms and Cross-Spectra

The application of wavelet techniques to investigate mesoscale thermal internal
boundary layers (MTIBL) confirmed that a main feature of the MTIBL was the
downward sensible heat fluxes that developed over the relatively cold river under
unstable thermodynamic conditions. Wavelet cross-scalograms between vertical
wind speed and air temperature fluctuations also reflect this sequence of events (see
Fig. 26.9). Cross-scalograms on panels a, b, and c, which correspond to 100-, 150-,
and 300-m flight levels, respectively, show strong downward fluxes over the river

Fig. 26.7 Development of MTIBLs over the Lena River under different thermodynamic
conditions (Strunin et al. 2004)
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lowlands at practically all scales. Cross-scalograms and vertical cross sections of
sensible heat flux over the Lena River and its lowland (see Fig. 26.9) show good
agreement and provide additional observational support for the MTIBL develop-
ment. Cross-scalograms were the basis for the calculation of co-spectra between
fluctuations of the vertical wind velocity and potential air temperature for different
heights and days of the observations of MTIBLs. The co-spectra CowhðkÞ (see
Eq. 13) were normalized by the values of kinematic heat fluxes using the flux

w0h0
� �

0
averaged over the flight path at a height of 100 m (upper level of surface

layer). The normalized wavelet co-spectra Cnwh, as functions of the normalized
wave number kz, are given in Fig. 26.10 for different heights based on observations
from May 9, 2000. The vertical evolution of the co-spectra over time facilitated the
assessment of CBL development under different thermodynamic conditions. It

follows from Fig. 26.10 that the behavior of the co-spectra (w0h0) depended on the
relative (normalized) height above the underlying surface and the degree of CBL
stability.

The pronounced peaks of co-spectra made it possible to separate air motions of
different scales within the CBL over the heterogeneous underlying surface for
further analysis. It is evident that the development of eddies in the CBL is

Fig. 26.8 Development of local circulation over the Lena River under different thermodynamic
conditions (Hiyama et al. 2007)
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significantly limited by scales comparable to its thickness (usually 1–2 km). It can,
therefore, be assumed that chaotic air motions on scales smaller than the CBL
height di must obey the laws of locally isotropic turbulence and may be called
purely turbulent. In the CBL, air motions on scales (approximately 2–20 km) that
are larger than the CBL thickness must have absolutely different properties and may
be regarded as mesoscale motions. The procedure for separating the co-spectra into
turbulent and mesoscale portions is explained by the schemes given in Fig. 26.11.
One can distinguish four situations typical of the position of the peaks in the
co-spectra. In the most evident case, when the turbulent and mesoscale maxima are
far from each other, the dimension corresponding to the co-spectrum minimum can
be chosen as a boundary between the motions. The area under the co-spectrum
curve on the right of the AB line determined the turbulent flux, and the area under
the co-spectrum curve on the left of the AB line determined the mesoscale flux.

Based on these findings, we suggested a separation approach for the independent
analysis of turbulent and mesoscale motions in the non-homogeneous CBL based
on the wavelet analysis. The decomposition of co-spectra made it possible to
separately calculate the turbulent and mesoscale fluxes of heat (HT and HM) and
water vapor (ET and EM). The boundaries of the ranges were determined

Fig. 26.9 Wavelet cross-scalograms between vertical wind speed and potential air temperature,
which is the kinematic heat flux, obtained at five flight heights from 100 m up to 1500 m (panels
a–e) during aircraft experiment on June 19, 2000 over the Lena River and its banks (Strunin and
Hiyama 2005b)
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individually for each sampling leg, but they proved to be almost the same for
different fluxes in each leg. The data obtained formed the basis for the construction
of empirical similarity models. The vertical similarity profiles for the turbulent and
mesoscale fluxes were plotted as functions of the relative height above the land
surface. The height was normalized by the reduced CBL thickness. The total flux
H0 defined as the sum of the turbulent and mesoscale portions for a height of 100 m

Fig. 26.10 Normalized co-spectra Cnwh between the fluctuations in the vertical wind velocity w′
and the potential air temperature with respect to the normalized wave number kz for different
heights on May, 9, 2000 (Strunin and Hiyama 2005b)

Fig. 26.11 Scheme for separating the co-spectra into turbulent and mesoscale portions. The AB
line denotes the boundary scale between the portions of the co-spectra; shaded are the areas under
the approximating curves for the turbulent (red curve) and mesoscale (blue curve) portions; the
black full curve denotes the entire spectrum (Strunin and Hiyama 2005b)
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was used as a normalizing quantity for heat fluxes. The water vapor fluxes reached
their maxima at a measurement level between 100 and 1500 m. The maximum flux
values (Emax) averaged over the flight path were used as normalizing quantities. The
vertical flux-similarity profiles based on the data obtained from April 24 to June 19,
2000, for all the regional legs are given in Fig. 26.12.

Fig. 26.12 Vertical profiles of the similarity models for the turbulent and mesoscale portions of
the heat H, water vapor E fluxes (Strunin and Hiyama 2005b)
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26.6 Conclusion

Following the development of the modern sonic anemometer in Russia, since the
1960s it has facilitated the determination of direct observations of energy and matter
exchange processes between surface and atmosphere, being the core instrument for
the so-called eddy-covariance method. Since the application of the eddy-covariance
technique is restricted by certain theoretical assumptions, in addition to the classical
flux calculation for half-hour mean values, modern mathematical methods—like the
wavelet technique—have been developed as an extension to also allow flux calcu-
lation during periods of non-stationary flow, or for shorter time intervals and for
different temporal scales. As shown in our examples, such new developments may
significantly contribute to improvement of the calculation of the very non-steady-state
methane fluxes in the Siberian permafrost region and therefore the reduction of
uncertainties regarding the role of these systems in the context of global climate
change. The application for aircraft measurements allows a spatial-frequency analysis
of turbulent structures from the smallest scales to the mesoscale. Thus, the use of
wavelet analysis makes it possible to separate air-mass motions within the hetero-
geneous convective boundary layer into turbulent (with scales of 20 m–2 km) and
mesoscale (with scales of 2–20 km) motions. Our results demonstrated that empirical
profiles of heat and water vapor fluxes for turbulent and mesoscale motions differ
significantly from each other and from standard similarity models for the convective
boundary layer. It is shown that the well-known similarity models describe the heat
fluxes that include both turbulent and partially mesoscale motions.

References

Aubinet M, Vesala T, Papale D (eds) (2012) Eddy covariance: a practical guide to measurement
and data analysis. Springer, Dordrecht. https://doi.org/10.1007/978-94-007-2351-1

Bovscheverov VM, Voronov VP (1960) Acoustic rotor. Izv AN SSSR, ser Geofiz. 6: 882–885
(Бoвшeвepoв B.M. и Bopoнoв B.П. (1960) Aкycтичecкий флюгep. Извecтия AH CCCP,
cep. Гeoфизикa 6: 882–885)

Collineau S, Brunet Y (1993) Detection of turbulent coherent motions in a forest canopy. Part I:
Wavelet analysis. Bound Layer Meteorol 65:357–379

Göckede M, Kittler F, Schaller C (2019) Quantifying the impact of emission outbursts and
non-stationary flow on eddy-covariance CH4 flux measurements using wavelet techniques.
Biogeosciences 16(16):3113–3131

Grossmann A, Morlet J (1984) Decomposition of hardy functions into square integrate wavelets of
constant shape. SIAM J Math Anal 15:723–736

Hanafusa T, Fujitana T, Kobori Y, Mitsuta Y (1982) A new type sonic anemometer-thermometer
for field operation. Pap Meteorol Geophys 33:1–19

Hiyama T, Strunin MA, Suzuki R, Asanuma J, Mezrin MY, Bezrukova NA, Ohata T (2003)
Aircraft observations of the atmospheric boundary layer over a heterogeneous surface in
Eastern Siberia. Hydrol Process 17:2885–2911

Hiyama T, Strunin MA, Tanaka H, Ohta T (2007) The development of local circulations around the
Lena River and their effect on tower-observed energy imbalance. Hydrol Process 21:2038–2048

596 T. Foken et al.

http://dx.doi.org/10.1007/978-94-007-2351-1


Kaimal JC, Businger JA (1963) A continuous wave sonic anemometer-thermometer. J Clim Appl
Meteorol 2:156–164

Kaimal JC, Finnigan JJ (1994) Atmospheric boundary layer flows, their structure and
measurements. Oxford University Press, New York, Oxford, p 289

Kittler F, Burjack I, Corradi R, Heimann M, Kolle O, Merbold L, Zimov N, Zimov S, Göckede M
(2016) Impacts of a decadal drainage disturbance on surface–atmosphere fluxes of carbon
dioxide in a permafrost ecosystem. Biogeosciences 13:5315–5332. https://doi.org/10.5194/bg-
13-5315-2016

Kumar P, Foufoula-Georgiou E (1994) Wavelet analysis in geophysics: An introduction. Wavelet
in geophysics. Academic Press Inc, San Diego, pp 1–43

Lenschow DH (1972) The measurements of air velocity and temperature using the NCAR Buffalo
Aircraft Measuring System. Technical Note TN/STR-74, NCAR, Boulder, CO: 39 pp

Lui PC (1994) Wavelet spectrum analysis and ocean wind waves. Wavelet in geophysics.
Academic Press Inc, San Diego, pp 151–166

Montgomery RB (1948) Vertical eddy flux of heat in the atmosphere. J Meteorol 5:265–274
Mitsuta Y (1966) Sonic anemometer-thermometer for general use. J Meteor Soc Japan Ser II

44:12–24
Obukhov AM (1951) Characteristics of the micro-structure of the wind in the surface layer of the

atmosphere. Izv AN SSSR, ser Geofiz 3:49–68 (Oбyxoв AM (1951) Xapaктepиcтики
микpocтpyктypы вeтpa пpизeмнoм cлoe aтмocфepы. Извecтия AH CCCP, cep. Гeoфизикa
3:49–68)

Schaller C, Göckede M, Foken T (2017) Flux calculation of short turbulent events – comparison of
three methods. Atmos Meas Tech 10:869–880. https://doi.org/10.5194/amt-10-869-2017

Schaller C, Kittler F, Foken T, Göckede M (2019) Characterisation of short-term extreme methane
fluxes related to non-turbulent mixing above an Arctic permafrost ecosystem. Atmos Chem
Phys 19(6):4041–4059

Skorer P (1980) Fluid aerodynamics. Izd. Mir, Moscow, 549 pp (Cкopep P. 1980. Aэpoдинaмикa
oкpyжaющeй cpeды, Izd.Mиp, Mocквa: 549 c)

Strunin MA (2008) Development of the mixed convective atmospheric boundary layer above
surfaces with changing thermal properties, generating cumulus clouds. Izd. Meteorologija I
Gidrologija. Problems of cloud physics, in memorial of SM Shmetera: 362–391 (CтpyнинMA
(2008) Paзвитиe пpepывиcтoгo кoнвeктивнoгo пoгpaничнoгo cлoя aтмocфepы нaд
пoвepxнocтью c пepeмeжaющимиcя тepмичecкими cвoйcтвaми, пpивoдящee к
oбpaзoвaнию oблaкoв кyчeвыx фopм. M. Изд. Meтeopoлoгия и Гидpoлoгия. Cб.
Boпpocы физики oблaкoв пaмяти CM Шмeтepa: 362–391)

Strunin MA, Hiyama T (2004) Applying wavelet transforms to analyze aircraft-measured
turbulence and turbulent fluxes in the atmospheric boundary layer over eastern Siberia. Hydrol
Process 18:3081–3098. https://doi.org/10.1002/hyp.5750

Strunin MA, Hiyama T (2005a) Aircraft observations of the atmospheric boundary layer over the
Lena River Lowland: Part 1: Mesoscale structure. Izvest Atmos Ocean 41(2):156–177

Strunin MA, Hiyama T (2005b) Spectral structure of small-scale turbulent and mesoscale fluxes in
the atmospheric boundary layer over a thermally inhomogeneous land surface. Bound-Layer
Meteorol 117:479–510. https://doi.org/10.1007/s10546-005-2188-2

Strunin MA, Hiyama T, Asanuma J, Ohata T (2004) Aircraft observations of the development of
thermal internal boundary layers and scaling of the convective boundary layer over
non-homogeneous land surfaces. Bound Layer Meteorol 111:491–522. https://doi.org/10.
1023/B:BOUN.0000016542.72958.e9

Stull RB (1988) An introduction to boundary layer meteorology. Kluwer Academic Publishers,
Dordrecht, p 666

Swinbank WC (1951) The measurement of vertical transfer of heat and water vapor by eddies in
the lower atmosphere. J Meteorol 8:135–145

26 The Eddy-Covariance Method and Its Application … 597

http://dx.doi.org/10.5194/bg-13-5315-2016
http://dx.doi.org/10.5194/bg-13-5315-2016
http://dx.doi.org/10.5194/amt-10-869-2017
http://dx.doi.org/10.1002/hyp.5750
https://doi.org/10.1007/s10546-005-2188-2
https://doi.org/10.1023/B:BOUN.0000016542.72958.e9
https://doi.org/10.1023/B:BOUN.0000016542.72958.e9


Torrence C, Compo GP (1998) A practical guide to wavelet analysis. Bull Am Meteor Soc 79:61–
78

Tsvang LR, Kaprov BM, Zubkovskij SL, Dyer AJ, Hicks BB, Miyake M, Stewart RW,
McDonald JW (1973) Comparison of turbulence measurements by different instruments;
Tsimlyansk field experiment 1970. Bound-Layer Meteorol 3:499–521

Tsvang LR, Zubkovskij SL, Kader BA, Kallistratova MA, Foken T, Gerstmann W, Przandka Z,
Pretel J, Zelený J, Keder J (1985) International turbulence comparison experiment (ITCE-81).
Bound-Layer Meteorol 31:325–348

598 T. Foken et al.



Chapter 27
In Situ and Remote Water Monitoring
in Central Asia—The Central Asian
Water (CAWa) Network
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Abstract Water is an important natural resource as it plays a key role for living,
agricultural production, and economic development. Central Asia features strongly
heterogeneous landscapes in terms of orographic, climatic, and hydrologic condi-
tions, which leads to a spatially non-uniform forming of water resources over the
region. The availability and direct access to freshwater often result in disputes
between the different countries. Therefore, a reliable trans-boundary water resource
management is needed. Within the CAWa project, a network of automatic moni-
toring stations has been installed especially in remote areas and at higher altitudes
providing continuously meteorological and hydrological parameters. In addition to
the ground-based monitoring network, water levels and volume changes of selected
lakes and reservoirs are provided by satellite-based radar altimetry. All data is
stored in an open-access data base to support data sharing between the involved
transnational agencies and thus, to allow sustainable decision-making about water
management and to contribute to international scientific cooperation.
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27.1 Introduction

In the arid and semi-arid region of Central Asia, water is one of the most important
natural resource. It is not only the potable water supply for a growing population
but also a precondition for the economic development and for the irrigation for
agricultural production. The Amu Darya and the Syr Darya, the two major rivers in
Central Asia, originate in the high mountains of the Tian Shan and Pamir and are
formed from the melt of seasonal snow pack, glacier ice, and precipitation. This
important role of the flow formation zone for water management in Central Asia
calls for a continuous monitoring of all contributing processes. A sustainable water
management requires data for operational runoff forecasts as well as the assessment
of changes in the head-water catchments and their water resources
(Unger-Shayesteh et al. 2015) resulting from changes in the regional and global
climate.

Since 2008, a transnational network of remotely operated multi-parameter stations
(ROMPS) has been established in Central Asia (Fig. 27.1) in the frame of the CAWa
project (http://www.cawa-project.net) that continuously captures and distributes
meteorological and hydrological observations (Schöne et al. 2013). In addition to the
ground-based station network, a satellite-based monitoring system has been devel-
oped to provide data on water levels and water volume changes of selected lakes and

Installed ACROSS stations

Installed CAWa stations

Installed GCO-CA stations

Installed ACROSS stations

Installed CAWa stations

Installed GCO-CA stations

Installed ACROSS stations

Installed CAWa stations

Installed GCO-CA stations

Fig. 27.1 Geographical settings and the ROMPS monitoring network in Central Asia (12/2018).
The network consists of stations installed under the CAWa project, GFZ’s GCO-CA program, and
the ACROSS initiative (Helmholtz Society 2015)
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reservoirs in this region. All data is made immediately freely accessible to all national
Hydrometeorological Services as well as to the international community through the
Sensor Data Storage System (SDSS) of the CAWa project.

27.2 Geographical Settings and Hydrometeorological
Monitoring in Central Asia

In the semi-arid to arid regions, water resources are vital for a growing population,
food security, and the regional economic development. Knowledge about and
monitoring of water resources and the forecasting of seasonal water availability is
of utmost importance for water management. In past decades, hydrometeorological
monitoring in Central Asia was often based on manually operated posts even in
very remote locations and under harsh climatic conditions. Data collection and
transmission required human interactions. After the collapse of the Soviet Union in
1991, it became increasingly difficult for the new independent Republics
(Kazakhstan, Kyrgyzstan, Tajikistan, Turkmenistan, and Uzbekistan) to continue
this monitoring. Also the conflicts in Afghanistan made it difficult to operate
monitoring posts in Afghan high mountains. The resulting network thus declined
significantly, primarily affecting stations in the flow formation zone at altitudes
above 2000 m a.s.l. (e.g., World Bank 2009). Hence, there is a great need to sustain
and partly improve the hydrometeorological monitoring in Central Asian’s
head-water catchments.

Another significant change is that many of the major rivers became of
trans-boundary nature after the re-foundation of independent states in 1991 and
thus, are now subject to necessary international agreements on water usage. For
example, the Aral Sea’s main water sources—the Amu Darya and Syr Darya Rivers
with their tributaries—now pass six countries: northern Afghanistan, Kazakhstan,
Kyrgyzstan, Tajikistan, Turkmenistan, and Uzbekistan. Their water streams are
intensively used by all riparian nations, albeit, often with conflicting claims.
Countries in the head-water regions are using these resources for generating
hydroelectric power in winter, while low-lying counties need the water for irriga-
tion during the summer months (Giese et al. 2004; Sehring 2007; Eschment 2011;
Sehring and Diebold 2012). In past decades, overexploitation and sometimes
inefficient usage of water resources have led to frequent water shortages in the
region (De Martino et al. 2005; UNECE 2011); the desiccation of the Aral Lake
being a commonly known example. Long-term effects of, e.g., climate change are
likely to aggravate the situation. To mitigate these challenges, information on
(regional) water availability is needed for sustainable planning and management
(Abdullayev and Rakhmatullaev 2014). To assist such processes, independent and
freely available information on water parameters, such as rainfall distribution, soil
moisture, glacier, and ice/snow melt, river and groundwater flow, and lake and
reservoir volumes, are in high demand (WWAP 2012).
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In the 1990s and 2000s, several internationally funded projects already
addressed these issues and succeeded to install a number of automatic meteoro-
logical and hydrometeorological monitoring stations (World Bank 2018). Beside
these positive developments, a number of challenges still remain (Schöne et al.
2013):

– Multi-parameter stations are necessary to consolidate the monitoring network
especially at higher altitudes and remote areas. The stations need to be capable
of reliable unmanned operation under the prevailing extreme environmental
conditions, to have low maintenance requirements and, additionally, to incur
very low operational costs.

– Near-real-time data transmission to data centers and users is needed even from
remote and uninhabited areas.

– The data management infrastructure should be capable of facilitating data
sharing among countries.

These challenges of establishing and operating a regional monitoring network of
ROMPS with a special focus on the flow formation zone are addressed in the frame
of the CAWa project, the “Global Change Observatory Central Asia (GCO-CA)” of
the German Research Center for Geosciences (GFZ), and the long-term strategy of
the Central Asian Institute for Applied Geosciences (CAIAG) in Kyrgyzstan. With
these programmes, opportunities to support a wide range of operational, societal
and scientific tasks, among them weather observations and forecasts, long-term
climate monitoring, river discharge monitoring, glacier observations, Earth-System
hazard monitoring [e.g., glacier lake outburst floods (Zech et al. 2018), earthquakes
(Metzger et al. 2017)] as well as the establishment of water-related early-warning
systems are offered. To serve these applications, ROMPS stations combine a
multitude of sensors at one station with shared power supply and communication
infrastructure (Schöne et al. 2013).

27.3 Hydrometeorological Monitoring

The network which is operated under the CAWa project aims to continuously
measure a large number of meteorological and hydrological parameters. The station
concept of the ROMPS is described in detail in Schöne et al. (2013) (Fig. 27.2).
The mainly acquired meteorological parameters are: wind speed and gust (in 10 m
above ground), air temperature (for example, Fig. 27.3), relative humidity, air
pressure (all 2 m above ground), precipitation with a tipping bucket, and the
incoming and reflected short-wave and long-wave (infrared) radiation by a
four-component net radiometer (e.g., Gafurov et al. 2016). With regards to potential
application in hydrology up to six soil moisture and soil temperature sensors
complement the station setup (typically at 10/20/40/60/80/100 cm below surface).
For monitoring the head-water catchments, information about snow height and
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snow properties is crucial. Five well-located stations are equipped with a snow pack
analysing (SPA) system (Sommer Messtechnik, https://www.sommer.at) to mea-
sure snow parameters in combination with a temperature-compensated ultrasonic
snow depth/height sensor. River discharge monitoring is continuously performed at
four sites using a Doppler-based radar sensor (Sommer Messtechnik) measuring the
surface velocity of the river stream. In combination with time-delay measurements
(pulse radar), the water level can be determined. The discharge is calculated by
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Fig. 27.2 Main components of the ROMPS station at Taragay (Kyrgyzstan). Soil moisture and
soil temperature sensors are not visible. This station is additionally equipped with a broadband
seismometer from the GEOFON network (https://geofon.gfz-potsdam.de)
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Fig. 27.3 Example of air temperatures at Abramov Glacier (“ABRA”, Altitude 4200 m) and
Aksai (“ASAI”, Altitude 3060 m) (Locations see Fig. 27.1). The coldest recorded temperature in
Aksai has been −48 °C (Winter 2017)
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integrating values of the river cross section area and the mean flow velocity.
Additionally, some of the ROMPS are complemented with broadband seismometers
for earthquake monitoring and/or automated high-rate digital optical cameras for
continuous monitoring of glacier mass balances (Hoelzle et al. 2017) through
observing the snow line and the percentage of snow coverage on the glacier (Huss
et al. 2013). Most sensors are sampled every five minutes and data is hourly
transferred to the SDSS for further processing and distribution.

27.4 Reservoir, Lake, and River Monitoring in Central
Asia with Radar Altimetry

During the past years, remote sensing of water-related resources gained increasingly
interest. Different space-based water monitoring missions, such as NASA’s Terra
and Aqua missions for snow coverage or NASA’s SMAP, ESA’s SMOS, or EU/
ESA Copernicus SENTINEL’s missions for soil moisture retrieval enabled the
continuously and spatially complete monitoring of certain water parameters, even in
mountainous areas where significant amounts of water is stored in glaciers, lakes,
and reservoirs. To get a complete picture of water availability and resources, all
sources need to be monitored. This can be done on regional scales by, e.g., satellite
gravity observations (e.g., GRACE/GRACE-FO; Gouweleeuw et al. 2018), radar
altimetry, or locally by in situ measurements. Public information about the actual
stored volume in reservoirs and lakes in a timely and independent manner is
available only for a small number of selected water bodies. In Central Asia, a few
organizations are dealing with the collection and dissemination of water-related
data, but often require front-up registration and/or paid subscriptions. To remotely
estimate water body parameters, radar altimetry has become a convenient tool.
Since 25 years, space-based radar altimetry continuously measures water surface
heights, primarily over oceans. Over the past years, this technology was advanced
allowing also precise measurements of inland-water bodies. Radar altimeters deli-
ver ellipsoidal heights by measuring the two-way travel time of a radar pulse in the
line of the nadir. Due to the orbital characteristics of the satellites, the repeat
interval is fixed (e.g., 10, 27, 35 days). Advanced signal processing technologies,
such as the so-called retracking of individual radar pulses, allow the extraction of
water levels of smaller inland-water bodies in the nadir of the satellite pass.
Although the accuracy of the water levels (water heights) is slightly reduced
compared to the traditional open ocean application, a recent study for the Toktogul,
Kairakum, and Shardara water chain in Central Asia (Schöne et al. 2018a)
demonstrated that the water level of reservoirs can be determined with an accuracy
of better than ±30 cm.

Radar altimetry provides water but most hydrological applications require vol-
umes or volume changes. For most reservoirs and lakes, the bathymetry is either not
available or unknown preventing the development of an accurate hypsometry or a
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volumetric curve. In order to provide the complementary information about indi-
vidual water bodies, remote sensing technology is used. For a large number of lakes
and reservoirs in Central Asia, the CAWa project derived time series of water
surface area extents using Landsat™ satellite (https://landsat.gsfc.nasa.gov/) ima-
ges. The surface extents and radar altimetry surface heights are merged and a
hypsometric curve which gives volume changes in respect to the lowest observed
water level for any height within the definition range. Figure 27.4 shows the
resulting hypsometry of the Toktogul Reservoir. Due to errors or inconsistencies in
the derived area information and height information, the volumetric curve is esti-
mated only, but still provides sufficient accuracy. Figure 27.5 gives an example for
analyzing the water regimes of the reservoirs in the Naryn catchment area, in this
case of the Toktogul, Kairakum, and Shardara reservoirs.

Reservoir and lake volumes available in SDSS are not only used in hydrological
studies (e.g., Schöne et al. 2018a) but are also of interest in other fields of science,
e.g., Earth-system studies (e.g., Neelmeijer et al. 2018; Andersohn et al. 2017).

The monitoring of water table of rivers (stage monitoring) is also of increasing
interest for water management. As an example, the Global River Runoff Center
(GRDC) database (https://www.bafg.de/GRDC/EN/Home/homepage_node.html)
of the World Meteorological Organization (WMO) does not contain recent values
from either the Syr Darya or Amu Darya river. The use of radar altimetry for river
monitoring is currently technologically limited to larger and well-situated rivers, but
the potential of this technology has been demonstrated (Koblinsky et al. 1993). For
Central Asia, a few rivers can be monitored with limited accuracy (Fig. 27.6). With
the launch of ESA’s CryoSat—2 mission in 2010, primarily designed to map the
ice-covered oceans, Synthetic Aperture (SAR) altimetry will be able to provide an
exciting perspective for inland-water monitoring. The SAR (or Doppler delay)
altimetry allows sensing of smaller portions of the radar footprint and thus, to
observe water levels of smaller water bodies such as rivers. The planned Surface
Water and Ocean Topography mission (SWOT) (launch expected in 2021) with its
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wide-swath altimetry will provide two-dimensional maps of any water body larger
than 250 � 250 m every 21 days with an expected accuracy of 20 cm. These new
technologies will enable hydrologists to closely monitor water volumes in most
lakes, reservoirs, and rivers globally.
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Fig. 27.5 Time series of volume variations since 2008 in the Toktogul, Kairakum, and Shardara
reservoirs inferred from satellite radar altimetry (data is available at http://sdss.caiag.kg). The
analysis of the time series shows the different aims of water usage, a power scheme for Toktogul
reservoir and an irrigation scheme for the Kairakum and Shardara reservoirs

Fig. 27.6 Time series of river heights of the Amu Darya River (65.5586°N, 37.6589°E). The use
of such data requires careful analyses due to higher measurement errors

606 T. Schöne et al.

http://sdss.caiag.kg


27.5 The Sensor Data Storage System (SDSS)

The hydrometeorological observation does not only require the operation of
monitoring systems but also the establishment of storage facilities and user inter-
faces for data download. Thus, one of the aims of the CAWa project is the
immediate and unrestricted dissemination of all acquired hydrometeorological
parameters to a broad range of users and experts, e.g., national hydrometeorological
Services, state and governmental agencies, academia, but also to the general public.
The Central Asian Institute for Applied Geosciences (CAIAG) has developed and
hosts the sensor data storage system (SDSS) (http://sdss.caiag.kg) allowing easy
access and provides long-term availability. The SDSS is the main storage and
dissemination system for all Level 0 meteorological and hydrological data acquired
by CAWa’s ROMPS and other stations operated by GFZ and CAIAG in the frame
of the Global Change Observatory in Central Asia (GCO-CA) of GFZ and the
ACROSS program (Helmholtz Society 2015). The data is seamlessly integrated into
the database of the SDSS immediately after their transmission. Also water level and
volume data derived from radar altimetry are automatically processed for selected
lakes and reservoirs in Central Asia and continuously added to the SDSS.

A graphical user interface (Fig. 27.7) available in English, Russian, and German
language offers the possibility to retrieve data interactively using common Web
browsers. The user can select stations as well as parameters of interest, display full
or tailored data time series, print charts and download the data as XML or CSV file
to be opened by major data analysis tools for further investigation.

Fig. 27.7 Web interface for the sensor data storage system (http://sdss.caiag.kg) allowing easy
and unrestricted data access. No login is required to display and download data

27 In Situ and Remote Water Monitoring in Central Asia … 607

http://sdss.caiag.kg
http://sdss.caiag.kg


27.6 Conclusions

Over the past decade, the CAWa project contributed in an open and cooperative
manner to improve water monitoring in head-water areas of Central Asia. Currently,
14 ROMPS and 7 basic-meteorological stations continuously provide data to
national hydrometeorological Services and other users. Five snow-monitoring sites
and four river discharge stations complement the operational and scientific basis
and, e.g., enable an improvement of water availability forecast. With the use of
satellite radar altimetry, water levels and water volume changes for a significant
number of lakes and reservoirs are made freely available. In summary:

1. GFZ and CAIAG, in cooperation with national hydrometeorological agencies,
research institutes, and universities, are offering unrestricted access to the
hydrometeorological data of ROMPS and other stations.

2. Remote sensing technologies, such as radar altimetry, allow assisting the water
monitoring in urban as well as remote areas without the help of a
local-monitoring infrastructure.

3. With the development of the sensor data storage system (http://sdss.caiag.kg) an
easy-to-use interface has been made available for different kinds of users. SDSS
is providing a platform for display and download of hydrometeorological data
sets.
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Chapter 28
Peatland Science and Conservation:
Contributions of the Greifswald Mire
Centre, Germany

Greta Gaudig and Franziska Tanneberger

Abstract Peatlands cover only 3% of the world’s land surface, but contain 500
gigatonnes of carbon within their peat—twice as much as all the biomass of the
world’s forests. Besides their climate impact, peatlands play a significant role for
biodiversity, nutrient retention and the regulation of the local climate and the
landscape water budget. Peatlands have been the subject of research at the
University of Greifswald for about 200 years. In addition to early paleoecological
research, Greifswald scientists have also shaped the landscape ecology of mires. In
the last 15 years or so, there has been a rapid increase in our understanding of the
significance of peatlands for global environmental problems. This applies in par-
ticular to greenhouse gas emissions from drained peat soils, which account for
about 5% of anthropogenic greenhouse gas emissions worldwide. Since 2015, three
Greifswald institutions—the University of Greifswald (research), the Michael
Succow Foundation (implementation) and DUENE e.V. (policy advice)—have
therefore been working together and are developing the Greifswald Mire Centre
(GMC) as an interface between science, practice and politics in relation to peat-
lands. The work focuses on climate change, biodiversity and sustainable use. The
vision of the GMC is a world in which peatlands are perceived as vital and vul-
nerable systems, natural mires are preserved, degraded peatlands are restored and
any use of peatlands is sustainable. The innovative methods developed at the
Greifswald Mire Centre for the study of peatlands and their environmentally
friendly use by paludiculture have been tested in international projects and are
applicable in many regions.
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28.1 Introduction

Peatlands are huge carbon reservoirs. If drained, they turn into hotspots of
anthropogenic greenhouse gas emissions: While covering only 0.3% of the world’s
land surface, drained peatlands cause disproportionally high CO2 emissions: they
are responsible for nearly 5% of the world’s anthropogenic CO2 emissions (2 gi-
gatonnes CO2 per year, Joosten et al. 2016a). Emission hotspots are Indonesia, the
EU, Russia, China and the USA. In a peatland-rich state like Mecklenburg-
Vorpommern (where Greifswald is located), drained peatlands constitute the largest
single source of greenhouse gas emissions with about 6.2 million t CO2-eq. per year
(MLUV MV 2009). Peatland rewetting is therefore a necessity to achieve the
targets of the UN Framework Convention on Climate Change (UNFCCC) and in
particular the Paris Agreement, limiting the rise in global average temperature to
well below 2 °C above pre-industrial levels.

In addition to their climate impact, natural peatlands are of great importance for
biodiversity (Succow and Lange 1984; Succow and Joosten 2001; Wassen et al.
2005; Schipper et al. 2007), which is protected worldwide by the Convention on
Biological Diversity (CBD) (United Nations 1992) and the Ramsar Convention
(UNESCO 1994). Peatlands also provide numerous other ecosystem services (Bonn
et al. 2016), such as the retention of pollutants and the regulation of the local
climate and landscape water budget. These functions are also lost as a result of
drainage. In coastal areas, the drainage of peatlands also leads to land loss: A
considerable proportion of the land area (e.g. in several Asian countries) is
threatened with permanent flooding as a result of height losses.

In addition to the preservation of intact, natural peatlands (mires), the rewetting
of drained peatlands is urgently needed from an environmental and climate policy
point of view (TEEB DE 2014). If they have to be (further) used productively, this
should be done as paludiculture, i.e. as wet land use (SRU 2012; Wichtmann et al.
2016). Paludiculture includes traditional ways of peatland use (e.g. reed cutting),
but above all includes the development and implementation of new ways for the
material and energetic utilisation of biomass from rewetted peatlands. Experiences
with peatland rewetting and paludiculture show great potential worldwide for
linking many of the 17 UN Sustainable Development Goals (SDGs) and promoting
their achievement (Joosten et al. 2016b).

28.2 Development of Peatland Research in Greifswald

Peatlands’ special feature of storing history leads again and again to a connection of
peatland research with investigation of vegetation, climate and settlement history.
Peatland research in and around Greifswald began with Adelbert von Chamisso,
who in 1824 provided a description of the mire near the Saline north of Greifswald.
Von Chamisso (1824) describes the use of peat and the replenishment of old peat
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pits with new reed peat. The author points out the discrepancy between the
immediate vicinity of the Baltic Sea and the composition of the peat from non-salt
tolerant plants. Without specifically discussing a sea level rise or a Baltic Sea
transgression, von Chamisso argues that the peat deposits can only be considered
and understood embedded in their temporal and spatial development (Michaelis
et al. 2016).

In the following period, the peatlands of Vorpommern are mainly described in
geological studies such as Koch (1849) and botanical works such as Hornschuch
(1837), which deal with peat depths, the state of use and the adapted plant cover as
well as sporadic hydrological aspects. In 1820 Christian Friedrich Hornschuch was
appointed extraordinary professor for natural history and botany and was co-editor
of the botanical journal ‘Flora’ and the ‘Bryologia Germanica’. Hornschuch (1837)
describes almost a dozen peatland sites between the Peene valley near Gützkow and
the large and small Kieshofer Moor north of Greifswald. The work of Hornschuch
shows very clearly the high utilisation pressure that the peatlands in the open
landscape of Vorpommern with little forest were exposed to as a result of peat
extraction (Michaelis et al. 2016).

Kurd von Bülow was one of the first researchers in Central Europe to use the
method of systematic pollen analysis just published by von Post (1916/1918) for his
doctorate at the University of Greifswald on the Great Kieshofer Moor (von Bülow
1921, 1928). Von Bülow, who taught at the University of Rostock from 1935 to
1946 and from 1952 after a few intermediate stops, continued to be associated with
peatlands and started an epochal, ten-volume, albeit unfinished book project with
the ‘Handbuch der Moorkunde’ from 1929. It appeared under his editor-in-chief
four, meanwhile classical, works on peatlands: Part I. of Bülow 1929: General
peatland geology; Part III. Peus 1932: The wildlife of peatlands; Part IV.
Dokturowsky 1938: The peatlands of Eastern Europe and Northern Asia; Part VII:
Dachnowski-Stokes & Auer 1933: American peat deposits.

The Great Kieshofer Moor, which was secured as a natural monument on the
initiative of Greifswald botanists (Leick 1927a), was also the subject of an early,
comprehensive area monograph, published in the ‘Beiträge zur
Naturdenkmalpflege’ 1927, i.e. before the passing of a Nature Conservation Act in
1935. Leick (1927b) worked up the reports and representations of the peatland in
historical maps. Particularly noteworthy are the investigations of the water balance
of raised bogs with regard to the ecological saturation deficit by Leick (1929).
Sphagnum peat from the Kieshofer Moor, which was already heathered at that time,
served as the object of investigation. Since the time of K. von Bülow, the Kieshofer
Moor has repeatedly been the subject of Greifswald peatland research (see also
Lange 1994; Jeschke 2003), so that a very good data basis exists for this site, which
allows the derivation of time series.

For the period from 1945 to 1990, Werner Rothmaler’s activities must be
mentioned as one of the most important foundations for peatland research. From
1953 to 1962, Rothmaler headed the Institute for Agricultural Biology at the
University of Greifswald as a botanist. Although Rothmaler himself worked pre-
dominantly taxonomically, the establishment of the Department of Taxonomy and
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Vegetation Science created the environment for diverse and in-depth work on the
floral composition and history of the region (Michaelis et al. 2016). In the following
years until 1992, it was mainly Rothmaler’s collaborators and students who pre-
sented both vegetation studies on peatlands and paleoecological studies with the
help of peat deposits (e.g. L. Jeschke, K. Kloss, M. Succow, S. Slobodda, F.
Fukarek).

Three aspects of Michael Succow’s work on peatlands must be emphasised.
First, the separation of ecological and hydrogenetic mire types (Succow 1971,
1981). Closely linked to this distinction is the comprehensive characterisation of the
hydrogenetic mire types (Succow 1981, 1988) in the area of the minerotrophic
peatlands (fens). Their great diversity is more evident in Central Europe outside the
bog districts, but has received little attention to date. In addition, the systematic
elaboration of the vegetation form concept for mire vegetation (Succow 1988) must
be pointed out (Michaelis et al. 2016).

In addition to botanists, geologists also worked more intensively on the
numerous peatlands in the north-east in the second half of the twentieth century.
Although geological studies have already dealt intensively with the construction
and development of the large peat-filled valleys of today’s Mecklenburg-Western
Pomerania, much remains unclear. The work of Janke (1978) in particular relates
the development of the river valleys to the dynamic development of the Baltic Sea
and its precursor stages (Michaelis et al. 2016).

In 1992, Michael Succow was appointed to the Chair of Geobotany and
Landscape Ecology at the University of Greifswald as the successor to his doctoral
supervisor Franz Fukarek. Thus, the traditional botany was extended by the applied
landscape ecological emphasis with focus on peatlands. In order to combine inte-
grating landscape ecology with its practical implementation in nature, environ-
mental and climate protection and to bridge the gap between society and nature,
Succow was engaged in 1994 in the establishment of two new professorships,
landscape economics and environmental ethics. Thus, in 1996, the degree pro-
gramme ‘Landscape Ecology and Nature Conservation’ was established alongside
the already established Biology programme.

28.3 The Working Group ‘Peatland Science
and Paleoecology’ and Further Work in Peatland
Sciences Since 1996 at the University of Greifswald

28.3.1 Creation and Expansion of the Working Group

In 1996, Succow brought the Dutch peatland scientist and conservationist Hans
Joosten to Greifswald to strengthen the team. Hans Joosten received his doctorate
here in 1998 and his habilitation in 2002. Joosten established the working group
‘Peatland science and paleoecology’, which, with some 30 scientific staff, conducts
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integrative research on peatland at the intersection of paleoecology, ecology,
landscape ecology, nature conservation and sustainable use. The research group
specialises in the study of lesser-known peat and peatland types regionally and
globally. Since 1990, peatland research has been carried out in more than 40
countries on six continents by Greifswald scientists. In 2008, Hans Joosten was
appointed Professor of peatland science and paleoecology at the University of
Greifswald. As a joint work of Michael Succow and Hans Joosten, the second,
fundamentally revised edition of ‘Landscape ecological peatland science’ was
published in 2001 (Succow and Joosten 2001).

When Michael Succow retired in 2006, Stefan Zerbe became his successor
before Martin Wilmking, who has been working at the University of Greifswald
since 2005 with a focus on ‘Ecosystem Dynamics’, was appointed Professor of
Landscape Ecology in 2010. He expanded his work in peatland science with
research projects in the (sub)Arctic and with his own measurements of greenhouse
gas fluxes in peatlands. Since 2005 landscape ecology, nowadays ‘Environmental
Change: Responses and Adaptation’, has been one of the five research priorities of
the University of Greifswald, in which peatlands also play an important role. In
2006, the Institute of Botany was renamed the Institute of Botany and Landscape
Ecology in order to meet the changed requirements.

28.3.2 Final Theses

From 1994 until today more than 150 final theses with peatland topics have been
written here, 16 of them dissertations and one habilitation. In 1999, most of the
theses were written on peatland topics (17), at a time when Succow and Joosten
were teaching at the same time and with the establishment of the new degree course
‘Landscape Ecology and Nature Conservation’ also work in the fields of landscape
economics and environmental ethics took place. More than half of the works deals
with the ecology or landscape ecology of peatlands, about one sixth with paleoe-
cological topics (Fig. 28.1). Over the past seven years, more and more work has
been done on the climate impact and use of peatlands.

28.3.3 Working Focus: Paleoecology

Three main areas of work are pursued particularly intensively in bog research:
paleoecology, greenhouse gas emissions from peatlands and paludiculture.

In addition to geochemical and geophysical investigations, paleoecological
research also includes pollen and macrofossil analysis, which is applied to recon-
struct the regional landscape and climate history and peatland development in the
Late Glacial and Holocene. Research objects are peatlands (and lakes) in Germany
(especially north-east Germany) as well as in south-east Asia, Tierra del Fuego and
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in the north-east Siberian Arctic. Special attention is given to increasing the taxo-
nomic, spatial and temporal resolution, in particular the description and identifi-
cation of non-pollen palynomorphs, the development of innovative methods for the
reconstruction of high-resolution vegetation patterns (and related distribution of
pollen and spores) and the development of refined sampling techniques.

28.3.4 Working Focus: Method Development
for the Estimation of Emissions

Drained peatlands are hotspots of greenhouse gas emissions. Therefore, peatland
scientists are investigating the release of greenhouse gases and quantifying the
emitted gas quantities on the basis of meta-analyses (Fig. 28.2). Since direct
measurements of emissions are very costly and time-consuming, they develop and
refine indicators, so-called proxies, to estimate emissions on larger areas. The
peatland vegetation in particular proved to be reliable, practicable and extensively
applicable in the form of gas emission site types (GESTs; Couwenberg et al. 2011).
The methods developed in this way are used in standards, MRV guidelines and
methodologies under the Framework Convention on Climate Change (UNFCCC)
as well as for certificates of the voluntary carbon market (e.g. VCS, MoorFutures).
MoorFutures were the first carbon certificates from peatland rewetting worldwide in
2011. They are now offered in several German federal states and scientifically
supervised by the University of Greifswald.

Fig. 28.1 Number of peatland-related theses in the period 1994–2018 at the Institute of Botany
and Landscape Ecology of the University of Greifswald, divided by topics (modified after
Michaelis et al. 2016). Graduates of Biology and Landscape Ecology and Nature Conservation are
included (master, doctoral and ‘Habilitation’ theses)
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28.3.5 Working Focus: Paludiculture

The type of peatland use influences the climate impact of peatlands. The intensive,
drainage-based use leads to serious site changes and environmental problems,
including high greenhouse gas emissions. This gave rise to the idea of wet,
peat-preserving peatland use in order to reduce environmental damage and at the
same time maintain production. The word ‘paludiculture’ was coined in Greifswald,
first mentioned in Joosten (1998) and is now used worldwide. Traditional forms are
known from nature conservation management, and ‘wet land use’ can be crucial for
maintaining mire biodiversity (Tanneberger and Kubacka 2018). Within the
working group, about 20 employees are currently working on this topic. The fact
that paludiculture can make an important contribution to the sustainable land use of
peatlands was recognised and rewarded with the award of the European Prize for

Fig. 28.2 Results of a meta-analysis of greenhouse gas fluxes (CO2, CH4) in temperate peatlands
and mean water table with typical water table ranges of conventional land use and paludiculture.
This figure is based on data of Couwenberg et al. (2011) and Wichtmann et al. (2016). Recent flux
measurement results are continuously integrated in the GMC’s emission database. Latest analyses
show that emissions of drained peatland are even higher. The range for peat moss is slightly
smaller than indicated
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Future-Oriented Land Use (Cultura Prize) in 2012, the German Sustainability Prize
in 2013 and the ‘Land of Ideas’ award in 2014/15. The concept of paludiculture is
also attracting international attention (e.g. Intergovernmental Panel on Climate
Change (IPCC), UNEP (United Nations Environmental Programme), FAO (Food
and Agriculture Organisation of the United Nations; see Joosten et al. 2012),
European Parliament, Indonesia). The results of the research on paludiculture on
fens were summarised in the first comprehensive textbook on paludiculture
(Wichtmann et al. 2016) and the results of research and implementation on peat
moss cultivation as a form of paludiculture on fens in Gaudig et al. (2018).

The profile was further broadened from 2017 onwards. In addition to landscape
economics, which under the direction of Prof. Dr. Volker Beckmann carries out
economic assessments of different peatland uses, extensive peatland research pro-
jects are now taking place at the Chair of Experimental Plant Ecology of Prof. Dr.
Jürgen Kreyling. The project ‘WETSCAPES’ (2017–2021), funded by the State
Excellence Initiative of Mecklenburg-Western Pomerania, carries out comprehen-
sive integrative basic research on rewetted peatlands in Mecklenburg-Western
Pomerania for the first time and combines peatland research at the Universities of
Greifswald and Rostock. In 2017, H. Joosten, F. Tanneberger and A. Moen fina-
lised the ‘European Mires Book’ (Joosten et al. 2017) after some 27 years of
preparation, providing the first comprehensive overview on mires and peatlands in
the biogeographic Europe.

28.4 Safeguarding and Further Development of Research
and Teaching from 2021 Onwards

Since 2015, the state government of Mecklenburg-Western Pomerania has agreed
that the extraordinary professorship ‘Peatland science and pale’ makes a significant
contribution to raising the profile of Mecklenburg-Western Pomerania as a science
location, that its long-term safeguarding is a common interest and that the conti-
nuity of the high, internationally leading research quality must be guaranteed. Of
particular importance for the state is the development of the links between peatland
and climate protection, the possibility of large-scale quantification of greenhouse
gas emissions from peatlands, the world’s first carbon credits from peatland
rewetting developed with the University of Greifswald, and the area of paludicul-
tures and the energetic and material utilisation of biomass from peatlands, for which
there have already been very profitable projects for both sides, for example, in
cooperation with the Mecklenburg-Western Pomerania state forest. This was
emphasised by two state parliament resolutions (2015 and 2016) on peatlands and
paludiculture.

After tough negotiations, a target agreement was concluded in December 2018
between the University of Greifswald and the state of Mecklenburg-Western
Pomerania represented by the Minister of Education, Science and Culture and the
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Minister of Agriculture and Environment. It emphasises that the University of
Greifswald contributes to the scientific understanding and preservation of the nat-
ural resources of Mecklenburg-Vorpommern in the context of an emerging climate
change through its teaching and research activities in the field of peatland research.
The state of Mecklenburg-Western Pomerania and the University of Greifswald are
committed to placing these activities on a reliable long-term foundation. The
nomination of a full professorship for peatland sciences has been announced in
March 2019.

This agreement of December 2018 is a historic step for peatland science in
Germany: Following a short-term professorship for Grassland and Peatland Science
at the Academy of Agricultural Sciences, which Asmus Petersen (1900–1962) held
in 1960–1962, and professorships for Agricultural Engineering and Peatland
Science at the Humboldt University of Berlin, a permanent professorship for
Peatland Science was created for the first time. However, this requires a consid-
erable effort on the part of the state of Mecklenburg-Vorpommern and in particular,
the university and is only possible through the involvement of private foundations.

28.5 The Greifswald Mire Centre

28.5.1 Origin and Structure

In Greifswald three non-profit, independent institutions with different expertise are
working on mires and peatlands: University of Greifswald, Michael Succow
Foundation, and the Institute of Sustainable Development of Landscapes of the
Earth (DUENE e.V.). To consolidate achievements and to establish a permanent
peatland centre in Greifswald, these three institutions joined forces and founded the
Greifswald Mire Centre (GMC) in early 2015 (Fig. 28.3).

The Greifswald Mire Centre is a strategic cooperation between the three insti-
tutions, based on a Memorandum of Understanding. The legal form of GMC is a
company under civil law, which itself does not participate in legal transactions.

Fig. 28.3 Partners and their focal areas in the Greifswald Mire Centre (from GMC 2019)
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The Greifswald Mire Centre has already developed within the last couple of
decades, long before it got its name. It builds on:

• 200 years of Greifswald-based peatland expertise,
• Solid and innovative peatland-oriented academic training,
• More than 50 competent and committed peatland scientists and conservationists,

as well as
• Four major, well-established peatland databases (GPD, DPPP, PeNCIL, moor-

wissen.de).

The Greifswald Mire Centre strengthens and consolidates as an integrative
umbrella brand all peatland-related activities in Greifswald and develops into a
regionally and globally interconnected, influential interface, in which basic and
applied research is carried out, know-how is transferred, and inter- and transdis-
ciplinary science-based policy and corporate advice are provided.

The Greifswald Mire Centre has a global orientation with respect to the col-
lection and integration of data and the development of concepts and methodologies.
It carries out research and implementation projects mainly in temperate latitudes,
especially Europe, and with regional reference to Mecklenburg-Western Pomerania
(Fig. 28.4). Figures 28.6, 28.7, 28.8, 28.9, 28.10, and 28.11 (Appendix) provide
impressions of research and practical work of the GMC.

Fig. 28.4 Global distribution of selected ongoing and completed peatland projects of the partners
in the GMC (from GMC 2019)
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28.5.2 Profile and Niche

GMC is a source of inspiration and ideas at the focal points of peatland research and
conservation. It has first-hand knowledge of what is happening at the research front,
what is going on in politics, and how implementation proceeds. Special strengths of
GMC are:

• Coordination of peatland knowledge: in national and international collaborative
research projects (e.g. VIP—Vorpommern Initiative Paludikultur, ERA—Net
Projects), organisations (e.g. Secretariat of the International Mire Conservation
Group IMCG), book projects (e.g. Paludiculture—Productive use of wet peat-
lands, Mires and peatlands of Europe) and databases (e.g. Global Peatland
Database GPD, Peatland and Nature Conservation International Library
PeNCIL)

• Integration: combined ecological, economic, and ethical competence applied in
research (e.g. the university research focus for Environmental Change:
Responses and Adaptation, ECRA) and teaching (e.g. the international master
course Landscape Ecology and Nature Conservation, LENC), meta-analyses of
worldwide relevance, and concrete activities, from basic research to global
policy consulting

• Communication: target group-oriented preparation and dialogue-oriented
mediation of peatland knowledge, both regionally (e.g. project MoorZukunft
in MV), nationally (e.g. German Moorschutzdialog) and globally (e.g. policy
briefs and side events at environmental conventions, founding partner of the
Global Peatlands Initiative, GPI). An extensive peatland knowledge Internet
platform can be found in online.

The partners in the GMC are equally entitled. Their institutional and structural
diversity brings various peatland expertise and strengths into the GMC:

• University of Greifswald: high-quality (fundamental) research, research net-
works and projects, and acquisition of research funds, goal-oriented teaching
and training, permanent and direct influx of qualified, motivated and creative
students

• Michael Succow Foundation: national and international practical implementa-
tion (conservation, restoration, sustainable use), policy analysis and communi-
cation, trainee and international scholarship programs and acquisition of funds
from public and private donors

• DUENE e.V.: (policy) advice and transfer, analysis and development of eco-
nomic incentives and financing instruments, monetisation, and commodification
of ecosystem services and recruitment of public and private consultancy
contracts

The Greifswald Mire Centre cooperates with many partners in numerous projects
and sees itself as part of a global network of scientists, NGOs and practitioners
working in and on peatlands. In order to act as a stimulus, GMC persons participate
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in the management of important peatland organisations, e.g. the International Mire
Conservation Group (IMCG) and the German Peatland Society (DGMT).

GMC was in 2016 one of the founding members of the Global Peatlands
Initiative (GPI), in which leading experts, countries and institutions gather to
protect peatlands as the world‘s largest terrestrial carbon store, to reduce emissions
from peatlands and to progress peatland conservation as a crucial contribution to
reach climate protection targets. The main task of GMC in GPI is professional
advice. Together with GPI partners GMC co-organises side events at global envi-
ronmental convention meetings (in particular UNFCCC conferences) and prepares
policy briefs and scientific input for delegations.

At present, the work of the GMC is largely financed by third-party funds.
Between 2005 and 2015, approximately 15 million euros of peatland-related
third-party funds were raised. Since the foundation of the GMC, the GMC man-
agement has coordinated the participation in peatland-related application proce-
dures with a jointly financed GMC funding interface. As a result of this and the
general growth in staff and capacity, the acquisition of third-party funds was sig-
nificantly intensified: In the years 2016–2018, a total of approximately 8.8 million
euros in peatland-related third-party funds were raised.

28.5.3 Databases

The Peatland and Nature Conservation International Library (PeNCIL) occupies a
special position among the databases of the Greifswald Moor Centrum. As a
‘classic’ database, it now contains around 25,000 publications on peatlands in the
broadest sense, plus a large number of special prints, maps and photographs.
Thanks to the cooperation with the Greifswald University Library, the Michael
Succow Foundation and, in particular, the Bernhard and Ursula Plettner
Foundation, it has been possible to considerably expand the library and transfer it to
the holdings of the University Library as a special library. To date, approximately
5500 book titles have been inventoried and are accessible via the catalogue. A large
number of particularly important titles have also been digitised, and the programme
library is part of the Digital Library of Mecklenburg-Vorpommern. The ‘Peatland
Library’ regularly hosts literature evenings at which Hans Joosten presents books,
people and stories about peatlands to a selected audience.

Another important database is the Global Peatland Database (GPD). The GPD is
a project of the International Mire Conservation Group (IMCG) and is managed by
the Greifswald Mire Centre. It provides an overview of the extent and degradation
status of peatlands/organic soils in 268 countries and regions of the world. It mainly
contains digital data, but also information from printed sources of the Peatland and
Nature Conservation International Library (PeNCIL). A database with thousands of
digital photographs of peatlands from all over the world is linked to the GPD. Since
2012, the information on peatlands/organic soils is transferred into a spatially
explicit GIS–GPD: a vector-based geographic information system (GIS) on a scale
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of 1:25,000 and a raster-based GIS with 0.01 � 0.01 degree network. The GIS–
GPD is continuously updated and improved and can be supplemented with addi-
tional information on peat thickness, carbon content, vegetation and mire type. In
addition, GIS data sets from other bog mapping projects are evaluated and inte-
grated. A peatland map of Europe was published in 2017 (Tanneberger et al. 2017;
Fig. 28.5). Global coverage by 2020 is being sought; a global peatland map has
been in progress since 2019. Current projects on data collection and peatland
mapping include North-east and West Africa, North-east China, Indonesia, Papua
New Guinea, Iran and Cuba.

28.5.4 Application

The concept of paludiculture, i.e. wet peatland cultivation, was developed in
Greifswald. International bodies like the Intergovernmental Panel on Climate
Change (IPCC), the United Nations Environmental Programme (UNEP), the Food
and Agriculture Organisation of the United Nations (FAO) and the European
Parliament have recognised the significance of the concept and have made it their
own.

In the project ‘German Peatland Protection Dialogue—Impulses for Climate
Protection, Biodiversity and Sustainable Land Use on Peatlands’—Moor Dialogue

Fig. 28.5 Map of peatlands/organic soils of Europe (from Tanneberger et al. 2017)
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for short—the three partners in the GMC jointly networked actors, transferred
knowledge and discussed possible solutions to intensify peatland protection in
Germany from 2015 to 2019 at federal, state and municipal level. The new project
‘Peatland and climate protection—realising practical solutions with land users’ at
the GMC picks up results from the MoorDialog and intends to implement peatland
protection in model regions together with the German Association for Landscape
Conservation. The Michael Succow Foundation has implemented numerous peat-
land projects in Germany, Belarus, Ukraine, Kyrgyzstan and the Russian
Federation, thus far rewetting more than 15,000 ha of peatland.

28.5.5 Advice

Greifswald scientists are (or were) active players in international organisations and
advisory bodies such as the UNFCCC (Hans Joosten), the IPCC (John
Couwenberg, Hans Joosten), FAO (Hans Joosten), UNESCO MAB Committee
(Michael Succow) and UNESCO-SCOPE (Hans Joosten). GMC scientists were
instrumental in the inclusion of ‘Wetland Drainage and Rewetting’ as a new
land-use activity under the Kyoto Protocol. The UNEP-Report ‘Frontiers 2018/19’
defines the thawing of Arctic permafrost as one of five pressing but hitherto
underestimated environmental threats based on Greifswald peatland expertise.
The GMC has strong ties to various administrative levels of environmental pro-
tection and nature conservation authorities in Germany and a number of its federal
states. Six scientists of the Greifswald Mire Centre have contributed to the
TEEB DE report on natural capital and climate policy. Peatland-rich countries and
regions are supported by policy briefs, e.g. the Nordic Council of Ministers.

28.6 Conclusions

The importance of peatlands in relation to major societal challenges such as the
climate crisis is growing. More than ever, the protection of previously undrained
peatlands and the rewetting of drained peatlands and their wet, sustainable use are
the order of the day. The Greifswald Mire Centre meets this challenge nationally
and internationally in research, implementation and policy consulting.

Appendix: Figures About Research Topics and Practical
Work of the GMC

See Figs. 28.6, 28.7, 28.8, 28.9, 28.10, and 28.11.

624 G. Gaudig and F. Tanneberger



Fig. 28.6 Field research on biogeochemistry and plant production/decomposition in Peene
Valley, NE Germany (Photograph with kind permission of K. Vegelin)

Fig. 28.7 Nursery with Sphagnum mosses collected from all over Europe at the University of
Greifswald (Photograph G. Gaudig)
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Fig. 28.8 Field experiments on Sphagnum growth on a rewetted bog grassland (Photograph G.
Gaudig)

Fig. 28.9 Mesocosm compound in the backyard of the Institute of Botany and Landscape
Ecology, Greifswald University with our cooperation partners from Warsaw University
(Photograph with kind permission of J. Kreyling)
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Fig. 28.10 Field work in Western Siberia, where large, virtually undisturbed peatlands are studied
(Photograph F. Tanneberger)

Fig. 28.11 The Aquatic Warbler (Acrocephalus paludicola), a flagship species for fen mires and
key research topic at Greifswald University (Photograph with kind permission of Z. Morkvenas)
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Chapter 29
Agricultural Land Conversion and Food
Policy in Indonesia: Historical Linkages,
Current Challenges, and Future
Directions

Mohammad Rondhi, Pravitasari Anjar Pratiwi, Vivi Trisna Handini,
Aryo Fajar Sunartomo and Subhan Arif Budiman

Abstract The problem of agricultural land conversion (ALC) is inseparable to the
food security issue in Indonesia. The government has set ALC as the primary threat
to the existence of food security. The monoculture food policy in Indonesia has
developed an unbalanced food system which relies heavily on rice and shaped the
rice-eating habit among Indonesians. The government has formed an act about
sustainable agricultural land (LP2B) to protect productive agricultural land and to
mitigate the risk of decreasing rice production. The government also encourages the
diversification of food to lessen the dependence on rice. However, it is difficult to
implement both policies. The formation of LP2B will promote the conflict of
interests between stakeholders involved (farmers, real estate developer, and com-
mercial business). On the other hand, food diversification will not be sufficient
unless followed by massive effort to stimulate the establishment of supporting
institutions (the market for the agricultural product, processing industries, and the
market for the consumer). Thus, it is required to limit the rate of ALC with a
different and innovative approach. In this chapter, we explain how increasing
agricultural land rent encourages farmers to retain farmland. Furthermore, we also
identify what significant factors that affect the rent of agricultural land.
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29.1 Introduction: Intersection Between Land and Food
Policy in Indonesia

The conversion of agricultural land is a significant threat to the food security of a
nation (Agus and Irawan 2006; FAO 2011). Especially in Indonesia, where rice as
the the most important staple food crop, is mostly grown in convertible agricultural
land (Irawan 2011). Historically, the self-sufficiency of rice has always been the top
priority of food policy in each Indonesian government regime (Hafsah and
Sudaryanto 2004). It shows that rice has a critical political value.

Consequently, it is not only crucial to food security but more importantly also
vital to national security. Thus, the logical framework to achieve rice
self-sufficiency (RSS) is by fostering the factors which increase rice production and
suppressing the factors which decrease it. Diagrammatically, this framework is
provided in Fig. 29.1.

One of the significant suppressing factors to achieve RSS is agricultural land
conversion (ALC) (Pasandaran et al. 2006). As the Indonesian economy is expe-
riencing rapid industrialization, more land is needed to support this process (Azadi
et al. 2011). The conversion of productive farmland mostly supplied this demand
since the cost of development in that area is much cheaper than in an established
neighborhood (Bhatta 2010; Omrani et al. 2015). Commonly, ALC started to occur
in the area near the urban core and formed an area termed as peri-urban (Pribadi and
Pauleit 2016). Peri-urban area is the result of quick urbanization and economic
development in the urban core which requires more spaces for either housing,
commercial, or public uses (Liu et al. 2014; Magsi et al. 2017). Previously,
urbanization occurred only in the metropolitan area such as the national and the
provincial capital city. Currently, there are many new urban cores in the district and
sub-district level which further increase the rate of ALC and the number of
peri-urban areas (Hudalah and Firman 2012a).1 Most of these districts have an
agricultural-based economic structure and play a vital role in supplying food for the
population. Thus, the ALC in these areas has more crucial implications for food
security than those in the metropolitan area.

Moreover, urbanization is the major cause of the loss of valued agricultural
landscapes (Schulp et al. 2019). Urbanization is often accompanied by the over-
exploitation of natural resources which changes agricultural landscapes completely

1Indonesia has two levels of the regional administrative goverment. The first regional adminis-
trative goverment is province (Provinsi) and the second regional administrative goverment is
district (Kabupaten). Each district consists of sub-districts (Kecamatan) which in turn consisted of
several villages (Desa).
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(Plieninger et al. 2016). Also, it makes agricultural landscapes less dominant,
aggregated but more unstable, and fragmented but irregular (Su et al. 2014).
Furthermore, as cultural landscapes are defined as a result of the interaction
between the human affair and the natural aspect of landscapes, the higher economic
value of peri-urban land compared to those in the rural area has influenced the
shapes and forms of the houses and generally in the form of the landscape in both
areas. Thus, understanding how land economic value contributes to the develop-
ment of landscape in both areas is important for the planning of development policy
in the area.

ALC poses a significant threat to food security because of Indonesians’ high
dependence on rice (Ariani 2004). Indonesia is a mega-biodiversity nation with
over 800 varieties of food crops (Fajar 2014). However, the monoculture food
policy of the Indonesian government which focuses only on rice has shaped the
habit of rice eating among Indonesian people. Also, the monoculture nature of food
policy has caused an imbalanced development between supporting institutions for
rice and another food commodity (Sumarno 2004). Thus, the food diversification
policy is difficult to achieve. Currently, Indonesians are the major rice consumer in

Fig. 29.1 Framework to
achieve rice self-sufficiency
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the world with over 100 kg/capita/year of rice consumption (OECD/FAO 2013).
The Indonesian government encourages food diversification policy to lessen
dependency on rice. However, it is worthy to note that it requires 70 years and
many resources to shape this rice-eating habit. It is evident that the same or even
more substantial amount of time and resources are required to change this habit.
Thus, at least in the next few decades, rice is still the main food in Indonesia.

Consequently, ALC will still be the main threat to food security. Moreover,
numerous investigations have expressed the significance of farming in peri-urban
zones. Peri-urban farming can enhance the state of nature by alleviating the urban
high-temperature impact and decreasing flood hazard (Malaque and Yokohari 2007;
Yokohari et al. 2000), making green spaces for the urban populace (Ives and
Kendal 2013; Tassinari et al. 2013; Zasada 2011), what’s more, a wellspring of pay
particularly for poor people (Bryld 2003; Zezza and Tasciotti 2010). Additionally,
in the development setting, the indispensable role of peri-urban agriculture has
frequently been expressed (McGee 2010). Peri-urban agriculture plays a vital role
in supporting food security in the urban region, with its agricultural resource and
vicinity to the urban center. Peri-urban area additionally assumed a primary job in
the sustainability of urban environment (Allen 2003), providing job opportunities,
and alters the course of environmental degradation in the urban region (Douglass
1998). In this manner, it is essential to control the issue of ALC in Indonesia.

The Indonesian government created a regulation to control the rate of ALC
which contains two essential systems (Government of Indonesia 2009). The first
system focuses on the formation of inconvertible farmland zone under the name of
Lahan Pertanian Pangan Berkelanjutan (LP2B, in English: sustainable agricultural
land). LP2B cannot be converted for non-agricultural use for 20 years. The second
system focuses on motivating farmers to retain farmland through various forms of
compensation. The type of compensations includes diminishing tax for the land,
enhancing farm infrastructure, and compensating the accomplishments of farmers.
The former system focuses on limiting ALC by avoiding the conversion of farm-
land. The latter system focuses on limiting ALC through increasing the motivations
of landowners to retain their land in agricultural use.

Some researchers have demonstrated that the use of legal power to limit ALC
has given rise to illegal farmland conversion (Chen et al. 2015; Wang and Scott
2008; Zhong et al. 2014). Economically, the regulation that limits ALC contradicts
with the motive of the sellers (farmers who own farmland) and the buyers (parties
who intend to convert farmland for other uses). As rapid economic growth increases
the land rent for non-agricultural purposes, the economic benefits accrued to
farmers by retaining their farmland are relatively low. Thus, it drives farmers to sell
their land (Ettema et al. 2012; van Vliet et al. 2015). On the other hand, the buyers
(whether firm willing to expand their business, a real estate developer, or govern-
ment willing to build physical infrastructure) need more land with low buying and
development costs. Thus, because there is an agreement in economic motives
between buyers and sellers, the occurrence of ALC is unavoidable.

Conversely, the policy focus on incentivizing farmers to retain their farmland is
proven to be effective in limiting ALC. For example in Europe, decoupled
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payments and environmental schemes increase land value because those payments
are included in land value (Ciaian et al. 2013; Feichtinger and Salhofer 2013; Kilian
et al. 2012; Latruffe and Le Mouël 2009). The payment makes farmers reluctant to
convert the land for other uses since the payment improves land value. Moreover,
conflict among farmers and between farmers and non-farmers has emerged as the
result of increasing land value. Increasing land value limits ALC in two ways: first,
by decreasing farmer’s economic motive to sell the land, since it is more profitable
for them to retain their land, and second, increasing the buying costs of agricultural
land, in the form of conflict costs. The conflict costs arise because farmers are
interested in obtaining the economic incentive of retaining the farmland.

Based on that background, this chapter focuses on measuring the agricultural
land rent (as the proxy for land economic value) relative to non-agricultural land
and identifying the determinants of rent for each type of land. In explaining those
purposes, this chapter summarized the result of our previous study, which is con-
ducted in two different areas, the first one is in peri-urban area where rapid ALC
occurred and the second one is in rural area which has never experienced ALC
(Rondhi et al. 2018). Besides, before explaining those results, in the next section,
we first describe the historical course of food policy in Indonesia. The purpose of
this section is to appreciate the impact of continuous rice-based food policy on high
Indonesian dependent on rice and indirectly on the existence of agricultural land.
The second section is followed by the explanation of the current challenge of
agricultural land and food policy in Indonesia. This is the challenge of the estab-
lishment of LP2B to limit ALC and food diversification to reduce the dependency
of Indonesians to rice. It is in the fourth section that we explained the result of our
previous studies regarding agricultural and non-agricultural land rent. In the fifth
section, we showed the cultural landscapes in the peri-urban and rural area. In the
sixth section, we proposed how to use the finding of this study as a future direction
for policy aimed to control ALC in Indonesia. Finally, we conclude this chapter in
the last section.

29.2 Historical Course of Food Policy in Indonesia

After gained independence in 1945, Indonesia has been led by seven presidents for
74 years. Consequently, it has experienced numerous political interests and various
policy packages. However, in case of food policy, RSS has always been the top
priority, whether for shortest-reigned president (B. J. Habibie) or the
longest-reigned president (Soeharto). In general, there are four groups of Indonesian
presidential. President Soekarno led the first era and was named Orde Lama (Old
Era), while President Soeharto led the second era and was named Orde Baru (New
Era). The third was named the transition era which was led by President B.
J. Habibie. After the transition, four presidents have led Indonesia, and this era is
named Era Reformasi (Reform Era). Figure 29.2 shows the overall course of food
policy in Indonesia.
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29.2.1 Food Policy in the Old Order (1952–1964)

Soekarno led the Old Era and lasted for 22 years. The food policy in this regime
mainly focused on rice and had strong political interests. The first policy was aimed
to achieve RSS through Program Kesejahteraan Kasimo (Kasimo Welfare Plan)
(Nusantoro and Cramb 1990). Yayasan Bahan Makanan (the Foundation for Food)
was established to carry this plan and did its job from 1950 to 1952. In 1953, the
government changed the foundation’s name to Yayasan Urusan Bahan Makanan
(the Foundation for Food Supply). However, the core function of this body
remained the same. The government issued the second policy in 1956 under the
name Swasembada Beras Melalui Program Sentra Padi (Rice Self-Sufficiency
through Rice Center Program). The second policy remained to focus on achieving
RSS; however, in the second program the government started to focus on rice
production. In 1956, the government established Yayasan Badan Pembelian Padi
(the Foundation of Rice Purchasing Agency). The main job of this agency is to buy
rice from farmers and also act as the price-regulating authority for rice. In 1963, the
government introduced maize as the substitution of rice, since typically Indonesian
farmers planted maize after rice. In 1964, the government wanted to further support
the rice farming by issuing farm intensification program, BIMAS (Mass Extension
Program) and Panca Usaha Tani (Five Farming’s Principles) (Soen 1968).

Soekarno’s regimes collapsed in 1965 and followed by the formation of a
transitional government in 1965–1967. In this transition period, the government
formed KOLOGNAS (National Logistic Command). It acted like the YBPP in the
Soekarno era. However, in 1967, the KOLOGNAS was halted, and the government
formed BULOG (National Logistics Agency), which mainly acted as a sole buyer
of rice. This agency was the initial period of the most extended Indonesian gov-
ernment regime led by Soeharto (Nawiyanto 2017).

29.2.2 Food Policy in the New Order 1969–1998

It was in the New Order where agriculture received considerable attention from the
government, especially rice-based agriculture. The policy was started with a
ten-year development program under Repelita 1 and 2 (Rencana Pembangunan
Lima Tahun/five-year development plan) in the period of 1969-1979. The main aim
of the policy remained the same, achieving self-sufficiency in rice production. The
policy started with the addition of BULOG task as National Food Buffer Stock,
alongside this policy, is the use of National Food Balance (Neraca Pangan
Nasional) as the standard for food security. However, the BULOG in this era did
not focus only on rice but also on sugar, and wheat import (1971), meat procure-
ment for the capital city (Jakarta) started in 1974, and soybean import control
(1977). The first ten years of the New Order also marked with the rise of Indonesian
Farmers Union (Serikat Petani Indonesia) in 1973 and the introduction of the Green
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Revolution to achieve RSS in 1974. The end of this period showed the introduction
of the floor price for maize, soybean, green bean, and peanuts (Soen 1968).

The second ten-year period of the New Order showed remarkable growth for rice
production. Although the national focus changed to food self-sufficiency, which
was marked by the expanding tasks of BULOG as a price control authority for rice,
wheat flour, sugar, meat, and other food commodities, Indonesia achieved its first
and only rice self-sufficiency in this period. It was in 1984 where Indonesian rice
production exceeds its consumption. The RSS achieved in 1984 affected the
direction of food policy in the third development period. The national focus
changed back to rice self-sufficiency. In 1995, the entire BULOG personnel were
officially appointed as government officials (PNS, Pegawai Negeri Sipil) along with
its privileges and incentives. The subsequent major policy showed the narrowing
tasks of BULOG. In 1997, BULOG was appointed to control only the price for rice
and sugar. In 1998, the narrowing of BULOG tasks continued by controlling only
the price for rice. The third period was planned for Repelita 5, 6, and 7 and started
in 1989. However, the New Order regime cannot retain its power, collapsed in
1998, and marked the beginning of the Reform Era.

29.2.3 Food Policy in the Transition Period 1998–2000

This period was the age of turmoil in the history of Indonesian politics. The
economy was collapsed, coupled with unstable national security. It was more
challenging to sustain food production in this period. However, rice was still the
primary focus of the government. The first president in this period (B. J. Habibie)
tried to stabilize national food supply (rice). Habibie sold the IPTN’s aircraft for
Thai’s rice in 1998/1999. As the national stability increased, the shift in focus of
national policy occurred during the second president (Abdurrahman Wahid). In
2000, the government reaffirmed the task of BULOG as the rice logistic manage-
ment authority which focused on stabilizing supply, distribution, and the price of
rice. Abdurrahman Wahid was projected to be in the office from 1999 to 2004;
however, due to political circumstances, the office was assumed by Megawati in
2000.

29.2.4 Food Policy in the Reform Era 2000–Now

The course of Indonesian politics has shown the significant role of BULOG in food
policy. Back then, BULOG was a not-for-profit government agency and acted
mostly to stabilize the national rice logistics. The previous government, either in
Old Order, New Order, or in the transition period was only modifying the role of
BULOG by expanding or narrowing its tasks, it was only in the era of Megawati
that BULOG experienced significant changes. In 2003, the government privatized
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BULOG into a general corporation form. By the privatization of BULOG, it
focused more on business activity rather than public services. However, although
the government reduced its role in national rice logistics (through reducing the role
of BULOG), in 2004 the government declared RSS as the sole priority for national
food security. It was more challenging to achieve RSS than ever before, given the
reduced priority of government in rice policy.

The era of Susilo Bambang Yudhoyono (SBY) realized the difficulty of
achieving RSS. Consequently, he focused on agricultural revitalization rather than
on individual rice policy. In the ten years of SBY, the food policy not only focused
on rice but also on food diversification and strengthening the agribusiness sector
that adds value to agricultural products. However, with only ten years, the
dependence of Indonesians on rice does not significantly decrease. It was exacer-
bated by the current Indonesian government (Joko Widodo) which focuses on food
policy on achieving the self-sufficiency in rice, maize, and soybean by increasing
the investment in agricultural irrigation infrastructure.

The previously described course of Indonesian politics showed that rice was
essential to Indonesians, and politically, it is more critical for the government. With
this condition, it is difficult or even impossible to completely change the rice-eating
habit of Indonesians in the next few years. Thus, the government focuses on
minimizing the suppressing factors which limit rice production, such as the con-
version of fertile farmland by forming LP2B as the sustainable agricultural land
which is inconvertible for other uses. Also, the promotion of “eat local food” is also
encouraged today. However, both of these policies have critical challenges. The
next section will discuss the challenges of these policies.

29.3 Current Challenges of Food Policy in Indonesia

The importance of preserving rice-based policy in general and protecting farmland
from conversion and diversifying food sources, in particular, has been discussed in
the previous sections. In this section, we will focus on describing why these policies
are relevant to Indonesian conditions and the challenges that arise in the imple-
mentation stages. The protection of farmland has been regulated under UU NO.
41 Tahun 2009. There are two significant policies contained in this regulation, the
formation of legally protected farmland (LP2B) and the effort to improve the
economic value of agricultural activities to incentive farmers to retain their land.
Meanwhile, food diversification has been regulated under Perpres No. 22 Tahun
2009 and its main aim was to foster the consumption of locally produced food.
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29.3.1 Farmland Protection Under UU No. 41 Tahun 2009

Forming legally protected farmland is conceptually sound in restricting its con-
version to other uses. However, instinctively, it contradicts with the economic
motives of the related stakeholders as has been found that there were many prob-
lems arisen in the formation of LP2B, whether in the district, provincial, or national
level. There are three stages consisting of three administrative levels involved in the
formation of LP2B. The three stages are submission, verification, and implemen-
tation stages. Diagrammatically, Fig. 29.3 represents the process.

The formation of LP2B initiated at the district level. The district government,
through its executive body, identifies the number (area) and location of farmland in
the district. The executive body involved is the Office of Agriculture (OoA) and
Regional Development Planning Agency (RDPA).2 Technically, the field extension

Fig. 29.3 Mechanism of LP2B formation

2Officially, OoA is Dinas Pertanian Kabupaten while RDPA is Badan Perencanaan
Pembangunan Daerah (BAPPEDA).
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officials of OoA cooperate with farmer group and village officials to enumerate the
field at the plot level. The obtained data is used as the basis to plan District
Regulation which is legalized by the District House of Representatives (DHoR).3

The data obtained is also confirmed with the data gathered by the Bureau of
Statistics (BoS) and the Agency for Land Affair (ALA).4 Diagrammatically,
Fig. 29.4 shows the mechanism in the district level.

Fig. 29.4 Mechanism of LP2B formation at the district level

3DHoR is Dewan Perwakilan Rakyat Daerah (DPRD) in the official term.
4BoS: Badan Pusat Statistik; ALA: Badan Pertanahan Nasional (BPN).
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The submission stage continued to the provincial level by incorporating the
LP2B at the district level to provincial spatial and regional system plan.5 Then, the
provincial government submits the plan to the Ministry of Agriculture
(MoA) which then verifies the farmland at the district level. The verification results
are then used to re-plan the LP2B in the second stage. The procedures are the same
as the submission stage. The difference lies only in the data used. In the second
stage, the data used to design District Regulation is that coming from MoA. The
second stage is the revision of the first. After the regulation legalized in the district
level, the district government then submitted the final LP2B to the province, which
then submitted back to MoA. In the final stages, the MoA will coordinate with other
agency to determine the final figure of LP2B in each district.

Here is the example of LP2B formation in the Province of Yogyakarta. In the
first stage, the proposed LP2B amounted to 51,770 ha. The verification of MoA
obtained a result of 71,868 ha of farmland in Yogyakarta. Also, the MoA recom-
mends that LP2B should include both the existing and the newly developed
farmlands. The initial plan was then revisioned, after conducting spatial analysis
of farmland potential, the province government (Office of Agriculture) proposed
128,381 ha of farmland for the revisioned LP2B. Finally, after coordinating with
the Office of Land Affair and Spatial System, the final proposed LP2B is
104.905 ha, which was then legalized by the MoA.

Conceptually, LP2B land is inconvertible for 20 years. However, the legalized
LP2B is always lower than the actual farmland. It means that there is farmland
which is intended for conversion. Most of these lands are located near the urban
core and play a vital role in the urban environment. In East Java, for example, the
total farmland in 2017 is 1.086.486 ha, and the LP2B is 952.285 ha. It means that
there are 134.201 ha of convertible farmland. Figure 29.5 shows the distribution of
farmland in the heavily urbanized and less urbanized region in East Java. Based on
the level of urbanization, the Province of East Java is categorized into four groups
in the order from the highest to the lowest level of urbanization, megapolitan,
metropolitan, intermediate city, and small city.

In the megapolitan region, LP2B comprises 49% of productive farmland. In the
metropolitan region, LP2B comprises 94% of productive farmland. However, it is
only 4% of the total farmland in the province. In the intermediate city, the LP2B is
51 percent of the total land. However, the rate of ALC in the period of 2012–2017
is 39% which is the highest compared to another region.

Furthermore, the intermediate region has 59%of the total farmland in the province.
Thus, the high rate of ALC in the intermediate region causes a significant loss of
farmland. In the small city where the urbanization level is low, the LP2B land com-
prises 94%of the total land and also the rate ofALC is the lowest compared to the other
region. This figure shows that the ALCwill continue to occur andwith the highest rate
will be likely to occur in the intermediate city which currently experiences rapid

5The provincial government has a spatial system which contained in Rencana Tata Ruang dan
Wilayah (RTRW).
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growth of urbanization. The agricultural land conversion poses a severe risk, given the
importance of farmland to the urban environment.

In general, LP2B attempts to reduce the rate of conversion through state power
by prohibiting the conversion of particular farmland. However, if we look at the
root causes of ALC, farmers (the seller) decide not to retain their land because the
economic incentive they receive is high. On the other hand, the buyer receives
higher economic incentive by transforming agricultural land for other uses, such as
real estate, commercial site, and industrial plant. Consequently, the government
faces parties with conflicting interests, and this will reduce the effectiveness of
LP2B policy. The government task would be easier by aligning their interest with
the farmers to retain the farmland. One way to motivate farmer to retain their land is
by increasing the economic incentive of agricultural activity.

29.3.2 Food Diversification and Its Challenges

Indonesia has a rich variety of food crops. It is not less than 800 food crops grown
in Indonesia. Currently, there are four crops available as a substitute for rice as the
source of carbohydrate, e.g., cassava, maize, sweet potato, and sago. These food
crops grow in the majority of the Indonesian region. Table 29.1 shows the distri-
bution of the growing region of these crops.

Fig. 29.5 LP2B and actual farmland (2012 and 2017) in East Java
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Table 29.1 Growing region (a) for cassava, (b) for maize (c) for sweet potato (d) for sago in
Indonesia

Food
crop

Growing region

Province District

Cassava North
Sumatera

Serdang Bedagai

Bangka
Belitung

Bangka Barat; Bangka; Belitung; Belitung Timur

Lampung Lampung Timur; Lampung Utara; Lampung Tengah; Tulang
Bawang

West Java Cimahi; Bandung; Ciamis

Central Java Banjarnegara; Boyolali; Kebumen; Wonogiri

Yogyakarta Bantul; Kulon Progo; Gunung Kidul

East Java Trenggalek; Malang; Pacitan

West Nusa
Tenggara

Lombok Barat; Lombok Tengah; Lombok Timur; Dompu;
Lombok Utara; West Sumbawa

Southeast
Sulawesi

Muna

Maluku Maluku Tenggara Barat; Maluku

East
Kalimantan

Nunukan

Southeast
Kalimantan

Sukamara

Maize Central Java Magelang; Temanggung; Boyolali; Semarang; Batang

East Java Kediri; Bangkalan; Tulungagung; Lumajang; Ponorogo

East Nusa
Tenggara

Lembata; Flores Timur; TTS; TTU; Alor; Ende

North Sulawesi Minahasa Utara

Gorontalo

Sweet
potato

Aceh

North
Sumatera

Medan

Bengkulu Bengkulu Utara

Riau Islands

Banten Serang

West Java Kuningan

West Papua Manokwari; Sorong Selatan

Papua Wamena
(continued)
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The lack of supporting infrastructure and policy to encourage the consumption
of this food is the main reason behind the low acceptability of this food to
Indonesian. Although the government issued a regulation to encourage food
diversification, it was not followed by the establishment of a market for these crops,
the processing plant, and the mass commercialization of the food made with these
crops. Consequently, few Indonesian know this food and still fewer are willing to
consume it.

There must be a considerable effort from the government if food diversification
is to be achieved. However, the government should focus on strengthening their
role as the stimulator in the on and off the farm. In the on-farm, the government
should stimulate farmer to grow these alternative food crops by stimulating the
establishment of a market for these crops. In the off-farm, the government should
stimulate the private sectors to develop new food product using these alternative
crops as the raw materials. The involvement of private sectors will foster the
development and innovation of food product based on this alternative food crops,
but more importantly, commercialization and heavy promotion of this food will
follow.

Table 29.1 (continued)

Food
crop

Growing region

Province District

Sago Riau Pekanbaru

Riau Islands Karimun; Natuna

Central
Kalimantan

Sampit

West
Kalimantan

Pontianak

Central
Sulawesi

Parigi Moutong; Poso

Southeast
Sulawesi

Kendari

North Sulawesi Sangihe

Maluku Ambon; Seram; Maluku Tengah

Papua Keerom; Jayapura

West Papua Sorong Selatan

Source Hariyanto (2017)

29 Agricultural Land Conversion and Food Policy in Indonesia … 645



29.4 Land Economic Value as the Tool to Control
Agricultural Land Conversion

Both of the challenges previously described show that rice is still the primary food
in Indonesia. Consequently, the preservation of farmland is crucial to food security.
To preserve farmland, it is crucial to control ALC. In this section, we present the
result of our study which shows that the main driving factors of ALC are the
relative land value between agricultural and non-agricultural uses.6

29.4.1 Study Background

According to traditional location theory, urban land creates higher rent compared to
agricultural land and causes the occurrence of ALC (Irwin and Bockstael 2002,
2007; North 1955). The characteristics of ALC in developing countries such as
Indonesia are rapid and unplanned. Rapid urbanization causes a growing number of
urban areas in Indonesia. Unfortunately, this area is surrounded by productive
agricultural land (Imhoff et al. 1997). Consequently, as the urban core grows, the
subsequent agricultural land was converted to support this growth. The rate of ALC
grows faster since both the seller (farmer) and the buyer (real estate developer, a
firm, or government) will receive higher rent by converting those lands. It means
that there is a significantly higher rent for urban land compared to agricultural land.

Conversely, zero ALC occurred in an area with higher rent for agricultural land.
Many factors affect the rent for agricultural land, and identifying these factors can
help in controlling ALC since the leading causes of ALC are the lower rent created
from agricultural land related to urban land. Increasing rent for agricultural land will
slow down the rate of ALC. The rent for agricultural land can be increased by
manipulating factors which significantly increase it.

The general purpose of this study is to examine the rent for agricultural and
urban land. The study was conducted in the peri-urban area with high rate of ALC
and in a rural area where the ALC has not yet been recorded. The point of con-
ducting this study in these areas was to compare the role of land rent in slowing or
accelerating the rate of ALC. Also, this study also identifies factors that affect the
rent for agricultural and urban land in both areas.

The primary purpose of this investigation is that it exhibits that land rent is the
primary driver of ALC as has been previously mentioned in several empirical
studies. However, few policy implications to control ALC are based on these
findings. In the case of Indonesia, the study of urbanization has primarily focused
on big megapolitan cities (Firman 1999, 2000; Firman and Dharmapatni 1994;
Hudalah and Firman 2012b). Few studies are conducted in the smaller region which

6The full paper can be found in Rondhi et al. (2018).
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experience the initial phase of urbanization. Studying these cities is essential.
Furthermore, controlling ALC in the early urbanization process will be less costly
than in the advanced urban area.

29.4.2 Methods for Measuring Land Rent

Two villages in Jember district in the Province of East Java Indonesia were selected
for this study. The first village (Kepanjen) represents the rural area which has never
experienced ALC during 2009–2016. The second village (Antirogo) represents the
peri-urban area with 8.6% ALC rate during 2009–2016 (BPS-Statistics of Jember
Regency 2017). The selection of these locations was to compare the rent for
agricultural and non-agricultural land in the area with a rapid ALC and in the area
with no ALC. Figure 29.6 shows the relative location of the studied area to
Indonesia.

Fig. 29.6 Research site, a East Java, b Jember, and c Jember district map; the upper box shows
the peri-urban area (Antirogo); the lower box shows the rural area (Kepanjen); the circle indicates
the urban core
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Agricultural land in both villages consisted of land planted with a variety of
crops. However, the rural area has more various crops with 11 distinct cropping
patterns. Meanwhile, the peri-urban area has fewer crops’ variety with only two
cropping patterns. The non-agricultural land identified in this study was land for
housing. The development of housing is the primary purpose of converting farm-
land in the peri-urban area in Jember district. The new housing in Antirogo was
developed in the formerly converted farmland. However, there is an interesting
pattern in the farmland conversion. The productive rice field is changed first to
moorland before housing construction begins. Moorland is a rice field which is
abandoned and left uncultivated for a few years. Rice field abandonment is the
pattern in which the housing developer converts agricultural land since they cannot
directly convert productive rice field.

The primary data was collected from 200 respondents consisted of 100 farmers
and 100 homeowners, the data collected through a survey questionnaire. The
questionnaire consisted of two sections. The first section focuses on calculating the
rent of farmland and housing, while the second section focuses on exploring the
socioeconomic characteristics of landowners. We measure land rent as the annual
profit obtained from each type of land. The agricultural land rent was calculated by
deducting the total farming cost from the total revenue. The total cost consisted of
both the implicit and the explicit costs. The implicit cost is accrued from unpur-
chased farm input such as seed from the previous harvest, organic fertilizer from
livestock manure, and family labor. The housing rent is calculated as the annual net
rental fee obtained by the homeowners. The rental fee was estimated as the imputed
rental fee.7

Meanwhile, we identified seven characteristics of farmer and six characteristics
of homeowners. The characteristics cover both physical and socioeconomic aspects
of farmers and homeowners. The rural farmers have more land than the peri-urban
farmers do. In case of irrigation access, the rural farmers have closer access to the
irrigation canal than the peri-urban farmers. The average distance of rural farmer’s
land to irrigation is only 42 m, while the peri-urban farmers have land which is
located 2053 m away on average from an irrigation canal. The sale of farm produce
is mostly conducted on the plot. Thus, the average distance of farmland to the
market and the road in both areas are similar. Most farmers own the land and
perceive their land as fertile land. The majority of farmers in peri-urban and rural
areas cultivate food crops, and only a small portion of farmers (33%) cultivate
non-food crops (seasonal plantation and horticultural crops).

On the other hand, there are six variables identified for homeowners. The
average number of room for peri-urban and rural houses is three, which is the
typical Indonesian house. The rural resident has easier access to water than the
peri-urban do. There is four percent of the peri-urban resident sampled in this study
reported that they do not have access to sufficient water. It shows that there is a
degradation in the quality and quantity of water resources in the peri-urban area.

7Imputed rental fee is the rental fee obtained by the homeowners had the house been rented.
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Peri-urban area has easier access to road and downtown area. The downtown is the
sub-district center (kecamatan) of each village which is vital to village life since the
significant purchase of the villagers occurred in this area. Thus, it plays an
important economic role.

29.4.3 Results and Discussion

29.4.3.1 The Dynamic of Land Rent in the Peri-urban and Rural Area

The result demonstrates that peri-urban area has a higher value of housing land rent
compared to agricultural land. Conversely, in the rural area, the agricultural land
has higher rent compared to housing. The critical distinguishing characteristic
between the two is that the agricultural-housing rent gap in the peri-urban area is
significantly higher compared to those in the rural area. In average, the agricultural
land rent in peri-urban has a value of Rp 4447/m2/year, and the average land rent
for housing is Rp 39,904/m2/year. Meanwhile, in the rural area, the average agri-
cultural land rent is Rp 6047/m2/year, and the rent for housing is Rp 5059/m2/year
on average.

Housing creates 700% higher value compared to agricultural land in the
peri-urban area. The wide agricultural-housing land rent gap is the main reason for
the rapid conversion of farmland in this area. Moreover, the converted agricultural
land creates higher rent when used for housing. The converted farmland creates a
rent of Rp 7917/m2/year which is two times higher than when it used for agri-
cultural purposes. In the rural area, although agricultural land has a higher land rent,
it was only 19% higher compared to housing rent. It shows that currently, agri-
culture is still the main economic activity in the rural area. However, the narrow gap
between agricultural and housing land rents indicates that the land can be converted
easily to non-agricultural use.

Many studies demonstrated that urbanization and economic growth in the urban
region cause the conversion of farmland (Wasilewski and Krukowski 2004; Kontgis
et al. 2014; Phuc et al. 2014; Peerzado et al. 2018). Urbanization causes people to
live in the urban area and increases the demand for housing. The development of
new housing is often conducted in flat agricultural land. Similar conditions occurred
in the peri-urban area of our study. The economy that overgrows and is moving
away from agriculture causes rapid urbanization. The urbanization started to impact
the nearby agricultural region which followed by the conversion of productive
farmland and the degradation of environmental quality. The farmers choose to sell
their land to capitalize on the rising land price. Also, they regard that works in
agriculture are much less enticing than in the other sectors. Meanwhile, although
currently there is no ALC in the rural area, the narrow gap in land rent indicates that
ALC can happen any time in the future since farmers tend to sell their land when
there is a rising price for the land.
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The systematic effort is required to control the rate of ALC in the peri-urban area
and to mitigate the risk of ALC in the rural area. The effort should focus on
increasing the rent for agricultural land both in the peri-urban and in the rural areas.
Thus, it is crucial to identify the factors that affect rent. The next results of our study
found that land area, accessibility (to irrigation, market, and road), and cropping
pattern significantly affect agricultural land rent. Land area has a negative impact on
land rent since the cost of farming in larger land requires more input than in smaller
land. The farm yield potential is not maximized since the farmer tends to use
constrained family labor.

The accessibility of farmland to irrigation, market, and road increases the land
rent (Brown and Barrows 1985; Joshi et al. 2017; Maddison 2009). It is following
the compensation scheme of UU 41 Tahun 2009. The incentive set in the regulation
is in the form of establishment of agricultural infrastructures such as irrigation canal
and road. The accessibility of farmland to the road enhances accessibility to the
market. However, this kind of incentive is useful only in the rural area where no
ALC occurred. The irrigation canal and road are built as a network, and the network
will cease to function when some part of it was damaged. In the peri-urban area, the
ALC occurred partially and damaged some part of irrigation and road network. The
partly damaged irrigation and road network will impact the overall network. Thus,
it is essential to identify the kind of incentive should be given to a farmer in the
peri-urban area.

29.4.3.2 Urban Farmer and the New Era of Peri-urban Agriculture

The agricultural land rent in the peri-urban area shows an exceptional value. The
range value of the rent is between Rp −416/m2/year and Rp 10,975/m2/year. It
means there are farmers in the peri-urban area who choose to remain in farming
even with the expense of profit. Yagi and Garrod (2018) identify the growing
number of the farmers in the peri-urban area who choose not to participate in land
speculation and motivated to remain in farming as a hobby or to retain family
tradition, and they termed this type of farmer as an urban farmer. The critical point
of the urban farmer is that they do not want to sell their land even if it costs them the
farm profit.

The existence of an urban farmer will limit the rate of ALC in the peri-urban
area. Systematic identification of the urban farmer will help to target the incentive
contained in UU NO. 41 Tahun 2009. Decreasing land tax, supporting research into
high yield variety, and reward for farm achievement will likely be adequate for
urban farmer since it will improve their motivation to remain in farming. In our
data, the farmer who has negative rent is relatively younger compared to other
farmers. However, our data consists only one farmer of this type. Further research is
required to identify the characters of the urban farmer.

A carefully planned incentive mechanism accurately targeted to the urban farmer
is the most promising policy to reduce the rate of ALC in the peri-urban area. Since
agricultural land is privately owned, the sale of farmland is at the control of farmer,
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and if the monetary incentive they receive by retaining the farmland is high, it is
likely that they will retain the farmland. The form of incentive should be based on
the incentive contained in the UU No. 41 Tahun 2009. The compensation scheme in
the UU No.41 Tahun 2009 is adequate to motivate urban farmer. Furthermore,
promoting the implementation of this regulation would have another advantage in
the form of government support and resources.

29.4.3.3 Commercial Farming in the Rural Area and the Degradation
of Land Quality

One of the consequences of economic development in the agricultural sector is the
shift of subsistence farming toward commercial farming (Nafziger 2012). One of
the variables that significantly affect agricultural land rent is the cropping pattern.
Non-food cropping pattern is becoming more popular in the rural area. Farmer
started to plant non-food crops, especially horticulture because they produce higher
rent than the food crops.

Most farmers still cultivate food crops, especially rice and maize. However, the
number of farmers who cultivated horticultural crops is growing. The majority of
farmers cultivated food crops. Also, some farmers cultivated non-food crops. The
rural farmers mix food and horticultural crops, while farmers in the peri-urban area
mix food crops with seasonal plantation crops. The result of this study reveals that
the non-food crop pattern yielded higher rent compared to food crop pattern. There
are 26% of rural farmers and 40% of peri-urban farmers who cultivated non-food
crops. Horticulture and seasonal plantation crops need high farming cost and
impose a high risk; thus, only a small number of farmers are able to provide the cost
and bear the risk.

There is a serious problem caused by the increasing number of farmers in the
rural area who planted horticultural crops. The application of pesticides in horti-
culture farming in the rural area is high, especially in the form of fungicides and
herbicides. The average pesticide application frequency is three times a week. It is
significantly higher than food crops which require only one to two times application
every two weeks. As a consequence, the farmland in the rural area is being polluted
by pesticide residue.

Also, the absorption of pesticide residue by the soil in Kepanjen is accelerated
with its sandy structure. The water consumed by the rural resident will also be
polluted by the residues since the farmland is close to the residential area.
Watermelon, one of the leading horticultural crops, is cultivated three to four times
annually. The high planting frequency increases the amount of pesticide residue in
the soil. Also, the crop residue is left on the field. Consequently, since the pesticide
residue also contained in the crop remnants, the amount of residue in the soil
increases accordingly. Horticulture generates high rent, but it should be appropri-
ately managed to limit the risk of soil and water quality degradation.
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29.5 The Cultural Landscapes in the Peri-urban
and Rural Area

29.5.1 The Landscapes in the Urban Core

Cultural landscapes are defined as a result of the interaction between human and
landscapes which is evolving. One of the major causes of the changes in landscapes
is urbanization and rapid economic growth. Urbanization started with high intensity
of economic activity in the urban core, and then the following area near the urban is
affected accordingly. The urban core is the center of economic, government, and
cultural activities. The activity in the urban core can be represented by the existence
of the building in which these activities take place.

There are two facilities in the urban core which represent the economic, gov-
ernmental, and religious activities. First, the economic activity is represented by the
largest traditional market in Jember (Fig. 29.7). In Indonesia, most of the retail
transaction is conducted in the traditional market. The retail purchase in the tra-
ditional market accounts for 80% of the total retail sale. Thus, it plays a central role
in the Indonesian economy. The largest traditional market in Jember is called Pasar
Tanjung, in which Pasar means market. Second, the town square represents the city
center and consisted of city park (Fig. 29.8), government office (Fig. 29.9), and
religious building (Fig. 29.10). All of these buildings are surrounding the central
plaza.

Fig. 29.7 Front side of the market Pasar Tanjung

652 M. Rondhi et al.



Fig. 29.8 Central park of Jember

Fig. 29.9 Office of Jember district government
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29.5.2 The Landscapes in the Peri-urban Area

The existence of these facilities influences the nearby area. The formerly rural area
near the urban core is affected by the increasing rate of population growth. As the
urban core grows, the housing area for the urban population will be pushed away
from the urban core. Consequently, the rural area near the urban core will be
transformed into a peri-urban area where the characteristics of rural life are being
pushed away by the urban population. It is evident in the shapes of landscapes both
in agricultural and in housing landscapes.

The expanding housing area threatens agricultural land in the peri-urban area. In
the peri-urban area, the agricultural land was very close to housing. Consequently,
the expansion of housing will consume the following farmland. As shown in
Fig. 29.11, although there is still vast farmland, the housing was located at the edge
of the farmland. As the population growth in this area, the conversion of the
farmland is inevitable. Coupled with the existence of the permanent road, the
development of housing is certain in the future.

In the case of housing, the peri-urban area consists of two types of neighbor-
hood. The first is the housing of the native resident. The first group was charac-
terized by pertinent rural characteristics, both in the physical aspects and in the
social aspects. Physically, the first neighborhood is relatively poor, and most of the
economic activity is still in agriculture. The physical form of the house is quite large
with a wide yard around the house (Fig. 29.12) since the price of land when the
house was built was low. In terms of style, the house is a traditional house.

Fig. 29.10 Great Mosque of Jember
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Fig. 29.11 Farmland in the peri-urban area and the housing in the edge of the farmland area and
concrete road to access the housing

Fig. 29.12 Traditional peri-urban house which possessed by the native peri-urban resident
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On the other hand, the second neighborhood occupies the newly developed
housing which was the result of the growing urban population and has different
characteristics. The house was built in the formerly farmland. Hence, it was the
result of farmland conversion. Most of these lands are high priced, and it affects the
type and size of the house. In terms of size, the house is quite small; typically, it was
built on land, not more than 100 m2. Consequently, it does not have an extensive
yard like those in the traditional peri-urban house. Furthermore, each home is
attached to the other house (Fig. 29.13). However, the house building is contem-
porary in style.

The building of the new housing requires a lot of building material, such as sand
and rock. Most of this material was obtained from the extraction of the hill in the
peri-urban farmland (Label D). The mining of these materials harms the ecosystem
in the peri-urban area since the hill plays a role in preserving water resources.
Figure 29.14 shows the overexploited hill for the extraction of sand and rock for
building material. The mining activity changes the agricultural landscape entirely in
the peri-urban area since the exploited hill is mined until it has the same level as the
farmland.

Fig. 29.13 Contemporary peri-urban house which is quite small relative to the traditional
peri-urban house
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29.5.3 The Landscapes in the Rural Area

The different conditions occurred in the rural area, where the landscape is domi-
nated by farmland. Agriculture is a significant economic activity in the rural area. It
is shown in the extensive farmland and various crops planted in the rural area.
There can be more than one crop planted in a farmland area (Fig. 29.15), while the
housing in a rural area is relatively small than the agricultural area. The house in the
rural area has similar characteristics as the traditional house in the peri-urban area.
However, the rural house is relatively better than the traditional peri-urban house in
terms of quality of the building (Fig. 29.16). Generally, the house is the proxy for
wealth in the farmer community; the better the house, the wealthier is the farmer.
Based on this measure, the farmer in the rural area is better off than peri-urban
farmer. It is also shown in the land rent measurement of farmland in both areas.

29.6 Policy Implications

Indonesia is a big nation, with over 250 million population, and the Indonesian
food system receives a massive burden. The monoculture food policy in Indonesia
has developed supporting institutions only for rice and shaped rice-eating habit
among Indonesian people. Currently, the primary threat to food security in

Fig. 29.14 Sand and rock mining in the peri-urban area
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Fig. 29.15 Farmland in a rural area with three crops planted in the area (peanut, rice, and
watermelon)

Fig. 29.16 Rural house which has a wide yard and contemporary style
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Indonesia is the loss of productive farmland due to ALC since it reduces rice
production. Also, the difficulty of implementing food diversification policy exac-
erbated the problem. Thus, it is crucial to limit ALC and to strengthen the food
diversification policy. Based on the discussion in the previous sections, we propose
two policy implications for food security in Indonesia.

First, we propose the limiting of ALC as a short-term strategy to maintain food
security in Indonesia. The result of our previous study presented in Sect. 4
demonstrates that significant difference between agricultural and non-agricultural
land rents is the primary driver of ALC. The increasing housing demand from the
urban resident will increase the rate of ALC in the peri-urban area. Also, the narrow
gap between agricultural and non-agricultural land rents in the rural area imposes a
possibility of ALC in this area. The narrow gap of land rent indicates that the
resistance of farmers to sell the farmland is not quite strong. The increasing land
price will be likely to move farmers to sell the land.

It is vital to identify the peri-urban farmer to limit the rate of ALC in the
peri-urban area. A peri-urban farmer tends to retain their farmland. The farming
motivation of peri-urban farmer is entirely different from the typical farmer. The
farming motivation of peri-urban farmer is to satisfy their hobby or to preserve the
family farming tradition. Since they tend to retain the farmland, systematic iden-
tification of peri-urban farmer and a targeted farming compensation to them will
strengthen their motivation in farming and increase the possibility of them retaining
the farmland. Also, in rural areas, the identification of commercial farmers and the
way they behave are vital to mitigate the risk of ALC in the rural area and the risk
of environmental degradation due to the overuse of pesticides.

There are three options to limit the rate of ALC in the peri-urban area and to
mitigate the risk of ALC and environmental degradation in the rural area. First, the
current compensation scheme in UU No. 41 Tahun 2009 should be focused on the
peri-urban farmer. Since peri-urban farmer has a stronger non-economic motive
than the typical farmer, this compensation will strengthen their motivation in
farming. Second, there should be an effort to mitigate the risk of pesticide residue
from commercial farming in the rural area. The cultivation of non-food crops
increases the rent of agricultural land. However, pesticide residue causes environ-
mental degradation. Leaving the problem of commercial farming unsolved will
sacrifice the sustainability of agriculture itself. Third, commercial farming should be
granted access to timely information regarding market and farm innovation.
Commercial farmer is responsive to new information, and the improved channel of
information to this farmer will improve their productivity and farming practice.

Second, we encourage strengthening food diversification policy as a long-term
strategy to improve food security in Indonesia. There should be a keen national
interest to make food diversification effort effective. Specifically, the government
should focus on stimulating the development of supporting institutions for alter-
native foods. The kind of institutions that must be stimulated is the market for the
primary product of alternative food crops, the processing industry of the food made
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from these crops, and the consumer market for food products made from these
crops. In stimulating the second and the third institutions, the government should
put the focus on stimulating the private sectors.

Currently, the effort to induce food innovation to alternative food crops is aimed
at academic and research institutions primarily. Consequently, the products cannot
pass the commercialization stages since both of these institutions are focused on
research and development alone. There should be a collaboration between academic
and research institutions with the private sectors. However, the implementation of
this collaboration is difficult. It will be more beneficial if the private sectors are
included from the beginning. The inclusion of private sectors will improve the
chance of alternative food products to be commercially distributed. Furthermore,
the food policy in Indonesia mainly focused on food production. In the longer term,
the food policy should also focus on mainstreaming the balance consumption of
healthy food and improve the affordability and stability of this food.

29.7 Conclusions and Future Research Directions

This chapter describes the dynamic of agricultural land conversion in the rural and
peri-urban area in East Java, Indonesia. It explains the critical position played by
ALC in the effort to achieve food security in Indonesia. The monoculture nature of
food policy in Indonesia which focused on rice has developed a food system which
relies heavily on rice and shaped the rice-eating habit among Indonesians. ALC
becomes a primary threat to food security in Indonesia since most of the converted
land is located in the agricultural region. Figure 29.5 shows that the LP2B which is
the primary tool to limit ALC only protects half of the productive farmland. The
remaining farmland was converted at a rapid rate with the highest occurred in the
intermediate city where the urbanization has only just begun. Thus, it is vital to
protect the non-protected farmland in this region. One of the feasible solutions to
limit the rate of ALC is by increasing the rent of agricultural land in this area.

The analysis of land rent for agricultural and non-agricultural land demonstrated
that it is highly correlated with the rate of ALC. In the peri-urban area where rapid
ALC takes place, non-agricultural land rent is 700% higher than agricultural land.
Conversely, the rent for agricultural land in the rural area where no ALC occurred is
higher compared to non-agricultural land. Thus, increasing agricultural land rent will
be likely to limit the rate of ALC. Consequently, it is logical that the effort to reduce
the rate of ALC must focus on the effort to increase the rent for agricultural land.
Below, we pointed out the direction for future research in the effort to reduce ALC:

1. The study of ALC should be focused on the intermediate city as shown in
Fig. 29.5. Currently, the majority of farmland are located in this region.
Moreover, also, this region is experiencing the initial stage of urbanization.
Thus, it is better to mitigate the negative impact of urbanization earlier in this
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region. The focused study location should be in the peri-urban area and the area
where new urban core has emerged. This location experienced the highest rate
of ALC.

2. It is vital to identify the characteristics of peri-urban farmer systematically.
Peri-urban farmer potentially has the vital role in limiting the ALC in the
peri-urban area since their motive of farming is entirely different from the typical
farmer in which they tend to retain their farming even at the expense of profit.
Targeting the compensation scheme contained in UU NO. 41 Tahun 2009 to
these farmers will improve their motivation in farming and will encourage them
to retain the land.

3. It is also essential to mitigate the risk of pesticide overuse by a commercial
farmer in rural areas. The high level of pesticide is applied to horticulture
farming in the rural area. Although horticulture farming increases agricultural
land rent and limits the ALC, the pesticide overuse will degrade environmental
quality in the long term.

4. Research into the development and evolution of cultural landscapes in a
peri-urban and rural area will provide extensive insight into how the landscapes
evolved as the consequence of urbanization.
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Chapter 30
The Role of Natura 2000 at Maintaining
Dynamic Landscapes in Europe Over
the Last Two Decades: Implications
for Conservation

Virgilio Hermoso, Alejandra Morán-Ordóñez and Lluís Brotons

Abstract The Natura 2000 network aims to promote the long-term persistence of
both biodiversity and traditional uses. European landscapes have undergone large
transformations in the past decades, mainly associated with the abandonment of less
productive lands, mostly in mountains, and concentration of intensive agriculture in
the most productive areas. These changes could pose important management
challenges and offer new opportunities to the achievement of the network’s goals.
Here, we evaluate the change in land cover within Natura 2000 in the last two
decades, explore the role of different drivers in observed changes and assess the
impacts of these changes in the structure of landscape. We found that within Natura
2000, landscape has been highly dynamic in the last two decades with more than
20% of the area under protection undergoing land cover changes. However, this
change was smaller within than outside Natura 2000. The most systematic transi-
tions involved both, succession processes towards naturalization (e.g. transitional
woodland—TRW—to forest—FOR) and anthropization (e.g. mosaic—MOS—to
arable—ARA—and pastures—PAS). Changes across land cover categories had
also significant effects on the landscape configuration towards a higher homoge-
nization, mainly driven by the increase of patch size and clumpiness of FOR and
ARA, while a higher fragmentation of TRW and open areas (OPEN). Given these
changes, two different strategies would be needed to enhance the role of Natura
2000, (i) tighter control to ensure anthropization, mainly intensive agriculture, does
not compromise conservation goals within protected areas (PAs) and (ii) tackle
more effectively the ecological and socio-economic effects of abandonment in less
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productive areas to halt loss of key habitats. On the other hand, changes in com-
position and structure of landscape open new conservation opportunities derived
from enhanced connectivity, at least within PAs.

Keywords Corine Land Cover � Landscape � Habitats � Land abandonment �
Transition matrix � Clumpiness � Common Agriculture Policy

30.1 Introduction

European landscapes have undergone large transformations in the past decades,
mainly associated with the abandonment of the less productive agricultural lands
(Young et al. 2007) and their consequent re-naturalization through a process of
vegetation regeneration and forest expansion (Gellrich et al. 2007; Ameztegui et al.
2010; Hatna and Bakker 2011). Most of these changes have been promoted by the
Common Agricultural Policy (CAP). The implementation of the CAP has led to a
polarization of production systems, by concentrating intensive agriculture in the
most productive lands while driving a decline of traditional agricultural practices
and extensive livestock farming in marginal areas such as mountains (Mitchley
et al. 2007, Ameztegui et al. 2010; Álvarez-Martínez et al. 2014). The concentration
of agricultural production implies drastic changes not only in the intensity of land
use but also in the configuration of the landscape. In order to increase productivity
and allow the use of large machinery, there has been a trend towards unifying small
agricultural fields into expanded monocultures (Dobrev et al. 2014) resulting in
more homogenous landscape diversity (Brotons et al. 2004).

The designation of protected areas (PAs) is a common mechanism for addressing
the global decline of biodiversity. The Natura 2000 network is the centrepiece of
the EU’s Biodiversity Strategy, aiming at halting and reversing the loss of biodi-
versity in Europe by 2020 (EC 2011a). This network comprises more than 27,000
Natura 2000 sites, which cover >1 million km2 (18.3% of the land surface and
about 6% of marine area), representing the world’s largest network of PAs (EEA
2012). This network includes sites designated for protecting species and/or habitats
listed as a priority in the Habitats (92/43/EEC) and the Birds Directives (2009/147/
EC). However, Natura 2000 is not a system of strict nature reserves where all
human activities are limited and strictly controlled to ensure protection of conser-
vation values; on the contrary, it seeks to harmonize, mostly on private land,
biodiversity conservation and other legitimate land uses. Member States must,
however, ensure that the sites are managed in a sustainable manner, both ecolog-
ically and economically. For this reason, the designation of an area as a Natura
2000 site aims at promoting the long-term persistence of the biodiversity for which
it was declared, as well as traditional uses that sustain biodiversity and local
socio-economic activities. It would then be expected that the Natura 2000 fostered
landscape stability and maintenance of traditional land uses in the long term.
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The process of generalized land abandonment in marginal productive areas
mentioned above could threaten the achievement of some of the fundamental goals
of Natura 2000, such as the maintenance of traditional land uses and habitats, but
also offer opportunities for habitat restoration, rewilding and the recovery of
threatened species (Fernández et al. 2017). For instance, 41 out of the 231 priority
habitat types listed in the European Habitats Directive are associated with
low-intensity agricultural management, including semi-natural grasslands and hay
meadows (Halada et al. 2011). Loss of traditional practices, together with landscape
restructuring, has negative effects on the populations of many species, like farmland
birds (Donald et al. 2006; Baldi and Batary 2011; Santana et al. 2013), mammals
(Delibes-Mateos et al. 2009) or plant species (Luoto et al. 2003). To address this
threat, the CAP funds the designation of Less Favored Areas (LFAs-Regulation
1257/1999) to prevent rural abandonment and maintain cultural landscapes (Dax
2005; Stoate et al. 2009). The application of this policy has actually resulted in a
significant increase in the area of LFAs going from a third of the European Utilized
Agricultural Area in 1975 to more than half in 2005 (Dax 2005; MacDonald et al.
2000).

Despite the effort made by the EU in the last decades to address this land cover
change process, recent studies keep reporting the same pattern of land abandon-
ment, loss of agricultural surface and expansion of forest within some specific
Natura 2000 sites (e.g. Butsic et al. 2016; Flores Ribeiro et al. 2018). However,
there is little known about long-term land cover changes and their drivers at the
whole extent of the Natura 2000 network (but see Kallimanis et al. 2014 for the
period 2000–2006). This makes it difficult to extrapolate to large-scale and/or
long-term changes (Hatna and Bakker 2011) and assess the potential consequences
within PAs.

Here, we analyse the changes in land cover composition and spatial configura-
tion undergone within the whole extent of Natura 2000 over the last two decades,
grouped in three main classes (sensu Martínez-Fernández et al. 2015): naturaliza-
tion, anthropization and internal changes in natural areas. This classification was
used to strengthen the link between the changes observed and their implications for
conservation. For example, anthropization processes are usually associated with
increases in human pressure and higher risks to the achievement of conservation
goals. We also assess how the land cover changes observed within the boundaries
of the Natura 2000 sites compared to those of neighbouring areas outside, over the
evaluated time period. Given the role of Natura 2000 and the efforts made by the
EU at maintaining traditional agricultural landscapes, we would expect the desig-
nation of a site as part of the network to foster stability of the landscape. Our results
should help assess the effectiveness of these policies and guide their future appli-
cation to ensure the achievement of the EU’s conservation commitments as well as
assessing the risks and opportunities for conservation derived from land cover
changes within the Natura 2000 network.
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30.2 Mainland Cover Changes Over the Last Two
Decades

We evaluated the change in land cover across all terrestrial PAs included in the
Natura 2000 network across Europe. We use land cover stability (understood as the
maintenance of land cover class over time in a given spatial unit) as a proxy of the
stability of habitats of community interest (those listed in the Habitat’s Directive),
given the lack of spatial data coverage of the latter across Europe. The location and
extent of PAs were sourced from European Environmental Agency (version as of
March 2017; http://www.eea.europa.eu/data-and-maps/data/natura-1#tab-gis-data).
This data set contains spatial information on all Natura 2000 sites that have been
declared to date (n = 27,308 PAs covering over 1.3 million km2) as well as
descriptive data, such as date of designation or the area covered by the PA.

To evaluate land cover changes over time, we used a temporal series of Corine
Land Cover (CLC) maps sourced from the Copernicus Land service (http://land.
copernicus.eu/global/). These maps cover the whole of Europe at 100 m resolution
and are available for four different time periods: 1990, 2000, 2006 and 2012. Using
these time series of land cover maps, we produced an initial (t0) and final (t1) land
cover map for each Natura 2000 site. The initial state was derived from the closest
CLC map available to the date of the PA designation. To be conservative and
ensure that the observed changes within each PA might result from its protection
status, we used as our t0 map the next available Corine to the date when the PA was
designated. As an example, for Natura 2000 sites designated in 2004, we used the
Corine 2006 as an initial stage. For this reason, sites designated after 2006 were
excluded, leaving the final database of PAs in 25,270 sites (>90% of all sites).
Moreover, given that there were no data available for Sweden and Finland for CLC
1990, all sites designated in these countries before 2000 were assigned the CLC
map of 2000 as their initial stage. We then used CLC 2012 to characterize land
cover at the final stage for the analyses (t1).

To make the comparisons between the initial (t0) and final (t1) land cover maps
easier and more robust, and in order to minimize potential mismatches of the
thematic resolution of the four CLC, we grouped the original 44 CLC classes into
the eight categories following the LEAC classification (Land and Ecosystems
Accounts; EEA 2006a; Table 30.1). This simplified the number of potential land
cover comparisons to 64 (8 � 8), compared to the 1936 possible combinations
between the 44 original categories. These eight categories have also been recom-
mended for global and ecological analysis (EEA 2006a; Gómez and Páramo 2005)
and previously used in similar assessments (e.g. Martínez-Fernández et al. 2015).

To assess changes in land cover within Natura 2000 between t0 and t1, we
constructed a transition matrix (Pontius et al. 2004) based on these eight land cover
categories for the full extent of the Natura 2000 as considered for this study. This
transition matrix is a rectangular matrix that represents the number of grid cells that
underwent change from land cover i to j for each of the potential combinations of
land cover categories. The values on the diagonal show the persistence within each
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category over the evaluated time frame, while values off the diagonal indicate
transitions between land cover categories. We used the cross-tabulation tools in
ArcGIS (ESRI Inc.) to build the transition matrix for the whole study area (all
Natura 2000 sites altogether) between t0 and t1 at 100 m resolution. We then
calculated the proportion of the landscape that remained stable under each land
cover category and the proportion that underwent transition from land cover i to
j. These proportions were calculated as the ratio between the total number of grid
cells under each transition i to j and the total area of land cover i at t0.

We also compared the observed patterns of change within the Natura 2000 and
outside. With this aim, we constructed a transition matrix as explained above for a
5 km buffer around all Natura 2000 sites considered in the analyses. We constrained
this second transition matrix to a buffer to focus on areas close to Natura 2000 sites,
rather than comparing them against very distant areas where landscape composition
and land use might be very different. Given that we used three different starting points
to build t0 (1990, 2000 and 2006 depending on when each Natura 2000 site had been
designated), we computed a different transition matrix for each starting point (1991–
2012, 2000–2012, 2006–2012) for the areas outside N2000 sites. The sum of the
values of the diagonal of these transition matrices was used to calculate the proportion
of the landscape that remained stable in the 5 km buffer areas around PAs, and to
compare them against the values within the Natura 2000 sites.

Table 30.1 Correspondence between Land and Ecosystem Accounts classification—LEAC (EEA
2006a) used in this study and land cover categories in CLC level 3

LEAC land cover category CLC_CODE

Artificial surfaces (ARTF) 111 Continuous urban fabric; 112 Discontinuous urban
fabric; 121 Industrial or commercial units; 122 Road and
rain networks and associated land; 123 Port areas; 124
Airports; 131 Mineral extraction sites; 132 Dump sites;
133 Construction sites; 141 Green urban areas; 142 Sport
and leisure facilities

Arable Land (ARA) 211 Non-irrigated arable land; 212 Permanently irrigated
land; 213 Rice field; 221 Vineyards; 222 Fruit trees and
berry plantations; 223 Olive groves; 241 Annual crops
associated with permanent crops

Pastures (PAS) 231 Pastures

Mosaic Farming (MOS) 242 Complex cultivation patterns; 243 Land principally
occupied by agriculture, with significant areas of natural
vegetation; 244 Agroforestry areas

Standing Forests (FOR) 311 Broad-leaved forest; 312 Coniferous forest; 313
Mixed forest

Natural Grassland, Heathland
and Shrubland (GRSH)

321 Natural grasslands; 322 Moors and heathland; 323
Sclerophyllous vegetation

Transitional Woodland and
Shrubs (TRW)

324 Transitional woodland–shrub

Open area (OPEN) 331 Beaches, dunes, sands; 332 Bare rocks; 333 Sparsely
vegetated areas; 334 Burnt areas
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We found that 20.6% of land cover within Natura 2000 sites changed in the
period t0–t1 (Table 30.2). This change was, however, lower than the change
observed in the 5 km buffer outside PAs, where there was a 51.1, 40.3 and 32.9%
change for the periods 1990–2012, 2000–2012 and 2006–2012, respectively.
Changes within Natura 2000 corresponded mainly to the changes in forest (FOR),
transitional woodland and shrubs (TRW) and grassland, heathland and shrubs
(GRSH) categories that together accounted for near 2/3 of the total changes
observed (Table 30.2). The role of TRW in this share was significant given the
smaller proportion of land cover it represented within Natura 2000 at t0
(Table 30.2).

30.3 Processes Leading to Changes in Land Cover

The lack of net change as calculated above at the whole Natura 2000 scale does not
necessarily mean lack of change across the landscape between two given land cover
categories. This is possible because changes from land cover i to j at a given
location could be compensated by the changes from j to i elsewhere. These ‘swaps’
between land cover categories could then lead to underestimation of landscape
dynamics (Pontius et al. 2004). For this reason, we used the information on the
transition matrix to disaggregate the values of total change underwent by each land
cover category into different indicators of change as suggested by Pontius et al.
(2004). We computed the net gain and loss of each land cover category and the
contribution of swap versus the absolute value of change (gain or loss) to the
observed values change by using the macros provided in Pontius et al. (2004). Net

Table 30.2 Summary statistics for the different land cover categories as considered in this study
(see correspondence with CLC and codes on Table 30.1)

Proportion Natura
2000 at t0

Gain Loss Total
change

Swap Absolute value of
net change

ARTF 1.1 0.3 0.3 0.6 0.6 0.1

ARA 12.8 2.0 2.2 4.2 4.1 0.2

PAS 7.2 1.7 1.3 3.0 2.6 0.4

MOS 7.5 2.0 2.6 4.5 4.0 0.6

FOR 43.5 6.0 4.9 11.0 10.0 1.1

TRW 7.0 2.2 4.4 6.6 4.5 2.2

GRSH 16.3 5.1 3.7 8.7 7.3 1.4

OPEN 4.6 1.2 1.3 2.6 2.5 0.1

Total 100.0 20.6 20.6 20.6 17.6 3.0

Numbers show the proportion of each land cover categories at the time of PA designation and the
land cover changes observed between t0 and t1 (gains, losses, net changes and swaps) expressed in
terms of per cent of the overall landscape
Source Hermoso et al. (2018)
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gain and loss represent the total area gained and lost by each category from/to other
categories; absolute net change represents the area that was either gained or lost by
each category as a result from the balance between net gain and loss and measured
as the maximum of the gain and loss minus the min of the gain and loss (Pontius
et al. 2004); finally, swap represents the amount of area that underwent a change but
did not contribute to absolute net change and was measured as two times the
minimum of the gain and losses (Pontius et al. 2004).

We found that the changes identified within the Natura 2000 sites were mainly
driven by swap processes, or changes in the spatial location of land cover cate-
gories, while only 3.0% of the land cover underwent a net change in the period t0–t1
(Table 30.2). This net change was mainly driven by gains in pasturelands
(PAS) and FOR and losses in mosaic farming (MOS).

In order to evaluate to what extent the transitions mentioned above were signifi-
cant or not, we further compared the observed values of net gain and losses to what it
would be expected by a random process of land cover change for all pairwise
combinations of land cover categories off the diagonal in the transition matrix. This
calculation takes into consideration the area occupied by each land cover category at
t0, since larger changes would be expected in common/widespread land cover cate-
gories. The expected gains and losses were computed by distributing the observed
gain/loss of each land cover j across all other categories proportionally to their
relative area (total number of grid cells of each category j at t0) as recommended by
Pontius et al. (2004). We then calculated a change score as the difference between the
observed and expected values relative to the magnitude of the expected change
[(observed–expected)/expected], which is similar to the ratio used in Chi-squared
tests. This score represents the proportional difference between the observed changes
against what it would be expected by chance, so values over 0 indicate that the
transition from land cover i to j was larger than what it would be expected by chance.
Negative values indicate that the transition from land cover i to j was smaller than
expected by chance (Pontius et al. 2004), and then uncertainty remains about what
land cover category assumed the observed loss in i. We were interested in positive
scores that indicated substantial changes from one land cover category to another and
considered a transition systematic whenever it appeared with positive scores in both
gains and losses following Martínez-Fernández et al. (2015).

After comparing the observed values of change against the expected by chance,
the transitions that posed the largest changes in the landscape (systematic transi-
tions) were TRW to FOR, followed by TRW to GRSH (Fig. 30.1). However, when
we accounted for the initial area of each land cover category at t0 and compared the
observed changes against the expected changes by random processes, we also found
systematic transitions among other less prevalent land cover categories (see
Fig. 30.2 for systematic transitions). The most important systematic transitions
include changes from MOS to arable land (ARA) and MOS to PAS (anthropization)
with a prevalence in the observed data that was twofold the expected by chance;
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these imply a landscape homogenization through conversion to agricultural areas.
Systematic transitions towards naturalization mainly consisted of changes from
artificial surfaces (ARTF) to PAS and ARA that occurred in the observed data
almost three times than the expected by chance. The transitions between GRSH and
open areas (OPEN) (in both directions) were the most systematic regarding suc-
cession processes. It was also remarkable the transition from TRW to FOR (natural
succession towards recovery; Fig. 30.1) that occurred over 1.7 times expected by
chance (Fig. 30.1).

30.4 Changes in Landscape Structure and Connectivity

To explore if the transitions between t0 and t1 also implied a change in the land-
scape structure across the Natura 2000 network, we evaluated the changes over time
of three different landscape metrics: (1) number of patches, being a patch an
aggregation of two or more contiguous cells of the same land cover category;
(2) average size of patches and (3) a clumpiness index that measures the degree of

TRW

GRSH

OPEN

MOS
PAS

ARA

FOR

ARTF

Fig. 30.1 Summary of the most systematic land cover transitions between t0 and t1 within the
boundaries of the Natura 2000 sites (land cover class codes in Table 30.1). Arrow’s thickness
represents the value of the ratio (observed–expected)/expected, being observed the proportion of
Natura 2000 that underwent the transition, while the expected was computed by distributing the
observed gain/loss for each land cover j across all other categories proportional to their relative
area (total number of grid cells of each category j at t0) as recommended by Pontius et al. (2004).
Therefore, the thicker and the darker the arrow, the larger the transition change between two land
cover categories
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spatial aggregation of cells within land cover categories and compares it to a
random distribution of cells among categories. This index ranges between −1 and 1,
being −1 indicative of maximum disaggregation, 0 an aggregation of cells within

0 1,000500
km

Change (%)

> 2.60

< 0.11
0.11-0.33
0.33-0.75
0.75-1.53
1.53-2.60

0 1,000500
km

Change (%)

> 8.06

< 0.19
0.19-0.63
0.63-1.36
1.36-3.00
3.00-8.06

0 1,000500
km

Change (%)

> 6.12

< 0.20
0.20-0.63
0.63-1.33
1.33-3.15
3.15-6.12

0 1,000500
km

Change (%)

> 3.26

< 0.13
0.13-0.40
0.40-0.89
0.89-1.59
1.59-3.26

0 1,000500
km

Change (%)

> 2.16

< 0.12
0.12-0.32
0.32-0.63
0.63-1.14
1.14-2.16

0 1,000500
km

Change (%)

> 3.23

< 0.25
0.25-0.64
0.64-1.13
1.13-2.02
2.20-3.23

Fig. 30.2 Maps of the six most systematic transitions—shown in Fig. 30.1—across NUTS
regions. Values show the average change across all Natura 2000 sites within each region. The
boundaries of the NUTS regions were sourced from Eurostat (http://ec.europa.eu/eurostat/). We
used level 2 of this regional classification for the whole of Europe, except for Germany, The
Netherlands, Belgium, Denmark and England. In these latter countries, the level 2 territorial
division resulted in extremely small spatial units, and we used level 1 in order to homogenize the
size of regions for further analyses
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categories not different from random and 1 when the category is maximally
aggregated (i.e. a single patch per land cover category). Larger number of patches
of less average size and less clumped would indicate a dominant landscape frag-
mentation process. We used the software Fragstats v4.2 (McGarigal et al. 2012) and
the same t0 and t1 CLC maps described in the previous sections. Due to limitations
in the computational capacity of Fragstats, for this analysis, we resampled these
rasters at 500 m resolution.

Our results suggest that observed changes in land cover over the period t0–t1
were also accompanied by changes in landscape configuration. Despite the overall
increase in the number of patches across all land cover categories (29% increase on

Table 30.3 Summary statistics of the landscape structure obtained from Fragstats (McGarigal
et al. 2012), for the two different periods used in this study and proportional change between both
periods (t1–t0/t0)

Category Number patches Average patch area Clumpiness index

t0 ARTF 15089 50.52 0.230

ARA 43,240 199.62 0.544

PAS 31,839 152.07 0.456

MOS 43,849 115.15 0.398

FOR 54,224 542.64 0.498

TRW 33,124 143.41 0.457

GRSH 25,533 431.64 0.616

OPEN 8621 363.98 0.690

t1 ARTF 22,042 51.72 0.234

ARA 55,155 213.05 0.549

PAS 45,706 158.98 0.452

MOS 51,654 119.58 0.402

FOR 65,978 606.59 0.507

TRW 40,415 110.60 0.400

GRSH 32,196 415.01 0.618

OPEN 10,846 310.59 0.667

Change ARTF 0.46 0.02 0.02

ARA 0.28 0.07 0.01

PAS 0.44 0.05 −0.01

MOS 0.18 0.04 0.01

FOR 0.22 0.12 0.02

TRW 0.22 −0.23 −0.13

GRSH 0.26 −0.04 0.00

OPEN 0.26 −0.15 −0.03

Average 0.29 −0.02 −0.01

The clumpiness index measures the degree of spatial aggregation of cells within land cover
categories and compares it to a random distribution of cells among categories land cover codes
which are shown in Table 30.1
Source Hermoso et al. (2018)
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average; Table 30.3) that would point towards a higher landscape fragmentation
overall across the Natura 2000 network, the change in patch size and clumpiness
indicated that Natura 2000 underwent an overall homogenization. FOR and ARA
land covers showed the largest increase in average patch size and spatial aggre-
gation (clumpiness). On the other hand, patches of TRW and OPEN became smaller
and more fragmented (Table 30.3).

30.5 Implications of Landscape Change for Conservation

Our results show that the landscape within Natura 2000 sites has been quite
dynamic in the last two decades or since their designation as part of the network,
with more than 20% of the area under protection undergoing changes, especially in
small protected areas. However, the pace at which landscape changed was smaller
within that outside Natura 2000 where the percentage of change was over 50%
indicating that the designation of an area as part of the network may foster land-
scape stability. These changes were mainly driven by swap processes rather than by
net changes, as also observed by Kallimanis et al. (2014) and Feranec et al. (2010).
These spatial swaps are relevant since not all of them occurred within the same
Natura 2000 sites, which in the end translates into significant net gains or losses
locally. Changes across land cover categories had a significant effect on the land-
scape configuration towards a higher homogenization, mainly driven by the
increase of patch size and clumpiness of FOR and ARA, while a higher frag-
mentation of TRW and OPEN. These results should not be taken as an indication of
the effectiveness of Natura 2000 (or lack of it) at protecting species and habitats,
which is beyond the scope of this study. However, the changes in landscape
composition and spatial configuration have implications for the conservation of key
habitats and the species they sustain. Therefore, the changes reported here should be
considered when designing/applying policies to halt processes such as landscape
homogenization reported here or account for new conservation opportunities
associated with the new composition and configuration of landscape (e.g.
Fernández et al. 2017).

Overall, the main processes of land cover change that we identified are the
response to a polarization of land uses mainly driven by either the abandonment of
the less productive areas, or the intensification of agricultural and pastoral activities
in the most productive ones. These patterns largely reported elsewhere outside
protected areas in developed countries (Hill et al. 2008) and were also observed
within Natura 2000 boundaries. These changes could be driven by socio-economic
factors such as loss of population and traditional activities (e.g. grazing or
low-intensity logging) in rural areas and the effects of EU policies such as the CAP
(Navarro and Pereira 2012; Kallimanis et al. 2014). There are direct implications for
conservation of these changes, as the net loss in some land cover categories such as
MOS and TRW observed within Natura 2000 could threaten the persistence of
priority habitats associated with them. For example, MOS and TRW hold priority
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habitats listed in the Habitats Directive such as Natural and Semi-Natural Grassland
Formations (e.g. Dehesas with evergreen Quercus spp.), Temperate Heath and
Scrub (e.g. Bushes with Pinus mugo and Rhododendron hirsutum) or
Sclerophyllous Scrub (e.g. Arborescent matorral with Juniperus spp.). The transi-
tions behind the loss of these land cover categories respond, however, to different
processes so they should be addressed in different ways for conservation purposes.
On the other hand, not all changes pose risks to conservation, such as the increase in
clumpiness of FOR patches, that might improve connectivity within Natura 2000
sites for forest-dependent species (although the same process could also compro-
mise connectivity among populations of open habitat-dependent species).
Moreover, naturalization processes, such as the loss of ARTF surfaces could also
reduce human pressure on natural habitats.

The loss of TRW was mainly driven by a natural vegetation succession process
leading to the expansion of FOR, an internal change in natural areas towards higher
naturalization (Martínez-Fernández et al. 2015; Forest Europe 2015). However, this
transition could partly be reflecting afforestation policies on TRW areas with fast
growing species (e.g. pine and eucalyptus) for commercial purposes, although the
area under this type of land use is small and has overall experienced a reduction
over the last decades (Forest Europe 2015). This contributed to the overall
homogenization of the landscape. The important increase in FOR within the Natura
2000 could be driven by the high prevalence of mountain landscapes within pro-
tected areas, systems prone to land abandonment (e.g. Gellrich and Zimmerman
2007; Lasanta et al. 2009). This over representation of mountain systems responds
to the fact that PA has been traditionally designated by using ad hoc criteria such as
the relative lack of value for major commercial land uses, high value for their
scenery, recreation, tourist potential and historical protection for uses such as
hunting or water supply (Pressey 1994). This transition has two sides to conser-
vation although it poses a risk of loss of priority TRW habitats, the increase in FOR,
associated with the increase in clumpiness might pose opportunities to conservation
derived from enhanced connectivity. An additional systematic transition involving
loss of TRW was towards GRSH, indicating an internal change in natural areas
towards degradation (Martínez-Fernández et al. 2015), occurred mostly in the
Mediterranean region and especially in the Iberian Peninsula (Fig. 30.2). The
mechanisms behind this transition are, however, not as easy to explain as the
previous. It could be related to a natural succession processes after fire, which have
a higher prevalence in the Mediterranean region (Tedim et al. 2015), that occurred
on TRW areas. However, given the similarity in composition and structure between
both categories (both of them include shrub formations, for example), this transition
could also be driven by subjectivity in photointerpretation when defining TRW and
GRSH across different CLC maps (EEA 2006b).

The loss of MOS was driven by a land use intensification process and its
transformation mainly into ARA and PAS secondarily. Both transitions indicate
anthropization processes and could pose higher pressure to the maintenance of
biodiversity. The transition from MOS to ARA might be a consequence of the
agricultural intensification process, probably related to the consolidation of
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agricultural land on monocultures in more productive areas promoted by the CAP
policy. Our analyses of landscape structure showed that ARA suffered the second
largest increase in average patch size within Natura 2000 after FOR. The conse-
quences of this change go beyond the loss of priority habitats associated with MOS,
as mentioned above, but also the simplification of the structure of the landscape
(Brotons et al. 2004) and its consequences on biodiversity loss (e.g. Luoto et al.
2003; Delibes-Mateos et al. 2009; Santana et al. 2013). We were not able to assess
whether this land consolidation process was also associated with an increase in
intensity of use due to limitations of the thematic resolution of the CLC data set.
However, the land consolidation process usually comes with more intensive agri-
cultural practices (e.g. use of large machinery, pesticides and fertilizers) that do not
align with the objectives of Natura 2000.

Our results show that most of the changes in land cover at the Natura 2000 scale
occurred through swap processes that led to the changes in the composition and
structure of the landscape. One of the strongest transitions, although not systematic
according to the criteria used here, was the swap between FOR and GRSH. This
swap was more intense towards southern Europe and co-occurred in space so the
loss in FOR to GRSH was replaced by gain in FOR from GRSH in nearby areas (at
least when assessed at the regional scale). Although these transitions might have
had a small effect on land cover composition due to mutual replacement, they could
pose important structural modifications in the configuration of the landscape
associated with changes in the spatial allocation of these land cover categories (e.g.
increasing or decreasing clumpiness and connectivity). There were, however, other
swap processes, such as that observed between PAS and MOS, that did not
co-occur at regional scale (MOS ! PAS mainly occurred in Germany that was not
accompanied by changes PAS ! MOS; Fig. 30.2), leading to significant changes
in land cover composition at that scale. Accounting for these swaps is important
from a conservation point of view to avoid underestimating the dynamism of the
landscape at local and regional scales.

We acknowledge that our results and conclusions are subjected to potential
classification errors in CLC (Büttner et al. 2002) and then should be taken cau-
tiously. However, the reliability of the different CLC databases has been assessed
against alternative data sources resulting in >85% accuracy (Büttner et al. 2002,
EEA 2006b). Although the thematic accuracy varies across land cover categories
[e.g. 22 out of the 44 categories could not be validated for CLC2006 mostly
artificial surfaces and wetlands (EEA 2006b)], the reliability of the largest CLC
categories, such as arable land and coniferous forest have been reported to be
between 90 and 95%, being also high for agroforestry and permanently irrigated
land (EEA 2006b). We also acknowledge that some of the areas identified as stable
over the time period evaluated could have been subjected to the management of
different intensities, potentially leading to changes in ecological conditions (e.g.
forest might have been thinned, inducing changes in forest structure and compo-
sition). However, these changes could not be detected with the information avail-
able for the whole of Europe, and therefore, could not be reported here.
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30.6 Conclusions

We found that the landscape within the Natura 2000 network is dynamic, although
land cover changes occur at different rates than in the immediate surroundings
beyond its boundaries (here a 5 km buffer). Net changes in land cover categories at
the whole Natura 2000 network scale were dominated by swap processes that
defined most of the 20% land cover change observed. This uncovers a dynamic
landscape at the local level within protected areas in Europe. Some of the changes
(i.e. anthropization) could compromise the goals of this network and deserve
attention from a policy and management perspective. On the other hand, natural-
ization transitions or internal changes within natural or semi-natural habitats call for
a stronger recognition of dynamic processes in ensuring the conservation potential
of the N2000 network in the long term. Our results point towards two different
processes that require attention from the policy perspective: (1) more control of land
use change within PAs to ensure intensification does not compromise conservation
goals and (2) tackle more effectively the ecological and socio-economic effects of
abandonment in less productive areas.
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