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Foreword

This Foreword was to have been written by Manfred Max-Neef, who, as a pioneer in
ecological economics and as rector of the Universidad Austral de Chile, made large
intellectual and institutional contributions to the works collected in this volume. His
untimely death prevented this, but the book nevertheless is one of his legacies to us
and bears the marks of his DNA in the writings of those whom he has influenced.

Along with the authors in this collection, I count myself as one who has benefited
from Manfred’s intellect and generosity. Just one example, after the Pinochet
dictatorship, there was a conference in Santiago that Manfred organized to consider
the full range of various economic systems that Chile might adopt for the future. At
one end of the spectrum was ecological economics, and Manfred invited me to speak
on that subject. At the time, I was employed by the World Bank which felt it had
to approve all speeches by employees and declined to clear mine. I told Manfred,
expressing regrets. Manfred then wrote to the World Bank Chile Department stating
that the World Bank’s economic views would be presented by another participant,
not by me. I was invited to speak in my independent professional capacity on the
subject of ecological economics, and it was just a coincidence that I was currently
employed by the World Bank. After 17 years of dictatorship, Chile was eager for
free speech on economics, and he doubted that the World Bank really intended
to restrict such speech and was confident that they would upon reconsideration
grant permission. However, if for some reason that should not be possible, then
he kindly requested a letter explaining the reasons, so that he might publicly read
it at the conference to explain my absence. I was granted permission. Manfred was
persuasive!

This ability to persuade carries over to the subject of ecological and social
economics and is continued in the convincing studies of his younger colleagues
in this collection. General principles of ecological and social economics, while per-
suasive on their own, are much more convincing when applied to concrete specific
applications, as done in the articles that follow. Specific issues of forest conservation
in southern Chile and Brazil are studied from transdisciplinary viewpoints, and
the incoherence between neoclassical economics and the biophysical sciences is
investigated. Ecosystem services of forests, such as habitats for biodiversity, carbon
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vi Foreword

sinks, and rainfall regulators, both at the local and global levels are studied. The
role of forests as critical natural capital is explained, both in their stock-flow aspect
as producers of goods and in their fund-service aspect as producers of services.
Also investigated are means of paying for such services which are often non-
rival and non-excludable, and therefore not suitable for private ownership and
markets, but increasingly scarce and in need of efficient allocation. Valuation of
ecosystem services is considered, as well as the problem of minimal scale of forest
coverage necessary to maintain such services. The balance between extractivism
and conservation is studied. Likewise explained is the threat of high interest rates
and present value maximization to exploited species that must grow at slower rates.
More generally, environmental opportunity costs of economic growth are identified
and explained. The role of indigenous wisdom needed as a brake on the haste
of anthropocentric culture is recognized. And the importance of preservation and
beneficial use of urban forests is not overlooked.

This volume is a big contribution to understanding the proper use of forests
in general, the specific use and preservation of the particular forests of southern
South America, and how general ecological economic principles can be concretely
applied to using and conserving this magnificent dowry of living wealth. I am sure
Manfred would have been very proud to endorse the book! I think it also justifies
his prescience many years ago in including ecological economics among the visions
for the future of the Chilean economy considered at the conference he organized.
That vision is still far from realized, but this book brings it closer.

School of Public Policy, University of Maryland,
College Park, MD, USA

Herman Daly

August 2019



Preface

Transdisciplinarity goes beyond the concept of interdisciplinarity, since it is con-
ceived as the capacity of researchers from several disciplines and stakeholders
to jointly define a problem and seek for solutions, which requires open minds
not only for collaboration but also an effort to understand the disciplines and
perspectives of others. The structure of the great majority of universities in terms
of faculties and departments reinforces the unidisciplinary formation that nowadays
is offered, especially at the undergraduate levels as our dear colleague Manfred
Max-Neef (†) once stated in his “Foundations of Transdisciplinarity” (Ecological
Economics, 2005). According to his point of view, a first step toward a necessary
transformation of science and the form we educate our students should occur at
the level of postgraduate programs oriented, whenever possible, around thematic
areas instead of specific disciplines. As an example, a postgraduate program in
forest conservation could call together not only forest engineers and agronomists but
also economists, lawyers, chemists, biologists, etc. and achieve transdisciplinarity
in each of them, considering that the result would not be the study of forests as seen
from the perspective of the forest engineer, or of the agronomist, or of the biologist,
but as seen in an integrated manner. The foundation of the “Transdisciplinary
Research Center for Socio-ecological Strategies for Forest Conservation” (TESES)
at the Universidad Austral de Chile (UACh) is such an attempt.

This book was conceived by the members of TESES, who are mostly profes-
sors at the UACh. It contains contributions by some researchers of TESES plus
distinguished researchers from around the world, combining the fields of economics,
ecology, biology, anthropology, sociology, and statistics. It is not, however, simply
a collection of works written by the authors from different disciplines, but rather,
each chapter attempts to be in itself transdisciplinary. We acknowledge that a trans-
disciplinary effort to progress toward sustainable management of natural resources
is long-standing, but we hope that this book will be a significant contribution to
enhancing social, managerial, and political approaches to forestry management,
helping to protect forest ecosystem functions and services. This, in turn, should
benefit local communities and society as a whole, as it reduces the negative
externalities of forestry management and enhances future opportunities.
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viii Preface

This book attempts to give a transdisciplinary approach to find ecological-
economic and socio-ecological strategies for forest conservation. It combines
economic, ecological, and social aspects related to forest conservation strategies
to provide a holistic view of this complex topic. Overall, a nice outcome of
transdisciplinarity would be achieving governance systems that are able to sustain
natural and social communities. In this way, we wish to contribute to the design of
a resilient human-forest model that takes into account the multiculturalism of local
communities, including aspects of ecological economics, development economics,
and land use planning. The book mixes theoretical concepts – some might even
be categorized as philosophical – and practical approaches in Brazil and Chile,
providing concrete lessons based on real experiences in the region. Although it
focuses on cases in Brazil and Chile, the results might be applied to other regions
too, i.e., we hope that the case studies and proposals provided will be useful for a
broad audience of readers concerned with natural resource sustainability.

Valdivia, Chile Felix Fuders
Pablo J. DonosoAugust 2019
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Chapter 1
Towards a Transdisciplinary Ecological
Economics: A Cognitive Approach

Alfredo Erlwein, Iván Oliva, Felix Fuders , and Pablo J. Donoso

an extractive economy is a terminal economy.
Thomas Berry

1.1 Introduction

It is clear that humankind and especially western civilization is in the middle of a
multidimensional global crisis that involves all aspects of human living, including
its own long-term survival (Max-Neef 2010; IPCC 2011). It is also clear that through
the advance of environmental sciences in the last two centuries,1 we have been
able to clearly identify the main scientific causes of such crisis, and the technical
solutions to escape from it. Moreover, the environmental sciences were able to
predict the arrival of such global crisis with deep and accurate level of details since

1Malthus stated one of the first scientific critics to growth as a way of progress, with a simple
mathematical demonstration of the demographic limits. After 220 years of its publication, his critic
remains valid.
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at least 50 years ago.2 In other words, the science developed until half a century ago
was capable to:

• Predict the current global environmental crisis
• Understand the main causes of it
• Propose what kind of human behaviour (development) was necessary to resolve

it

Therefore, we can claim that the global environmental crisis, and our capacity to
manage it, is not due to a lack of scientific knowledge or unknown facts. Although
the complexity of the natural world implies unpredictability in many processes and
phenomena, the drivers and causes of such global change are known since long ago.
In fact, in the last decades, the environmental sciences have not neglected the causes
originally identified, but rather reinforce its validity through an ever-increasing
stock of evidences. It is somehow frustrating to realize that most of the scientific
work on environmental sciences in the last decades simply sum more evidences to
what was already identified as the main causes of the environmental crisis. In other
words, science has focussed on knowing more, but not necessary understanding
more (Max-Neef 2005), perhaps because the main cause of the global crisis is not a
scientific one and goes beyond the scope of natural sciences or sciences as a whole.
This suggests that it would be incorrect to expect a solution for the crisis from the
field of natural science and technology, as under our view the duty of science is
already accomplished. That is, setting specific questions regarding the global crisis
and proving with evidences the hypothesis that answer them.

As societies have not yet seriously tried to abolish those main drivers of the
current crisis, identified long ago by natural sciences, the relevance of technology in
proposing a concrete solution (e.g., renewable energies) is limited by the existence
of discrete natural boundaries. In other words, technological solutions may move
the frontiers of the feasibility, and therefore resolve the problem temporarily, but as
long as, for example, an unlimited economic growth imperative exists, the system
is determined to collapse. In other words, the civilization and its economy cannot
run through “business as usual” if the main biophysical causes of the crisis have not
been addressed.

Consequently, we identify a dramatic gap between what is known and what it is
done. Therefore, the core of the environmental crisis lays not in a crisis of knowing
(science), but in a crisis of consciousness, regarding our relationship with nature
and ourselves, and our ability to detach from old patterns of behavior and to change
according to what evidences, for so long and so clear, are telling us.

2Although there are many previous scientific works giving the same framework, “The Limits to
Growth” (Meadows et al. 1972) of the Club of Rome addressed many problems that we are facing
today.
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1.2 Cognition

In this chapter, a background of cognitive science is used to deal with the problem
of transdiscipline regarding the study of forests and nature in general, and its
consequences in the way the rationality of neo-classical economics works. However,
cognitive science is part of a broader set of disciplines and sciences that share
a holistic, systemic, transdisciplinary and postmodern approach to knowledge. In
these terms, many of the postulates in this article can be also expressed in other
terms by those disciplines, that include phenomenology, systemic epistemology,
second order cybernetics, quantum physics, to name a few. Also, this chapter is
a very brief summary of referential concepts of cognitive science that is requested
in the development of the next chapters.

Cognition is the science of the process of knowing. Since it has inputs from
different disciplines (philosophy, neuroscience, semiotics), it is an “interdisciplinary
discipline”. Cognition can be considered “a promising starting point towards an
appropriate and unifying paradigm” in relation to the needs of interdisciplinary
approaches (Röling 2000: 5). Among different trends within the science of Cog-
nition, the Santiago Theory of Cognition developed by Humberto Maturana and
Francisco Varela provides for the first time a scientific theory that overcomes the
Cartesian division of mind and matter (Capra 1997). One of the big insights of the
theory is to resolve the crossroad about the relation between the brain and mind.
For Maturana and Varela (1980) the relationship between mind and brain is simple
and clear: the mind is not a thing, but a process, and the brain is a structure through
which the mind is performed. In the same theory, life and the process of knowing are
united. In other words, the central insight of the Santiago theory is the identification
of cognition with the process of life (Capra 1997). The mental world is not separate
from the physical process of living, but an intrinsic characteristic of this process,
as living always entails knowing. In words of Maturana and Varela (1980) “Living
systems are cognitive systems, and living as a process is a process of cognition. This
statement is valid for all organisms, with or without a nervous system”.

As cognition is a research field about knowledge, it is well related to the
philosophical study of knowledge. Epistemology is that branch of philosophy
that deals with the nature of knowledge and creation of new knowledge (Novak
and Cañas 2008). This gives special relevance to the discussion of the role of
language under a cognitive prospect, as philosophy and sciences are realized through
language.

1.3 The Emergence of the Environment

Curiously, what we understand as the environment is ever changing, and the
valorization of the environment also changes accordingly. This is so, because we as
observers actually do not depend on our environment, but on our ecological niche.
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The first is what is distinguished by an observer, and the second is where the domain
of existence of any living being actually occurs (Maturana and Mpodozis 2000). For
example, if we observe a tree, we can distinguish its environment simply by looking
at the tree’s surrounding. However, what we can see of the tree’s surrounding is only
what our senses allows us to see. Actually, the tree interacts and depends on many
more features than those that we can distinguish for its process of living. We cannot
see the underground interactions of millions of root radicals exchanging elements
with the soil, nor can we see (but roughly infer) the gas exchange of its leaves with
the atmosphere. The sum of all features of the environment is what sets the niche as
the actual domain of living of the tree.

The same phenomenon happens to us in relation to our environment. Our
environment is not an objective set of discrete resources, but an always changing
perception as long as we can distinguish new elements of our niche. Here, a great
paradox takes place: as long as we human species have an ever-increasing impact
on the biosphere, new elements of the niche emerge from our alteration of it, setting
new perceptions of our environment. For example, 200 years ago, we gave no
attention to the electromagnetic environment, or to the air and water quality in most
of the cities. The attention started when the original features of our niche started
to be altered. Just as the French surgeon René Leriche (1879–1955) stated, that
“Health is life lived in the silence of the organs” (Fantuzzi 2014), as we feel the
organs just when they become ill, the new features of the environment frequently
appear as a result of our modification of the natural features of our niche. Certainly,
there is a coherence between this view and the classical economical view of demand
and supply: as scarcer a resource becomes, it gets more expensive (ceteris paribus).
So, why so many features of our environment have not been valued even until
today by neoclassical economics, considering that some of them are essential for
our survival? We will come back to this topic in the discussion of the quantitative
focus of classical economics.

1.4 Distinctions and Objectivity

The operation of distinction is the basic operation that an observer performs in the
praxis of living, through the specification of an entity by operationally cleaving it
from a background (Maturana 1988). In the operation of distinction an observer
brings forth an entity (a unity, a whole) as well as the medium in which the entity is
distinguished and entails in this latter all the operational coherences that make the
distinction of the unity possible in his or her praxis of living.

As the perception is determined by the structure of the nervous system, the
observer can distinguish only what triggers in him or her a cognitive process that
takes place and is defined by the characteristics of the nervous system as such. In
this way, the perception is limited by the structure of the observer. As we cannot
perceive what is out of our cognitive domain, the process of cognition is driven
under a Structural Determinism.
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The nervous system has an organization closed to the outside, and only operates
realizing senso-effector internal correlations (Maturana 1989). This way, through
our senses the environment triggers in us a cognitive process that takes place and is
determined by the nervous system, in which such environment does not participate.
Because of that, we cannot refer to an external reality independent of us (Maturana
1988).

In life, in the cosmos, in the existence in general everything is, directly or
indirectly, related to everything else. As everything is moving, under certain
scales of space and time every phenomenon has a connection with any other,
and with the wholeness. Many of those relations are happening at every moment,
although not fast or slow enough to be perceived by us, or simply not sensorially
(materialistically) felt, just as gravity, synergy or empathy. We can measure some
variables related to them, but actually not see them. We do not see the history of
a person, although his/her history allows him/her to be there. We do not see the
mining field from which a knife has come, although the mining place and the metal
of the knife have been mutually transformed, so that there is a relation between the
knife and how the mine looks today. Knife and mine are parts of one whole process,
related to the history of culture (mining, cooking, etc.), to the process of tectonics
that had made the iron emerged, to the history of the supernova in which the iron was
made, to the origin of the universe. But in our experiences, those processes or the
components of them seem to us as being different realities. Those realities appear
from a physiological process that allows us to set boundaries of a phenomenon, so as
to specify it as a unity and therefore allows us to see it as an individual experience.

Most probably, this fact played a role in the adaptation of organisms to envi-
ronments, developing the capacity of differentiating events and developing skills
accordingly, but also to become speaking organisms, as distinctions seem to be the
base for the development of language. In fact, what we “name”, that is, what we
identify with a word (concept, idea), is commonly not a “thing” but a distinction,
so that there is a strong relation between what we distinguish and what we specify
linguistically.

First distinctions were probably sensorial encounters with nature, which explains
why there is a correlation between ancient times and languages that are simple and
resemble nature. As distinctions are recursive, that is, they can be configured from
within previous distinctions, language and human life (culture) has gotten more and
more complex (and less natural) building with time an “artificialized” society that
has lost contact with the natural world.

The act of distinguishing happens to us as a cognitive process realized by
our nervous system. If we cannot distinguish, we look, but we will not see; the
process of distinction is at the core of our adaptation as living organisms. It takes
place in ourselves, in our own nervous system, and not in the phenomena we are
distinguishing. It is a dynamic internal experience that allows us to take contact
with the world we live in. But as an internal process, it is not the world itself what
we perceive, but only our human way to apprehend it. What we see is not a world
independent of us, as the objectivity concept implies, but the result of the encounter
of us with the world as perception is a process that results from this encounter.
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Therefore, we are involved in what we perceive and distinguish. As perception is
realized through the body, it is a personal experience, not sharable with others. We
can speak to others about the experience, but not transfer our experience to others.
Moreover, as different human groups (that is, different networks of conversations)
follow different paths of interactions among them and with their environment, those
different human groups frequently (if not ever) perform different distinctions, which
explain why different cultures see the world so differently.

Deep in the origin of the western culture was the believe in the existence of a
natural law that can be rationalized and comprehended. With arise of Enlightenment,
the believe in the immanency of the physical reality, governed by hard incorruptible
laws independent of us humans, set the core for believing in an objective reality.
In fact, the very essence of the objectivity is the domain of a physical reality, as its
root is the “object”,3 that is, what can be touched, felt by the senses. In this way,
the objective world is essentially a materialistic world, as only counts what can be
seen, accounted, quantified. However, objects are also not realities independent from
who sees them. The very act of distinguishing an object entails a linguistic act and,
therefore, it is dependent on a specific culture that sets the object as such.

In everyday life, objects appear to us as immanent realities. Somehow, they
have become the symbol of an immanent reality independent of us, and likewise
gave the name for that modern paradigm: the objectivity. As a difference observed
by our visual perception is the basic process of distinction (i.e. setting different
colors), entities that have visible boundaries are more universally distinguished, that
is, the consensus among observers will be almost absolute (borders are visible to
everybody). This particularity of “things” gave the study of objects (like in physics)
such a robust degree of unquestionability. Additionally, objects are also discrete
unities, which allow them to be counted or numbered. That opens the objects to
be taken into “account” by the field of mathematics, which are then welcomed to
modern natural sciences, that base most of its methods on a quantitative approach.

“Things”, that we have called objects, are indeed specific distinctions configured
by us as observers. Consequently, as those distinctions are useful, they began to
pervade the linguistic domain (the domain of collective coordination) so that we
name them and, in this way, objects start to become realities for us, ever more “solid”
as more people and time are involved.

Hence, what western society has stated as objective knowledge is in fact
knowledge that is consensual, consolidated as “truths” among human groups from
a specific background in an specific age. That is why objective truths are ever
changing through the history, as new knowledge changes the mainstream believes
through different cultural processes (von Bertalanfy 1955; Popper 1959; Kuhn
1970). This way, according to Varela et al. (1991) what we named as objective is

3Etymology (https://www.etymonline.com/): from Medieval Latin objectum “thing put before”
(literally “thrown against”). Late 14c., “tangible thing, something perceived or presented to the
senses”.

https://www.etymonline.com
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in fact an “intersubjective” phenomenon, as the subjective individual knowledge is
consolidated through the collective consensus.

1.5 Distinctions and Language

Language made us become humans. Language is not simply a form of communica-
tion but is what has defined the human species as a social species that self organizes
through linguistic interactions. As Maturana (1988) states, “whatever takes place in
the praxis of living of the observer takes place as distinctions in language through
languaging, and this is all that he or she can do as such”. He also proposed (Maturana
1989):

(a) That language is a manner of living in recurrent consensual coordination of
actions.

(b) That the human manner of living entails among other things, a braiding of
languaging and emotioning that he calls conversation.

(c) That human beings arise in the history with the origin of language, and
the constitution of a lineage defined by the conservation of an ontogenetic
phenotype that includes conversations as part of it.

(d) That the magnitude of the involvement of the brain and anatomy of the larynx
and face in speech as our main manner of languaging indicates that language
cannot have arisen later than two to three million years ago.

(e) That rationality pertains to the operational coherences of languaging and that
different rational domains are constituted by different basic notions that are
accepted a priori, that is, on preference.

(f) That responsibility and freedom are a function of our awareness of the partici-
pation of our emotions (preferences) in the constitution of the rational domains
in which we operate.

We do not perceive an objective reality independent of us but, instead, we
perceive what reality triggers on us, mediated by the process of distinguishing that
is performed and determined by our own nervous structure. Let us say again that our
“reality” is built upon a set of distinctions instead of objects or discrete unities of
information from the “outside world”. Therefore, there is a deep relation between
distinctions and language as a coordination process among our human groups. As
relational processes, distinctions can be considered direct stimuli (like colors or
shapes), or relations between those stimuli (like distinguishing a shape or color as
an object), or relations that have no stimuli or sensual dimension (like any kind of
non-material relation: observations of order, danger, similarity, justice, categories,
etc.).

Language shares that relational nature. Words are far more correlated with
distinctions than with physical “things”, as words can have abstract or relational
meanings, just as distinctions do. In other words, we propose that words are
originated by distinctions that become common and then are shared within a human
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group through a process of coordination of actions. That happens in the course of the
collective use of such words that become consensual. Words are then not objective
realities but refer to specific distinctions. However, although we become coordinated
through language, experience is always personal. According to Maturana (1988):

. . . objectivity in parenthesis4 entails the multiversa, entails that existence is constitutively
dependent on the observer, and that there are as many domains of truths as domains of
existence, she or he brings forth in her or his distinctions.

1.6 Language and Ideas

Ideas occur in language and, therefore, are strictly related to the nature of linguistic
distinctions. That is why ideas can be communicated, have certain logic (coherence),
and can be understood. In fact, any distinction in the linguistic domain is simulta-
neously an idea, including the concept of “reality” that takes place in language.5

Mathematics is also a language that has its own validity codes and logic. As words,
also numbers are distinctions, not objective realities.6

Commonly language operates within an internal rationality that gives language
its coherence. In western societies, such structure is given by logic: a reality that is
structured and through this logic structure behavior is able to be inducted, deducted
and predicted, giving us the feeling of sense and the power of control of nature. In
the words of Maturana and Varela (1980):

Language does not transmit information and its functional role is the creation of a
cooperative domain of interactions between speakers through the development of a common
frame of reference, although each speaker acts exclusively within his cognitive domain
where all ultimate truth is contingent to personal experience.

Language entails a rational mind, but there are other mental realms. These
realms belong to the pre-linguistic or non-linguistic mind. If we use the term “non-
linguistic” (or “non-rational”), we jump into a cognitive domain to which we cannot
speak about directly, because obviously we can only speak through a linguistic
interaction. With that we refer to a level of cognition that is not intermediate through
the rational mind, as found in animals, pre-linguistic children, in a contemplative or
life-in-danger experiences, that can also be achieved with meditation techniques. It
is the state of mind in which reason is not operating. An experience can be non-
linguistic, but it becomes linguistic as soon as we think or talk about it.

4With parenthesis is meant: Objectivity under question.
5Reality is a word, and therefore it is a linguistic construct and not an objective reality.
6In the logic and validity codes created by the language “mathematics” 1 + 1 = 2 may be defined
as a “reality”.
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1.7 Ideas and Culture

As words and ideas emerge in the collective interplay of social communication,
they change with the evolution of such communication as another kind of biological
process. In the process of being educated, we are taught to perform certain
configurations of distinctions, so that such configurations end up being the way
we perceive the world. The dominant ideas of every era configure the cultural
background that sets the identity of every human group, community or country.
In this way, the culture can be considered as a network of conversations (Maturana
1997). Any network of conversations entails a way to see and approach the world.
As every network develops under its own environmental and social background,
everyone develops a different view of reality.

1.8 Culture, Disciplines and Science

Defined as a closed network of conversations conserved through generations
(Maturana 1997), cultures are any community of members related by a discrete
(with boundaries) network of conversations, not only determined by countries or
land-based groups. In this sense, any discipline, as it entails a community that shares
a common tradition and specific knowledge, is a smaller network with operational
closure, being simultaneously part of a culture. The etymology comes directly from
the Latin “disciplina”, (instruction given, teaching, learning, knowledge) which
in turn comes from the word “disciple” (pupil, student, follower),7 as followers
of a master or a tradition regarding a specific knowledge. Just as any discipline,
different sciences have their own different masters (or science founders) and are also
defined by a common cultural background of history and ideas. In general, scientific
disciplines roughly share the bases of scientific knowledge,8 including the scientific
method, the rationality and the prevalence of evidences over beliefs. However, every
scientific discipline has its own way to describe reality which are commonly not
transferable to another. This is precisely why every discipline is fairly closed in
linguistic terms, that is, each person uses different logics, driven by different sets of
distinctions (that is why they are focused on different problematics of reality).

There is only a thin line between disciplines and sciences, acknowledging
science as a group of disciplines. In this way, a scientific truth is also a contextual
consensus, situated in space and time and enclosed within the so called “scientific
community”.9 Science is also a network of conversations that shares a common

7https://www.etymonline.com/.
8It is therefore very difficult to find a universal definition of science, and there is no universal
consensus about a definition of science among the scientific world.
9In this context it is noteworthy that the former German health minister Ulla Schmidt in an official
statement wrote that it was an “international consensus” that HIV caused AIDS (Schmidt 2004).

https://www.etymonline.com
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rationality. Contrary to the common belief that natural sciences were “hard” sciences
in terms of their supposed objectivity, and social sciences were “soft” –as they would
be subjective and impossible to prove and in which postulates would depend always
on whom state them– natural sciences share the subjectivity with social sciences.

Science as just another set of human knowledge, is primarily a collective process.
That is, it works through the exchange of ideas, the recognition of consolidated
ideas that are taken as common base, and the exercise of demonstration or, in other
words, a process in which a statement must be proven to the (scientific) community.
The approval of a certain statement depends more on the time in history and place,
than on an (supposed) inherent value of truth. In fact, there is no such thing as an
imminent scientific truth, but an ever-changing set of assumptions that is evolving,
built upon the preexisting knowledge and sometimes with radical changes (what
then often is called “revolution”). This is what is at the core of the works of Popper
(1959) and Kuhn (1970) with the context of paradigm, and that is coherent with
the cognitive model that is being developed in this chapter. The sets and beliefs
change through time, but they are not something without frame or just relative; at
each time they seem to be solid, as every age has its own consolidated truths, just
as many other sets of knowledge. For science the earth was flat 500 years ago, and
now it is spherical. In both periods there were consensuses that defined the scientific
truth of each one, just as the intersubjective nature of language as the main source
of knowledge. As we have not arrived yet to the ultimate truth, we will always
experience changes in the way we see and think the world in the future.

So, paradoxically natural science as a collective, linguistic and historical phe-
nomenon is also a social process that follows what has been described by social
sciences and not natural sciences. That is why social science abandoned the concept
of objectivity much before natural sciences did. Seen from this cognitive perspective
as a cultural phenomenon, the line that separates natural and social sciences –soft
and hard sciences–, seems to be purposeless.

1.9 Science and Values

Values are like a bridge between rationality and emotions, as they integrate ideas,
symbols and deep feelings of the community that affiliates to them. They are brought
up by every individual community, inspired in the self-image of the group, in terms
of how they perceive themselves, what is deeply proper of them, or what they would
like to be. In this sense, values are rooted in emotions that drive those images, like
expectancy, affection, yearnings, trusts, hope, or the believe in a positive nature of
life and the community. Values determine what is important for each culture, and
express the common preferences, configuring the bases for the political, legal and
economic decision processes. From that prospect, values as guiding concepts are
embedded in any culture, including science as a cultural phenomenon.

As any cultural process, science has its own set of basic beliefs, that have been
obscured by the idea of objectivity or the belief that the scientific knowledge is a
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universal, immanent truth (so that there is nothing to believe, only to know). The
leitmotivs of sciences are the ideas of progress, and development, common good,
well-being or contribution to society. Concepts like truth, knowledge (in contrast
to ignorance) or so-called “natural laws”10 can also be seen as values of science.
Another value implicit in modern science, but not necessarily previous to modern
era, is the foundational place of rationality in science. In other words, the belief
that the world can be described, understood and predicted through reason. Much
related to this is the search for prediction, that requires accuracy, revealing a natural
affinity of science to certainty. This is a very important topic, as the search for
certainty and the ability to predict have naturally pushed modern sciences towards
the realm of quantitative approach and specialization. Yes, through this two facts
science has indeed become more accurate in predictions but has left unattended a
huge dimension of the living. In choosing quantities, current reductionist science has
left the world of qualities. In choosing specialization, as a tool to get more details
of the phenomena studied, science has gotten atomized and increasingly unable to
resolve real-life problems.

Modern natural science, and coherently neoclassical economics, have chosen
numbers as a practical solution to the problem of demonstration, but with that a
huge portion of the human life has been cut off and set aside. This could be the
cause of the lack of understanding of the current ecological and social crisis and,
the lack of effectiveness in its solution (by applied sciences). Quantities are discrete
distinctions that do not allow to deal with complex phenomena, which commonly
imply the interplay of different disciplines that cannot interact under a paradigm of
objectivity. Happiness, development, health, politics or the environment are matters
that are not located in a specific discipline, and because of that no discipline has
been able to entirely resolve such problems. Water, life or beauty do not belong to a
scientific specialty, as their nature cannot be reduced to a discrete set of knowledge.
Science has been dramatically successful in discovering new insights of the world
but is far away to understand our existence. It is the other way around: the sense of
life that every community sets for itself determines what sciences and disciplines it
will study.

1.10 Neoclassical Economics, Science and Values

In its expectation to resembling a natural science (Smith and Max-Neef 2011), neo-
classical economics took the way of a quantitative approach to study economic
matters. In doing so, it has chosen to work with the quantifiable phenomena,
primarily materialistic, as objects are easily accountable, like we have explained
above. That approach has set apart most of the qualitative dimensions of human

10It has not been proven yet that the Universe behaves always in the same manner, an assumption
that is implicit in the concept of natural law.
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living. However, as stated above, many relevant bases of human culture are non-
material and those bases have been, intentionally or not, neglected by neo-classical
economics, evidencing its incapacity to deal with the real world.

As stated before, any discipline is set under a certain set of believes and
preferences that are chosen a priori. In the case of neo-classical economics, there
is a big remanence of the classical view, in which founders of the Enlightenment
also developed a set of values. For example, for Bacon “the real and legitimate
goal of sciences is the endowment of human life with new inventions and riches”,
as he believed that intangible, philosophical or spiritual approaches do not matter
to human happiness (Freudenthal and McLaughlin 2009). Somehow, the relation
of such mindset and the neoclassical approach, focused on materialism and con-
sumerism, go hand in hand: as stated above, there is no such thing as value-free
science and the same argument goes also for neoclassical economics. According
to our perception, some values, assumptions or beliefs of neo-classical economics
are:

• Human beings are predictable and can be studied as a physical phenomenon.
• Human beings are selfish and therefore competition as the driving force of the

economy is natural.11

• Monetary wealth is something positive, and it is an indicator of personal success.
• Humanity has the right to appropriate any useful natural resource.
• Human development is about material things.
• Human happiness is about having money (or things), and the more the better.
• Regarding the long-dated critics to economic growth: natural sciences are not so

relevant to be taken seriously.
• Regarding the use of GDP (Gross Domestic Product) as welfare indicator: past

and future generations are irrelevant for the economy.
• Regarding enormous impacts on life and people from economic development

initiatives: economists know the value of things better than other visions, and
therefore economic arguments are enough (first priority) to justify them.12

Considering the latter, there are many facts that indicate that in the last decades,
neoclassical economics has behaved as an isolated discipline that cannot be
considered scientific at all. As stated in previous sections in this chapter, the main
criteria of science are:

• To consider the scientific knowledge previously existing
• To openly discuss its ideas and being able to argument against eventual critics
• To support statements with logical reasoning coherent with the rationality of

science

11A model of an economy in which neighbourly love instead of competition is the driving force of
the economy has been described (Fuders 2017; Fuders and Nowak 2019).
12This assumption is especially relevant, as it implies that economists understand what is at stake
with such environmental impacts.
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• In the case of sciences based on mathematics, to be able to predict future
scenarios

• To be able to demonstrate its hypotheses

Those criteria are definitively not fulfilled by neoclassical economics. Just the
first criterion would be enough to let this discipline fall out of science. When
the concept of (perpetual) economic growth is analyzed, a big contradiction with
the first law of thermodynamics13 is found. This is not just a banality; we are
taking about what is considered one of the most robust and fundamental scientific
laws of the traditionally considered the most robust science (physics). It is simply
unimaginable to pretend that such law would not apply to economics. In simple
terms, the economic growth as defined by neoclassical economics does not have
a base on natural science. Even worse, this contradiction is known since at least
four decades, but the economists of this approach have not taken such argument
into account even until today. After decades of evidences against the expected
function of the parameter, neoclassical economists and politicians still use and
support indicators like GDP growth. To neglect critics is an option. As any idea, the
GDP is a cultural construct that is chosen by will, and not by its objective essence,
so that it is an option instead of a truth. As any option, there must be a reason to
have chosen this option, such as ideology, convenience, etc.

In the face of a multidimensional global crisis, the society searches for a way
to escape this crisis, debating solutions and assessing all the available methods to
address the abundant set of problematics linked to this crisis. As we stated at the
beginning of this chapter, we believe that science has the technical solutions for
most of the current environmental problems since many decades. However, for a
solution to become reality it must surpass a big gate: the economic feasibility.

We can clear most of the polluted waters on earth, replace most of the
polluter energy sources by clean ones, reduce the discarded residual materials,
reduce the extraction/exploitation of diminishing natural resources or endangered
species, decrease substantially the waste of materials and energies, increase the
amount and size of alternatives to the mainstream market products. Yes, there
is enough knowledge and existing technological solutions to address these main
global problematics. But society does not implement them. Why? Because it is
economically not viable (see also Chap. 2 in this book).

Natural sciences have gained status as many of their achievements seem to be
simply undebatable. That kind of power let people to think that if something is stated
by science, it must be true. As most people assume that economics is a science,
there is a tendency to accept the argument of “economical unviability” as something
that must be true. Therefore, society accepts such argument as valid and considers it

13In brief, it states that energy (and matter) cannot be created nor destroyed, but only transformed.
Related to the production of goods and services this means that they cannot be produced out of
nothing. If real GDP increases, so has to increase the use of energy and material input, unless a
purely qualitative transformation takes place. Obviously, that is not the case of a quantitatively
driven science, like neo-classical economics.

http://dx.doi.org/10.1007/978-3-030-35379-7_2
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superior to other arguments that can involve even the surviving of animals, people or
entire ecosystems. But the evidence shows that the classical economic arguments are
not objective realities nor scientific facts rooted in natural sciences. On the contrary,
many of the economic rationale is in direct contradiction with the core of natural
sciences, here especially the economic growth imperative, since nothing in nature
grows forever.

1.11 Towards a Transdisciplinary Ecological Economics

Economics (from Greek “oikonomia”) is the science of managing the “oikos”, the
scarce recourses of a household, in an efficient manner (Aristotle 1995). Applied
to today’s world this would involve the efficient use of natural and social capital
of society. To fulfil its endeavor, it is essential for economics to include the new
insights of sciences and disciplines, in order to find a new vision regarding human
development and nature. To do so, it is essential to set bridges with other disciplines
that can contribute to its understanding of the current world. The latter can happen
under the exercise of a transdisciplinary work, which goes far beyond the concept
of interdisciplinarity.

The essence of transdisciplinary work is overpassing the boundaries of individual
disciplines in the construction of new linguistics that set the background for the
emergence of new concepts and ideas that can better answer the challenges that the
current and future exercise of economics so urgently demands. In this book, many
of these concepts, like ecosystem services, are breaking the ground of traditional
economics with new interesting proposals. Certainly, this chapter has set a critic
against the neoclassical monodisciplinary economic approach. It would not be fair
to say that all what this discipline has reached is worthless. In fact, the reason that
this discipline is still so hegemonic may partially be owed to the immaturity of an
alternative school of economics.

This chapter is an exercise to understand the roots of the global crisis, but it is
also a proposal on how to set new roads for an alternative school of economics to run
through it. Such economics should have also new tools to deal with the qualitative
domain of human existence, and a strong emphasis in relational, holistic and non-
materialistic phenomena of life as a whole. In the search of objectivity, science tries
to step out of any subjective, emotional or spiritual matters, and so did neoclassical
economics. However, we need a school of economics that dares to work with the
different dimensions of human life or, to put it in the words of Theodor Roszak
to introduce the book “Small is Beautiful” (Schumacher 2010) we need “a nobler
economics that is not afraid to discuss spirit and conscience, moral purpose and the
meaning of life, an economics that aims to educate and elevate people ( . . . )”.
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Chapter 2
The ‘Tragedy of the Commons’
and the Role of the Money Interest Rate

Felix Fuders

( . . . ) do not lend money at interest, and do not take a bribe
against the innocent.

(Psalm 15:5)

2.1 Introduction

Determining the macroeconomic causes of natural resource degradation is key
preventing further loss of global biodiversity. Many ecological economics, envi-
ronmental economics or green economics texts indicate that the destruction of the
environment and the overexploitation of natural resources can be partly explained by
the “Tragedy of Commons” (Hardin 1968). In this metaphor, the overexploitation of
nature results from natural resources and ecosystem services being freely accessible
goods (Open Access Regimes). Classic economic theory conceptualizes this as a
“market failure” that could be corrected by assigning these goods private property
rights (Demsetz 1967; Cheung 1970; Hardin 1978; Ault and Rutman 1979; Barkley
and Seckler 1972; Dales 1972; Smith 1981; Welch 1983; see also: Stevenson 1991;
Common and Stagl 2008; Daly and Farley 2011). This argument is based on the
assumption that only market goods (excludable and subject to competition) can be
efficiently allocated by the market. To put it more simply, private actors will take
care of their investment to maximize their economic benefit.

This chapter aims to demonstrate that the real reason for the overexploitation of
natural resources cannot be ascribed to free access regimes. Rather, it originates
from the obligation to grow the real economy. This obligation comes from the
money interest rate as an opportunity cost of every productive investment and
represents a pressure that applies to both private and common goods. Consequently,
and contrary to conventional economic theory, the artificial privatization of natural
resources that had always been freely accessible will not eradicate the underlying

F. Fuders (�)
Economics Institute, Faculty of Economics and Administration, Universidad Austral de Chile,
Valdivia, Chile
e-mail: felix.fuders@uach.cl

© Springer Nature Switzerland AG 2020
F. Fuders and P. J. Donoso (eds.), Ecological Economic and Socio Ecological
Strategies for Forest Conservation, https://doi.org/10.1007/978-3-030-35379-7_2

19

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-35379-7_2&domain=pdf
https://orcid.org/0000-0003-4724-6414
mailto:felix.fuders@uach.cl
https://doi.org/10.1007/978-3-030-35379-7_2


20 F. Fuders

problem or increase economic efficiency, but instead will even decrease it. The
chapter will also explain that the allocation of property rights for natural resources
that were originally freely accessible does not necessarily avoid an unsustainable
management of those resources, and in fact does not even ensure that those resources
will not be exploited until their total extinction.

The chapter starts with a classic Sustainable Yield curve analysis, used for
~100 years in natural resource management (Tsikliras and Froese 2019), as this
is necessary to understand the argumentation line. Each section will end with a
conclusion on which will be built each following section.

2.2 The homo oeconomicus Will Not Exhaust His Source
of Income

2.2.1 Maximum Sustainable Yield

In order to understand why economic theory usually assumes that privatization
helps to solve the problem that Hardin (1968) described as the “Tragedy of the
Commons,” let us imagine, by way of example, a fish population in a management
area. Figure 2.1 shows a modified Sustainable Yield curve of that population.
Although the curve refers to fisheries management, this model can be applied to
forests or any other renewable natural resource (Maunder 2008).

The abscissa shows the fish stock and the ordinate shows the flow multiplied with
the price of Fish Pf. The classic Sustainable Yield curve represents the stock’s net

Fig. 2.1 Maximization of benefits (fishing example). (Source: own work, adapted from Daly and
Farley 2011, p. 215)
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growth rate corresponding to each stock level. It is called this way because if each
year the same number of units is extracted as replenished (the distance between the
abscissa and the curve), the stock remains the same (ceteris paribus).1 Since Fig. 2.1
modifies the classic Sustainable Yield (SY) curve such that in the ordinate the
quantity of harvested fish (N) is multiplied by the market price PF, the Sustainable
Yield (SY) curve becomes a sustainable Total Income (TI) curve.2

In the long term, any population of living beings (from fish to bacteria) will arrive
at a point of stable equilibrium in which the reproduction rate and the death rate are
equivalent: point CC on the graph (carrying capacity). The reason for this is that the
habitat does not have resources for an ever-growing population; if the population
grows, resources become scarcer. At point CC, the growth rate of the stock is 0.

Point CD (critical depensation) represents the critical stock level – the point at
which the population cannot sustain itself and begins to decrease on its own. This is
the minimum viable population. After this point negative feedback loops can result
in population extinctions. For example, this could occur in fish if eggs were not
fertilized because males are not able find them. In the case of a forest, if there are
very few trees left, soil erosion and nutrient leeching might result in seeds unable
to germinate. In addition, when there are few species left poor genetic diversity
makes populations more susceptible to hereditary diseases, illnesses, parasites, etc.
Although many authors leave the CD point out from Sustainable Yield curves (e.g.
Turner et al. 1994; Maunder 2008; Tsikliras and Froese 2019), it is important to
understand that very small populations are at risk of extinction even without further
human harvesting (Daly and Farley 2011).

The specific shape of the curve tells us that it might be profitable to decrease the
stock in order to increase the annual net regeneration. For example, a forest can be
made more profitable by removing some trees, so that the others get more sunlight
and generate more energy via photosynthesis, and thereby grow faster. Nevertheless,
the owner should not have an interest in decreasing the stock by more than the
Maximum Sustainable Yield (MSY). We will see that they would have even less
interest in doing so by taking into account selling prices and harvesting costs.

1There is much uncertainty about what this Sustainable Yield curve looks like in the real world.
It is not precisely known at what rate a given population reproduces, since this depends on many
unpredictable factors, for example: time, predator-prey cycles, illnesses, etc. In addition, the exact
size of a population is often unknown. Moreover, habitat destruction, air and water contamination,
climate change, etc. all influence the shape of the curve (Daly and Farley 2011).
2The shape of the curve does not change as compared to the classic Sustainable Yield curve, since
it is multiplied by a constant. However, the fish price is not necessarily a constant and depends,
among other things, on the amount of fish captured. Here a constant fish price is assumed to
simplify the analysis.
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2.2.2 Maximization of Economic Benefits

The economic benefit
∏

is the difference between the Total Income (TI) (sometimes
also called Total Revenue) and the Total Cost (TC):

∏
= TI–TC (2.1)

The Total Cost refers to the costs of harvesting a sustainable amount (the amount
that is reproduced). These costs include labor, equipment, etc. If we define these
costs as our “effort,” then our costs are the price of effort PE multiplied by the
effort E:

PEE (2.2)

If we harvest a fish population at point CC in Fig. 2.1, then our costs increase as
the fish population is reduced. This is because catching fish will require more effort
as their density decreases. In order to facilitate this analysis, let us suppose there
is a linear relationship between the total costs and the quantity of fish caught. But
this relationship is not necessarily a straight line. Rather, one could imagine that as
the population decreases, the difficulty of catching an additional fish increases at a
growing rate, and, as a result, the curve would have a steeper slope as we move to
the left (Daly and Farley 2011).

For the fisherman who wants to maximize his economic gain, it makes sense
to exploit the fish stock until it is at the point where the difference between the
Total Income (TI) curve and the Total Cost (TC) curve is greatest (Fig. 2.1, point
N1). Here, the slopes of both curves are equal and are represented on the graph by
parallel tangents.3,4 This idea can be explained intuitively: if there is an abundance
of fish, it is easy to catch them and the costs of catching each fish are low. It is not
beneficial to decrease the stock beyond point N1, even though the fisherman could
obtain a large one-time income, since doing so would make fishing more expensive
in the future. This last observation is only valid if we leave the money interest rate
outside of our analysis. Later, we will see how taking the interest rate into account
changes the situation.

3The distance between two curves is greatest at the point at which their slopes are equal. Given
that the slope of one curve at a given point is equal to the slope of a tangent that touches the curve
at that point, the two curves TI and TC have equal slopes where their tangents are parallel.
4The slope of the Total Cost (TC) curve is the Marginal Cost (MC), that is, the cost of catching
one more fish. The slope of the Total Income (TI) curve is the Marginal Income (MI), that is, the
return from harvesting the next fish. We see that the classical rule of maximization of benefits MC
= MI (e.g. Frank 2015) also applies to the exploitation of natural resources.



2 The ‘Tragedy of the Commons’ and the Role of the Money Interest Rate 23

2.2.3 Conclusion

The classic conclusion drawn from what has been outlined so far is that the homo
oeconomicus, in seeking to maximize benefits, will not even reduce the stock beyond
its MSY, much less reduce it to the point of putting the resource at risk of extinction.

2.3 The Case of Free Access Regimes

2.3.1 The “Tragedy of the Commons”

In the previous analysis, we assumed a private owner of the fish population
(management area). In reality, oceans are essentially free access regimes with rival
goods (fish). Here, what Hardin (1968) described as the “Tragedy of the Commons”
applies. Instead of avoiding reducing the stock beyond N1, new fisherman will enter
the market as long as it is possible to achieve some gain; that is, as long as the
Total Income (TI) is greater than the Total Costs (TC). In other words, the amount
harvested will be greater than the amount that is reproduced annually (Stevenson
1991; Daly and Farley 2011). As a consequence, the fish stock will start to decrease.

New fisherman will enter the market until economic benefits can no longer be
obtained; that is, until the Total Cost (TC) curve and the Total Income (TI) curve
cross (see stock N2 in Fig. 2.1). If harvesting costs are also reduced, e.g. because a
more efficient way of catching fish is discovered, then at this point the stock will be
even smaller (represented by the line TC’ in Fig. 2.1). The stock that remains gets
dangerously close to that at the CD point, threatening the viability of the population
(Daly and Farley 2011).

2.3.2 Conclusion

According to what has been said so far, the conclusion is: the overexploitation
of the ocean occurs because it is a free access regime. If, on the other hand,
the ocean was privatized (by allocating private property via management areas or
exclusive exploitation rights), it would not be overexploited because the private
owners would attempt to preserve their stock of natural capital. This is the crux
of the belief that privatization of nature would prevent or reduce unsustainable
resource exploitation. The next section will demonstrate that in reality, the ocean –
or other freely accessible natural resources– are not overexploited because they are
free access regimes. On the contrary, it will be shown that it may be economically
desirable that they be freely accessible.
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2.4 Free Access to Natural Resources Is Economically
Desirable

2.4.1 The Natural Dividend Is a Monopoly Rent

In the theoretical model of “Perfect Competition”, competition between producers
pushes prices down until they reach the minimum point on the Average Total Cost
curve in the short and long term (SATC; LATC in Fig. 2.2). Gains that are greater
than the opportunity cost of the invested productiion factors do not exist5 (Frank
2015). If a producer was able to achieve a greater economic benefit, then this would
indicate that the benefit is not justified by the investment of production factors; that
is, the gain would not be based on the producer’s effort and would be generated
because of a market failure (monopoly, collusion, unfair competition).6

Note that this desired outcome of competition is not generated by the “Invisible
Hand” of egoism, as some have misinterpreted Adam Smith’s (1952) famous
metaphor (e.g. Frank 2015), but even though we behave only thinking of ourselves.
Even though we only think of our own benefit, competition forces us to produce
good products at good prices to avoid losing competitiveness. In other words:
competition limits our self-interest and induces us to behave as if we loved one

Fig. 2.2 Long-term equilibrium Perfect Competition. (Source: own work. Explanation: The
market price P∗ is at the lowest possible level (minimum Short-term Average Total Costs curve
[SATC] and Long-term Average Total Cost curve [LATC]))

5Here, opportunity costs are included in the Total Costs.
6This is the reason why Competition Law usually prohibits collusion, unfair competition and the
abuse of a dominant market position (Fuders 2009b).
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Fig. 2.3 Natural Dividend. (Source: adapted from Daly and Farley 2011, p. 226)

another (Fuders 2017; Fuders and Nowak 2019). We can see what undesired
outcomes egoism causes if we take a look at any monopoly, which are contrary
to perfect competition.

Monopolists can take advantage of their dominant market position to, for
example, sell at a higher price than their production cost (including the opportunity
costs of production factors invested). The resulting income is known as monopoly
rent. Such an income is not explained by their efforts (the high quality of their
product), but rather by their abuse of the power associated with the dominant
market position. The term “rent” in economics emphasizes the fact that the payment
is not justified by the producer’s effort: it is a gain for nothing in return. The
exploitation of natural resources can also generate gains that are greater than the
mere compensation for effort; in Fig. 2.3, it is the difference between points A and
B. This gain is often called a “natural dividend” (Daly and Farley, 2011: 226) or
“natural resources income” (Acquatella, et al. 2013; Conrad and Clark 1995: 89,
94; Neher 1990: 51), since it originates from the reproductive force of nature, not
from the exploiter.

This gain is only possible if exploitation is limited to a single owner, whether
private or public. In contrast, as outlined above, in a free access regime exploitation
by an increasing number of people would lead to stock N2 in Fig. 2.3, where the
Total Costs (TC) = Total Income (TI); that is, where there is no gain greater than
the remuneration for the invested production factors equivalent to their opportunity
cost.

Given all of this, we can argue that the “natural dividend” is really a monopolistic
rent, and accordingly can be viewed as an unjust profit. All earnings that go beyond
the recuperation of Total Costs –which include opportunity costs, that is, the profit
that one could have earned by expending the same effort on the best alternative
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opportunity– are income that is not based on the producer’s effort. In a perfect
competition situation, this earning does not exist.

2.4.2 Free Access Ensures Efficiency

If we consider that a natural dividend can be better characterized as monopolistic
income, then one can argue that free access regimes are actually desirable, since
their result corresponds to the result produced by Perfect Competition. When
there is no artificial restriction on access, ever more competitors (here fishermen)
enter the industry (here the ocean). This increases the fish supply on markets and
pushes prices to the lowest possible level, that is, to the point at which they only
cover the Total Costs. This is a desired situation. In this situation, Price equals
Marginal Income and Marginal Costs, and we can achieve what in economics is
called “efficient allocation of resources” or “allocative efficiency” (Frank 2015: 346;
Common and Stagl 2008: 310).

This is precisely the situation that existed for centuries: an undefined number of
small fishermen (suppliers) fishing without any restriction; a large supply of fish in
relation to the demand; and, consequently, low fish prices. The price of fish used
to be so low that even today, many Christians eat fish on Fridays and during the
Holy Week instead of fasting because fish was considered such a low value food that
eating it was similar to fasting. We can see this as an example of Perfect Competition
that functioned for thousands of years, without significant exploitation of the ocean.
That natural resources should not be privatized has already been emphasized by
John Stuart Mill (1885), Henry George (1935) and Silvio Gesell (1949), with the
same argument as this text does: to ovoid monopoly profits for one individual who
owns the exploitation rights.

2.4.3 Conclusion

Free access to natural resources is economically desirable, since it ensures allocative
efficiency. In contrast, the artificial restriction of access to resources that have always
been freely accessible and are produced by nature allows for monopolistic incomes,
which Ecological Economics texts sometimes characterize as a natural dividend (or
income). In addition to generating the described negative effects (monopoly rents),
privatization does not necessarily solve the problem of overexploitation, given that it
does not address the real reason why the ocean is overexploited, as will be explained
in the next paragraph.
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2.5 The Interest Rate as Opportunity Cost

2.5.1 Gigantism: Just Greed?

One could argue that the fact that natural resources are overexploited is not due
to their nature as freely accessible goods, but rather that it is a problem of scale.
To continue with the fishing example, if we were to continue fishing with small
artisanal boats, such as those used 100 years ago, there would be no overexploitation
despite it being a free access regime. With traditional technology, the TC curve in
Fig. 2.3 would be so steep that the intersection with the TI curve would be far away
from the CD point. There would be no danger of overfishing. The fact that Hardin’s
“Tragedy of the Commons” today is more relevant than ever is because the world
has become relatively small in relation to exploitation technologies and not because
population has grown, as Hardin suggested. Throughout human history, the ocean
has been freely accessible, but in former times it was not “empty” or even close
to being overexploited as it is today. One might say, God foresaw the world with
such an abundance that normally, if we used traditional fishing technologies, it is
unlikely that we could ever exploit the ocean to the point of emptying it, even if
the worldwide population doubled. Rather, we can contend that the ocean is being
emptied by “gigantism”, to use the words of Max-Neef (1986): 58, 63, 136, 149,
151 f., 184. If we fished at a Human Scale (Max-Neef et al. 1991), then we would
probably never empty the ocean.

One could ask what, then, is the reason for gigantism? Is it rooted in human
greed? The answer is that it does not (only) have to do with greed. The owner of a
modern fishing ship that currently exploits the ocean by periodically catching large
hauls of fish does not necessarily earn more than a fisherman 100 years ago.7 This
is because the fishing ship owner’s costs are enormous and therefore a respectively
large amount of fish must be caught in order to recover those costs. Why, then, are
bigger and bigger fishing ships built? The answer is that the pursuit of bigger ships
derives from the obligation to grow economically. For its part, this obligation stems
from an interest rate that exerts a tacit but constant pressure on the real economy to
produce more and more, a fact that, unfortunately, is poorly understood in economic
thinking. Our current financial system has existed for approximately 700 years,
and during that time the economy has only done well if it was able to constantly
increase production.8 The following paragraphs are dedicated to explaining this
phenomenon.

7It might be that the fishing company is indebted to such an extent that it does not even have enough
income to decrease its debt.
8Approximately 700 years ago, the “Bracteate,” a coin that was difficult to hoard and was interest
free, was replaced by the “Denarius perpetuus,” the money that is used today (see: Walker 1959;
Azkarraga et al. 2011: 54; Fuders and Max-Neef 2014b).
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2.5.2 The Exponential Growth of Deposits

Depending on the interest rate, financial assets held in bank accounts double in
approximately 15 years (through interest and compound interest). That is, if one
starts with 100 AC, in 15 years the amount in that deposit would increase to 200 AC,
and in 15 more years it would be 400 AC. As a consequence, the amount being gained,
increases at a faster and faster pace, relative to the initial amount invested. Even the
most sophisticated computers in the world will at some point no longer be able to
calculate the amount of money that is accumulated in this way, due to a lack of zeros.
This is the logic of an exponential function (Kennedy 1990, 2011; Creutz 1993;
Constanza et al. 2012; Lietaer et al. 2013).9 It is the absurd and immanent logic of
our current unnatural (Soddy 1934: 176) financial system, in which money is created
with money, a fact that was criticized already by Aristotle (Aristotle, 1995: 23).

It is worth to mention that all bank accounts that pay interest grow exponentially
if the interest is not withdrawn. Even if the rate is very small, the moment will
come when the deposit will have doubled. As long as a value doubles at regular
intervals, the value grows exponentially. Many bank clerks even use this argument
to convince clients to invest with them and illustrate how the client’s savings will
grow over time.10 For the economy as a whole, this is even true if the money is
withdrawn from a bank account since it will most likely appear on some other
bank account (this effect is called money multiplier) and generate interest there.
This means, even though this exponential function might not be recognized on
one specific bank account, all bank accounts of an economy taken together will
show exponential growth over time. The exponential function can be observed in
Fig. 2.4, which depicts the money supply M3 in the U.S. (composed of coins and
bills, sight and short-term deposits). The same exponential function can be seen in
most economies in the world.11

2.5.3 The Exponential Growth of Total Debt

At the end of the day, borrowers are the ones who pay for the interest that banks
pay out to their depositors. Accordingly, not only do banks endeavor to replace each

9If, for example, 2,000 years ago one cent was deposited in a bank with an interest rate of 5%, this
investment today would be the equivalent of approximately 707 billion planets earth of pure Fein
gold (assuming that the price of gold remained constant) (Kennedy 2006: 243).
10In an advertisement a big German finance group explains the compounding effect with an
illustrative example. Money invested in this institution multiplied like chickens. When chickens
lay eggs, chickens hatch again from these eggs, which then again lay eggs, see: Deka 2019.
11A current overview is provided by (Wikipedia 2019). The fact that the money supply follows
an exponential function in developed countries and developing countries alike is highlighted by
Lietaer et al. (2013).
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Fig. 2.4 Estimated money supply M3 U.S. (billions USD) (Since 2006, the Federal Reserve of the
U.S. (Fed) has not published the money supply M3, which Central Banks throughout the world use
as indicator to forecast inflation. Nevertheless, one can make an estimate by adding up the different
components of the money supply M3 (Money base, cash, sight deposits and short-term deposits)
that are still made public). (Source: own work. Based on data provided by OECD)

amortized loan with a new loan as soon as possible, to maintain interest payments
functioning, but they must also constantly increase the volume of loans because the
deposits also grow through interest and compound interest.12 This is why the total
debt of a given country must grow in the same way as the money supply does (Soddy
1934; Kennedy 1990, 2011; Farley et al. 2013; Constanza et al. 2012) (for the US
economy see Fig. 2.5). As long as a deposit grows through the payment of interest,
there must be more debt in the country, since there is no interest without debt. To use
the words of Frederick Soddy (1934: 25) “For there is no credit without debt ( . . . )
money is a credit-debt relation from which none can effectually escape”. This is a
simple fact, and there is no way out of it. It seems to be necessary to emphasize this,

12The longer a financial system functions and the greater the volume of total debt in an economy
is –that is, the more saturated the debts of economic agents (homes, companies and government)
become– the more difficult it is for banks to continue increasing the debt volume. In their effort to
find new borrowers, banks begin to loan money even to borrowers whose solvency is questionable
and at low interest rates, as happened in the U.S. until 2008 in the mortgage loan market and as
continues to happen today in Chile and also in Europe with loans to State governments; these
are the loans most recently backed by the “rescue fund” ESM (European Stability Mechanism).
Here, we can see why financial crises occur in every country at regular intervals, and why the
so-called “sub-prime” crisis and “euro crisis” are actually the same crisis: the financial system is
coming closer and closer to collapse. The system crumbles when banks cannot find enough solvent
borrowers who can pay for the interest that the banks must pay on their deposits. The last time this
happened on a large scale was in 1929, and it will probably happen again soon. See: Fuders 2009a,
2010a, 2016, 2017; Fuders, et al. 2013; Fuders and Max-Neef 2014a, b.
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Fig. 2.5 Federal debt U.S. (billions USD). (Source: own work, based on data provided by the US
department of treasury)

since some criticize this view arguing that simple explanations were to be mistrusted
(Strunz et al. 2015). But is a complicated model always better than a simple one?
In fact, the truth is usually simple. To use the words of Albert Einstein and Leopold
Infeld: “Most of the fundamental ideas of science are essentially simple, and may,
as a rule, be expressed in a language comprehensible to everyone” (Einstein and
Infeld 1938: 29). Indeed, complicated “pseudo-mathematical” models increase the
probability for errors (Keynes 1936: 297) and often make it difficult to focus on
what is really essential. Here Goethe was probably right when he said: “What is
hardest of all? That which seems most simple: to see with your eyes what is right
before your eyes” (Goethe 1996: 230).

2.5.4 The Obligation to Grow (Microeconomic View)

We can now understand why our financial system is the reason for both neoclassical
and Keynesian models always seeking economic growth. In political economics
textbooks, the panacea for unemployment is economic growth (see, e.g.: Lachmann
2006; Fernández et al. 2006; Cuadrado et al. 2006). Indeed, empirical observations
suggest that the economy (GNP) must grow three percentage points in order for
unemployment to decrease by one point (Okun 1962). As a consequence, either
the economy grows or the number of unemployed, and associated social costs,
increase. This is why dominant political parties generally preach economic growth
in their manifestos. Although we know that we have to grow in order to avoid
unemployment, it is not well understood in economics why this is.
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The obligation to grow finds its origin in the fact that deposits (and debt) grow
by interest that, at the end of the day, someone has to pay. The problem is not that
money is the counterpart of debt, as some might think, but that both money supply
and debt grow exponentially because of interest (for a similar argumentation see:
Kennedy 1990, 2011; Creutz 1993; Constanza et al. 2012; Löhr 2012; Lietaer et al.
2013). Governments of States, companies and households are ever more indebted.
This can be confirmed by comparing companies’ balance sheets today with those
some 20 years ago: one is likely to observe more and more borrowed capital. But
even those lucky producers that are not financed with borrowed capital are not free
from pressure to expand. This is because their financial loads also increase since in
most countries the national debt is growing, and thus the government is obliged to
increase taxes on citizens and companies. In addition, workers want salary increases
to compensate for inflation, which eventually is also the result of the growing money
supply (Fuders et al. 2013; Fuders and Max-Neef 2014a, b).

There is a fourth and perhaps most important reason for which the productive
economy must grow: interest as an opportunity cost. The interest rate that banks
pay is a reference point against which the success of any productive investment
is measured (e.g. Copeland et al. 2008), even in Ecological Economics texts
(Common and Stagl 2008). If a company does not achieve at least an equal return
on investment, its existence becomes senseless (see also Suhr 1988). In other words,
even if a company did not have borrowed capital on its balance sheet and the
government did not increase taxes and workers did not require a readjustment for
inflation, the company would still have to grow because of the money rate of interest
as an opportunity cost. Hence, the interest rate imposes the rhythm to which the
productive economy must “dance” (Fuders 2017: 127 f.). As a result, economic
growth under our current financial system can be seen as an obligation13 – not
simply a “fetish” (Hamilton 2003).

If companies do not manage to grow by expanding sales of their products, they
will try to save costs so that their rentability would not fall below the opportunity
costs. One frequently used cost reduction measure is replacing the human work,
which is usually the heaviest cost burden, with machines, that is, increasing the
productivity of labor. We can conclude that there is a constant and continuous
pressure on companies to either increase sales or replace human workers with
machines in order to reduce the steadily growing costs. This is why we see this
well-known (but not well understood) dichotomy everywhere in which either the
economy’s output or unemployment grow. Since any politician fears unemployment
and its associated social unrest, everything is done to foster economic growth. Here

13This is true if the sole purpose of the business is to make money. However, entrepreneurs could,
of course, also start their business because they wished to make use of their talents in order to
produce products that contribute to the common good, i.e. to the quality of life of people, and not
only for financial gains. If all entrepreneurs understood this we could come close to what might
be called an ‘economy of neighborly love’ (Fuders 2017; Fuders and Nowak 2019). In that case,
entrepreneurs would care less about interest as an opportunity cost, and it might be sufficient for
them to earn enough to live off it.



32 F. Fuders

we understand that degrowth strategies –even though highly necessary to avoid
further overexploitation of our natural environment– will cause unemployment and
deep economic depression if the actual financial system is maintained.

2.5.5 The Obligation to Grow (Macroeconomic View)

What we have just seen from the microeconomic (supply side) point of view, we can
also observe from the macroeconomic (demand side) point of view. We are obliged
to grow on the one side while on the other side interest also makes this growth
possible. We can envision this from three perspectives.

The higher the money interest rate, the faster deposits grow and therefore the
higher will be the total money supply (composed of cash plus deposits). The role of
the money interest rate in the exponential growth of the money supply can be seen
in the U.S. (Fig. 2.4) and can be found similarly in any other countries. A higher
money supply in turn means more monetary units circulating and, as more money
is spent, aggregate demand grows. In other words, the money interest rate not only
forces the producer constantly to achieve an equivalent (or higher) rentability, but
also makes economic growth possible since it increases money supply and aggregate
demand. That is to say, even if all loans in an economy were repaid, the money
supply would not return to its original level since deposits would have acquired
interest. We might call this effect “interest money creation” (Fuders et al. 2013).
However, in classic monetary theory, the effect the money interest rate has on money
supply and economic growth is seen exactly the other way around. Central Banks
actually put interest rates down if they wish to increase economic activity.

That the money interest rate makes aggregate demand grow can also be explained
using the so-called money multiplier model (sometimes called checkbook money
creation). This is a model Central Banks and conventional monetary theory apply
to explain the effect that the money interest rate exerts on money supply. According
to this concept total money supply grows through the expansion of credits (e.g.
Galbraith 1983; Stiglitz 1998; Larroulet and Mochón 2003; Mankiw and Taylor
2014). It is the reason why Central Banks try to increase interest rates if they
fear inflation and wish to calm down economic growth as this has the effect of
disincentivizing the granting of loans (e.g. Cuadrado et al. 2006; Fernández et
al. 2006). However, the expansion of credits will most probably slow down only
initially after raising the interest rates. In the medium and long terms, higher interest
rates will result in more people depositing money into bank accounts, and also these
deposits will increase even faster if interest rates are higher. Yet, money deposited
on bank accounts will not be out of circulation for a long time. The growing deposits
put an enormous pressure on the bank to increase the volume of money loaned out,
since someone has to cost the interest that banks pay on deposits, otherwise the
bank would go bankrupt soon. As outlined above, there is no interest without debt.
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Hence, money deposited in bank accounts will circulate in the economy via loans.14

The more money is deposited, the more (and not the less) loans the bank will have
to grant. This means, also applying the money multiplier explanation higher interest
rates will eventually lead to an increased credit expansion and with it money supply,
aggregate demand and economic growth, and vice versa (Fuders et al. 2013; Fuders
2017; Stehlík et al. 2017), which is why it can be agreed upon that conventional
monetary policy should be completely reconsidered (Lee and Werner 2018).

The third and simplest explanation why higher and not lower interest rates foster
aggregate demand is that the money interest rate is a “reward for parting with
liquidity” (Keynes 1936: 167).15 The higher the interest rate, the higher the incentive
to lend money (or to save it in a bank which lends it for you). Hence, the higher the
interest rate, the easier money circulates in the economy and vice versa.

The aforementioned can be verified empirically. Notwithstanding the possibility
of strong short-term fluctuations, the money interest rate and GDP growth rate are
clearly positively correlated with each other when viewed over long time periods.
Fig. 2.6 depicts this relationship for the US economy (for other economies see Lee
and Werner 2018). If the classic interpretation of the effect that the money interest
rate has on money supply and GDP was correct, then interest rate and GDP growth
rate should instead be negatively correlated (Fuders et al. 2013; Stehlík et al. 2017).

2.5.6 Clear Distinction Between Money Interest Rates
and Real Economic Profits

The fact that in both economics and finance frequently all types of earnings are
labelled as “interest”, must not lead to confuse returns driven out of productive
investments with interest that is charged for loans.16 Only the money interest rate

14Here we can also question if the so-called “Keynesian multiplier” really exists. In the view
of post-Keynesian economics, the government can attenuate economic cycles via anticyclical
spending and saving. That is, in times of economic boom and high tax incomes the government
saves up money in funds that later can be spent if the economy drives into a recession to attenuate
the economic downturn. However, money that is saved on bank accounts will keep on circulating
in the economy via credits. Does it make a difference if the money is put into circulation by the
government or the banking system?
15This is an excellent definition. However, many textbooks state that the money interest rate was
a “prime to abstain from consumption” (e.g. Süchting 1995: 437; Engelkamp and Sell 2005: 166).
However, money is only a voucher, or accounting unit to facilitate barter. Money is not a real
good and does not have any intrinsic value, from which consumption one might abstain. Only if
the voucher is interchanged for a real good, such as a car, and the owner decides to lend it to
someone instead of using it himself, only then he abstains from consumption. And only then it
makes “sense” (Steiner 1979: 50) and it seems to be justified to charge a rent (on the moral-ethic
aspects of interest see Fuders 2010b, 2017).
16Interestingly, for Muslims the Quran prohibits this equalization of productive gains with interest
for lending money, cf. Surah 2.275. The Holy Bible also prohibits the money interest rate (e.g.
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Fig. 2.6 Interest Rate and real GDP growth (% change from year ago). Solid line: real GDP
growth; dashed line: 10-Year Treasury Constant Maturity Rate. (Source: own work, based on data
provided by Federal Reserve Bank of St. Louis)

generates interest constantly and independently of economic production, and in
this way creates the unnatural, exponential expansion of money supply and in this
compels the productive economy to keep pace. Of course, also in a zero-interest
environment there are possibilities to make a profit via productive investments.
However, this profit would then be based on real economic output, i.e. on the real
value that has been produced. This would not only make a mayor difference to
the current system from a moral-ethical perspective (see Fuders, 2010b, 2017), but
would also create a productive economy that is not compelled to constantly try to
catch up with growing interest burdens.

Today we have quite some difficulties in distinguishing the money interest rate
from real economic profits since we use the terms “money” and “capital” usually
as synonyms, as if money was a production factor like capital. Yet money is no
production factor, does not work (as banks sometimes try to make us believe) and
does not have offspring (Aristotle 1995: 23). Money also is not a real good and,
thus, does not have any intrinsic value (Galbraith 1983: 78; Keynes 1983). Money
is only a medium to facilitate the exchange of real goods and services. Any increase
of monetary units by interest (and debt) means that someone has to work for them
and therefore increase production.

Deuteronomy 23,19; 23,20–21; 24,10; Exodus 22,25; Leviticus 25,35–37; Ezekiel 18,8; 18,13;
22,12; Psalm 15,5; 112, 5; Proverbs 28,8; Luke 6,30; 6,35; 1 Timothy 6, 9; see also Fuders 2017).



2 The ‘Tragedy of the Commons’ and the Role of the Money Interest Rate 35

That real economic gains are also possible in an economic system with zero
money interest rate, is sometimes used as an argument for interest being something
natural and hence impossible to avoid. This argumentation is based on the confusion
of capital with money. For example, a blacksmith lends one of his plows to a farmer
for a fixed period of time and receives a sack of potatoes as a reward from the
harvest. The sack of potatoes represented the interest for leasing the plow (Rösl
2006). However, the plow is real capital and not money. The sack of potatoes is a real
economic gain. Something was really produced. In this example the blacksmith did
not make money with money, which is why his gain is not interest but the lending
fee for a real good (real capital). Note that this affirmation would even be true if
the Blacksmith in this example was not paid with potatoes but with money that
the farmer had gained from selling the sack of potatoes to someone else. Money
flows from one person to another: total money supply does not increase. Because
money is not earned with money, the financial system cannot decouple from real
economy. If all loans worked like this, there were no money (and price) bubbles,
and no obligation to keep up a certain growth rate.

In this context some interesting questions arise. In South America we still find
groups of indigenous people that were able to maintain their traditional lifestyle and
live in a more or less self-sufficient manner. If all people lived in such a way natural
resources would surely not be over exploited. So, can we learn from them? How
were they able to preserve this way of life? Is it because they are better connected
to nature? Yes, this could be possible. But it also might be that the reason for
being more connected to nature is because they do not have a financial system that
obligated them to grow the last 700 years.

2.5.7 Conclusion

A positive money interest rate obligates to grow but also makes growth possible.
That is, until the debt bubble bursts when too many debtors default and banks
go bankrupt. At this point people lose confidence in the banking sector and start
keeping money under the pillow. Then, money does not circulate anymore via loans,
the money multiplier constricts, and deflation and deep economic depression prevail
(as occurred during the Great depression – see Dornbusch et al. 2009). Since this is
far from a desired outcome, for centuries world economies have grown or aspired
to grow. The exponential growth of real productive capacity –inculcated by our
financial system– also affected the size of fishing boats, to return to that example.
That is, the growth imperative triggered not only the economic development but also
the technological evolution over centuries.

Our financial system exerts constant pressure for economic growth, but just as
there “ain’t no such thing as a free lunch” (Dolan 1971: 14), there is no such thing
as “sustainable growth”. As the first law of thermodynamics tells us, we cannot
create something out of nothing. The more that is produced, the more resources
are needed, but many of them are finite (Maedows et al. 2004; Daly and Farley
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2011; Azkarraga et al. 2011; Constanza et al. 2012; Farley et al. 2013). That endless
physical growth is not possible is an issue that was already raised by Aristotle (1995:
17). Steady economic growth must lead to overexploitation of nature. This is even
true for renewable natural resources, since steady economic growth means that at
some point, we will start reducing the resource at a faster pace than it reproduces.
This leads us to the next point.

2.6 Privatization Does Not Solve the “Tragedy
of the Commons”

2.6.1 Privatization Does Not Necessarily Avoid
the Overexploitation of Resources

Interest brings with it the need to grow, which gradually leads us to the gigantism
that, when applied to free access regimes, leads to overexploitation. Yet, using the
example of the ocean, even if this common resource was privatized (via management
zones with a single owner per zone), overexploitation might still occur, even
to the point of threatening population viability. That even a limited number of
appropriators (owners) might increase the quantity of resource units they harvest so
that they either dissipate all potential rents or totally destroy the resource has been
pointed out also by Ostrom (1990). The reason is, again, the interest rate: the greater
the interest rate, the smaller the Net Present Value (NPV) of future harvests.17 If the
NPV of future harvests is less than the amount I can obtain by selling all of my
fish stock (or timber in case of a forest) today, it is economically profitable to sell
the entire stock today instead of managing harvests sustainably and each year only
harvesting the amount that is reproduced (Ackermann 1994). Or, in other words: if
the interest rate paid by the bank is high enough, it is worth it to harvest the entire
stock and let the money “work” in the bank. Envisaging such a situation Herman
Daly once remarked that anything in nature that does not reproduce at the pace of
the interest rate is potentially in danger of extinction (Daly et al. 1989).

2.6.2 Privatization Does Not Necessarily Avoid Unsustainable
Resource Management

We should mention that the interest rate places a value on time (“time is money”).
This is probably the main reason why renewable resources are often managed in

17The NPV of a future earning is the value that would have to be deposited in a bank today, at the
current interest rate, in order for the deposit to reach the expected future value of the earning.
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an unsustainable way. An example is the forest landscape in south-central Chile,
which is dominated by exotic, fast growing species while native forests are generally
secondary and degraded (see also Chaps. 4, 5 and 8 in this book). Why do forest
companies prefer to plant monoculture plantations of eucalyptus or pine instead of
native species? A pine tree grows quickly, but it also sells cheaply. By contrast, a
native tree grows more slowly but sells at a higher price. If, for example, a native
tree needs two times as much time as a pine tree (Pinus radiata) before it can be
harvested, but would also sell for about three times the price, as is the case with
Chilean raulí – Nothofagus alpina (Cubbage et al. 2007), one might think that the
plantation owner would prefer to plant raulí, since the return in relation to the time
needed until it can be harvested is higher than that of a pine tree.

Yet this is not the case. Instead, forest companies prefer to plant exotic species,
thereby also increasing biodiversity loss, soil degradation and the risk of forest fires.
The reason for this is that their profit calculation is distorted by the fact that time is
not a neutral factor, but rather interest places a value on time. Accordingly, a species
that grows faster often appears to be more profitable than a species that grows
slowly, even if it sells at a much higher price in relation to the time that is needed
until harvesting. In other words, depending on the interest rate, the NPV of the
price of a tree that is harvested in 30 years might be less than the NPV of a species
that is harvested in 15 years, even though it sells for a price twice as high. This
‘time-is-money-pressure’ applies to both privately as well as to commonly owned
resources. Here, Elinor Ostrom is right when she concludes regarding Common-
Pool Resources (CPR) and tying on insights from Game Theory that “the higher the
discount rate, the closer the situation is to that of a one-shot dilemma in which the
dominant strategy of all participants is to overuse the CPR” (Ostrom 1990: 91).

There are two obvious avenues to avoid monocultures of exotic species. The first
is that the government imposes rules that restrict such actions, as is done in many
parts of the world. The second would be to have a financial system in which the
interest rate did not distort how economic actors calculate profits. This would allow
for long term investments in natural resources and, hence, result in the planting of
more native forestry.

2.6.3 Conclusion

The current system forces a choice between unsustainable growth and unemploy-
ment and so misery as Constanza, et al. (2012: 42 f.) correctly put it. As a result,
environmental degradation is occurring across the globe at record levels and we
cannot continue in this way (Maedows et al. 2004; WWF 2018). It should be
mentioned that the interest rate paid for lending money is a very unnatural construct
invented by human beings (Aristotle 1995: 23; Kennedy 2011: 19 f.) and contradicts
the laws of physics (Soddy 1934). It is possible to change the financial system and
move toward one that permits a sustainable development (Kennedy 2011; Azkarraga

http://dx.doi.org/10.1007/978-3-030-35379-7_4
http://dx.doi.org/10.1007/978-3-030-35379-7_5
http://dx.doi.org/10.1007/978-3-030-35379-7_8


38 F. Fuders

et al. 2011; Fuders 2009a, 2010a, 2016, 2017; Fuders and Max-Neef 2014a, b). In
the next paragraph it will me mentioned how this could be achieved.

2.7 Summary, Outlook and Final Considerations

Allocating private property rights to originally freely accessible natural resources
might produce short-term benefits as homo oeconomicus will not seek to deplete
their source of income. However, privatization as a strategy for environmental
protection does not attack the root of the problem and also permits monopoly
rents (natural dividend) for some people, and therefore generates unjust incomes,
inequality and allocative inefficiency. It was further illustrated that since privatiza-
tion does not get at the root of the problem, it does not ensure sustainable resource
management and, in fact, does not even guarantee that those resources will not be
exploited until their total extinction.

Chile is an excellent example. Even though its coastal zones (management
areas) and forests are widely in private hands, the biodiversity in these ecosystems
is increasingly degraded. This chapter defends the hypothesis that environmental
degradation is not solely a product of classic market failure but results from the fact
that the economy is obliged to grow. This is the primary and transversal failure of
our economic model, though it is not recognized as such in conventional economic
texts. The growth imperative does not (only) come from greed and economic agents’
interest in increasing their profits, but rather originates in the financial system in
which money is the counterpart of debt and both the money supply and the total
debt of a given country grow constantly through a mathematical logic based on the
interest rate. This exerts a constant tacit pressure on the economy to grow at least
at the same rate. In other words, regardless of whether or not natural resources are
freely accessible goods, they will be overexploited in the long term because of this
logic of growth.

Economic schools should critically analyze conventional economic theories in
order to formulate a new model for a market economy that is not perverted by the
need to grow. We could probably learn a lot from the German-Argentine economist
Silvio Gesell (1949) and his work, “The natural economic order”. Gesell proposed
a currency that cannot be hoarded eternally, and thus circulates without interest
as “reward for parting with liquidity” (Keynes 1936: 167) being necessary. This
interest free currency, Gesell called it “Freigeld” (free money), would serve solely
as a means to facilitate the interchange of goods and services and not to store wealth.
Consequently, it would truly comply with the concept that conventional economic
theory usually calls “monetary neutrality” (Stiglitz 1998: 187), but which cannot be
sustained under today’s financial system (Fuders 2017). Today, money is not neutral.
Rather, it generates a constant increase in a country’s total debt (and, in fact, also
in inequality since deposits and debt grow in a likewise manner); and generates the
obligation to grow, and with it contributes significantly to the destruction of the
planet.
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We can envision, that without the obligation to grow and without the possibility
of accumulating large amounts of virtual wealth (Soddy 1933, 1934: 36) in bank
accounts that reproduce “on their own” (which even ancient Aristotle (1995: 23)
found to be unnatural), the abuse of nature might decrease significantly. In any event,
what can be affirmed is that with the current financial system, a sustainable future is
not possible (Azkarraga et al. 2011). Hence, environmental protection politics that
do not take this system into consideration can be considered a farce (Fuders and
Max-Neef 2014a).

It is worth mentioning that development does not necessarily require economic
growth. Growth is quantitative and refers to the increase of the total output
of an economy while development is qualitative and depends on the subjective
perception of the satisfaction of human needs. We can develop infinitely without
having to steadily increase the production of goods and services. For example, we
could improve our computers, making them more efficient and effective without
necessarily increasing the number of units sold. If we want an economy that satisfies
fundamental human needs, that is Development at a Human Scale (Max-Neef et al.
1991),18 if we want to turn our world away from the current “collision course”
(Max-Neef 2010) then we have to reform our money first.

Finally, we might also need to rethink private property laws. From an economic
perspective, private property makes sense when applied to man-made products but
not necessarily when applied to natural resources. Surely nobody would produce
something that he later cannot label “his own”. But this argument does not apply to
natural resources, as e.g. primeval forests, since they are already supplied by nature;
and that a private owner better protects a natural resource than the government is
not necessarily true as has been argued in this chapter. We have seen that also under
private control the money rate of interest leads to unsustainable management of the
forests and fishing industry, allowing for monopoly incomes. More detailed thoughts
on private property law and the management of natural resources are outlined in
Chap. 3.
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Chapter 3
Allocative Efficiency and Property Rights
in Ecological Economics: Why We Need
to Distinguish Between Man-Made
Capital and Natural Resources

Felix Fuders and Roberto Pastén

So neither the one who plants nor the one who waters is
anything, but only God who gives the growth.

(1 Cor. 3: 6–7)

3.1 Introduction

3.1.1 Privatization of Natural Resources Does Not Protect
Against Over Exploitation of Nature

Chapter 2 outlined why, despite the homo oeconomicus having a vested interest in
preserving future sources of income, assigning property rights to natural resources
does not necessarily prevent nature from being excessively exploited. This hypoth-
esis runs counter to conventional economic thinking in which assigning property
rights is presented as a solution to overexploitation. Instead, it was argued that
the lack of sustainability in the management of natural resources has its origins
in our monetary system where the money interest rate (as the opportunity cost of
any productive investment) exerts a constant pressure on businesses to achieve a
rentability at least as high, which is why the economy has to grow at least as the
same pace. In other words, regardless of whether or not natural resources are freely
accessible goods, they will be over-exploited in the long term due to this logic of
constant economic growth. In addition, the privatization of the originally freely
accessible natural resources allows for so-called monopoly rents (often described
as “natural dividend”) and, thus, an unjust income, i.e. an income not based only
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on the owner’s effort.1 Chile provides a case in point. Although the coastal areas
are divided in exclusive management zones (áreas de manejo) and the forests are
predominantly privately owned, neither aquaculture nor forestry are sustainably
operated (regarding aquaculture see: Sommer 2009; Allsopp et al. 2008; regarding
forestry: see Chaps. 4 and 5). Here, unsustainable resource management cannot be
explained with the free access to resources.

3.1.2 Regulation of Privately-Owned Resources?

Although unsustainable practices are common in south American forestry (for
instance, planting monocultures of non-native species and the practice of clear cut-
ting), governments could regulate such practices through legislation. For example,
in Germany the federal forest law seeks to balance the interests of forests owners
and the common good (§ 1, No 3 Bundeswaldgesetz). Forest owners are obliged to
manage their forests in a proper and sustainable manner (§ 11 Bundeswaldgesetz).
The respective federal state laws in Germany build on this premise by obligating
regional and local governments to establish forest use plans that try to maintain the
protective and recreational functions of forests as well as their biodiversity (e.g. Art.
6 Bayerisches Waldgesetz). Similar regulations enacted across Europe have resulted
in marked improvements in forest management. For example, the clear cutting is
now very uncommon in many countries (Paletto et al. 2008; Lundmark et al. 2017).

Even better than regulation, however, would be to establish a financial system
that does not force the productive economy to constantly grow and in which the
money interest rate does not bias the profit calculations of economic agents as
explained in Chap. 2. Assigning private property rights and artificially restricting
the access to natural resources and in doing so allowing for monopoly rents would
then be unnecessary. As was already outlined (Chap. 2), such a monetary system
was suggested 100 years ago by Silvio Gesell (1949).2 Gesell proposed a currency
(Freigeld) that circulates in the economy without interest as “reward for parting with
liquidity” (Keynes 1936: 167) being necessary. This currency would serve solely as
a means to facilitate barter and not to store “virtual wealth” (Soddy 1933). It would
probably truly comply with the concept that in economic theory usually is known as
the “neutrality of money” (e.g. Stiglitz 1998: 187), but which cannot be hold in the
current financial systems (Fuders 2017).

It is quite conceivable that without the obligation to grow, an equilibrium could
be achieved, that comes close to the “steady-state-economy” described by Herman
Daly (1991), but without the need for the government to artificially regulate input

1Economic “rent” is a term that defines an amount of money earned that exceeds that which
goes beyond the opportunity costs of production factors invested. Economic rents often arise from
market inefficiencies.
2See: Fuders 2009, 2010, 2016, 2017; Fuders and Max-Neef 2014a.
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and throughput of production processes (Fuders 2016).3 Unfortunately, it is unlikely
that such a reform of our financial system will occur in the near future. It should
also be noted that technological innovations (possibly themselves triggered by the
growth imperative) cannot be withdrawn. Consequentially, even if such a reform
occurred, we would not return to using axes to cut trees or small artisanal fishing
boats to catch fish. Indeed, when viewed through the lens of Hardin’s (1968)
“Tragedy of the Commons” metaphor, technological advancements have made huge
swathes of natural resources as accessible for exploitation as the shared pasture
ground in a village.

This begs the question, how can we protect our natural resources meanwhile the
current system keeps functioning the way it does, i.e., meanwhile all productive
processes have to grow at least at the rhythm of the money interest rate as
opportunity costs of any productive investment? Given our current world financial
system would it not still be recommendable to restrict access to natural resources
combined with strict regulations (e.g. prohibition of clear-cuttings and monocultures
of exotic species) in order to achieve a sustainable management, even though this
allowed for monopolistic incomes? These questions will be explored in the next
paragraphs.

3.2 Natural Resources Belong to All People

3.2.1 Distinction Between Man-Made Products
and the Produce of Nature

Since the excessive exploitation of nature does not result from free access to
resources, but from the growth imperative that the money rate of interest exerts since
about 700 years over our economies worldwide, it was concluded in Chap. 2 that
natural resources, especially land and soil, mineral resources, water and air, should
remain freely accessible. From the perspective of allocation theory, free access (in
the absence of the growth imperative) is most efficient and results in prices equaling
marginal costs.

We need private ownership of man-made goods, otherwise no one would
manufacture them. For example, let us imagine a coffee loving country, whose
government declared drinking coffee as a human right and therefore prohibited
private ownership of coffee machines. Would coffee machines be produced or sold
in this country? Probably not. Anyone who produced a coffee machine would not
be able to sell it, since in the moment it is produced, the producer would lose the
ownership. It also seems fair that someone who produces goods is rewarded for the

3At the same time this monetary system would abolish a powerful force behind the steadily
growing income inequality, avoid inflation and deflation as well as financial crisis. On this see:
Fuders 2009, 2010, 2016, 2017; Fuders and Max-Neef 2014a, b.
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creation of the added value, i.e. for his labor or work performance. Private property
has always existed, even though it was not always explicitly anchored in laws. The
biblical commandment “Thou shalt not steal”, for example, would be superfluous if
private property rights were not thought to be necessary to assure a living together in
justice, peace and harmony. However, one might wonder whether it is right and just
to consider ‘pure natural resources’, that is goods that are produced and provided
by nature only, as private property. These are goods that humans did not create or
add any value such as land, water (lakes, oceans, groundwater basins) and resource
stocks that provide ancient forests, original fishing grounds or mineral resources.
Thus, private property is not necessary to provide an incentive so that these goods
are produced, since nature does this for us. It makes sense, therefore, to distinguish
between goods made by man and those produced by nature, and assign private
property only to man-made goods. This would result in pure natural resources
becoming freely accessible to all humans and animals. This idea is not completely
new, but almost completely forgotten. It has been envisioned 150 years ago by Henry
George (1935) in his in-depth inquiry into the fairness aspects of such a distinction.
Fifty years later Silvio Gesell (1949) incorporated similar thoughts into his model
of a “Natural Economic Order”.

3.2.2 Free Access for Everyone to ‘Pure Natural Resources’

Free access to ‘pure natural resources’ is not only required to achieve allocative
efficiency (Chap. 2) but also recommendable from the point of view of justice.
After all, they were created for everyone alike (George 1935). This would truly be a
natural property order since tribes of aborigines all over the world do not recognize
property rights on nature but they do respect belongings of each other, which are the
produce of man having applied labor to transform natural resources, even though
this ‘property law’ might not be written down anywhere but exists only as a sort of
customary law.

Incidentally, in biblical times there was no private property on land, mineral
resources or water below the king, i.e. the government of State (Leviticus 25:
23). The biblical commandment “Thou shalt not steal” can therefore only refer to
goods produced or harvested by man. This aligns with St. Paul’s first epistle to
the Corinthians: “I planted, Apollos watered, but God gave the growth. So, neither
the one who plants nor the one who waters is anything, but only God who gives
the growth” (1 Cor. 3: 6–7). Today, however, we often harvest that which we have
not even planted or watered yet, without work, should we claim private ownership
of such natural products? Only if man himself performs work to achieve the end
product is it just to claim private property (George 1935). It is therefore worth asking
whether the effort of harvesting (without applying any finishing) justifies claiming
property of those resources?
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It might be argued that harvesting is, indeed, sufficient effort to justify property to
the harvested resources. Timber or fish would then belong to the person that felled
the tree or set the net, respectively. But even then, the access to primeval forests
and fishing grounds or to other resources made by nature and exploited by humans
have to be possible for everyone. This is a powerful argument that pure natural
resources should not be privatized. Had man also tried to privatize land, water and,
more recently, air (emissions trading can be considered as a form of privatization of
the air; Lohmann 2006) already in Moses times, maybe God would have specified
in the Ten Commandments that the commandment not to steal is not applicable to
land, water and air, which in any case can be regarded as gifts to all mankind and,
thus, equally belong to everyone (Psalm 115; George 1935).

3.2.3 Potential Access for Everyone to Plant and Harvest

What has been said so far does not apply to agricultural and forestry products that
have been planted by man himself. These should not remain freely accessible, since
effort must be rewarded. Here, the value added to the product from the effort of
planting and watering justifies private property. Interestingly, this aligns the, already
cited, epistle to the Corinthians: “The one who plants and the one who waters have
a common purpose, and each will receive wages according to the labor of each” (1
Cor 3: 8). Today, however, this is not always the case as the owner of land can earn
more than a corresponding pay (more than the opportunity costs of the production
factors invested) for his efforts. This additional remuneration has been described
as a “natural dividend” but, as explained in Chap. 2, constitutes a monopoly rent
and results precisely from the allocation of soil, mineral resources or water to a
restricted number of private owners. So, on the one side, access to land needs to
be restricted so that the one who planted can also collect a harvest. On the other
side, the assigning of property rights that enable a small number of persons high
monopolistic incomes should be avoided. And from a moral point of view: must not
all people have to have an equal right to access the land used for agriculture and
forestry?

How can we grant the access to land or other resources for everyone but at
the same time (1) assure a sustainable use and (2) grant those who plant, water
and harvest a just remuneration according to their efforts, i.e. production factors
invested? Here is justified the demand for equal rights to potentially access the land
and water so that everyone has the same opportunity to plant and water and later
harvest. In other words: While private property on land and water as pure nature-
made products should not exist, the produce that is gained with land and water as
well as any edifications should still be private. The next lines will propose three
policies to get out of this dilemma, depending on the resource.

http://dx.doi.org/10.1007/978-3-030-35379-7_2
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3.3 Policies

3.3.1 “Pure” Nature-Made Products: Concession or Quotas

Not only do we not solve the environmental degradation problem through private
property of biotic or abiotic resources purely produced by nature. Rather, our private
property system becomes highly unfair. How can it be, e.g., that in many South
American countries a significant proportion of total land tenures belong to only
a few families. With what right do private companies, in their name (and purse),
exploit copper in Chile, even though the Chilean constitution correctly states that
copper belongs to the Chilean people4?

3.3.1.1 Concessions

If the state does not want to exploit the natural resource, it may give concessions to
private firms to extract and market the resource on its behalf. Copper mining in Chile
operates on the basis of concessions. However, the companies market the copper not
on behalf of the state but for themselves, requiring a relatively small royalty fee of
~4–9% levied. This tax could certainly be much higher. Actually, the return of the
sale should be transferred fully to the state, who could then use part of the income to
pay the mining company a sum equivalent to the opportunity costs of production
factors invested. With the remaining income, the State can finance its budget.
Thus, indirectly all citizens would benefit from natural resource exploitation, as
intended by the Chilean constitution. The same could apply to the exploitation of
original fish stocks or the cutting of old-growth forests (if it was decided to exploit
them). Concessions allow the State to impose rules and supervise exploitation
ensuring sustainable extraction. However, the current model for concessions in Chile
allowing private companies to exploit and sell the natural resources in its own name
could be interpreted as a form of camouflaged privatization of goods that belong to
all.

The suggestion that the exploitation of pure natural resources, where humans
have not added any value (in form of planting and watering) should be carried out by
private enterprises on behalf of the State, must not be mistaken with Marxism. This
text argues that only commodities purely produced by nature should be common
property, not all means of production, as suggested by Karl Marx (Marx 1872). This
corresponds to the natural, millennia-old practice, it is, as stated above (Chap. 2),
to be advocated from the point of view of allocation theory and appears fair and, by
the way, also Christian. It has already been mentioned that in biblical times private

4“Disposición Tercera Transitoria“, Constitution from 1980 in conjunction with “Disposición 17ª
Transitoria“, Constitution from 1925. On might even argue that natural resources belong to the
whole world, and not only to the people who by chance live on, over or nearby the territory where
the resource is exploited (Gesell 1949).

http://dx.doi.org/10.1007/978-3-030-35379-7_2
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ownership of land, water and air did not exist. All land (and other natural resources)
was tenured by the respective King. This system was mirrored in Europe were, until
the Early Middle Ages, only the King and his nobles owned land (a power structure
with parallels to current federal governments). Everyone else was a tenant, paying
rents, or ‘tributes’, from the goods they produced. The more land a family would
want to use for agricultural production the more tribute they had to pay. This system
has been described as the origin of the obligation to pay taxes (Pfeifer 1993).5

In order to assure that a concession is truly a concession, and not a hidden form
of privatization, concessions should comply with three policies: Firstly, they should
be re-called after a set time period. Secondly, they should be assigned to as many
individuals or companies as economically reasonable. These two policies increase
the potential opportunity for everyone to access. Thirdly, the concessionaires are
required to submit the exploited resource directly to the State or, alternatively, sell
the resource in the name of the State and transfer the total return to the State. They
would then be paid a customary return corresponding to their cost structure and
production factors invested.

3.3.1.2 Quotas

For the exploitation of primeval old-growth forests as well as fishing ground also
quotas (contingents) can be assigned to individuals or firms. A main difference
between quotas and concession is that quotas can be given to a relatively high
(but limited) number of individuals. Furthermore, in contrast to concessions, quotas
do not require the negotiations of complicated contracts between concessionaire
and the respective government. Concessions therefore are particularly suitable
assigning exploitation rights that require high initial investments such as those
that are reliant on economies of scale (e.g. mining activities). This is not the case
for the exploitation of primary forests or fishing grounds. Quotas should only
be implemented when effective monitoring can be ensured. Strict monitoring is
one of the eight design principles for efficient governance of commonly owned
resources that Elinor Ostrom proposes (Ostrom 1990). If the government manages
to effectively control quotas (e.g. by fining those who exceed them), this will lead
to the dominant game theoretical strategy where all cooperate (Ostrom 1990), i.e. a
situation where all stakeholders win.

5Only later this governmental structure was watered down when Kings in Europe gave land titles to
ever more nobles, who themselves also gave land titles to nobles of inferior categories (landlords).
Although this resulted in more private people (nobles and landlords) owning land tenures, the
vast majority of the citizens still did not own any land. In consequence many felt discriminated,
the divine precedence of the governmental structure was questioned, and social class struggles
emerged. These led into land reforms in many European countries and the registration of land
ownership in cadasters where every person could own land.
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Regarding quotas some challenging questions arise:

• Should the quotas be sold or assigned freely?
• If they were to be sold, how would they be priced?
• If they were to be free, to whom should they be given and who takes the decision?
• Should they be transferable (marketable) or not?

Any price that a government sets up is unlikely to be the market equilibrium
price, that is to say, the Pareto-optimal price that balances demand and supply.
But, a government (or any local decision taker in self-governed commonly owned
resources) could assign quotas via an auction where they are assigned to those
individuals who offer the most. This way the price can function as rational to assign
the resource to those who most value them, e.g. those who perceive the highest
utility from harvesting the timber or fish. In addition, selling has the advantage that
those, who did not receive a contingent, would indirectly benefit as the revenue from
sales could mean that the State needs charge less taxes elsewhere.

Here, there is a problem, not commonly discussed in the mainstream economic
literature, that is worth mentioning: the marginal utility of money (MUM), that is
the utility we perceive from earning the next unit of money, depends on our “virtual
wealth” (Wv) (Soddy 1933), i.e., the units of money we already possess: MUM =
f (Wv). The more monetary units someone possess the less they will value earning
the next unit (Fig. 3.1). This is not a specific problem with quotas but a general
problem regarding market equilibrium that brings along extreme wealth inequality
(overview in Piketty 2014)6 and that makes any market equilibrium imperfect. The
classic definition of efficiency, i.e. the cost of the last unit produced equals the value
the consumer attributes to this good (marginal costs equal price), is perverted by
the fact that the monetary units used to express costs and prices do not have the
same perceived value (utility) for each individual consumer. A certain price can

Fig. 3.1 MUM = f (Wv).
(Source: own work)

6Piketty has shown through tax records that the capital-income ratio β has risen from approximately
2.5 to over 4 worldwide since the end of World War II. He forecasts that β will have risen to more
than 6.5 by the end of the century.
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be unaffordable for one person and extremely cheap for another. Hence, marginal
production costs might equal the price, but not necessarily the marginal utility of
the consumer.

Alternatively, quotas could be free. People who are less interested in exerting
the exploitation right could opt to sell it if quotas were to be transferable. Then,
someone who has a particularly strong interest in using the natural resource might
buy additional quotas from others with less interest in exploiting the resource
(such as those who attribute a higher value to the money they can receive selling
their contingent instead of exploiting the resource themselves). Here, again the
price functions as rational to assign the resource to those individuals who most
value them, something to be desired from perspective of allocative efficiency.
Nevertheless, a strong argument exists for quotas to be non-transferable, or at least
that the number of quotas that one individual can buy be limited. Otherwise a
rich person could buy all quotas and monopolize the originally commonly owned
recourse. This is not to be desired from the point of view of justice (the resource
was created for everyone) or allocative efficiency, since the individual who obtains
a mayor proportion of quotas would be granted a monopolistic position, that per
definition is not efficient (price unequal marginal revenue) permitting monopoly
rents. In other words: allowing one or few individuals to obtain majority portions
of exploitation rights can be seen as camouflaged privatization, comparable to a
concession where the concessionaire is allowed to sell the extracted resource in its
own name (and purse).

Regarding the question of who should be in charge of assigning exploitation
rights, there is a strong argument that this should be done as much on a local level
as possible (although this might not always be possible, e.g. in case of oceanic
fishing grounds). All four examples of a successful sustainable use of commonly
used resources that Elinor Ostrom describes in her masterpiece “Governing the
Commons” had in common that the use of the common-pool resource was locally
regulated. Better than by a central government on the local level it is possible to (1)
clearly define exploitation rights (boundaries), (2) allow local people to participate
(collective choice agreements), to (3) monitor the compliance of established rules
and to (4) apply sanctions when needed. These are four of the eight design principles
Ostrom (1990) proposes for a sustainable common usage of resources. Here, a
federal governmental structure, such as found in Switzerland or Germany, has an
advantage compared to a more centralized governmental system. Nevertheless, it
is also possible that strongly centralized governments, such as Chile, could try to
decentralize the allocation of quotas by the regional dependencies of the central
government (regiones) who could then form locally based governing entities to
govern common-pool resources making participate local stakeholders.

3.3.2 Leasing of Land and Costal Management Areas

As an alternative to granting concessions or quotas, the state could also lease land
and management areas in coastal zones of the ocean. This model is probably best
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suited to natural resources that are planted and harvested by man such as agricultural
produce. This way we can comply with the above defined rule that pure nature-
made resources (here land and water) are to be hold by the public hand while
the products that humans make using the natural resources (here the forestry or
agricultural products) should be privately owned. The leasing rent level could be
based either on the hectares leased or on the profits of the forestry (or aquaculture)
company. Since the land belongs to all people, the lease should be designed in a
way to make it worthwhile to lease, but without monopoly rents being possible. The
ground on which self-used houses are built could be exempted from the leasing rent.
As in the case of granting concessions, leasing of land allows the State to impose
rules. For example, it would only be leased to those individuals or companies that
demonstrate sustainable forestry, agriculture or aquaculture. Such a solution would
require the State to buy back all land properties from private owners.

This approach has already been proposed by Silvio Gesell (1949), who demanded
next to an interest free money (Freigeld) a land reform, where all land is in public
hand but can be leased, while buildings are privately owned. Gesell called this
land “Freiland” (free land) and he argued, like this text does, that land is a gift
by nature to all people. In a civilized society regarding the access to land there is
another aspect to be considered: prices are particular high in those regions where the
infrastructure is good. However, infrastructure is usually not created by the owner
of the land, but rather constitutes a joint service of the society (George 1935; Daly
and Farley 2011; Löhr 2013, 2018). This is a further argument that the land itself
should not be privately owned (unlike the planted products or the buildings on it).
Furthermore, soil represents a universal basis of life and, as such, has a special
position within the natural resources (similar to air and water): every person needs
land to live on. However, land on a finite planet is limited (inelastic supply). Land
tenure conflicts between indigenous people and immigrants (see Chap. 7) would be
significantly reduced.

3.3.3 Private Property and Levying Monopoly Rents

Another possibility is to continue to allow private ownership of natural resources
but to try to levy monopoly rents through taxes. Regarding real estates a tax based
on the value of the land surface only, i.e. excluding the value of buildings or crops as
proposed by Henry George (1935) could bring the desired effects. This is similar to a
current proposal for a real estate tax reform presented by the initiative “Grundsteuer:
Zeitgemäß!” (For a contemporary land tax!) in Germany (Löhr 2013, 2018; Kriese
2019). Again, this initiative proposes to exclude the value of buildings from an
assessment of the property tax and to tax only the land value, i.e. from the value
of the real estate as a whole, the value of any edification would be subtracted.
Such a plan is contrary to the current taxing systems applied in Germany, Chile and
probably most other countries in the world. In the conventional system, the basis for
the assessment of real estate taxes is the value of the property as a whole, composed
of the land value and the value of any buildings.

http://dx.doi.org/10.1007/978-3-030-35379-7_7
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The proposed form of taxation respects the distinction between the land as a pure
nature-made natural resource that belongs to all, and the work performed on this
land by man who should be given the right to usufruct his efforts. The value of
the land alone (excluding the value of buildings and crops) can be regarded as a
monopolistic gain for the owner, since it derives from the assignation of property
rights (land titles) to him and not from his effort. It seems therefore fair and just
to levy this increase of value by the State who then can redistribute it to everyone
(George 1935). In practice, and recalling the proposal of John Stuart Mill (Mill
1885), a fair estimate could be made of the market value of the land, and future
additions to that value, not due to the improvements of the proprietor, could be
absorbed by the state. Note that this solution does not differ drastically from the
discussed solution of leasing land to citizens. While in one case citizens pay a
leasing rate to the State to usufruct public property, in the other, they pay taxes
on the value of their property.

We consider that the proposed form of land taxation is more just compared to
the current property tax also for another reason. As discussed above, real estate
prices are especially high in regions with good infrastructure, but this value is
most often created by the community, not the landowner (George 1935). In this
way the current taxing system privatizes common efforts. A reformed real estate
tax would also prevent the situation, common in many cities worldwide, where the
best locations remain fallow for long periods of time. As the current taxing system
taxes the whole value of the property (including land and buildings) land owners are
disincentivized to invest in expensive, quality and sustainable constructions, since
this would require paying higher taxes. On the contrary, fallow land currently incurs
in no or relatively low taxes. This generates a powerful incentive in cities to leave
plots idle, at least as long as real estate prices rise steadily for speculative reasons.7

Increasingly, investors will buy prime real estate sites for speculative reasons and
not to actually develop or to plant on it causing inflated prices. Local residents who
need land for homes are then unable to afford to buy in such areas.

A tax based only on land value would levy the increase in land prices and destroy
speculative rents and this way reduce speculative investments (George 1935). At the
same time, it would generate an elegant incentive to build in prime locations with
high-quality and ecological standards as the tax burden of the property owner would
not increase compared to less sophisticated constructions. That is to say, the owner
would not be punished for constructing long lasting, sustainable and architecturally
beautiful buildings, as is currently the case. Here we also see an advantage of the
pure land value tax compared to the above-mentioned solution of leasing of land:
Unlike a tenant, a landowner has a greater incentive to build with higher quality
standards and, in doing so, will generate positive external effects that benefit all. A

7This can be seen as a symptom of our monetary system that generates an exponentially growing
money supply that seeks to be invested (Fuders 2016, 2017; Fuders Max-Neef 2014a, b; Fuders
et al. 2013).
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tax of pure land value would also mean that land monopolies, as seen in Chile and
Brazil, would be less profitable, since fallow land would generate tax, but no income
for owners.

Note that the total tax burden of a person will not necessarily increase since the
government of the State could use the income to lower other taxes (“tax shift”).
Henry George was convinced that the real estate tax alone could be set in a way
that all expenses of the government would be financed (George 1935). In fact, as
mentioned above, the origins of taxes have roots in the tributes paid by citizens to
the King as a sort of leasing rate for the use of his land. If the land value tax is
the only existing tax it would then not be necessary to tax production, commerce
or labor as taxing systems in most countries do today, putting a pressure on the
productive economy, employment, our creative potential and finally, wealth. Hence,
a pure land value tax would not compromise the incentive to improve or lessen the
production of wealth (George 1935). Indeed, the international competitiveness of
the country’s economy could be enhanced by such a system.

3.4 Summary

This text builds on the insight from Chap. 2, that access to natural resources
should remain free. This would not only be recommendable from the point of
view of allocation theory, but also because it promotes a fairer system since natural
resources were created for all humans (and animals) alike. However, this solution
is not sustainable while maintaining the existing monetary system as this is a
powerful driver of the economy’s growth imperative. Given this current financial
system, this chapter invites to reflect about a reform of resource property law
that allows to protect natural resources and, additionally, to promote justice. Three
concrete proposals for such a reform depending on the type of resource have been
described:

1. Concessions and quotas
2. Leasing of land and costal management areas
3. Private property but levying monopoly rents

Concerning the land tenure, the reform proposal number three is particularly
promising as it could tie into existing legislation and therefore has the greatest
chance of being implemented. In addition, unlike a tenant, the private landlord has a
stronger incentive to build according to high-quality and sustainability standards
and, thus, to generate positive externalities which are beneficial to the common
good. From this perspective the proposal of a pure land value tax would be
preferable to the lease-solution. However, for the exploitation of pure nature-made
natural abiotic or biotic resources such as copper, coal, rare earths, original fish
stocks and primeval forests reform proposal number one (concessions and quotas)
seems to be most appropriate.

http://dx.doi.org/10.1007/978-3-030-35379-7_2
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In the classic liberal view all production factors, including natural resources, are
privately owned. On the contrary, following a Marxist perspective all production
factors are commonly owned. The purpose if this chapter, however, was to invite
to reflect on a scheme of defining property rights that depends on the origin of the
product itself as it had been proposed first by Henry George. Only for the produce
of humans private property should exist while for pure nature-made products (land,
soil, water, air, mineral resources, virgin forests, oceanic fishing grounds), where no
man has added any value, private property should not exist. Such a system would not
only be fairer, but it would improve allocative efficiency. The text then discussed, in
reference to specific examples, regulations and policies that would help to enact and
facilitate this system. However, such a sea change in property rights would not be
without difficulties and would require a more detailed inquiry than can be provided
here.
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Chapter 4
Subsidizing Green Deserts in Southern
Chile: Between Fast Growth
and Sustainability of Forest Management

Roberto Pastén , Nicolás Nazal, and Felix Fuders

4.1 Introduction

Local conservationism is often criticized by limiting the expansion of agriculture or
resource extraction especially in poor regions (Yergeau et al. 2017; Adams et al.
2004) Conservationists on the other hand argue that conservation can alleviate
poverty by supplying ecosystem services, chief among them tourism services while
at the same time protecting the environment (Grimm et al. 2008). Thus, ‘win-win’
scenarios may be possible in which ecosystems and their services are protected and
poverty alleviated. Nevertheless, for local entrepreneurs and public officials alike,
ecosystem service provision, particularly tourism is not enough to reduce poverty
and some level of extraction activities (e.g. forest exploitation) should be allowed.
These critics highlight the role that protected areas can play in limiting agricultural
development and the exploitation of natural resources. It has been shown the
protagonist position that protected areas can play in supplying ecosystem services,
promoting tourism and improving infrastructure. For example, empirical studies
have found that protected areas, on average, are effective in reducing deforestation,
although not as much as advocates may have expected (e.g. Cropper et al. 2001;
Andam et al. 2008; Pfaff et al. 2009; Sims 2009).

For some authors, the goal of conservation and poverty alleviation are conflicting,
for others, the establishment of protected areas resulted in an increased welfare for
the population (see Yergeau et al. 2017 for references). In lieu of the vision that
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a strong conservation policy would not be an option to alleviate poverty and that
some extraction activities are necessary to maintain a minimum welfare level, Chile
stablished at the beginning of the 1980s subsidies to help to develop a strong forest
sector. These subsidies were granted mostly independently of the species planted.

This article examines how this subsidy policy (negative tax) on marketed forest
products may affect cash income, the delivery of ecosystem services and under
what conditions this negative tax is welfare reducing rather than welfare enhancing
using the case of the forest sector in Chile as an example. This article proceeds
highlighting the permanent conflict between the extraction of a natural resource
(e.g. forest) and its conservation and critically analyzes the effect of a negative tax
for forest plantation. From the case study we draw some lessons for the response
to forest subsidy policies of the regional economy and its effects on distribution of
land between resource extraction and conservation. In the following section, this
theoretical model is developed and solved, followed by a discussion of the model
and its predictions, of the research questions and policy implications that are raised.
A final section of conclusions is included.

4.2 Case Study

4.2.1 Context/Background

In Chile, there are currently 101 units of Wildlife Areas protected by the State,
36 of them correspond to national parks, 49 to national reserves and 16 to natural
monuments. Altogether, these state-protected areas preserve a total of 14.6 million
hectares, which corresponds to 20% of the national territory (CONAF 2019).

In a world where protected areas reached 14.81% of the total land territory
(Worldbank 2014), growing significantly from 8.2% in 1990, the effort of some
nations to increase the territory under protection has been substantial. However, of
all the plant, amphibian, reptile, bird and mammal species that have gone extinct
since the sixteenth century, 75% were harmed by overexploitation or agricultural
activity or both in recent years (WWF 2018). Such statistics may suggest that the
conservation efforts are not yet sufficient to accomplish the goal of preservation and
sustainability of terrestrial ecosystems.

In Chile, for instance, less than 100,000 ha of Alerce (Fitzroya cupressoides)
are left. This species, also known as Lawal or Lahuen by the Mapuche indigenous
people, is unique in its kind, the oldest in the southern hemisphere and second
oldest on the planet after the Sequoia (Sequoia sempervirens). This resource was
reduced due to the overexploitation of the past century, by the use of its valuable
wood or its replacement with exotic plantations (Torrejon et al. 2011). Despite
of the conservation efforts of the Chilean State and despite the fact that this tree
was declared a natural monument in 1977, the Chilean protected areas system was
not able to protect this iconic and unique species of the southern geography. This
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takes on greater relevance if we consider that a large proportion of this remaining
100,000 ha have been guarded by private initiatives of NGOs such as The Nature
Conservancy (TNC) and the Pumalín Foundation (Rivera and Vallejos-Romero
2015).

Chile serves as a case of study of the application of structural reforms imple-
mented by the government since the 1970s (Klein 2007). Among these reforms, we
find the implementation of governmental policies for boosting industrial forestry
in the country (see also Chaps. 5 and 6 in this book). These policies promoted the
conversion of native forests from south-central Chile into industrial monoculture
plantations of fast-growing exotic species, in particular pines (Pinus radiata) and
eucalyptus (Eucalyptus globulus, E. nitens and others).

4.2.2 Economic Life Cycle of Forestry

In order to analyze the life cycle and economic consequences of forest plantations
it is necessary to refer to each of the stages of the production process of wood
products as well as their effect on the environment. When the land is used for the
first time for plantation of monoculture plantations, the process begins with a stage
of ‘cleaning’ and preparation of the soil. This requires few and unskilled labor to
carry out the extraction of other tree species or simply a burning method, no longer
allowed but vastly used until the decade of 1990. If the soil was being used for
agricultural purposes this stage is not necessary and it goes straight to the plantation.
After this stage, the plantation takes place followed by forest management (thinning
and pruning for radiata pine). Continuing with the production cycle, harvesting
and transformation of the timber product is carried out with greater necessity of
human work force and capital than in the earlier stages. In this stage the work
force is mostly required especially during the harvesting process, which takes place
every 15–20 years. The harvested wood is mainly transformed into paper pulp and
other products which generated exports of 5377 million dollars in 2017 (DIRECON
2017).

4.2.3 Employment

The forest industry generates around 300,000 direct jobs which corresponds to
approximately 3% of the total occupation of the Chilean work force (Lignum 2019).
According to the national socioeconomic survey CASEN (2016), in areas eminently
suited for forestry, the level of unemployment is consistently higher than the national
average. In areas where the main activity is forestry, the unemployment ranges
between 1.5% and 3% higher than the national average and is constantly above
the macro region where these communes are situated. A reason for this situation
could be the fact that most of these communes are covered in forest plantations with

http://dx.doi.org/10.1007/978-3-030-35379-7_5
http://dx.doi.org/10.1007/978-3-030-35379-7_6
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a crop rotation of more than 15 years and the harvest and re-forestation activities
do not generate sufficient long-lasting direct employment and added values. While
in former times the families living in these areas used to make up their livelihood
with the traditional agricultural activity during the whole year, they now are mostly
working in tasks related to the long forest cycles. However, these conclusions should
be taken with caution since we do not know whether or not without the industrial
forestry activities employment rates would be lower.

4.2.4 Income and Poverty

The reduction of poverty has been a macroeconomic and social success in Chile
during the past three decades, certainly due to the work of all industries in the
‘entrepreneurial ecosystem’. Nevertheless, when overviewing the contribution of
the forest industry, we observe that in spite of the reduction of poverty in communes
where it displays its operations, poverty is still persistently higher in communes
with forest industry compared with the rest of communes in Chile (CASEN 2016).
Here, the same caveat as before applies since we cannot compare this with the
counterfactual situation, which is why we cannot disregard evidence that without
forest poverty could have been even higher.

Regarding household incomes during the same period and according to the
same survey, they are significantly lower in communes where forestry plantations
are extensive. In consequence, the socioeconomic impact of the forest industry
measured by indicators of employment, monetary incomes and poverty rates in the
range of operation of the forest companies seems to be clear.1

4.2.5 Environmental Liabilities of the Forest Industry

The expansion of agroforestry like every economic activity generates an environ-
mental cost, especially in matters of biodiversity. In Chile, as it happened much
earlier in great part of Asia and Europe, agriculture was extended in the second
half of the twentieth century from soils more suited and easier to grow to areas of
more fragile soil, which until then had not been much affected by human activity.
The expansion of agriculture and then forestry towards pristine ecosystems caused

1However, this may also respond to the ‘cycle of copper.’ Copper is the other important product that
Chile exports next the forestry products. When copper is in an economic boom phase, the regions
with mining activity increase their incomes and employment and reducing poverty indicators,
whereas regions with agricultural and forest industries experience the contrary. This may be seen
as a sort of curse for economies based in the extraction of natural resources. When the mining
sector is depressed, the effect goes the other way around. The study takes into account the mining
boom period but not the period when copper price was depressed.
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important environmental liabilities, especially related to the loss of native forest and
a dramatic decrease of biodiversity (Stephens and Wagner 2007).

The Intensive forest activity in Chile, whose consequences we are analyzing,
started in the middle of the past century, in the first place for energetic usage (wood
and coal) as fuel for homes and industries, later for the exploitation of native forest
chips that were exported entirely to Asian markets (especially Japan) and finally
with the replacement of hundreds of thousands of hectares of natural forests by crops
of exotic tree species. Native forests were replaced with monoculture of introduced
(nonnative) species, mainly pine and eucalyptus for the production of cellulose and
timber products, activities subsidized by governmental incentives (Law DL 701, see
next section).

Despite of the scarce documentation of the situation of forestry environmental
liabilities and their difficult measurement and assessment, among the most impor-
tant liabilities of the forest industry we may find:

• Loss of biodiversity
• Reduction of streams in areas with plantations
• Landscape fragmentation and cultural uprooting
• Conflict between communities and companies transformed into a national issue

between the State of Chile and groups of indigenous peoples (Mapuche).

The debate on social and environmental consequences of the forest industry
started in Chile in the middle of the 1980s. The requirement of social and
environmental responsibility certifications can be seen as a result of this debate.

4.2.6 DL 701, an Incentive to the Replacement
of Native Forests

In 1974 the Chilean government signed the decree DL 701 which granted a bonus
of 75% of the cost of Pine and Eucalyptus plantations. After 23 years in force, in
1998 the DL 701 was extended for 15 more years with a retroactive section since
1996. In this occasion, the law was reformulated to redirect the benefit to small and
medium producers.

In the years 2012 the Chilean government renewed the DL 701 again for 2 more
years. In 2015, the law was submitted to the Congress for another extension this
time despite of the resistance of social and environmental groups. The argument
for a new extension of this subsidy was that boosting forestry in the country would
help reduce the greenhouse gases emission. Basically, the idea was that through the
plantation of more Pines and Eucalyptus Chile would improve its balance of carbon.
The new Law of Forestry Development No. 19.561 redefined small and medium
forest producers as main beneficiaries of the bonus.

According to figures compiled by (Gysling et al. 2017) between 1974 and 2015
plantations for a total of 1,250,347 ha were subsidized. The afforestation imple-
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mented during this period was mainly with monoculture of Pine and Eucalyptus.
Between the years 1976 and 2016, the Chilean State allocated nearly 15 million
USD per year in benefits derived of the DL 701. According to (Gysling et al.
2017) in total over 566 million USD have been granted by the Chilean State for
forestry development due to this law, therefore subsidizing monoculture plantations
of nonnative species, mostly in favor of large forest companies.

The native forests of south-central Chile located between the eighth and tenth
region were mostly ecologically deteriorated in the period between 1980 and
1996 because of the replacement of old-growth forest by plantations of nonnative
rapidly growing species. Because of the DL 701 subsidy, plantations increased by
77.583 ha/year, reaching a maximum of one million hectares in 1984 (Gysling et al.
2017). The cold evergreen forest did not look so strongly affected since the arrival
of settlers in the area in the early nineteenth century, only that this time it was not
a survival reason that led to the burn and clear-cutting of thousands of hectares of
virgin forest. Despite the profitable business of forestry exports, companies were
largely subsidized with the alleged intention of restoring degraded soils or low
productivity areas with forest.

4.2.7 Environmental Impacts

The so called rapid-growth plantations with species such as Pine and Eucalyptus can
reach crop rotations (period between seeding and harvesting) from 12 to 25 years
depending on the characteristics of the soil, water and temperature conditions (Frêne
and Núñez 2010). In contrast, in plantations of native forest species, the rotation is
much slower and may range from 35 to 50 years for some Nothofagus species.

Some of the most significant impacts of industrial forestry, understood as
intensive monoculture plantations of mainly exotic (non-native) species, are those
which directly affect the soil where plantations are scattered. The Association of
Forest Engineers for the Native Forest has identified some of the key negative
consequences such as compaction, removal, erosion and depletion of nutrients
(Astorga and Burschel 2017). Concerning the effect in the availability of water in
plantation areas, scientific studies have determined as consequence of Eucalyptus
plantations that moisture reserves of the soil rapidly degrade: after only 4–6 years
the water consumption during the year is similar to the one observed in a mature
native forest. Therefore, the water consumption of this type of plantation is such
that in order to reach a fast development, it generates a hydric imbalance and
affects the physicochemical quality of waters. Studies carried out by researchers
from Universidad Austral de Chile established that the amount of water necessary to
produce a cubic meter of forest volume in Pinus radiata plantations at south-central
Chile ranged from 241 to 717 m3. In the case of Eucalyptus, the transpiration rates
depending on the species fluctuate around 20 and 40 l per tree and day (Huber and
Trecaman 2000).
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Due to this high consumption of water, the forest plantations leave behind a
lower availability of this resource for the activities of the population living in the
surrounding areas which affects negatively their quality of life (Donoso and Otero
2005). While native forests are an integrated ecological system dominated by local
tree species and natural accompanying vegetation as well as animals, fungi and
soil microorganisms, the forest plantations are artificial ecosystems of a single fast-
growing species, planted in homogeneous blocks of the same age, with a very low
presence of other flora and fauna species. Better that plantations, original forests
generate a series of ecosystem services that are fundamental for the life and welfare
of human beings such as water purification, climate regulation, soil formation,
CO2 absorption and oxygen release, in addition to other cultural, recreational and
tourism services and being home of people and ancestral communities that have
developed complex balanced systems to inhabit these places in continuous co-
adaptation (Chazdon et al. 2008).

4.3 The Model

We develop and solve an analytical theoretical model to describe people’s response
to an introduction of a subsidy (negative tax) on marketed forest products. The
model is based on Anthon et al. (2008) where the authors use a two-sector model to
study the effect of a tax on forest products marketed by the poorest people. These
authors do not consider environmental effects in the model, but they do include
leisure in the utility function that can easily be adapted to the environmental case.
However, the model presented here has several main differences with Anthon et al.
(2008). While in a two-sector model labor is required in both sectors, in our model
environment is not necessarily affected by two sectors. In the model presented here
land is distributed either for use in extractive uses (e.g. mining, agriculture, forest,
etc.) or for conservation. But, while conservation produces a flow of ecosystem
services, extraction activities preclude those ecosystem services to be provided, and
this is the second and main difference with Anthon et al. (2008) that will prove to
be critical in the assessment of results presented here.

We use the framework of a regional representative agent model and assume that
total land T is either destined to conservation zC or for extractive activities zF. For
the purpose of this model we identify the extractive activity with timber extraction,
but it could also be any other activity (e.g. mining, agriculture, commercial, fishing
etc.) where a product is marketable and ecosystem services provision total or
partially impaired. The local economy maximizes aggregate utility u of ecosystem
services provision q and flow of consumption c. Cash income for consumption
is obtained from forest production and any payment able to be captured from
ecosystem service provision provided by conservation, e.g. tourism. A minimum
of consumption is required not possible to be fulfilled exclusively through revenues
from conservation (i.e. tourism or payment from ecosystem services in general),
mostly owed to the impossibility to capture financially all ecosystem services
provided by conservation. Income from forest activity is pzF and income from
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payment for ecosystem services, such as tourism or other activities associated
with conservation, that is wzC, where p and w are the price of marketed forest
products and payment for ecosystem services respectively. Conservation activities
produce ecosystem services given by q = zθ

C , if there is no forest extraction, total
ecosystem services are given by q = T θ . Forest activities prevent the provision of
the ecosystem services in the amount Tθ − (T − zF)θ . The price w represents the
price of every parcel of land conservation that is possible to capture as payment
for ecosystem services but not the whole social value of ecosystem services. The
households´ problem to be solved is2:

maxc,qu (c, q) = cβq(1−β) (4.1)

s.t. c = pzF + wzC (4.2)

T = zc + zF (4.3)

q = zθ
C (4.4)

c ≥ wT (4.5)

c, q, T , zC, zF > 0 (4.6)

0 < β < 1; 0 < θ < 1 (4.7)

The households maximize utility under the budget constraint (4.2), a land
constraint (4.3) and an environmental constraint (4.4) and a minimum consumption
constraint (4.5). For simplicity, we build a static model, i.e. cash income is equal to
consumption. The price of consumption is normalized to 1.

4.4 Results

The result section is structures as follows. First, we look at the optimal land
distribution, consumption and ecosystem services provision. We then introduce a
negative tax (a subsidy) in the forest sector to see the effects on the optimal values

2The meaning of s.t.: important constraint that the functions must follow.
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of the control variables. Second, we observe the effects of changes in the price paid
for ecosystem services and its effects particularly in cash income for consumption.
Finally, we discuss some welfare effects associated to the negative tax.

4.4.1 Basic Results

We first take a look on the optimal land allocation, ecosystem services provision and
consumption. The concentrated problem can be defined as:

maxzCu = (p (T − zC) + wzC)βzC
θ(1−β) (4.8)

Which gives the following agent’s land allocation:

z∗
C = (α − β) pT

α (p − w)
(4.9)

z∗
F = Tβp − αwT

α (p − w)
(4.10)

α = β + θ (1 − β) (4.11)

Under Eq. (4.5), z∗
C, z∗

F ∈ [0, T] as the appendix shows.
Both, land destined to conservation and land destined to forest extraction are

complex nonlinear functions of the price of forests p and the price of Ecosystem
Services w, so it is not straightforward to say what the effect will be. This is
the goal of the following section. The results from Eqs. (4.9) and (4.10) can be
used to calculate the provision of ecosystem services q∗ and total cash income for
consumption c∗

q∗ =
(

(α − β) pT

α (p − w)

)θ

(4.12)

c∗ = Tβp

α
(4.13)

The optimal level of ecosystem service provision in our model depends exclu-
sively on land destined to conservation zc and how productive in terms of the
provision of ecosystem services this land is θ . Using Eq. (4.3), q∗ can also be
determined in terms of land for extraction zF rather than for conservation, i.e.
q∗ = (T − zF)θ , showing that ecosystem services decrease as land for extraction
activities, e.g. timber extraction, increases. The optimal households’ cash income
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for consumption is directly proportional to the price of the extractive resource but
surprisingly does not depend on the price of ecosystem services.

4.4.2 Effects of a Negative Tax (Subsidy)

Now we turn to the effect of a negative tax, i.e. the effect of a subsidy. This subsidy
is modeled as an increment in the price p per unit of land used for forest exploitation:

∂z∗
C

∂p
= −α (α − β) wT

(α (p − w))2 < 0 (4.14)

∂z∗
F

∂p
= αwT (α − β)

(α (p − w))2 > 0 (4.15)

∂q∗

∂p
= −θzθ−1

C

α (α − β) wT

(α (p − w))2 < 0 (4.16)

∂c∗

∂p
= Tβ

α
> 0 (4.17)

As expected, the results show that a subsidy per forested area, increase land
destined to resource extraction, decreases land for conservation and, thus, decreases
the provision of ecosystem services. However, the subsidy increases regional cash
income.

4.4.3 Effects of Payment for Ecosystem Services

Now we turn to the effect of an increase in the price of the ecosystem service w.
One of these ecosystem services is tourism, if this is the setting, w is the price
per unit of land destined to conservation and where the unique activities allowed
are those of tourism. As stated in Eq. (4.5), it is not possible to obtain minimum
levels of consumption only based on income from these ecosystem services. This
is more than an assumption; it is a requirement for the model to be consistent. It is
consistent in addition with the fact that most of the ecosystem services provided by
the ecosystem are public goods without possibility to assign private property rights
and in this they cannot be remunerated, except for a few cases where payment for
ecosystem services have been implemented but, as shown above, these instruments
have been only partially successful at least as a broad mechanism of funding
conservation.



4 Subsidizing Green Deserts in Southern Chile: Between Fast Growth. . . 69

∂z∗
C

∂w
= α (α − β) pT

(α (p − w))2
> 0 (4.18)

∂z∗
F

∂w
= −α (α − β) pT

(α (p − w))2 < 0 (4.19)

∂q∗

∂w
= θzθ−1

C

α (α − β) pT

(α (p − w))2 > 0 (4.20)

∂c∗

∂w
= 0 (4.21)

As expected from the results above, as response to an increase of w land allocated
to z∗

C as well as ecosystem services provision q∗ increase while land allocated to z∗
F

decreases. Surprisingly, there is no effect of an increase of w on regional income
c∗ . The intuition, as elaborated in the appendix, is that even though revenue from
conservation increases, this is totally offset by the increase in conservation of land
and the reduction in land assigned for resource extraction while the latter is more
productive (in terms of generating cash income) than the former.

4.4.4 Welfare Effects

The indirect utility function is given by

u =
(

Tβp

α

)β(
(α − β) pT

α (p − w)

)θ(1−β)

(4.22)

It is possible to show that in our setting an increase of the return of timber
extraction is welfare enhancing if the condition p > αw

β
, or equivalently, if the

income from payment for ecosystem services is not enough to satisfy the minimum
standard of consumption, i.e. if c > wT. However, in a more general setting higher
returns in the extraction sector can be welfare reducing if

p

w
<

(

1 + θ
1 − β

β

)

(4.23)

The subsidy is welfare reducing if the expression in Eq. (4.23) holds, i.e. if the
relative return of conservation to extractive activities w/p is high; if the environment
is highly valued relatively to consumption (i.e. a high (1 − β)/β); or if the land
destined to conservation is highly rich in terms of the quantity and quality of
ecosystem services it provides (i.e. θ is high).
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4.5 Discussion and Policy Implications

The fact that the subsidy reduces welfare when the land destined to conservation is
highly rich in terms of the quantity and quality of ecosystem services it provides
(i.e. θ is high) is particularly interesting. Natural sciences are still (and most likely
will always be) far away from completely understanding all ecosystem services and,
above all, the interactions and connections of the different ecosystem services with
each other and with the fauna/flora and human beings (Daly and Farley 2011). We
are therefore unable to assess neither the “quantity” nor the “quality” of ecosystem
services that a forest provides (i.e. whether θ is high or not). We can conclude
that such a generalized subsidy that promotes any kind of reforestation (including
monocultures of nonnative species), as it has been implemented in Chile so far,
should be applied very carefully.

The model does not distinguish between subsidies that are granted for extraction
and reforestation of whatever species and those subsidies that could theoretically
be granted for reforestation of only native species in heterogeneous and diversified
plantations (no monocultures). In the latter case the loss of ecosystem services and
the associated welfare loss would be minimized while at the same time welfare
gains from extraction would not necessarily be less. Native species usually sell
significantly more expensive than Pine tree or Eucalypts and some species do not
even need so much longer to be harvested (Donoso 2014). A powerful incentive why
investors prefer Pine or Eucalyptus plantations is the fact that the money interest
rate gives time a (relatively high) value which makes the fast-growing species
economically more attractive (on this see Chap. 2 in this book). So, if a subsidy
would only be granted for planting native species and not, as was the case in Chile
until now, for any type of reforestation, this could compensate for the welfare loss
(which in fact can be interpreted as a loss of interest) generated by the increased
time period to harvest. Since with reforestation of native species in heterogeneous
cultures there would be no (or only a minimal) negative impacts on ecosystem
services, such subsidy would enhance welfare. It is therefore recommendable to
introduce subsidies that are only granted for the reforestation of native species and
guaranteeing species diversity.

Our model shows (see appendix Eq. (A.9)) that the return provided by the
ecosystem does not have any negative impact on the households’ income but a
positive effect on the conservation of the environment. One might think that this
should lead to a total conservation of land. However, this is not the case, since our
restrictions show that if total land is devoted only to conservation, it is not possible
to achieve minimum levels of consumption only through the captured revenues from
ecosystem services.

In our model a high level of consumption is welfare reducing through the
loss of ecosystem services. On the contrary, in conventional economic thinking
consumption is an indicator for welfare; the more we produce and consume the
higher is supposed to be our total welfare. The “more is better” is seen as one
of the characteristics of consumer preferences in Microeconomics (Frank 2008:

http://dx.doi.org/10.1007/978-3-030-35379-7_2
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64). This is why GDP is still – although criticized (see e.g. Constanza et al.
2014) – frequently used as welfare indicator. Our model clearly shows that a steady
increase in consumption in not welfare enhancing; we even see a trade-off between
consumption and welfare. It is worth mentioning that we also recognize this trade-
off in alternative development and Quality-of-life indexes, as many of those indexes
use arbitrarily chosen artefacts or circumstances to measure what is believed by
their authors to be an indicator for the quality of life. For example, the quantity
of hospital beds or physicians per capita or the access to potable water are, among
others, such indicators we usually find in these indexes. However, a certain national
income (GDP) and with it the destruction of ecosystem services is required to be
able to provide this infrastructure. Furthermore, it is questionable if a high number
of physicians per capita really means that we live healthier. If we live, as still many
people in Chile and Brazil do, self-sufficiently in the mountain countryside with
fresh air, little stress (compared to living in big cities) and consuming small-scale-
farming organic food we will probably get less ill and need less medical care, as
living in a modern metropolis. We also do not necessarily need potable water if
we have a spring or a clean cascade coming from the glaciers next to the house
providing us with the purest water imaginable.

An alternative to measure welfare that does not promote the mentioned trade-off
between GDP growth and destruction of ecosystem services is the “Human Scale
Development Index” (Fuders et al. 2016) that measures the subjective perception
of the satisfaction of fundamental human needs. This index is builds on the
Human-Scale-Development-approach from Max-Neef et al. (1991). According to
this concept human needs are not infinite but few, finite and classifiable and the
same across cultures and historical time periods. What might change in different
cultures or times is the form to satisfy these needs (Max-Neef et al. 1991). Many
fundamental human needs, such as “affection”, “protection”, “creation”, “leisure”,
“understanding” or “liberty”, can most probably be easier satisfied living in the
Chilean mountain cordillera as living in the metropolitan area, even though average
GDP might be relatively low. The conservation of ecosystems increases the outcome
of this index, as ecosystem service provision is key for most fundamental human
needs to be satisfied. Using this or a similar index to measure development of a
country or region could significantly enhance the understanding of the importance
of ecosystem conservation in politics.

Appendix

Basic Results

The concentered model is

maxzCu = (p (T − zC) + wzC)βzC
θ(1−β) (A.1)
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And the first order condition is:

∂L

∂zc

= −β
(
p
(
T − zc

)
+ wzc

)
β−1 (p − w) zC

θ(1−β)

+ (p (T − zC) + wzC)βθ (1 − β) z
θ(1−β)−1
C = 0

(A.2)

Rearranging Eq. (A.2) we get that

− β (p − w)

p (T − zC) + wzC

+ θ (1 − β)

zc

= 0 (A.3)

and from Eq. (A.3)

z∗
C = θ (1 − β) pT

(β + θ (1 − β)) (p − w)
(A.4)

if we collect preference’s parameters in

α = β + θ (1 − β) (A.5)

Combining (A.4) and (A.5), and noting by (A.5) that α > β, gives the optimal
allocation to conservation in Eq. (4.9) in the text

z∗
C = (α − β) pT

α (p − w)

Note in the first order condition in (A.3) that the second term in the left-hand side
gives the marginal benefits of increasing conservation, which does not depend on
returns to each sector p, w, but only depends on the marginal damage of ecosystem
services lost (1 − β) and how productive the ecosystem is in terms of ecosystem
services provision θ . The first term on the left-hand side shows the opportunity
cost of conservation in terms of reduced income for forest production, which is
positive if the return to the forest sector p is higher than the returns captured trough
the ecosystem services provision w. The optimal allocation to conservation occurs
where both effects cancel each other out.

The optimal allocation of land to the forest sector can be determined by inserting
z∗
C in the total land restriction in Eq. (4.3)

zF = T − zc

zF = T − θ (1 − β) pT

(β + θ (1 − β)) (p − w)

z∗
F = Tβp − (β + θ (1 − β)) wT

(β + θ (1 − β)) (p − w)
,
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This expression is equal to the optimal allocation of land to the extractive sector
(i.e. forest) in Eq. (4.10) in the main text if Eq. (A.5) holds:

z∗
F = Tβp − αwT

β (p − w)

Note that z∗
F ≥ 0 if

p

w
≥ α

β
(A.6)

Since α > β, this condition requires that the return to the extractive sector
(either forest, agriculture, mining etc.) must be higher than the collected value for
ecosystem services payment, (tourism, use of fresh water, etc.). As we show below,
this expression is equivalent to the restriction in Eq. (4.5) c ≥ wT.

The total environmental quality q is calculated from Eqs. (4.4) and Eq. (4.9)

q∗ = zθ
C

q∗ =
(

(α − β) pT

α (p − w)

)θ

.

Cash income for consumption is calculated inserting the optimal values of land
conservation Eq. (4.9) and forest land in Eq. (4.10) in the budget constraint (4.2):

c∗ = pz∗
F + wz∗

C

c∗ = p
Tβp − αwT

α (p − w)
+ w

(α − β) pT

α (p − w)

c∗ = Tβp2 − αwpT + (α − β) wpT

α (p − w)

c∗ = Tβp2 − wβpT

α (p − w)

c∗ = Tβp (p − w)

α (p − w)

c∗ = Tβp

α
(A.7)
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Note that if (A.6) holds, then

c∗ ≥ wT (A.8)

This means that even if the whole land is destined to conservation activities that
would not be enough to satisfy minimum levels of consumption and some extractive
activities are necessary.

Effects of a Negative Tax (Subsidy)

∂z∗
C

∂p
= (α − β) T α (p − w) − α (α − β) pT

(α (p − w))2

∂z∗
C

∂p
= −α (α − β) wT

(α (p − w))2 < 0

∂z∗
F

∂p
= Tβα (p − w) − α (Tβp − αwT )

(α (p − w))2

∂z∗
F

∂p
= αwT (α − β)

(α (p − w))2 > 0

∂q∗

∂p
= θzθ−1

C

∂z∗
C

∂p

∂q∗

∂p
= −θzθ−1

C

α (α − β) wT

(α (p − w))2
< 0

∂c∗

∂p
= Tβ

α
> 0

Effects of Payment for Ecosystem Services

∂z∗
C

∂w
= α (α − β) pT

(α (p − w))2 > 0
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∂z∗
F

∂w
= −αT α (p − w) + α (Tβp − αwT )

(α (p − w))2

∂z∗
F

∂w
= −α (α − β) pT

(α (p − w))2
< 0

∂q∗

∂w
= θzθ−1

C

∂z∗
C

∂w

∂q∗

∂w
= θzθ−1

C

α (α − β) pT

(α (p − w))2
> 0

c∗ = Tβp

α

∂c∗

∂w
= 0 (A.9)

Result in Eq. (A.9) is intriguing. It shows that the return provided by the
ecosystem does not have any negative impact on the households’ income but does
have a positive effect on the environment. At first sight it seems to indicate that
it is possible to conserve the environment without any opportunity cost in terms of
consumption only by increasing w, leading in the end to a total conservation of land.
However, this is not the case. Our restrictions show that if total land is devoted only
to conservation, it is not possible to achieve minimum levels of consumption only
through the captured revenues from ecosystem services. Some level of extraction
activity is necessary to sustain life.

Another way to see the null impact of w on aggregate income is trough total
differentiation of the budget constraint

c∗ = pz∗
F + wz∗

C

dc∗

dw
= p

dz∗
F

dw
+ z∗

C + w
dz∗

C

dw
(A.10)

According to the land constraint

−dz∗
F

dw
= dz∗

C

dw
,

rewritten Eq. (A.10)
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dc∗

dw
= z∗

C − (p − w)
dz∗

C

dw
.

It is possible to show that z∗
C = (p − w)

(
dz∗

C

)
/dw, and thus (dc∗ )/dw = 0

z∗
C = (α − β) pT

α (p − w)

(p − w)
dz∗

C

dw
= (p − w)

α (α − β) pT

(α (p − w))2
= (α − β) pT

α (p − w)

Hence, the additional income obtained by the higher price of conservation z∗
C

is totally compensated by increasing z∗
C and reduced z∗

F while the former is less
productive by the latter.

Welfare Effects

According to Eqs. (4.1), (4.9) and (4.10), the indirect utility function is given by

u =
(

Tβp

α

)β(
(α − β) pT

α (p − w)

)θ(1−β)

.

This expression in logarithms becomes:

ln u = λ + β ln p + θ (1 − β) ln p − θ (1 − β) ln (p − w)

with λ, a constant, given by

λ = β ln

(
Tβ

α

)

+ θ (1 − β) ln

(
(α − β) T

α

)

∂ ln u

∂p
= β

p
+ θ (1 − β)

p
− θ (1 − β)

(p − w)
(A.11)

According to Eq. (A.11), it is possible to show that an increase in the return of
forest p is welfare enhancing if the condition p > αw

β
, holds, or equivalently, if

the income from ecosystem services is not enough to satisfy minimum standard of
consumption, i.e. it is required that c > wT. However, in a more general setting an
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increase in price and in this higher returns in the extraction sector can be welfare
reducing if

p

w
<

(

1 + θ
1 − β

β

)

(A.12)

If Eq. (A.12) holds, higher returns in the extractive sector (e.g. a subsidy) is
welfare reducing if the left side of Eq. (A.12) is low or the right side is high. Thus,
if the relation between the return to conservation to the return of the extractive
sector w/p is high; if the relative valuation of the environment to the valuation of
consumption (1 − β)/β is high or if the richness of the ecosystems in terms of
provision of ecosystem services θ is high.
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Chapter 5
Land Use as a Socio-Ecological System:
Developing a Transdisciplinary Approach
to Studies of Land Use Change
in South-Central Chile

Daniela Manuschevich

5.1 Introduction

The study of socio-ecological systems seeks to understand how nature inter-
twines with social, political, economic, and environmental dimensions of particular
societies (Kates et al. 2001; Clement 2013). Applied to land use change, a socio-
ecological approach examines interactions among political, economic, and social
domains that contribute to land use change over time. In turn, land use change
produces ecological and environmental consequences (Turner et al. 2007) which,
consequently affect the long-term sustainability and the adaptive capacity of socio-
ecological systems (Gallopin 2006; Turner and Robbins 2008).

The socio-ecological approach has become increasingly popular among ecolo-
gists who have come to understand that a sole focus on the “environment” is limited.
In fact, the management of natural resources is the “management of people” (Berkes
2012). Environmental problems are inherently complex, where several dynamics are
at play. Such problems can only be analyzed and ultimately addressed through the
use of multiple disciplines and epistemologies (Holling 2001; Berkes et al. 2003).
Yet, how should we integrate the insights of social and natural sciences? Ideally,
it has been argued that transdisciplinarity, the integration of several disciplines,
must be done from the very beginning, i.e. the conception of the research project
(Norgaard and Baer 2005). The conception of the problem or core research question
must explicitly consider multiple aspects of environmental problems. Although,
the transdisciplinary approach promises a fertile ground both for problem solving
and knowledge generation, it presents significant intellectual and methodological
challenges – from research design to data collection and analysis.
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This chapter first presents the theoretical conception of transdisciplinary research
in environmental sciences. Secondly, presents an empirical case: land use change
and forestry legislation in Chile. Thirdly, is demonstrated how spatial modeling can
be used to connect policy views and landscape outcomes. Finally, is presented the
initial findings of 3 years of ethnography conducted in rural areas. As we shall see,
the ethnographic approach yielded fresh insights that relevant for thinking in policy
alternatives for sustainable development.

According to Norgaard and Baer (2005), that generates transdisciplinary knowl-
edge requires that the conception of the core research question integrates multiple
disciplines. That is to say that, transdisciplinary research is not merely the addi-
tion of several knowledge. Instead, transdisciplinary research means trespassing
the discipline itself (Max-Neef 2005). The perspective proposed here is that
transdisciplinarity is a movement, an attempt to transcend arbitrary borders and
boundaries too often enforced within the academy. It seeks to examine human-
nature relationships in detail, to address urgent problems, and apply knowledge
in the pursuit of sustainable solutions. As a movement, transdisciplinary research
does not seek to resolve the disciplinary barriers-once and for all, but rather, acts
as a call for mobilization beyond (and unsettling) disciplinary knowledge barriers.
Therefore, transdisciplinarity is an open endeavor, never final, and always open to
new knowledge.

The differentiation between studies of social and natural phenomena is, in
part, a historical byproduct of Western ontology (e.g., the Cartesian divide). For
example, such a perspective views society as separate from nature. Therefore,
humans are viewed as “disruptive” influences on environments, and environments
are understood as “dangerous” for human populations (Binder et al. 2013). In
this way, pressures – whether human or environmental – become naturalized and
therefore seemingly impossible to change. In both cases, a lack of integration
between ecological and social forms reduces possibilities for understanding the
phenomena, and crucially, limits our ability to intervene and propose alternatives.
If the human species are only a source of pressure and stress to natural systems,
or conversely, if nature is naturally a danger, we are left with few options (Binder
et al. 2013) – we must protect ourselves from nature and limit human population.
At the same time, humans are viewed homogenously – as ravenous consumers and
destroyers of the planet. Economic, social, ideological, and cultural differences exist
and entail diverse relationships, understandings, and valuations of nature (Berkes
2012). Thus, under a transdisciplinary gaze, social and environmental dynamics
are ontologically linked, meaning it is a well-suited framework for adequately
addressing sustainability issues (Daly and Farley 2011).

Considering all the above-mentioned aspects, in Fig. 5.1 is presented a socio-
ecological framework for addressing land use change as a socio-ecological system.
As can be seen in Fig. 5.1, land use change is the result of economic and
political process, how people use the land, discourses regarding land use policy
and biophysical conditions. In turn, land use change modifies the environment
and influences how people live both in materially and symbolically. The term
socionatures, aims to push us beyond the nature-culture divide and create a more
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Fig. 5.1 A socio-ecological framework of land use change. Land use change is the result of the
interaction among economic, political, and environmental variables. (Framework adapted from
Clement and Amezaga (2013), Turner et al. (2007) and Swyngedouw (1999))

dynamic, holistic, and social vision of the natural world (Swyngedouw 1999;
Castree and Braun 2001). Swyngedouw (1999, p. 443) provides a sharp account
of the term socio-natures:

It is not at all a denial of the material reality of those things we routinely call natural –
be they trees, rivers, animals, or anything else. Rather, it’s an insistence that the physical
opportunities and constraints nature presents societies with can only be defined relative to
specific sets of economic, cultural, and technical relations and capacities. In other words, the
same ‘chunk’ of nature – say the Amazon rainforest - will have different physical attributes
and implications for societies, depending on how those societies use it. In this sense, the
physical characteristics of nature are contingent upon social practices: they are not fixed.

Over the last 30 years, critical geographers, human ecologists, political ecolo-
gists, anthropologists, and ecological economists have developed a very large body
of knowledge demonstrating the social underpinnings of environmental problems.
For example, Blaikie and Brookfield’s seminal study (1986) documented the social
roots of land degradation. They argue that geological processes only become
problematic in relation to human needs. Watts and Bohle (1993), amidst the
international discussion on famines and hunger, countered notions that famines
were caused by a lack of productivity and analyzed the structural conditions which
produce crop failure and hunger. For them, famines were not the simple result of
a lack of food production, but rather related to entitlement (economic capability),
empowerment (social and political power within the household, workplace, and
public) and highly influenced class-based appropriation of surplus and production.

In a study of gendered agricultural practices, Rocheleau and Ross (1995) found
that women favored the production of food, while men sought to plant non-native
“miracle trees” which they credited with the ability to rectify land degradation. The
women in this study were concerned about increased dependence on the cash econ-
omy and concomitant threats to food security. They felt increasingly marginalized
within their households (as food crops were less valuable “companion species”
than male tree plantations). The afore-mentioned studies highlight the eminently
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social nature of environmental issues, including land use change. The limits of
simplistic common-sense solutions, and the need to embrace the complexity of
socio-ecological interactions.

5.2 Timber Farm Expansion in Southern Chile

Over the last 40 years, Chile has witnessed a spectacular landscape transformation.
In 1973, only 330,000 ha were planted with timber farms (Camus 2006; Armesto
et al. 2010). By 2016, that figure increased 713%, up to 2,414,000 ha (INFOR
2016). These tree farms are generally of exotic species, monocultures of Radiata
pine (Pinus radiata) or Eucalyptus spp. The plantations are cultivated in accordance
with the logic of industrial management (e.g., agrochemical inputs, high plantation
density, extensive clear cuts), mainly to produce paper pulp. Clear-cuts are done on
average every 15–20 years, depending on the species.

The landscape of south-central Chile has much to tell us about striking envi-
ronmental transformations. Since the arrival of the Spaniards, the southern cone
of Latin America has suffered a process of deforestation and territorial change
(Lara et al. 2012). Deforestation was initially driven by mining and export-oriented
wheat farming (Camus 2006). By 1940, poor soil management and deforestation
contributed to erosion problems (Elizalde 1970). As a result, in 1931, the first
Forest Law1 was enacted and aimed to curb deforestation. However, without proper
implementation deforestation continued in frontier regions (e.g., mountainous areas
in the Andes, coastal areas, and Patagonia (Camus 2006).

By the beginning of the twentieth century, radiata pine was recognized for its
rapid growth rate, reaching maturity in a mere 20 years. It was therefore used
in schemes to control soil erosion. As a result, the National Timber Association
promoted and legitimized afforestation with non-native species. The industrial
afforestation model complemented and reinforced import substitution models,
which predominated across Latin America in the aftermath of the 1929 economic
crisis and World War II. In Chile, the timber sector was privileged as a source
of raw materials to be exported elsewhere (Camus 2006). The expansion of tree
farms intensified during the 1960s, enabled by the proliferation of public-private
reforestation agreements and the creation of the afforestation corporation (COREF,
later called CONAF). Later, under Allende’s administration (1970–1973), state
policies led to the development of plantations on approximately 40,000 ha (Camus
2006, p. 242). However, the most profound transformations took place only after
1974 (on this see also Chap. 6 in this book).

1Decree law 4363, published on 31st of July, 1931.

http://dx.doi.org/10.1007/978-3-030-35379-7_6
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5.2.1 Economic Drivers

In September 1973, the military-led government seized control of the Chilean
government by force, remaining in power until 1990. The military regime sought
to re-engineer the national economic model, imposing free market reforms and
promoting commercial timber plantations (Clapp 1995). Relevant policies in this
new economic model, which directly contributed to land use change in south-central
Chile over the next 40 years, include:

1. Decree of Law (DL) 701 of 1974. DL 701 paid between 75% to 90% of
reforestation costs within a year after a plantation was developed, effectively
subsidizing growers of planted species. Expenses were readjusted in accordance
with the Consumer Price Index in response to inflationary pressures. Timber
investments were quickly recovered. DL 701 also granted tax exemptions and
presumed income and declared forested land plots as unsuitable for expropriation
(Camus 2006; Niklitschek 2007).

2. Loans of liaison. One of the barriers to afforestation is its high up-front cost. As
a result, credit packages were created that provided landowners with access to
capital with very low interest rates (Camus 2006).

3. Removal of restrictions on timber exports. As part of the import substitution
model, before 1973, it was illegal to export raw materials, such as logs. The
military-led government eliminated these restrictions and allowed timber-derived
exports in any stage production (Niklitschek 2007).

4. Elimination of wheat price bands. With the elimination of wheat price bands,
and as the profitability of wheat farming declined, timber farming became
increasingly attractive (Niklitschek 2007).

5. Removal of import tariffs for industrial goods. Without import tariffs, it was
cheaper to obtain machinery needed to process timber (Niklitschek 2007).

6. DL 600. This law fixed income tax rates for foreign investors and allowed foreign
companies to exchange foreign debt for domestic capital. In 1982, many small
forestry companies went bankrupt. They were later bailed out by the state and
then handed over to foreign investors or their subsidiaries in Chile. This process
also facilitated land concentration, as large companies survived while others went
bankrupt (Moguillasky and Silva 2001; Camus 2006).

7. Openness to international markets. Finally, the free trade agreements pursued by
the Concertación2 governments (1990–2010) opened access to new international
markets, further increasing the demand for forest products, and with it, the
profitability of timber plantations (Niklitschek 2007).

2Concertacion de Partidos por la Democracia (Caucuss of parties for democracy): a center-
left political coalition that lead the national referendum aiming to terminate the military-led
government. This coalition was in power from 1990 to 2010 (5 4-year periods).
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Collectively, these policies ensured Chilean timber plantations to become among
some of the most profitable in the world (Sedjo 1983; Cubbage et al. 2007). This,
of course is not due to some magical property of these trees, but rather, due
to the productive and capital accumulation strategy that was assembled around
these species. The policies that led to the ascendance of the Chilean commercial
forestry sector were implemented without consulting local populations, and under
the condition of a repressive authoritarian military rule.

5.2.2 Politics: Reactions from the Social and Political World

Although civil dissidence was officially prohibited during the military dictatorship
and tightly controlled during the gradual transition to democracy (Ulianova and
Estenssoro 2010), the substitution of native forest has been a source of civil society
concern since the 1980s (Donoso 2012). The first government of La Concertación
developed a new law to protect the native forest3 (Biblioteca del Congreso Nacional
de Chile 2011). Discussions began in 1992, but only resulted in legislation 16 years
later, in 2008 (Biblioteca del Congreso Nacional de Chile 2011). This law aims
to ensure the “protection, recovery and improvement of native forests, in order
to ensure forest sustainability” (2008, sec. 22). Clearly, the fate of Chile’s forests
is still a contentious issue. The bill’s first draft came out of the Chamber of
Deputies in 1994 and stipulated seven articles to regulate the use of the native
forest, and in some cases prohibited the substitution of native forest for non-native
species. It was rejected by the forestry and agricultural associations, represented
by the Chilean Timber Corporation (CORMA) and by the Agriculture Society
(SNA), as they claimed it violated their property rights, enshrined in the 1981
Constitution (Manuschevich and Beier 2016). As a result, the final version of the
bill was very weak (Biblioteca del Congreso Nacional de Chile 2008; Manuschevich
2014). Under the administration of Ricardo Lagos (2000–2006), the Agricultural
Ministry decided to proceed with the forestry policy, on the condition that exotic
plantations were excluded (“Worktable Agreements” (2006). As a result, substantial
discussions centered on payment for native forestry management and conservation.
Some sought of a fourfold increase in subsidies compared to what was finally
approved (Pizarro and Zolezzi 2003), but this idea was ultimately rejected (Library
of the National Congress of Chile 2008). Civil society actors anticipated that
financial incentives for conservation and management would be inadequate, but as
government representatives put it: “You need a minister and a half to fight for a
larger budget” (Manuschevich 2014).

This reflects the peculiarity of the Chilean Constitution, which accords the
President exclusive power over budget allocation for any policy. Currently, the NFA
has been ineffective and regressive. Farmers are not compensated for management

3Law number 20.283.
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expenses, and even gaining access to the native forest subsidy involves navigating
a veritable bureaucratic obstacle course (Cruz et al. 2012). Furthermore, in Chile,
planting native trees is challenging – for technical, ecological, and financial reasons
(e.g., summer drought, shortage of affordable seedlings, non-native wild herbivores,
lack of knowledge and technical assistance, and the fact that most forestry research
focuses on management techniques for non-native species (Donoso and Otero
2005).

5.2.3 Environmental Outcomes

The direct substitution of native forests with plantations is largely documented
(Echeverria et al. 2006; Echeverría et al. 2007; Miranda et al. 2015, 2016;
Zamorano-Elgueta et al. 2015). Moreover, recently Heilmayr et al. (2016) demon-
strated that tree farms expansion is resulting in a forest transition dominated by
tree farms, rather than forest, as it has happened in industrialized countries. Native
forest and tree farms are different land cover, both in terms of ecosystem structure
and function, thus these two ecosystems are different in the provision of goods
(Chazdon et al. 2016). As mentioned, tree farms are monocultures managed to
maintain the maximum of timber production per unit of area. In contrast, native
forest encompasses 12 different forestry types with at least 80 tree species. Although
recognized for its biodiversity (Myers et al. 2000), native forest are still diminishing
in the region, despite the passage of native forestry legislation (Reyes and Nelson
2014; Miranda et al. 2016). Currently, the vast majority of Chilean timber farms
are located in regions that harbor the greatest known diversity of vascular plants
(Bannister et al. 2011; Pliscoff 2015).

Soil properties, such as carbon content, sediment nutrient retention are negatively
affected by tree farms (Cisternas et al. 2001; Oyarzun et al. 2007, 2011; Soto
et al. 2019). In addition, several studies have shown that forest plantations reduce
summer waterflow (Little et al. 2009; Huber et al. 2010; Stehr et al. 2010; Jullian
et al. 2018). Summer waterflow is a critical element for Mediterranean ecosystems.
During summer season, marked by high temperatures and little to no rainfall. Tree
farms also increase wild fire risk (Carmona et al. 2012; McWethy et al. 2018). In
2017 nearly 11% of the national total of area planted with tree farms burnt in wildfire
that lasted for 3 weeks (CONAF 2017). After the wildfire the soil is exposed, which
further increases soil degradation and water scarcity.

In summary, political and economic factors have undermined the feasibility of
native forest conservation and has fostered environmental degradation. Considering
the discussion above, how might we best understand and propose alternatives for the
conservation of native forests? In the following section, two examples of different
research techniques are provided. Each technique seeks to provide a different angle
on the alternatives for forest conservation.
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5.3 Socio-Ecological Integration: Framework
and Research Tools

Land use change in Chile has been fueled by the high profitability of timber
plantations, in a functional dance with the public policies. Attempts to regulate
land use change were made, with little success due to the inner political dynamics
presented in Sect. 2.2. This chapter could finish here. However, the aim of this
chapter is not only to describe land use change though transdisciplinary lenses, but
also to explore research venues that can enlighten change towards a more sustainable
path. Following this logic, two research tools are presented in the following section.
One is the use of scenarios and land use modeling in connection to the policy
analysis. The second is the use of ethnographic methods to understand from a
material and symbolic perspective what it as meant to live in areas that have changed
dramatically in a lifetime. In other words, how the socio nature has been transformed
due to land use change.

5.3.1 Scenario Modeling

Scenario modeling can be particularly useful as a tool to explore different policy
alternatives from a broader perspective. Policy alternatives can help us to visualize
the consequences of different policies before they happen or, teach us lesson of the
consequences of the decisions taken in the past.

Manuschevich and Beier (2016), using DYNA-CLUE (Verburg and Overmars
2009) software, developed three scenarios of land use change based on the political
analysis. These scenarios were converted into land use maps for the Malleco-
Vergara watershed, in the Araucanía region. DYNA-CLUE uses physical, social
and environmental information to estimate where each land use is most feasible,
connecting social and environmental variables. In this way, these maps are can
become images of alternative pasts and possible futures. These scenarios were based
on the policy views, namely

1. Negotiated scenario: NFA enters into force in 1994 instead of in 2008.
2. Industrial scenario: the law as proposed by the Chilean Wood Corporation and

the National Agriculture Society.
3. Conservation scenario: the law as proposed by academics and NGOs interested

in conservation, that is, prohibiting substitution.

Manuschevich and Beier (2016) did not find major differences in the change in
land use between scenarios for the Malleco-Vergara basin, Araucanía. However, it
was found that in high elevation areas of this basin, increased subsidy packages and
legislative changes might help to promote the recovery of native forest. The impact
of the subsidy would depend on the landowner’s sensitivity to a larger subsidy,
which in turns depends on the landowner disposition, expectations and the easiness
of the subsidy process.
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Interestingly, land plots owned by indigenous communities were significantly
less likely to be covered by tree farms. Moreover, areas in conflict among the state of
Chile and Mapuche people, consistently deviated from model prediction. This evi-
dence suggest that land tenure is a relevant variable on land use change in Araucania.
The work done by Manuschevich and Beier (2016) helped to understand whether
the subsidy proposed would have made a large difference in land use change. Their
work also shed light on systemic variables such as land tenure and the importance
of a good policy design, both in terms of subsidy amount and application process.

Spatial modelling can be used to explore a wider range of scenarios, which then
can be assessed in terms of ecosystem services provision. Manuschevich et al.
(2019), created four scenarios of land use change for the entire region. Those
prospective scenarios (made for 2030), combined regulation and high and low areas
(demand) for native forests and timber farms. Then each scenario was assessed
in terms of ecosystem services provision, using InVEST. They found that land
regulations are important for ecosystem service provision in any scenario. For
example, in Fig. 5.2, is shown the potential differences in sediment production
among a scenario of A. Business as usual: land use continues has it has happened

Fig. 5.2 Absolute differences in erosion rates among scenarios. (a) BAS scenario (b). Optimistic
conservation scenario Absolute values are a per pixel value in ton ha-1 year-1. Classes of erosion
tolerance are based on Ruhoff et al. (2006)
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to B. Forest conservation, where enough subsidy is paid to cover the average
opportunity cost of forest conservation. A conservation scenario would reduce
erosion to tolerable levels in almost the entire region, compared to maintain the
current trend in land use change. In this way, land use modeling in combination
to ecosystem service modeling can inform and help to visualize outcomes of
alternative paths to land use policy.

Overall, land use and ecosystems services modeling can be used in multiple ways
to explore different policy alternatives and inform about the possible consequences.
However, land use modeling and maps is just one of the approaches that can be used
to understand land use change.

5.3.2 An Ethnography of the Campesino de Montaña

Undoubtedly, global trade plays a vital role in driving land use change (Meyfroidt
et al. 2010; Verburg et al. 2014). However, not all landscapes are equally permeable
to the global demands for commodities, not all landscapes are easily domesticated
to supply the global needs for commodities. Previous sections of this chapter have
exposed the political economy of land use change, commercial timber expansion,
and native forest conservation. It was sought to explain, from a national perspective,
how particular policies contributed to land use change. Nevertheless, these phe-
nomena operate in a different way at different scales. At a local scale, what does
it mean to live and witness the replacement of the native forest by standardized
timber monocultures? How does one perceive, understand, and make sense of
such profound transformations? Environmental modeling may help us to predict
accelerated erosion risks associated with industrial farming, but how does it affect
the ways people inhabit the land and make sense of life in the shadows of the
plantations? Under which conditions a farmer would be interested in recovering
the native forest. For what reasons?

An exploration of this question requires a set of research techniques. In other
words, it requires a deep journey into social sciences. To explore the importance
of agrarian transitions and attend to experiences of environmental degradation and
standardization, it is important to gain a sense of the quotidian lives of those who call
it home. Ethnography is a research tool, based on a detailed observation of everyday
life, aiming to understand a cultural phenomenon point of view of the subject of
the study, this is, the emic perspective. The information presented in the following
section is based on ethnography. These are the preliminary results of 3 years of
qualitative field-based research conducted with rural people in south-central Chile.
Ethnography was used to understand what the native forest means for peasants and
see under which conditions a forest policy could foster native recovery.

Identifying details such as names, dates, and specific locations have been
changed, to ensure anonymity. The work presented here is based on partici-
pant observation conducted for 3 years, 40 semi-structured interviews and 3
participatory-mapping exercises, complemented with literature review and census
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Fig. 5.3 Area where the ethnography was conducted. Green indicates forest gain, while orange
indicates forest loss. (Data from 2007 to 2014 of the forest service (CONAF 2016))

data. Overall the ethnography is more than each separate technique of data
collection, is a method of inquiry focused on everyday details of the peasant’s
life and allows a holistic comprehension of the material and symbolic aspect of
the peasants’ life. Ethnographies are often communicated as a narrative based on
the information collected from interviews, observations and a documentation. The
entire narrative constitutes the results of the work.

The ethics committee at Universidad Academia Humanismo Cristiano and Uni-
versidad Bernardo O’Higgins oversaw the research. Qualitative data was analyzed
using the computer aid coding software ATLAS.ti and spatial information was
analyzed with Arc GIS 10.3. The fieldwork was conducted in a mountainous
coastal area (from 500 up to 750 m.a.s.l), located around 38◦S, in south central
Chile (Fig. 5.3). The climate is Mediterranean, with oceanic influence, due to the
elevation, with some snow falling in the winter (Sarricolea et al. 2017). The soil in
this area is rather poor and eroded, thus, it is suitable for forestry activities (CIREN
2012). That being said, local people engage in pastoral activities, herding sheep and
cows.

The area encompasses 9019 ha, with remnants of evergreen forest (CONAF
2016). Between 1978 and 2014, 38.5% of the native forest area was lost due to
deforestation and wildfires (CONAF 2016; Zhao et al. 2016). Of the forest lost, since
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1978, 54% was planted with tree farms in 2014 (Zhao et al. 2016). A major part of
this study took place in a community where a major wildfire destroyed some 1000 ha
in 2011, caused by an unattended charcoal oven. The residents have been coping
with serious difficulties in the aftermath of environmental devastation – namely the
lack of water, especially during summer.

The rural areas of the municipality have lost a significant part of the population in
the last 35 years. According to the 2017 census, the entire census district population
decreased by 26% (INE 2017a). However, according to more detailed data form
the local hospital, people registered there decreased by 47% between 1976 and
2018. The hill dwellers had lower educational attainment levels (when compared
with the national average). Men slightly outnumber women. The population is
aging, meaning for every 100 people of working age, 62.5 are either elders or
children (INE 2017b). People employ pluri-active livelihood strategies by producing
charcoal, firewood, potatoes, cattle, and sheep for market (along with chickens
and vegetable gardens for familial consumption). This diversification is typical
of campesino livelihoods. Both men and women occasionally supplement their
agricultural activities by obtaining temporary positions (contracted on a monthly
basis) with local forestry contractors, as cooks, security guards, or crossing guards.
Forestry operations are transient, rarely lasting more than a few months.

Most of the hill dwellers arrived in the 1930s from nearby towns, and gold
mining settlements (Jara et al. 2006). During this time, the state was awarding land
grants to Chileans, specifically 10 ha per male child. Poor and landless families
who previously worked as sharecroppers in the Fundos (large farms) were eager to
finally own a piece of land. At that time, land ownership in Chile was extremely
concentrated and opportunities for ownership were rare. In 1935 in central Chile
around 4.1% of the population owned 83.5% of the land; while 79.6% of the
population owned only 3.9% of the land area (Bauer 1994). Life was very simple;
people lived in ranchas, where the top roof was made of chunks of bromeliads.
House construction was precarious, with dirt floor, no running water and little
clothes, no electricity, hospital or school. Fire was used to open space to cultivate
wheat, vegetables, and have some herding, such as oxen. A yoke of oxen is still a
very important means of doing farm work such as plowing, and transporting wood.
Roads were only a small path transited by hand-made carts that would often fall
apart before getting to the destiny. Getting to Carahue would take 4 days in caravans
where people slept below the cart in sheep leathers. In Carahue, peasants sold their
products and brought mate, sugar and salt, and went back for another 4-day trip.

Today, firewood from native forest represents at least 50% of the house hold
income (Jara et al. 2006). From field observation, an active household can produce
70–100 m3 of firewood per year, reaching $1500–$2250. Firewood in produced
during the summer to buy food and fodder for the winter. Firewood production
is very dependent on the working capacity, since only males conducted this type
of work, and many are elders, they often cannot produce even is prescribed in
management plans provided by CONAF. However, for those who do not have
management plan- often because their do not legally have all the paperwork- life
is very precarious and often live from charcoal or work in temporary jobs at the
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forestry operations or minimum-wage jobs funded by the state. In some cases,
the firewood income is complemented with recollection of a native nut (Gevuina
avellana). It takes between 1 and 2 days to collect a full sack o nuts that is then
sold at $30–$40 dollars. Productive households can reach up to 70 sacks (working
everyday Mach to May, when the nuts are mature). This can represent an income of
up to $2800 per year.

Aerial images and elders accounts indicate that this area was fully covered
by evergreen forests. These forests were initially used for dye extraction from
tree barks. These tree barks were then, transported to the nearest town called.
Once the dye industry closed, people started to saw valuable tree species such as
Weinmannia trichosperma, to be sold in Trovolhue, Carahue and Tirúa. As the most
valuable woods diminished, people started to produce charcoal, and continued to
sell remaining forest as firewood. By the end of the 1980s timber firms started to
buy land, while in the 1990s and the 2000s CONAF contractors came to peasant’s
houses to offer tree farms planting using the DL701.

Peasant are very conscious of the environmental degradation, several mentioning
that before water was never scarce and several species were lost. For example, before
there were moscardones naranjos (Bombus dalbomii), el león (Puma concolor),
camarones de agua (Cryphiops caementarius), and a great diversity of birds, such
has carpintero (Campephilus magellanicus). Several remember the honey they
extracted from the forest and the soil being much more fertile than now, potatoes
grew easily. After the wildfire the landscape changed profoundly and, as of today,
the area burnt looks like the picture in Fig. 5.4.

The history of land ownership, settlement, environmental degradation, land use
change and emigration are relevant to understand how meaning is constructed
around land and forest. Based on the ethnographic work, two different views were
identified in regard to the land and forest. One sees the land as means of living, it
implies a sense of freedom and belonging, while the other sees the land as means to
make money. In the first view land ownership, meant to have a way to sustain their
families and not having to work for a wage, therefore for many peasants their land
means freedom. With land, they were able to define themselves and gain a measure
of personal autonomy, as these following quotes illustrate:

If a farmer does not have a piece of land, he is nothing. What would he do outside of the
farm? He would suffer the misery of being hungry, which would not happen in the farm.

Fig. 5.4 Picture of the landscape 6 years after the 1000-ha wildfire
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While other commented that:

I have family in Santiago [the capital of Chile] and they say: when I get free of all of this,
I’m going to live the countryside.

This sense of freedom also connects to the sense of belonging and connection to
their parent and grand parents

We are like salmons . . . we come back to where we are from.

For those who stayed, land means the sacrifice their parents made to have a piece
of land, raise their children and live. As mentioned before, life conditions were very
hard. Thus, for many elders, their land does not have a monetary value, as this 71-
year old male farmer expresses.

It must have been so hard for my father to get all of this! I think it would be very ugly to
take this and give it away... They would come and pay for it, but he won’t pay what is really
worth.

Many elders didn’t want to leave their homes in the mountains, but some must
do it for health reasons. For a sick 80-year-old man, this move was traumatic.

It was terrible to leave my father’s land. I wanted to live there, so that my father’s sacrifice
won’t be lost.

However, not everyone assigns such positive, non-financial values to land. As tree
farms expands and environmental degradation progress, and becomes naturalized
into the landscape, tree farm becomes the future that some farmers foresee, in
particular among farmers at the age of 40 years, about the time when the DL701
was decreed. In this future, their grandchildren won’t live there. When asked about
the future, whether they want to see more native forest and people living in the area,
some responses were rather bleak.

What for? Our children only need the land, to sell it to the forestry companies, and make
money. Nobody will remember that we lived here.

In line with this ideal, land, animals and forest, are only valued in terms of the
money that can produce, therefore environmental degradation is not bad as long as
in opens new possibilities for commodity production. These commodities can be
animals, wood, or potatoes, as this excerpt illustrates:

I think the wildfire was for better. Because we can now have many animals, which are like
a bank for the farmer. Seated, you watch the herd grow and you make money.

You must take something out of the land, to have some tranquility.

Peasant, when asked about whether they would be any policy that would conserve
the native forest, the DL 701 stands up as a benchmark for decision making. A
law modification done un 19984 reoriented the law towards medium and small
landholders, and implied that forestry contractors visited peasants’ houses offering
them to conduct the timber plantation in exchange for some or the entire subsidy

4Law number 19,561, which modified the DL701, published on May 16th, 1998.
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money. If the peasant agreed the contractor conducted the entire application and
planting then, either the farmer or the contractor received the money. This system
finished in 2015 when the DL701 was left with no funding in the House of
Representatives, due to a corruption case. Peasants participated in the DL701 system
and would only be willing to participate in forest conservation or planting if it is as
easy and profitable as the DL701. For example, when asked whether he has planted
native species, a peasant responded:

We have not done it here, because the forests had to be improved . . . .and CONAF offered
to pay us ... just as they had paid before when one planted.

While one of the leaders of the comités commented:

with the same [money] amounts . . . . we would all plant native people because [with what]
it was paid in the 701 . . . they threw it down almost the majority of the native forest and
plant pine and eucalyptus on it . . . . because . . . . That was money.

The DL701 shaped the profits expectations. Today peasants expect that the
subsidy for native forest planting operates in a similar way to the DL70, otherwise
they are not interested in planting. This evidence speaks to one of the key variables
mentioned in Sect. 3.1. If the NFA would increase the subsidy amount, would people
plant more? From the evidence collected in the interviews it becomes clear that the
application procedure of the DL701 created a benchmark for peasants. Any effective
law would need to consider that.

5.4 Conclusion

In this chapter a combination of historical and political economic analysis, modeling
techniques, and qualitative research results was presented. The combination of
multiple research paradigms and research techniques enables a deeper and richer
understanding of the land use change in Chile. A transdisciplinary endeavor
necessarily combines multiples disciplines generating new knowledge, and a new
conception of the problem.

In the last 45 years, political and economic changes promoted the expansion
of tree-farms, which were favored by the state. Despite the attempts to have an
effective NFA, due to the inner political dynamics, it was not possible. Nevertheless,
land use modeling can be used to explore the effect of different policy proposals.
Land use modeling complements very well with qualitative methods. Ethnography
provides a rich and deep understanding of what it meant and means today to live in
the fringes of timber expansion and environmental degradation. However, material
conditions are symbolically interpreted. Land and environmental degradation are
interpreted in different ways. However, the state has proven itself to be unwilling
to make effective commitments at forest conservation. Drawing on the insights of
ecology and the social sciences, we can help to shed light and model alternative
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futures that by combining different disciplines provided a more complete view of
land use as a socio-ecological system.

In conclusion, a socio-ecological approach enables a more holistic –and humane–
vision of the land use changes witnessed in Chile in last 70 years. Only the
combination of both social and natural science, in equal footing, will allow a deeper
comprehension of the causes and impacts f tree farms expansion in Chile, as a socio-
ecological system.
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Chapter 6
Between Extractivism and Conservation:
Tree Plantations, Forest Reserves,
and Peasant Territorialities in Los Ríos,
Chile

Alejandro Mora-Motta, Till Stellmacher, Guillermo Pacheco Habert,
and Christian Henríquez Zúñiga

6.1 Introduction

Throughout the world, economic growth remains dependant on the material expan-
sion of economic processes, which are based on the growing extraction of natural
resources in rural areas (Krausmann et al. 2018). Particularly in Latin America, such
expansion has created continuous waves of large amounts of resource extraction
often aligned with national development goals. This process has been referred as
extractivism1 (Brand et al. 2016; Gudynas 2015). Concurrently nature conservation
often follows global and national sustainability goals. Both, extractivism and
conservation strategies are mainly territorialized in rural areas, where local – often
traditional and smallholder based – modes of living base their livelihoods and
territorialities (Escobar 2014).

1In the definition of Acosta (2013), extractivism consists in “those activities which remove large
quantities of natural resources that are not processed (or processed only to a limited degree),
especially for export. Extractivism is not limited to minerals or oil. Extractivism is also present
in farming, forestry and even fishing” (2013: 62).
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Recently, in view of the socio-environmental crisis in Chile, a ‘green growth’
economy has been instituted as a sustainable way forward (Gobierno de Chile 2013),
positioning what might be called a neoliberal thinking applied on sustainability2

(Brand and Lang 2015; Lander 2011). In this context ‘green growth’ also masks
a framework of institutions and processes that facilitates the extraction of natural
resources in specific territories. Tree plantations in Chile show a extractivist
structure, since they are mainly based on the expansion of pine and eucalyptus
monocultures with the aim to produce wooden raw materials for global markets
(Brand et al. 2016; Gudynas 2015). While on the one hand, this goes along with
rather short-term private profits for multinational companies, on the other hand,
this produces long term societal and environmental costs, locally, nationally, and
globally (Clapp, 1995; Donoso et al. 2015, Millaman et al. 2016, Reyes and Nelson
2014). This ‘productive’ approach on sustainability is nowadays complemented by
a system of protected areas in Chile, which is a mixture of public and private
conservation initiatives seeking to preserve nature, particularly forests (Pauchard
and Villarroel 2002). It certainly serves to limit environmental destruction and
protects biodiversity but can also be coined as a neoliberal way of grabbing nature,
or ‘green grabbing’ (Holmes 2015).

These concerns have triggered discussions about conflicting modes of nature
appropriation, which became manifest in different interpretations around ‘sus-
tainability’. At the centre of the debate we find questions like: sustainability of
what? – but less frequently – sustainability for whom? This last question is the
one that politicizes nature and forces a political ecology of analysing divergent
forms of perceiving, valuing, and using nature, i.e., forms of nature appropriation.
Nature materializes in concrete ‘local’ places with particular territorial dynamics.
Thus, from a theoretical point of view, we approach nature and territory from a
relational and ontological angle (Escobar 2014; Leff 2014; Max-Neef 2016), i.e.,
under the premise that social, economic, cultural, and biophysical aspects are co-
founded creating and recreating spaces, but often through tensions and conflicts.
We understand territoriality as a way in which specific human groups construct a
geographic territory under a complex network of relationships. Territory is thus a
political entity, which is disputed by different territorialities that set different ways
of appropriating nature (Porto-Gonçalves and Leff 2015). From this viewpoint,
sustainability is politicized and constituted through specific and diverse cultural
forms of nature appropriation. Nature is disputed among regional, national, or even
international actors who seek the extraction of resources for economic reasons or
its conservation, and local actors who look for ways of living that allow them to
reproduce their particular territorialities.

This chapter aims to question the de-politicized idea of ’sustainability’ and its
materialization in a concrete place, also seeing ‘sustainability’ as a new veil to
legitimize the bitter side of economic growth and the territorial transformations
caused by it. For that, we analyse one case in which three territorialities overlap with

2For a definition of sustainability see Azkarraga et al. (2011).



6 Between Extractivism and Conservation: Tree Plantations, Forest Reserves,. . . 101

Fig. 6.1 Schematic map of the study area. (Source: own elaboration based on information from
UACh 2017)

divergent interests, perceptions, values, uses, and strategies for nature appropriation.
We centre our attention on the territoriality of a social peasant group3 who inhabit
the sector4 Lomas del Sol – LdS –, Municipality of Valdivia, Province of Valdivia,
Region of Los Ríos, south-central Chile (see Fig. 6.1). The group consists of

3The use of the concept of ‘community’, as highlighted by Roberto Morales (personal comment to
an early version of the paper), can be problematic in this case. We use the broader notion of ‘social
group’, which share a common history, productive practices and common way to appropriate
nature. Therefore, we opted for the concept of territoriality, which captures the strategies and
actions of these shared practices.
4‘Sector’ corresponds to a political unit in Chile under the level of the municipality (‘comuna’ in
Chilean nomenclature). At this level, local associativity institutions are legally recognized, such as
peasant or indigenous associations.
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about 24 families, some of them members of the peasant association “Comité pro
Adelanto Lomas del Sol”. The inhabitants of LdS are one of the many groups
throughout south-central Chile whose way of living is trapped between nature
extractivism and nature conservation. LdS is, on one side, a biodiversity hotspot and
hydrologically important for providing potable water to the city of Valdivia (Donoso
et al. 2014). On the other side, LdS lies adjacent to vast pine and eucalyptus tree
plantations established by three companies, namely: Hancock Chilean Plantations
(former Forestal Tornagaleones of the consortium MASISA), Arauco Sur, and the
plantations of the Fried family in a medium-size property.

We approached this case study following the idea of ‘strong transdisciplinarity’
(Max-Neef 2005; Nicolescu 1996), which seeks to dilute disciplinary boundaries
and the Cartesian divide to recognize the complexity of human-nature interactions,
the dialectic of the ‘included third’ by taking into consideration that pure objectivity
is never possible, and the different ‘levels of reality’ which recall us that multiple
and divergent logics co-exist at the same time and place place (on this see chapter
by Erlwein et al. in this book). The chapter is based on empirical work from two
research projects that were designed under the principles of participatory action
research (Fals-Borda 2015).

The first of the projects developed a series of actions between 2014 and 2017
with the local community (see Pacheco and Henríquez 2016a). The other project
was based on participatory action research in the area and was conducted between
2016 and 2017, including ethnographic methods such as participatory observation
(Guber 2011) and participatory mapping (Sletto et al. 2013; Rister and Ares 2013).
We particularly use the information of the mapping exercise of the second project
as a pivotal input to understand territorial transformation and complemented it with
the multiple interactions with different members of the community, listed in both
projects.

After this introduction, the second section of this chapter briefly presents the
history of tree plantations in Chile. The third section sketches nature conservation
through protected areas in Chile with a particular focus on the Llancahue forest
reserve. The fourth section briefs the plantation boom in Valdivia. The fifth section
presents the territorial transformation from the viewpoint of the inhabitants of LdS.
The sixth section discusses the politicized sustainability embedded in this particular
territorial conflict. Finally, the last section concludes that while the sustainability
approach of Llancahue clashes with that of the inhabitants of LdS, the underlying
reason for the conflict is the expansion of tree plantations.

6.2 Historical Context of the Chilean Tree Plantation Model

The Chilean tree plantation model carries over one century of expansion processes.
It consolidated from a state development strategy, through a neoliberal development
strategy with a primary role of the private companies and a subsidiary state,
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mostly through the promotion of large private pine and eucalyptus plantations. The
following is a summary of these processes.

6.2.1 Before the 1970s

The process of nature appropriation in south-central Chile traces back to the Spanish
colony and the enclave economy they built in the attempt to control the Mapuche
territory.5 For over three centuries, the Spanish were never able to fully control these
territories. After the so-called ‘pacification of the Araucanía’ in the XIX century,6

in which the newly independent Chilean state consolidated its military control over
the Mapuche territory, the first Forest Law was introduced in 1872. It sought to
regulate the practices of clearing and burning of primary forest, and to encourage
the planting of introduced species. However, this law did not have significant real
effects. With the beginning of the twentieth century, the model of scientific forestry
was introduced in Chile, the first forest management service was created, and a law
project to implement incentives for the promotion of tree plantations was presented
to congress in 1911, being rejected (Klubock 2014).

In 1931, the second Forest Law came into force, including the spirit of the project
rejected decades before. During this time, logging of primary forests and large-scale
planting of introduced species increased. In 1920 the Compañía Manufacturera
de Papeles y Cartones [Papers and Paperboards Manufacturing Company] –
CMPC–, the first private industrial forestry company, was established. In 1937, with
the creation of the Corporación de Fomento [The Chilean Economic Development
Agency] – CORFO – Chile articulated an industrialization programme with the
forestry industry as a key economic sector. With the agrarian reform of the 1960s,
the forestry development model was restructured, and small-scale plantations were
promoted through cooperatives (Clapp 1995; Donoso et al. 2015; Klubock 2014).

6.2.2 Implementation of the Neoliberal Model

The military dictatorship (1973–1990) set a partial agrarian counter-reform. The
new policies favoured private entrepreneurship, the transfer of public property to
private hands, and its concentration in a few economic groups (Gómez 2014). In
addition, barriers for international trade were removed (Clapp 1995). Thanks to the

5Group of indigenous people in Chile and Argentina. Mapuche in the original language means
“people of the earth”.
6We propose to call this process “Usurpation of Araucanía”. The process starts with a series
of negotiations and finalized with a military campaign covering most of the nineteenth century.
Military control of the frontier was gained by the Chilean state in the 1870s.
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Decree Law 701 of 1974 – DL 701 – which foresaw subsidies for tree plantations
and guaranteed no expropriation – there was a massive expansion of tree plantations
in south-central Chile (Clapp 1995; Donoso et al. 2015). Also, other policies, such
as the Water Code of 1981, privatized resources and rights. Besides, the period was
characterized by systematic violations of human rights, particularly of peasants and
indigenous people. In this period, Chilean forestry plantation companies, now in
private hands, became transnationals, expanding mainly to other Latin American
countries (Gómez 2014).

6.2.3 Return to Democracy

Despite the establishment of social and environmental institutions and the recogni-
tion of indigenous communities shortly after the end of the dictatorship, several
public organisms created in the period of the dictatorship remained intact. In
democracy the tree plantation model, through the before mentioned DL 701,
underwent modifications that tried to encourage small-scale plantations, with some
achievements, but without substantially changing the dominance of large-scale
monoculture plantations.

The government of Chile sought to become part of the Organization for
Economic Co-operation and Development – OECD –. For that purpose, a joint study
was performed by OECD and the Economic Commission for Latin America and the
Caribbean – ECLAC – (OECD & ECLAC, 2005) assessing the economic, social and
environmental state of Chile in order to become a member country of the OECD.
Based on the reports’ recommendations, the Chilean government implemented a
series of changes towards a ‘green economy’. As part of the restructuration, a
Ministry of Environment was created in 2010 and other institutional bodies, such
as Environmental Courts, where introduced to promote, evaluate, and monitor
the conservation and sustainable use of the environment as well as to impart
environmental justice and arbitrate conflicts.

A focus was given to primary forests and tree plantations. For example, the
Law on the Promotion of Native Plantations (Native Forest Law), which came into
force in 2008 after 16 years of discussion, was introduced with the aim to create
a subsidy for sustainable management and recovery (restoration) of native forests,
but at the end it became a mechanism to promote monoculture plantations with
single native species, with limited public funds. In concert with the global trend,
private actors also increasingly engaged in: (i) eco-labelling initiatives such as the
Forest Stewardship Council7 – FSC –, which is widely used by companies such as

7FSC is a global organization dedicated to promoting responsible forest management. In short, their
activity engages stakeholders in the process of verification of responsible practices of companies.
Companies which decide to comply to the protocols pf FSC have to demonstrate certain standards,
so their products get an eco-label. With this eco-label, consumers can verify that the companies are
following the standards (Heilmayr and Lambin 2016; Millaman et al. 2016).
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ARAUCO and MASISA (Heilmayr and Lambin 2016; Millaman et al. 2016); (ii)
private conservation reserves, such as Oncol private reserve in Valdivia, owned by
ARAUCO (Holmes 2015); and (iii) different approaches to eco-tourism (Klubock
2014).

6.2.4 The Recent Tree Plantation Model

The large-scale pine and eucalyptus monocultures stopped being supported by DL
701 in 2012, meaning that plantations established after this year could not apply
for the subsidy for a refund of the 75% of the establishment investment (extensive
to 90% during some years). The law period came to an end and a new one was not
enforced by the Senate of Chile. However, in the meantime, Chile became one of the
top 10 countries in the world in terms of land allocated to tree plantations (CONAF
2014). In 2019 the Senate is still discussing to follow with DL 701 for 20 years
more, and at present this subsidy is still being given to private companies.

At the end of 2016, tree plantations covered more than 2.4 million hectares in
Chile. The main species used were radiata pine (57.6%) and eucalyptus (globulus
and nitens) (35.6%) (INFOR 2018). Most plantations in Chile are found in the south-
central region mainly in the regions of Biobío (38.5%), Araucanía (20.4%), Maule
(17.8%), and Los Ríos (7.7%), i.e. between 37 and 41◦S Lat. In Chile, there are
three large size companies, 11 medium size companies, 714 medium size owners,
and 22,747 small size owners8 (INFOR 2018).

Tree plantations are logged to produce mainly sawn wood and pulp. The total
production capacity for sawn wood was more than 4.5 ton (eight million m3) and
more than 5 ton of pulped wood (Fig. 6.2). The main actors are the three large
size companies, which are multinational consortiums with a presence in several
Latin American countries (Gómez 2014): ARAUCO S.A., CMPC, and MASISA
S.A. Figure 6.2 illustrates the expansion of tree plantations in Chile between 1978
and 2016. The figure also displays the production of sawn wood from 1930 to 2016,
and the production of pulp wood from 1975 to 2016.

In this long-term process, as shown in Fig. 6.2, tree plantations started spread-
ing steadily, especially since the dictatorship. Consequentially, the production of
wooden raw materials increased. The democratic turn, instead of curbing the
expansion of tree plantations even fuelled it. The only major decline (2006–2010)
can be explained by decreasing demand due to the global financial crises. In sum,
the process left a consolidated model of nature extractivism based on the extensive
use of land and tree plantations throughout the country, but most strongly in south-
central Chile.

8Planted land ownership (x): (i) Large-size company: x >30,000 ha; (ii) Medium-size company:
5000 ha < x < 30,000 ha; (iii) Medium-size owner: 200 ha < x < 5000 ha; and (iv) Small-size
owner: x <200 ha
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Fig. 6.2 Expansion of tree plantations and forestry industry in Chile. (Source: Own elaboration
based on statistics of INFOR (2018). (Note: Growth of national production of sawn wood (ton*)
and pulp (ton) are displayed to the left axis. Land used for plantations (ha) in the right axis).
Important historic periods are coloured. *Statistics for sawn wood are originally presented in m3.
We used the conversion factor of the source: 1 m3 = 0.55 t)

6.3 Conservation Model of Llancahue: A Turn toward
Sustainability?

In Chile, the first protected areas emerged in the early XXth century. They
basically had two objectives: to protect the remaining primary forests from rampant
deforestation and to exercise control of the political borders shared with Argentina
(Klubock 2014; Otero 2006). The first ‘Forest Reserves’ where thought as reservoirs
of exploitable woods. In the 1970s and 1980s, a second wave of protected areas
emerged based on the concept of ‘wilderness’. In 1984, the National Public System
of Protected Areas (SNASPE, acronym in Spanish) was established with four
categories: (i) Virgin Region Reserves, (ii) National Parks, (iii) Natural Monuments,
and (iv) National Reserves (Pauchard and Villarroel 2002). Since 2003, properties
owned by the fiscal governmental unit, the Ministry of National Property [Ministerio
de Bienes Nacionales], can enter the SNASPE.

The forest reserve of Llancahue is a ‘fiscal property’ and gained the status of
‘Protected National Good’ in 2005 (Ministry of National Property 2006). It is a
public property of 1270 ha, owned by the government since 1929, located 2 km
south-east to the city of Valdivia in the Region of Los Ríos, south-central Chile.
The purpose of the reserve is to protect the hydrological basin that provides water
for the city of Valdivia, to conserve biodiversity, and to prevent deforestation and
forest degradation (Moorman et al. 2013a). The hydrographic basin of this forest
ecosystem supplies nearly 80% of the water for the city of Valdivia. Besides, the
Ministry of the Environment selected Llancahue forest as one of the 40 high priority
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areas for the conservation of natural ecosystems within the regions of Los Ríos and
Los Lagos (Farías et al. 2004).

The Llancahue forest reserve contains one of the last reserves of primary forest
(approximately 700 ha of old-growth stands) plus secondary forests of different
types (Donoso et al. 2014). The geomorphology of the Llancahue forest reserve
consists of moderate hills between 181 and 424 m a.s.l. with gentle slopes (<30%)
except near the river basins. According to the Koeppen classification, the climate is
temperate rainy warm with Mediterranean influence. The annual average rainfall is
2357 mm, with July being the rainiest month and February the driest (Núñez et al.
2006). The average temperature is 12.0 ◦C, with January being the warmest month
with 17.0 ◦C and July being the coldest with 7.6 ◦C (Donoso et al. 2014).

In 2008, the Universidad Austral de Chile – UACh – in Valdivia received a
concession for the Llancahue forest reserve free of charge by the Ministry of
National Property (2008) for a period of 20 years to implement a sustainable forest
and watershed management project together with local communities (UACh 2017).
The goals of the project included forest management especially in some areas
covered with secondary forests, “to promote old-growth conditions through the use
of ecological or restoration thinnings while working with the local community”
(Moorman et al. 2013a). Since then, the UACh initiated a process with the aim of
conserving the primary forest and ensuring a balanced water supply while meeting
the needs of people living in the surroundings (Donoso et al. 2014; Moorman et al.
2013a, b).

The Llancahue forest reserve is located next to a small scattered hamlet of 24
peasant families in the sector of Lomas del Sol. These families’ livelihoods depend
on tree logging in their own small forest plots and in the forest reserve, which
they have used for decades without regulations and after 2008 under the rules of
the management plan of the Llancahue project. The wood is used for traditional
charcoal production, which provides the main income to the community. Besides,
their livelihoods depend on smallholder farming and, since recent times, on tourism
(Pacheco and Henríquez 2016a). A co-management sustainability plan was designed
with the participation of members of LdS. Other organizations such as the NGO
‘Agrupación de Ingenieros Forestales por el Bosque Nativo’ – AIFBN – and several
public agencies were involved in a committee for the Management of Llancahue.

The plan of UACh proposed a sustainable use of the Llancahue forest reserve
based on the concept of co-management, an approach founded on a rather technical
vision of sustainability. The initial co-management conservation model employed
people from LdS as loggers to do the thinnings in the 317 ha of secondary forests
within the reserve. Each worker received a wage plus a share of the extracted timber,
following estimations on the willingness to accept (Moorman et al. 2013a). The
estimations suggested loggers from LdS would accept a salary of $346/month USD
($ 200,000 CLP). The authors also performed an evaluation which signalled that
people in LdS expected mainly employment as a benefit from the Llancahue project.

However, the study also estimated that the project could pay only a maximum of
nine workers for 3 months a year. Between 2009 and 2016 the co-management plan
was applied for the Llancahue forest reserve. Table 6.1 shows some statistics. The
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Table 6.1 Features the Llancahue forestry co-management plan

2009 2010 2011 2012 2013 2014 2015 2016

Area under management (ha) 11 10 9 12 7 12 14 9
Wood extraction (mt) 1700 1200 270 1500 920 2400 1430 1320
Wood for UACh 1600 1100 180 1400 800 40 n.d. 610
Wood for loggers of LdS 100 100 90 100 120 n.d. 300 710
Local workers (number) 6 6 6 6 6 9 9 9
Wages (CLP/mt) 4000 4500 5000 5000 6000 6000 7000 6000
Total annual wages [II*VI]
(1000 CLP)

6800 5400 1350 7500 5520 14,400 10,010 7920

Average annual wage per
worker (1000 CLP)

1133 900 225 1250 920 1600 1112 880

Source: Pablo Donoso (in Pacheco and Henríquez 2016a)
Units: CLP Chilean Peso, mt meter

area under management reached its maximum in 2015, when 14 ha were managed.
The average annual wage per worker oscillated between $225 CPL and $1600 CPL,
and the amount of wood per worker per year was between 15 and 79 m3 of firewood
(1 m3 of firewood approximately 0.66 m3 of solid wood).

The co-management plan was not without criticism. The initial approach sought
to present the Llancahue forest reserve “as a demonstration conservation project
where public primary forests are managed sustainably and consistent with the needs
of local communities” (Moorman et al. 2013a). However, while the programme
was successful in reaching the first goal, i.e. to manage the native forest without
degrading it, the second goal was not met: the model is not consistent with the
needs of the local community. The main reason behind this is that the project
cannot deliver what people in LdS expected from it, mainly employment. Highly
seasonal working opportunities for 9 individuals in 24 households can certainly not
deemed to be sufficient. The second issue is that other needs, such as education,
were not taken into account. Finally, a more fundamental problem is that the notion
of ‘participation’ did not reach decision-making, therefore, is not ‘co-management’
but rather participatory management.

Although the plan recognizes that “a major challenge in community based
approaches is determining how to engage local community participation”, the
people of LdS is considered a threat for conservation per se: “they [protected
areas] are threatened by illegal uses by neighbouring communities such as illegal
timber harvesting and grazing of animals . . . The adaptive co-management model
in Llancahue has recognized the need to work with the campesinos ( . . . ) in the
neighbouring community who were illegally logging the forests in the watershed”
(Donoso et al. 2014).

How to use and manage the forest are in fact an interplay of bundles of rights.
UACh is the manager and not the owner of the Llancahue forest reserve. There is
no binding obligation for UACh as the acting authority to include LdS needs into
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the decision-making, beyond an advisory role. However, this stands in contrast with
the needs and rights to autonomously determine a mode of living of the people of
LdS, jointly with the historical marginalization of basic elements of well-being such
as health or education (Pacheco and Henríquez 2016a). In this sense, the obligation
scales up to the state, which through the Ministry of National Property provided the
concession of Llancahue expecting its conservation but without any consideration
for the interplay with the surrounding uses of property, neither the community nor
the plantations.

UACh recognized these major shortcomings and widened the cooperation
approach with the social group since 2014. The pure work-based strategy was
complemented with community based eco-tourism (Pacheco and Henríquez 2016a)
that was inspired by participatory action to improve the local conditions by means
of constituting strategies of eco-socio-development (Henríquez et al. 2010, 2018;
Sampaio 2005). However, the pivotal role of the sustainability approach remains on
the forestry management.

We see the main shortcomings in the limited understanding of the relations
between people living around the reserve, their interests, their rights, and their
relationship with the forest and the adjacent tree plantations. Instead of pointing
at LdS group as ‘the threat’ for Llancahue’s forest, a more in-depth analysis of
the territorial processes must be done to understand local needs, dependencies, and
forest uses in relation to tree plantations. We find three types of actors in conflict
about the management of this territory: Forest companies, local community of LdS
(some of the families are dedicated to illegal logging, or in activities related to forest
production), and the University as a manager of Llancahue Reserve.

6.4 The Plantations Boom in Valdivia

In 2016, the region of Los Ríos had 185.108 ha of eucalyptus and pine plantations,
and the municipality of Valdivia alone had 22.933,6 ha (INFOR 2018). An early
industry in Valdivia, mainly the CMPC cellulose plant and INFODEMA, a local
plywood company, had operations since 1942. MASISA, one of the three biggest
forestry companies in Chile, was funded in Valdivia in 1960, opening the plant in
the city in 1965 and creating its logging filial, Forestal Tornagaleones, in 1967.
However, the plantation boom in Los Ríos and in particular in Valdivia, started in
the 1970s and accelerated since the 1990s. The dynamism of the industry in Valdivia
received another push with the inauguration of the cellulose plant in San José de la
Mariquina in 2004.

The first tree plantations in the area of Llancahue appeared in the 1980s. Until
2013, they heavily expanded conforming an extractivist matrix (Fig. 6.3c). Figure
6.3 displays the land use in the area of Llancahue for the years 1960, 1980, and
2013. Between 1960 and 1980, while native forests increased within the borders of
the Llancahue forest reserve, they decreased outside the reserve. Between 1980 and
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Fig. 6.3 Changes in land use in Llancahue area between 1960 and 2013. (Source: Medel (2013)
in UACh 2017)
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2013, there was a growth of native forests within the reserve, while tree plantations
replaced both native forests and private agricultural land outside the margins of
Llancahue.

6.5 Living Between the Llancahue Reserve
and Tree Plantations

The peasant group in LdS consists of 24 families, some of which are grouped
under the peasant association without lucrative purpose Comité pro Adelanto Lomas
del Sol, established in 1997 and legally recognized as a decentralized local social
organization by the municipality of Valdivia. LdS is located in the buffer zone of the
Llancahue forest reserve, but also besides blocks of tree plantations (see Fig. 6.1).
This makes it an interesting case to reflect the territorial transformation of a social
group that is trapped in between extractivism and conservation. The main source
of income is firewood and coal production, sold mainly in Valdivia, complemented
by small-scale farming. People have orchards and greenhouses, and raise livestock
such as pigs, sheep, and cattle. The formal education is mostly low, not exceeding
8 years of schooling. Basic infrastructure is lacking or scarce. There is no health
service and no potable water, which is ironic as the area provides the water for the
whole city of Valdivia. Generally, there are no job opportunities in LdS, especially
for women and young people, or for men who wish to work outside forestry or
agriculture. Some families migrated to urban centres, mainly Valdivia (Pacheco and
Henríquez 2016b).

The management of forest conservation controlled the illegal logging, but on
the other side, it reduced the working opportunities for local families dedicated to
produce charcoal and firewood. The tree plantations expansion made pressure over
property of local families, resulting in some of them are selling their properties
to forest companies. LdS is located between the conservation and the forest
extractivism. Even if LdS social group could make illegal practice and harmful for
conservation, the effects of this practice are less harmful than the impacts of the
industrial model of plantations in all water basins of Llancahue.

To understand the loss of the territoriality of the peasant group of LdS in the
interplay with the territorialities of the conservation scheme and the tree plantation
blocks these two, it is necessary to start from the local notion of territory. In the
following we show our empirical findings gathered with a mixed method approach
involving focus group discussions and a participatory mapping, conducted together
with residents of LdS and complemented by observations in several local activities.
Focus groups were used to reconstruct the preponderant territorial dynamics in three
historical periods: (i) 1970–1990, (ii) 1990–2010, and (iii) 2010–2016. However,
the exercise included questions to contextualize the time frame before 1970. The
group division was made by age. The exercise revolved around the construction (and
later analysis) of maps. The exercises provided a synthesis of the main elements of
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territorial transformation, which ultimately inform on the local (externalized) costs
of tree plantations in a qualitative way.

6.5.1 Territorial Context Before 1970

The first Chilean settlers, the families with surnames Hernández and Noches, arrived
in the Llancahue area between 1915 and 1930, in a process of late agrarian frontier
expansion. At first, only male settlers arrived and began the land occupation as
squatters, ‘opening’ land for agriculture. Later on, they brought their wives and
children. These first families were followed by others, starting a local economy
based on the extraction of wood from native species to establish their homesteads,
as firewood, and mainly as the raw material for charcoal production. Charcoal was
produced with artisanal coal furnaces, a technology used all over south-central
Chile. The coal was transported with carts and yokes of oxen to Valdivia and
Collico for sale, often constituting the only source of monetary income. The trip
took more than a day with a one-way transportation time of around 5 h. In the
1960s, the population of the sector LdS had grown enough to justify the construction
of a school, which operated between 1960 and 1972 and constituted the first
permanent state agency in LdS. In 1974, as a comunero9 mentions, there were
enough inhabitants to “play football”.

The physical accessibility to LdS was difficult, since the bridle paths up the hill
were precarious from the surrounding towns. Even the road from Valdivia to LdS
was rudimentary until it was paved in 2009, when a gavel carpet was added to the
road. In total, until that year, LdS was quite isolated, despite the very close proximity
to the city of Valdivia.

Land property of peasants in LdS was not formally titled until a private property
law recognized them as owners in 1974. Until this point, the families lived as
squatters between the public property of the forest reserve and large private
properties.10 Until the late 1970s there were no pine or eucalyptus plantations in
the area, and, as stressed by the older interviewees, water was abundant.

6.5.2 Period 1970–1990

During the 1970s, the orchards in LdS were still mainly for subsistence and forests
products were used for day to day life. Multiple species of fungi from the forest,

9An individual of a community.
10However, as reported by Donoso et al. (2014), even in the present several of the families do not
have formal titles.
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such as ‘Loyo’ and ‘Digüeñe’,11 for example, were common in diet. In agriculture,
as one of the focus group participants commented, “each household needed to sow
in order to sustain itself”, and “there was not much potato left for sale”, pointing
to the lack of yield surplus. Income was mainly derived from the production of
charcoal using timber from the surrounding primary forests.

Although in 1974 land property of peasants in LdS was formally titled, peasants
were not allowed to sell their land until 1979. In 1979, forestry companies began to
buy land from peasants in LdS. The participants of our focus group discussions did
not recall the year in which the first forest plantation was established in the area.
But they know that logging companies purchased the first land in 1979. This was
followed by several deals at the beginning of the 1980s.

Large-scale tree plantations grew during the 1980s, while several peasants in
LdS established small–scale tree plantations on their plots to sustain their firewood
availability. The reasons behind were the degradation of the primary forests on
their own plots and the clearcutting of the primary forests on the holdings of the
plantation companies. The participants of our focus group discussions associated the
land purchases by plantation companies to migration of peasants from LdS to cities,
mainly to Valdivia. They remembered a purchase of 42 ha of land in 1989 for a price
of $CLP 2.5 million, meaning approximately $ CLP 59,000 per ha. Other reasons
included the lack of job opportunities and difficulties to access basic education,
as the primary school was closed in 1972, forcing children to assist to a boarding
school in Huellelhue, a town 6 km away from the sector, 2 h walking through the
tree plantations.

Figure 6.3 shows that the degradation of the native primary forest in the area of
the Llancahue forest reserve was greater in 1960 than in 1980 when the plantations
were beginning to arrive. This suggests that the families in LdS had slowly overused
the forest up to this point (1960). However, the combination of the advance of the
tree plantations on the one side, and the establishment of stronger norms of forest
conservation on the other, gradually led to a crisis of the way of life of the LdS
community and ultimately to the loss of their livelihoods.

Focus group participants point out a migration from ‘below’, the sector of
Piedras Blancas, ‘upwards’ to the sector of LdS (see magenta arrow in the middle
of Fig. 6.4). In addition, a block of native forest outside the Llancahue forest
reserve is clearly identified (green area), which can also be seen in the land cover
maps (Fig. 6.3). The map also displays coal kilns in almost every household, the
abundance of charcoal, and Valdivia as the main coal destination (purple arrows).
Two more elements were revealed by the exercise. First, there was a church in
LdS. Second, the symbol used for flora and fauna is not only placed at the native
forest which corresponds to the Llancahue reserve, but also at their individually
owned land, signalling that there were native forests on their plots. One of the
main elements of the territorial transformation during 1970 and 1990 is the first
tree plantation block, located between LdS and the river Calle-Calle (brown box

11For a description of Chilean fungus see Furci (2008).
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Fig. 6.4 Elements of territorial transformation during 1970–1990. (Source: first author, participa-
tory mapping workshop, Lomas del Sol, Valdivia, December 2016)

and rectangle). This is the tree plantation of the Fundo Fried, a land owned by the
individual of the same surname, which is still present today.

One interesting event came out in one of the focus group discussions. The
abundant native forest near the Pillpillo creek was being occupied by members of
the community. They remember they and their parents used to extract timber and
other forest products such as local fungi form this forest. In the 1980s, an official of
the state visited the place started a legal process calming that it was a public land.
Finally, the land was recognized as public, so the families had to move away. The
land, however, was sold to MASISA and the forest, they remember, was transformed
into plantations.

6.5.3 Period 1990–2010

Between 1990 and 2010, tree plantations spread on the hills next to LdS. Plantation
companies introduced socio-ecologically doubtful agronomic practices, such as
aerial application of agrochemicals, which were dispersed by air currents falling
over the orchards in LdS and the surrounding primary forests. As one of the
participants reported “In the eighties and nineties . . . we lived near the Pillopillo
creek, and the forestry company used [aerial] fumigation. Near my house we had
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a small orchard . . . and all the chickpeas were ruined, all was burned”; the reason
was that in that time “plantations were just starting to grow, and they had to fumigate
due to a small animal that the pine had”. “Yes, fumigations where due to a worm
supposedly”, complemented another participant. Practices were banned later on.12

Plantation companies often highlight their important role in creating jobs.
However, the operations around LdS did not offer much working opportunities for
local people. The jobs that were created required a level of qualification which
most community members did not have. In addition, the number of newly created
jobs was very limited, as the processes were highly technical, with intensive use of
machinery.

Between 1990 and 2010, the importance of charcoal production increased while
subsistence agriculture decreased in LdS. This was associated with an intensified
migration, in which between seven and ten families left the sector. However, some
of the young members got qualified jobs, mainly in Valdivia, and even positions
within the forestry industry but away from the sector. This was the case of the son
of one participant, who gained a position as a truck driver for ARAUCO. His job
was to transport logs from all logging sites through Los Ríos and Los Lagos to the
cellulose plant in San José de la Mariquina (50 km north of Valdivia).

Our interviewees perceived an important change during this period. They started
noticing that water was becoming scarce. Water is crucial for agriculture and
forestry, and especially given the fact that LdS was not connected to a pipe
water system, the water shortages started creating massive problems, mainly during
summer. One of the participants declared: “there has been moderate water scarcity,
almost at each slope. Before we had rain 15 days on a raw during winter, now it
rains only for two days” as a result, the dependence on income from jobs outside
agriculture and forestry grew.

Since 2005, new infrastructure came to LdS in the form of brick kilns and a local
water system (not connected to the aqueduct which provides water for Valdivia).
This is associated with the arrival of two new actors, namely: (i) the NGO AIFBN,
which developed a program related to the establishment of the water system, and
(ii) UACh, which took the management concession of the forest reserve.

Figure 6.5 shows the territorial transformations between 1990 and 2010. The
most important element highlighted by the informants is that the area got surrounded
by tree plantations (brown area). The plantations of the company Forestal Tornaga-
leones (now Chilean Hancock Plantations) now joined Forestal Fried and created a
continuous block of tree plantations around LdS. The place where plantations are
shown in Fig. 6.5 was still occupied with native forests in 1990 (Fig. 6.4). When
we compare this with Fig. 6.3, it becomes evident that the advancement of the tree
plantations led to the deforestation in that area. However, our informants perceived
the deforestation during that time as being larger as it actually was, as it is evident
when contrasting the land use changes of Fig. 6.3 and the change in the perceived

12These practices were only banned in the municipality of Osorno (Ministry of Health 2000).
However, it might have been a corporate decision which changed practices.
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Fig. 6.5 Elements of territorial transformation during 1990–2010. (Source: first author, participa-
tory mapping workshop, Lomas del Sol, Valdivia, December 2016)

native forest beside the Pillopillo creek (Estero Pillopillo) in Figs. 6.4 and 6.5. One
possible explanation might be the high economic and cultural value the participants
attached to the native forest that was replaced by plantations.

6.5.4 Period 2010–2016

The year 2010 brought a fundamental change for the inhabitants of LdS: the dirt road
became a gravel road, and parts of it were asphalted shortening the transport time
to Valdivia to 30 min by car. Some families bought pick-ups in order to transport
firewood or charcoal to Valdivia, now being able to do two or even tree journeys
per day. The improved road also spurred a community-based ecotourism project,
started by UACh. The project introduced a change in perspective regarding the
‘participation’ of people of LdS. While previously their involvement was mainly
needed as loggers in few selected areas of the reserve, with the community-based
eco-tourism13the strategy changed by implementing a co-design process for the

13Community-based tourism (CBT) is a tool for communities to achieve defend their territories
from threats such as real estate speculation and cultural de-characterization. With this tourism it
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selection of desired economic activities and actions pointing towards them. Eco-
tourism trails were built up within the Llancahue forest reserve and signals with
local stories and biological history facts were introduced. UACh staff trained five
inhabitants of LdS as ecotourism tour guides. Also, other projects were encouraged.
One of these was a pilot project for photovoltaic solar energy designed by Debus
et al. (2017), which included the installation of solar panels at the LdS community
meeting house in a series of collaborative workshops. This project shows to one
of the problems of LdS. LdS is close to the regional capital city of Valdivia but
is not connected to the electric network. Families mainly rely on fuel-based power
generators.

However, at this point, as is evident in Fig. 6.6, the tree plantations already
surrounded the entire sector of LdS, spatially trapping the peasant community
between the Llancahue forest reserve and the tree plantations. According to our
informants, the Chilean forestry consortium MASISA, one of Latin America’s
largest wood panel manufacturers, is the owner of most of the tree plantations
around LdS (although recently MASISA sold these lands to Hancock Chilean
Plantations). By then, the community seemed to have a conflict with MASISA

Fig. 6.6 Elements of territorial transformations during 2010–2016. (Source: first author, partici-
patory mapping workshop, Lomas del Sol, Valdivia, December 2016)

has been possible, the generation of work and income, protect biodiversity and cultural identity,
conserving ways of life of rural and indigenous communities (Pacheco and Henríquez 2016a).
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authorities about the use of the public road. People complained that the company,
which normally uses its own roads within its properties, started using the only
communal road to transport the logs. Families in LdS were not only affected by
the noise and the dust, but also because the road was gradually destroyed by the
heavy trucks. One day they decided to block the road. Once they did it, MASISA
stopped sending its truck through the public road. According to Vásquez (2014),
the NGO AIFBN made a formal complaint to Forest Stewardship Council – FSC –,
since MASISA possessed the eco-label certification of this global organization. Due
to the conflict with the community they deemed it to be no more justified.

With the advancement of tree plantations, the shortage of water increased. As
one of the members of LdS mentioned: “Before [1970] in the creeks the stream flow
had more water than now, that’s the difference, the wells were completely filled”.

During the time of the research, the coal prices were relatively low, and the efforts
in time and work involved in the process of coal making almost did not offer added
value. For these reasons, the use and dependence on firewood increased. Peasants
tend to cut down the last remnants of native forest on their plots. According to one of
the young participants, the weekly production of coal of the own plot of his father
is around 15 sacks of coal, but the effort of doing the coal is so high and badly
paid that they were considering leaving only the firewood. Two other participants
mention that, on average, they produce 40 sacks of charcoal, a lower estimate. The
price at which they sell in Valdivia was between $ CLP 4000 and $ CLP 5000 per
sack, but the commercial price in the city for final consumers is between $ CLP
8000 and $ CLP 9000. Also, the participant reported that there is no real differential
prize for the type of wood between pine or native species, since the consumers do
not have the knowledge to differentiate. When selling the firewood in Valdivia, the
prices for the 1 m3 of firewood are around $ CLP 22,000 for eucalyptus and between
$ CLP 26,000 and $ CLP 30,000 for native species and pine. The main difference
in costs is that the coal requires one-week production time at the kilns, thus making
the firewood more appealing.

In reflect which are the most fundamental changes from 1970 to the present
(2016) the participants of the focus group highlighted that for the community, the
infrastructure, including the road and the new kilns make a difference. However,
the most important change perceived was the process in which people of the sector
decided to leave and sold their land to the logging companies. One of the participants
recognized that it was not a forced process, but rather “because due to their needs,
people did not value their assets”. Regarding the prices, the participant reflected
that while in the 1980s 1 ha of land was worth $ CLP 40,000 to $ CLP 50,000, one
charcoal sack was worth $ CLP 300, and one lunch in Valdivia was $ CLP 500, in
2016 1 ha of land was worth $ CLP ten million, one charcoal sack was worth $ CLP
5000, and one lunch in Valdivia was $ CLP 4000. This reflection offers a rough
estimate of how land valorisation has taken place, having very low prises when the
land deals from the smallholders to the companies happened.
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6.6 Towards a Social Model for Sustainability?

We explored three forms of nature appropriation and their interactions in our
particular case. First, the Llancahue forest reserve is a public conservation area of
1270 ha managed by UACh under a ‘sustainable co-management’ plan (Donoso et
al. 2014; Moorman et al. 2013a, b) that seeks to protect the watershed hydrological
cycle and biodiversity while involving the community of LdS. Second, large
monoculture tree plantations owned by logging companies (big and small ones),
that use the land to generate their (short-term) benefits while contributing to ‘green
growth’, ascribing to the ‘sustainability’ seal offered by self-imposed eco-labelling
companies, mainly FSC (Heilmayr and Lambin 2016; Millaman et al. 2016; Reyes
and Nelson 2014). Finally, the territoriality of the peasant community of LdS, which
appropriates nature in a far less extractive manner than the plantation companies but
depends on resources from the native forests. Viewed in perspective, the interplay of
these three forms of nature appropriation shows a process in which tree plantations
slowly cornered the LdS community against the Llancahue forest reserve.

With the expansion of tree plantations, starting from 1979, the peasant com-
munity in LdS gradually lost its cohesion and became more and more dependent
on timber extraction from the Llancahue reserve. Companies, in general, do not
allow external individuals to harvest their plantations. However, when people have
accessed few trees, the companies have not raised concerns. Yet, issues with logging
companies are avoided, as one of the LdS members stated: “we don’t want to have
any problem with the forestry companies”. However, another participant stated
that the logging companies sometimes give a formal letter allowing them to use
the remaining after harvest residuals. Besides, several members of the community
introduced pine or eucalyptus in their smallholdings.

The population of Valdivia, a city with over 150,000 inhabitants, depends on
water supply from the Llancahue reserve. Scaling up, national and international
interests see the Valdivian forests as biodiversity hotspots, being Llancahue one
among the few relatively well conserved forests. However, for the local community,
native forests represent a traditional source of timber for firewood and artisanal
charcoal production, which constitutes its main source of income. In 2008, UACh
received a concession for Llancahue reserve for a period of 20 years to implement
a sustainable forest and watershed co-management plan. With this plan, UACh
assumed the role of authority and imposed restrictions on the uses of Llancahue
forest in order to conserve the old-growth stands and the hydrological cycle.
However, the forest was previously perceived by the peasant community in LdS as a
‘common’ good, a free-access space where no withdrawal rights. Fuelled by a lack
of job and income opportunities, this triggered tensions between the territoriality of
the community versus the co-management plan introduced by UACh.

The main problem lies in that model of ‘sustainability’ in which co-management
has not been able to adequately assume the historical territorial transformation
processes in which the community gradually became more and more dependent on
a forest reserve, even though it does legally not have the right for wood extraction
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(while the adjacent tree plantation owners and timber companies do have it).
Therefore, when prohibiting or regulating the extraction of wood from within the
forest reserve, the unwanted outcome is to limit the main source of income for
the local community. This would not be so problematic if peasants had alternative
means to cover their daily expenses. The orchard system, for example, which was
traditionally important for subsistence, has however also been weakened since plots
were sold due to the plantation expansion.

Despite investments derived from projects (e.g. infrastructure) the sustainability
approach offered by UACh has limitations: it can guarantee the protection of the
watershed and forest biodiversity, but not the relationship that the community of
LdS held with that same nature. In fact, it negatively effects the way of life of the
LdS peasant community in general, although there are increasing job opportunities
for some. Nevertheless, the underlying cause is often overlooked or ignored: the
large-scale expansion of tree plantations into native forests and smallholdings, with
full support of the Chilean state.

Locally, the recent economic problems of the inhabitants of LdS seem to be more
related to the conservation model than to the plantation model. However, looking at
the broader territorial and historical picture we have presented, it becomes clear
that the progressive spreading of tree plantations gradually led the community to
depend almost exclusively on the exploitation of the native forest in a reserve since
many other forests were clear-cut for plantation development. This was precisely
the case of the native forest surrounding the Pillo Pillo Creek, from which families
used to extract wood and other forest products. The satisfaction of needs became
more and more dependent on monetary income, particularly from the extraction of
wood from the reserve. Thus, it is inevitable that conflicts arise when restrictions
are established and implemented on the use of Llancahue forest reserve, because
LdS group did not develop economic association, productive cooperation, or other
strategies to diversify the local economy. Their isolation and low educational levels
played a negative role for local development, unlike in other rural territories of
southern Chile.

The ‘sustainability’ idea embedded in a ‘green growth’ concept to which logging
companies tend to refer is a euphemism at the local scene. Logging companies
do not necessarily engage in illegal activities, but rather in unethical ones. The
community has mainly interacted with Forestal Tornagaleones, of the MASISA
consortium (now HCP). While the company has ‘collaborated’ with the donation of
0.5 ha to the project to create a space for environmental education (Vásquez 2014),
they have used their economic and bargaining power to green wash their activities
by complying to FSC. The problem that emerges with logging companies, is that
the only way to modify their actions, in a sensitive scale, is by changing the legal
framework they rely upon. Within their property, they could deforest native forests
and replace them with plantations in the past, only mediated by the management
plan, which required an official permission. This was the case with the native forest
present outside the reserve, acquired by logging companies and transformed into
plantations.
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A ‘social sustainability’ approach must start by understanding the relationships
between fundamental human needs (Max-Neef et al. 1991) of local people and
‘their’ territory. At stake is the reproduction of the peasant territoriality in LdS.
The notion of sustainability proposed by the co-management approach of UACh
at Llancahue involves a wider preoccupation by the local peasant group but is not
yet able to construct a ‘sustainability’ for that group. Then, how is it possible to
build a social sustainability that considers the satisfaction of the fundamental human
needs of the peasant families of LdS? It seems impossible to reverse the territorial
transformation that was triggered, ultimately by the tree plantation expansion.
However, alternatives that allow new territorialities where communities satisfy their
fundamental human needs are possible.

The sustainability problem for the people at LdS, and social groups alike, starts
by a process of regenerating meaningful opportunities which allow to build territo-
rial processes for the satisfaction of needs. It cannot be solved with a single policy
implementation. As the sustainability preoccupations are multi-scale, measures to
create such meaningful opportunities should also include multiscale changes. We
presented the problem of tree plantations as an extractivist phenomenon, which is
focused on the extraction of raw materials for exports. In this regard, the problem
relies on the obsession of an ever-growing economy and the set of regulations which
support such extraction. Therefore, measures which actually can generate changes
at the national level rely on changes on the indicators of progress (Azkarraga et al.
2011). However, this the type of policies suggested in this direction are contrary to
those of green growth.

This type of measure must be echoed with some sort of territorial action which
balances the negative effects of monocultures. There is an interesting approach
of territorial use based on the PROT, and taken as . . . What we perceive is that
the state is still subsidiary to the companies’ extractive decisions. It is important
that the state engage in a more direct regulation, using tools such as local taxes,
which would allow the municipality income out of the land dedicated to plantations.
However, while taxes may regulate decisions, stronger restrictions should apply in
the neighbouring areas to forest reserves.

Finally, to benefit local actors who have been systematically excluded from the
state, as has been historically the case of LdS community, requires a stronger state
engagement. Solving structural inequalities is not an exclusive responsibility of a
conservation management programme, but also of the state action. While the state
has been present in the case of LdS funding the construction of the road, their
engagement needs to be enhanced in talking multiple inequalities at the same time.

6.7 Conclusions

In this chapter, we presented a case in which differing perceptions, values, and
uses of nature structured tensions and often conflicts around its appropriation. The
interplay of the interests that set the territorialisation of these differing views of
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nature fostered a territorial transformation. Three territorialities interacted in such
process: (i) The tree plantation model under which nature is appropriated in an
extractivist manner, legitimized with the ‘green growth’ discourse and policies;
(ii) the Llancahue forest reserve under which nature is protected, with a focus on
watershed and biodiversity conservation; and (iii) the territoriality of a peasant
community which uses nature mainly for firewood and charcoal production and
small-scale agriculture. The peasant community is geographically located right
between the tree plantations and the Llancahue forest reserve. Nevertheless, the
local problems are complex, since some local residents and external agents have
been involved in illegal native wood extraction from Llancahue and other near
properties.

Logging companies started the massive expansion of tree plantations in the area
in the 1980s, promoted by the Chilean state. In LdS, and many other parts of Chile,
plots from peasant families were sold to logging companies, which established
plantations with fast growing pine and eucalyptus to produce timber primarily for
sawn wood and cellulose production, mainly for export. This export-focused activity
is at the centre of the extractivist processes that are present in all Latin America
(Gudynas 2015).

The Llancahue reserve, north to LdS, is a public property that became a forest
reserve in 2005 mainly for watershed and biodiversity conservation. The LdS
peasant community had however perceived it as a free-access common and used
the forest for timber, firewood, and coal production without permission for decades.
In 2008 UACh, was given a concession for Llancahue reserve for 20 years. Since
then, the university implemented a sustainable management plan, with the attempt
to build a co-management plan with LdS people but without participation beyond
seasonally working relations in logging. The plan limited the use of the woods from
Llancahue reserve. In 2014, the plan was revised and involved other actions, such as
the development of a community-based ecotourism programme and a photovoltaic
energy project.

The peasant group of LdS that exercised a territoriality based on smallholder
agriculture and the use of resources from the surrounding native forests, ultimately
got trapped in between these two territorialized models of nature appropriation. On
one side, the group has not enough bargaining power to confront the advance of the
logging companies, which are backed by state regulations and policies. Plantations
advanced progressively, clearcutting the relicts of native forest, reducing the space
for (the now illegal) timber extraction on plots of forests of peasant’s own plots,
nature that was highly valued for its economic functions for the peasant mode of
living. As a consequence, peasants relied more and more on the woods from the
forest reserve.

The process and extent of the territorial transformation allowed us to argue that,
even if there are conflicts between the UACh forest conservation approach and
the peasant group of LdS, the strongest factor – in impact and size – triggering
the conflict arena are the tree plantations, covered by the sustainability discourse
of ‘green growth’. It becomes clear that the problem is limited by the regime of
appropriation of nature on which extractivism is based, that is, a set of regulations
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including laws and policies that interact with the local institutions. Therefore, the
dichotomy of nature ‘conservation’ versus ‘human needs’ requires to be revisited
since extractivism, which plays a silent role in the local conflict arena, becomes the
trigger when looking to the broader picture.

As an alternative, we see that actions towards a ‘social sustainability’ that allows
for the reproduction of the peasant territoriality of LdS should point towards the
legal recognition of more organic ways to appropriate nature (Max-Neef 2016),
which maintain cultural practices while satisfying fundamental human needs (Max-
Neef et al. 1991). With a binding recognition of territorial rights, new peasant
territorialities could emerge by restructuring a way of life based on a respectful
appropriation of nature. But this is not easy in the practice, because in the territory
a climate of distrust predominates between peasants.

However, both the territorial models and the resource regimes that support
extractivism require to be transformed to give space to other forms of exercising
territoriality, but such structural transformation is not an easy task. Therefore,
in the short term, it is necessary to ‘manage’ the tensions and conflicts by
negotiating alternatives for the co-construction of sustainability, which must respect
the ecosystem limits and understand that sustainability is a social construct and
problem. Nevertheless, this is so difficult in the territory because the peasants are
disconnected with the sustainable concept in their local knowledge, and in their
productive practices based in timber and charcoal production.
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Chapter 7
Land Tenure Insecurity and Forest
Conservation in Chile: The Case
of the Mapuche Huilliche Indigenous
Communities in the Coastal Range
Rainforests of Mapu Lahual

Manuel von der Mühlen, José Aylwin, Teodoro Kausel, and Felix Fuders

7.1 Introduction

Today, many indigenous communities live in a situation of land tenure insecurity
(FAO 2009). Without secure land rights they are exposed to involuntary land
loss and can simultaneously become victims to the deterioration of their natural
habitat through large-scale resource extraction or development projects (Agyepong
2013; DFID 2009). Customary land rights and community conservation areas could
protect indigenous peoples and local communities from potential land grabbing and
protect the natural environment (Almeida 2015). This research argues that lack of
recognition of customary rights to land and limited recognition of territories con-
served by indigenous peoples and local communities, known under their acronym
‘ICCA’, is one of the main causes of land tenure insecurity.1 Figure 7.1 displays
the results of the problem analysis in the form of a problem tree. The results are
based on the case study of the research, which took place in the territory of the
Mapuche Huilliche indigenous communities of Mapu Lahual, Osorno Province, Los
Lagos Region in southerns Chile. These communities live in a situation of acute
land tenure insecurity because many people lack formal land titles (McAlpin 2004).
However, since the late 1990s, several development interventions have taken place

1ICCA: Indigenous community conservation areas.
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Fig. 7.1 Problem tree. (Source: own elaboration)

to strengthen their land tenure security and facilitate the creation of community
conservation areas (McAlpin 2004). The case study region covers an area of
approximately 60,000 hectares (ha). The communities are located at the coastal edge
of the three communes San Juan de la Costa, Río Negro, and Purranque (Fig. 7.2;
Maggi 2012).

7.2 Material and Methods

The research uses a mixed-methods approach combining two qualitative research
methods: literature review and 13 expert interviews. The interview partners were
selected based on non-probability purposive sampling. An interview guide was
developed to facilitate the flow of the interview as proposed by Henning et al.
(2011). The questions of the follow-up interview were always refined based on
the answers obtained in the previous interview. This is a method that allows the
researcher to draw inductive inferences (Henning et al. 2011). The interviews lasted
45 min on average. All interviews were recorded and transcribed. Interpretation of
the findings was based on content analysis2 and treated confidentially. While several

2Content analysis is used to capture the meaning contained within text and talk, see Denscombe
(2012).
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Fig. 7.2 Geographic location of Mapu Lahual. (Source: Maggi 2012)

studies have addressed the relationship between land titles, indigenous peoples,
and protected area governance, few studies have analysed this relationship in detail
(Mathiesen 1998; Ovideo (n.d.); Secretariat of the CBD 2012). This study addresses
these issues.

The main research question was: What are the underlying reasons and possible
solutions to land tenure insecurity of indigenous peoples and local communities?
In this context, the following sub-questions were answered: (1) What are the
consequences of land tenure insecurity? (2) What are the implications for other
indigenous peoples and local communities in southern Chile?

7.3 Theoretical Framework

7.3.1 Insecure Land Tenure

In Chile, approximately 3% of the national territory is legally recognised to
indigenous peoples (RRI 2015). However, this is not Chilean-specific. Around one
quarter of the world population does not have secure access to land (Wickeri and
Kalhan 2010). Insecure access to land and natural resources often is associated with
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extreme hunger, poverty, and increased inequality (FAO 2002, 2012). In contrast,
secure access to land provides a valuable safety net for shelter, food and income,
and can help lift people out of poverty (Wickeri and Kalhan 2010). Providing the
poor and vulnerable with access, use and ownership rights to land and resources is
key to achieve sustainable livelihood conditions and protect the natural environment
(FAO 2012).

The term ‘land tenure’ refers to property rights to land of groups and individuals
(Kuhnen 1982). Land tenure is characterised through a ‘bundle of rights’, rather
than a single right to land (FAO 2002; Feeny et al. 1990). The literature commonly
identifies the following five types of tenure3:

1. Access: The right to enter a defined physical area and enjoy non-subtractive
benefits. The right to subtract the resources pertaining to these lands is not
guaranteed;

2. Withdrawal: The right to obtain resource units or products of a resource system;
3. Management: The right to regulate internal use patterns and transform the

resource by making improvements;
4. Exclusion: The right to determine who will have access and withdrawal rights,

and how those rights may be transferred;
5. Alienation: The right to sell or lease management and exclusion rights.

Land rights are held under one of the following four globally recognised land
tenure regimes4:

1. State property regime: The property rights are held by some authority in the
public sector, but can partly be transferred to individuals (e.g., by leaseholds or
concessions);

2. Individual property regime: The property rights are held by an individual or legal
body, but can partly be restricted by the state;

3. Common property regime: The property rights are held by the community.
Members can use the commons within a demarcated territory independently,
based on strict rules and procedures. Non-members are excluded;

4. Open access: Property rights are not assigned. Access is unregulated. Common
property regimes are sometimes mistakenly treated as open access, if the former
is not adequately recognised in the national legal framework.

Insecure property rights to land can have devastating impacts on the lives of
indigenous peoples and local communities. In the worst case, they can lead to
land grabbing and its various negatively associated consequences (Wehrmann 2008,
2011), including uncontrolled deforestation and a lack of care for the surrounding
environment. Land grabbing is defined as ‘governments and private investors [ . . . ]
securing large tracts of agricultural land [ . . . ] by means of long-term lease or
purchase agreements’ (Foljanty and Wagner 2009). Land is under pressure for

3Source: Ostrom and Hess (2007).
4Source: Davy (2009), GTZ (1998), Heller (1997), Wehrmann (2011).
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a variety of reasons. These include, but are not limited to tourism development,
conservation, and food and energy security (FAO 2012). In theory, land grabbing
takes place on lands of open access. In practice, however, there is hardly any pure
open access left (Wehrmann 2011). Nevertheless, land treated as open access can
be taken away from indigenous communities in situations where law enforcement
mechanisms are weak (ILC 2011b, 2013).

7.3.2 Local Community Conservation Areas

There are around 6000 indigenous peoples comprising 370 million individuals in
over 90 countries worldwide (FAO 2009; ILC 2013). Although indigenous peoples
comprise just 5% of the world population, they represent 15% of its global poor
(FAO 2009). Many indigenous peoples live in remote areas, often on unproductive
soil and isolated from the rest of the country (FAO 2009). Indigenous peoples
have a “totally distinct” relationship to land than non-indigenous peoples (Interview
Partner 5, 2016).5 According to Martinez Cobo, former UN Special Rapporteur on
the Rights of Indigenous People:

It is essential to know and understand the deeply spiritual special relationship between
indigenous peoples and their ancestral land as basic to their existence as such and to all
their beliefs, customs, traditions and culture [ . . . ]. For such people, the land is not merely
a possession and a means of production [ . . . ]. Their land is not a commodity which can be
acquired, but a material element to be enjoyed freely (Cobo in: Aylwin 1999: 4).

It is noteworthy that indigenous peoples’ entitlement to land is widely recognised
in international law. The two most well-known and important legal documents
are:

1. Convention 169 Concerning Indigenous and Tribal Peoples in Independent
Countries (ILO Convention 169, 1989); it is legally binding on those member
states that have signed it.

2. The UN Declaration on the Rights of Indigenous Peoples (UNDRIP 2007); it
is of non-binding character, but nevertheless has become an important reference
document.

The International Union for Conservation of Nature (IUCN) defines ICCAs as
“natural and/or modified ecosystems, containing significant biodiversity values,
ecological benefits and cultural values, voluntarily conserved by indigenous peoples
and local communities, through customary laws or other effective means” (Secre-
tariat of the CBD 2012). The following three characteristics distinguish ICCAs from
other forms of conservation (Almeida 2015; Jonas et al. 2012; Secretariat of the
CBD 2012):

5Original words: “Es una relación cultural totalmente distinta con la naturaleza”.
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1. The people or community is closely connected to a well-defined territory, area,
or species’ habitat;

2. The people or community is the major-decision-maker and implementer of the
site and/or species. This implies that community institutions are entitled with the
capacity to develop and enforce regulations. This role can be de jure or de facto;

3. The management decisions by the people or community lead to the conservation
of the territory, area or species’ habitat and associated cultural values, even if the
primary objective of management is not conservation per se.

The idea behind ICCAs is to provide “ownership and use with little human
impact” (Interview Partner 4A, 2016).6 The core idea is for these territories to re-
gain the status of an autonomously governed place. Therefore, ICCAs are never only
a conservation initiative, but instead always must be seen in the bigger picture of
territorial autonomy (Holmes 2013; McAlpin 2004). ICCAs need to be recognised
simultaneously to customary rights to land (Almeida 2015; Stevens 2010). The
recognition of ICCAs can facilitate the regularisation of indigenous lands, while
the legalisation of customary rights to land can facilitate the creation of ICCAs
(Almeida 2015; Jonas et al. 2012).

ICCAs should not be over-romanticised as territories of communities that
function in perfect harmony (Assies 2009). There is a general tendency to overlook
internal conflicts taking place within and between communities. Even if these
territories become officially recognised, there needs to be some form of regulation
to decrease internal conflicts (Assies 2009). Not all indigenous communities are
in favour of community conservation. Some communities prefer to exploit their
resources in a short-term profitable way rather than preserve them sustainably over
the long term (Interview Partner 2, 2016). However, research suggests that where
customary rights are recognised and the degree of autonomy is high, community
conservation functions well (Almeida 2015; Benda-Beckmann 2001).7

7.4 Results

7.4.1 The Underlying Reasons of Land Tenure Insecurity

7.4.1.1 History of the Legal Recognition of Land Titles

The Mapuche constitute by far the largest group among the indigenous peoples in
Chile. Today, they represent an economically vulnerable group of society, which is
also the result of discrimination and land loss (Aylwin 2006; Aylwin et al. 2013a).
‘Mapu’ means ‘land’ and ‘che’ means ‘people’. Hence, ‘Mapuche’ translates into

6Original words: “[D]e poca escala, de poco impacto”.
7However, private ownership does not necessarily guarantee the protection or a sustainable use of
natural resources, see Chap. 2 of this book.

http://dx.doi.org/10.1007/978-3-030-35379-7_2
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Fig. 7.3 The Ancestral Mapuche Territory. (Source: Maggi 2012)

‘people of the land’ (Llancaqueo 2005). The Mapuche are composed of several
different groups. ‘Huilliche’ is not an ethnic, but a geographic determination
(CVHNT 2008). The Huilliche are known as the ‘people from the south’ (Azócar
et al. 2005; Llancaqueo 2005; Sallés et al. 2012). Figure 7.3 shows the ancestral
Mapuche territory. Before the arrival of the Spanish, the territory stretched from
the valley of Aconcagua above Santiago de Chile all the way to the archipelago
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of Chiloe. The Huilliche territory (marked by the pin) is located in the south and
known as Futahuillimapu, which means ‘great territory of the south’ (CVHNT
2008; Mathiesen 1998).

7.4.1.2 The Colonial Land Tenure Regime (1540–1818)

In 1540, the Spanish explorer Pedro de Valdivia led the first expedition on a
quest for gold to what is today Chile. One year later, Valdivia established the
City of Santiago. The Spanish colonisers declared the land to be terra nullius,
which is Latin for ‘nobody’s land’ (Aylwin 1999; Aylwin et al. 2013a). With
the dual goal to compensate its soldiers for their expeditions and to establish an
economic base for its new colony, the Spanish crown set up a system of forced
labour, known as encomienda (Aylwin 2006). The Huilliche were displaced into
different encomiendas across the country (Agyepong 2013; Aylwin 1999; Aylwin et
al. 2013a). However, the Spanish were encountered with fierce resistance for nearly
300 years. Several peace agreements, known as parlamentos, were signed between
the Mapuche and the Spanish crown. The parlamentos accepted the land south of the
BíoBío river as autonomous Mapuche territory (Aylwin 1999; Aylwin et al. 2013a).
These agreements had the status of an international treaty with binding obligations
(Aylwin 1999; Aylwin et al. 2013). In the Huilliche territory, the ultimate defeat was
eventually besieged with an agreement that became known as Tratado de Paz de Las
Canoas. This agreement subjected the Huilliche under Spanish political and judicial
control (CVHNT 2008).

7.4.1.3 The Post-Colonial Land Tenure Regime (1818–1989)

In 1818, Chile became officially recognised as an independent nation. Strongly
influenced by the liberal notion of the French and American Revolution, the first
president of the young Chilean Republic, Bernardo O’Higgins, issued a Decree in
1819 that proclaimed the principles of freedom and liberty to guide the nation’s
policies. Although it was originally intended as a policy from which everyone was
to benefit, this Decree established the basis for land laws and policies in the years to
come, which had negative impacts on indigenous peoples (Aylwin 1999; Aylwin et
al. 2013a). Because indigenous land was no longer treated differently, the Decree
of 1819 was used by non-Mapuche to purchase Mapuche land in the Huilliche
territory through contracts that the latter did not properly understand (CVHNT
2008). Instead of becoming free and equal citizens, as predicted by O’Higgins,
the Huilliche became the victims of scrupulous farmers and soldiers of the settler
nations (Aylwin 1999; Aylwin et al. 2013a). In order to limit the steady increase
in unregulated access of private individuals into Huilliche territory, the “young
Chilean Republic handed out titles of communal property to the Huilliche called
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Títulos de Comisario” (Interview Partner 8, 2016).8 The titles were handed out in
the period between 1824 and 1848 adding legal ownership to material possession
for the Huilliche (CVHNT 2008; Egaña Rodríguez 2008).

About a decade later, in the Araucania territory, the only independent Mapuche
territory left, under the euphemist name ‘Pacification of Araucania’9 (1861–1883)
the Chilean army annexed the territory with the intention to assimilate the Mapuche
into mainstream society (Aylwin 2006; Hager 2013). The Mapuche were moved to
so-called reducciones, land parcels provided by the Chilean government. Land titles
were handed over to the head of Mapuche families (Maggi 2012; Miller et al. 2010).
These land titles were called Títulos de Merced or ‘titles of mercy.’ 2.918 land titles
were handed over to Mapuche families in total, displacing almost 83,000 individuals
in the period between 1884 and 1929 (Aylwin et al., 2013b; Interview Partner 12,
2016). The land allocated to the Mapuche through the ‘reducciones’ was reduced
to approximately 6% of its original size (approximately 510,386 ha) (Aylwin 1999;
Aylwin et al. 2013a).

During the government of Salvador Allende (1970–1973), an agrarian reform
process was initiated. Between 1964 and 1973, the Mapuche belonged to those
groups of society who benefited from large-scale redistribution of farms larger than
80,000 ha. In the territory of the Huilliche, approximately 5.394 ha of indigenous
lands were recovered through the process of the agrarian reform (CVHNT 2008).
The period of expropriation ended with the coup d’état by the military regime on
September 11th, 1973.

General Augusto Pinochet (1973–1989) introduced an agrarian counter reform.
The previously expropriated lands were either returned to private landholders or
transferred to the state and made available for purchase and investment (CVHNT
2008). In this sense, “the process of agrarian reform never existed in Chile because
[during the counter reform] the advances that had been developed [by the Allende
administration] were taken away” (Interview Partner 12, 2016).10 The ‘reducción’
system was ended and any person still occupying a ‘reducción’, whether Mapuche
or not, could from now on subdivide his or her land. The ‘reducciones’ were divided
into a total of 72,068 individual plots, equalling approximately 463,409 ha (Aylwin
2006). The counter reform was part of a process privatizing the national economy,
deregulating the market, and facilitating access to lands by foreign investors (Hager
2013; Holmes 2014; Murray 2002). Based on this model of economic globalization,
a process of legal and policy reforms was initiated (Murray 2002). By the end of the
1970s, Chile had become the most open free-market economy in the world (Murray
2002).

8Original words: “[L]a joven república va a entregar títulos de propiedad comunitaria a los
indígenas Huilliche en este caso que se van a llamar ‘Títulos de Comisario.’”
9Spanish: Pacificación de la Araucanía.
10Original words: “[E]ntonces, básicamente el proceso de reforma agraria en Chile nunca existió
porque se robó los avances que se desarrollaban en este momento.”
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7.4.1.4 The National Legal Framework Governing Indigenous Peoples
Today

Since the return to democracy in 1990 the situation of indigenous peoples has
improved, although a lot remains to be done.11 The Constitution guarantees
fundamental human rights. However, as it was implemented during the military
dictatorship (1973–1990), indigenous peoples are omitted from its content as a
specific group. Law No. 19.253 of 1993 on the ‘encouragement, protection and
development of indigenous peoples’, better known as ‘Indigenous Law’ as well as
Law No. 20.249 of 2008, which ‘creates the marine and coastal spaces of native
peoples’, better known as the ‘Lafquenche Law’,12 are the two principal ordinary
laws governing indigenous peoples’ rights to terrestrial and marine and coastal space
in Chile today. These laws apply to all indigenous peoples of Chile.

As specified by Article 5 (2) of the Constitution (1980), “it is the duty of the
organs of the state to respect and promote the rights guaranteed by the Constitution,
and by the international conventions which have been ratified by Chile and which
are in force”.13 Hence, international conventions, from their moment of ratification,
assume constitutional hierarchy in the national legal framework (Núñez 2015).

7.4.2 The Nature and Scope of Indigenous Peoples’ Rights
to Land

This section puts indigenous peoples’ rights to land in Chile into separate categories.
However, the categories sometimes overlap, the same law and article mentioned in
one category may re-appear in another.

7.4.2.1 Category I: The Concept of Indigenous Peoples’ Rights to Land,
Territories and Natural Resources

The Indigenous Law (1993) recognises the special relationship of indigenous
peoples to their ancestral lands. It recognises that “land is the principal fundament of
their existence and culture” (Article 1). The Indigenous Law recognises indigenous
lands as those that indigenous peoples “currently occupy in ownership or posses-

11Source: Agyepong (2013), Gómez (2010), Moeckli et al. (2013).
12This law is known as ‘Lafquenche Law’ because it was greatly influenced by this people. It
supports the protection of indigenous peoples’ marine ecosystems “[f]or the exploitation and
conservation of marine and coastal resources” Interview Partner 4A (2016).
13Original text: “El ejercicio de la soberanía reconoce como limitación el respeto a los derechos
esenciales que emanan de la naturaleza humana. Es deber de los órganos del Estado respetar y pro-
mover tales derechos, garantizados por esta Constitución, así como por los tratados internacionales
ratificados por Chile y que se encuentren vigentes”.
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sion” stemming from titles recognised by the state, those they have historically
occupied and possessed, and which are recognised in the land registry, those that in
the future will be declared by the courts as belonging to them, and those bestowed
upon them by mechanisms established by the state (Article 12). All the lands
referred to in Article 12 are transcribed in a land registry that has been created to
administer indigenous lands and that is operated and maintained by the state agency
for indigenous matters, Corporación Nacional de Desarrollo Indígena or CONADI
(Article 15). The land registry provides legal recognition to these lands.

7.4.2.2 Category II: The Right to Ownership and Possession of Land

Indigenous lands recognised by the Indigenous Law (1993) (Article 12) and
inscribed in the land registry (Article 15) are those to which indigenous peoples
have the right to ownership. To actively promote this right, a Land and Water Fund,
administrated by CONADI, has been established with the following objectives: (i)
To grant subsidies for the acquisition of lands by indigenous peoples where the
surface of their lands is considered insufficient, (ii) to finance mechanisms that
contribute to the solution of land conflicts, and (iii) to finance the regulation and
purchase of water rights, or projects that are aimed at obtaining access to water
(Article 20).

A shortcoming is the separate recognition of land and the resources pertaining
to these lands. As Aylwin (1999) states, “the acknowledgment and protection of
indigenous rights over the natural resources existing within their lands” has been
very complex. With the exception of water rights granted to the Andean peoples, the
Chilean state has a monopoly on subsurface resources (Agyepong 2013). In contrast
to the Chilean Constitution (1980), the ILO Convention 169 (Article 15) does
recognise the use and administration of natural resources to indigenous peoples’
lands.

7.4.2.3 Category III: The Right to Protection of Land and Land Rights
under Customary Tenure Systems

Customary rights are guaranteed in Article 54 of the Indigenous Law (1993), “as
long as it is not incompatible with the Constitution of the Republic”.14 Furthermore,
as stated in Article 18 of the same law, “the succession of indigenous lands for
individuals is subject to customary law, with the limitations set forth in this law, and

14Original text: ‘[L]a costumbre hecha valer en juicio entre indígenas pertenecientes a una misma
etnia, constituirá derecho, siempre que no sea incompatible con la Constitución Política de la
República. En lo penal se la considerará cuando ello pudiere servir.’
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by custom itself”.15 The recognition of customary law further contains provisions
on specific groups of indigenous peoples in Chile. Customary rights to land are
political rights recognised to indigenous peoples by the state of Chile today (Aylwin
et al. 2013a). However, the application of this law is limited. The state’s policies are
sometimes contradictory in matters related to indigenous peoples. In environmental
conflicts over Mapuche lands, sectoral laws are often given preference (Aylwin
2008; Skjævestad 2010). As a result, Chile pursues a state policy with the dual
objective to protect indigenous peoples’ rights on the one hand, while pursuing
export-oriented economic development on the other hand (Aylwin 2006, 2008).

7.4.2.4 Category IV: The Right to Protection Against the Loss of Land
(I.E. Division, Transfer, Land Rent, Restitution and Acquisition)

The Indigenous Law (1993) was implemented with the objective to end the division
of indigenous land and to prevent further land loss (Aylwin 1999; Aylwin et al.
2013a). To put this objective into action, the law establishes that the remaining
indigenous lands, both individual and collective properties, be exempted from tax
payments. Furthermore, the law establishes that due to ‘national interest’, lands
belonging to indigenous communities may not be sold or leased to non-indigenous
peoples and, in the case of individual plots, that lease be restricted to a period of
5 years (Article 13). Furthermore, lands may only be exchanged between indigenous
and non-indigenous peoples, if these lands are of similar value and authorized by
CONADI, as inscribed in the land registry (Article 15).

The rights laid out in Article 13 protect indigenous peoples from displacement.
However, the Constitution (1980) mandates the state to expropriate lands in the
name of public interest. The market-oriented land policy has benefited several
indigenous families in the past. Between 1995 and 2014, approximately 722.167 ha
have been distributed to indigenous peoples, the vast majority of them Mapuche
(INDH 2014). However, most of the lands purchased by CONADI were those that
had in the past been acknowledged to indigenous peoples before they had been
expropriated by non-indigenous peoples. Therefore, these purchases have so far
mainly addressed restitution, and not acquisition (Agyepong 2013).

The policy to restitute ‘lost’ and acquire ‘new’ lands is based on a marked
oriented approach to development (Baranyi et al. 2004). It is beneficial to export-
oriented, large-scale farms and has led to the development of an enormous forestry
industry. However, it can also exacerbate the situation of indigenous communities
(Aylwin 2006; Holmes 2014). Although some advances have been made concerning
the restitution of indigenous territories, all expert interviewees who contributed

15Original text: ‘[L]a sucesión de las tierras indígenas individuales se sujetará a las normas
del derecho común, con las limitaciones establecidas en esta ley, y la de las tierras indígenas
comunitarias a la costumbre que cada etnia tenga en materia de herencia, y en subsidio por la
ley común.’
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to this research, agreed that the current system has become very expensive and
inefficient. “CONADI has many individuals and communities, who apply for
land, and it has very few resources” (Interview Partner 7, 2016).16 This fostered
speculation and created a market of private property holders on paper (Interview
Partner 7, 04.04.2016), who wait for the highest price until they sell ‘their’ land
(Interview Partner 12, 2016; Interview Partner 7, 2016; Interview Partner 9, 2016).

7.4.3 Governance of Protected Areas in Chile

Chile is home to a rich level of biodiversity, natural resources, and endemism thanks
to its unique flora and fauna. This is a result of the country’s geography, which
stretches more than 4000 km from north to south, and is home to deserts, tropical
rainforests, lakes and rivers, as well as the Arctic ice (Arce and Aylwin 2012a,
b). The concept of the Yellowstone National Park in the USA has inspired the
creation of public protected areas throughout the twentieth century in Chile (Arce
and Aylwin 2012a, b). There are different estimations about the extent to which
protected areas created by the state overlap with indigenous lands; estimates are as
high as 90% (Arce and Aylwin 2012b). It is further estimated that out of the current
100 protected areas in Chile, 21 are established on lands where indigenous peoples
are present; excluding those lands to which they may claim rights (Arce et al. 2016).
There is a lack of awareness about community conservation areas (Pauchard and
Villarroel, 2002). Although in recent years an increased level of awareness about
indigenous conservation practices can be notified, “it is still not a highly discussed
topic” (Interview Partner 1, 2016).17

7.4.4 The Consequences of Land Tenure Insecurity:
Uncontrolled Resource Extraction and Social Costs

7.4.4.1 Resource Extraction

In Chile, large tracts of land are secured for the extraction of resources (Ayl-
win 2008; ILC 2011a). While mining is geographically localizable to northern
and central Chile, in southern Chile the extractive industry mainly consists of
forest plantations and salmon farms (Hager 2013; ILC 2011a). Approximately
15,637,233 ha of the country’s terrestrial surface is covered by forests, which
corresponds to an area of 21.7% of the national territory (Aylwin et al. 2013b).

16Original words: “[H]ay muchas comunidades que solicitan tierra a CONADI. CONADI tiene
muchas comunidades que solicitan tierra y tiene poco recursos.”
17Original words: “[N]o es un tema muy discutido todavía en Chile.”
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Approximately 13,430,603 ha (85.9%) of this number is native forest, while the
remaining approximately 2.7 million ha are planted forests. These plantations have
primarily been set up in traditional Mapuche lands (Aylwin 2008; Aylwin et al.
2013b). The expansion of the forest industry began in the 1970s with the enactment
of Decree 701 (1974) enabling large-scale forestry throughout the country (Aylwin
2006; see also Chap. 5). The salmon industry began its work as early as in the
1920s and has since then become an important export-oriented economic branch of
the country. Today, Chile is the second largest salmon exporter in the world behind
Norway (Hager 2013). There are also many examples of large-scale development
projects extending into Mapuche territory in southern Chile. Today, the biggest
so-called ‘megaproject’ in the traditional Huilliche territory is the installation of
hydroelectric dams and hydropower stations, and, to a lesser extent, highway
extensions (Interview Partner 12, 2016; Susskind et al. 2014).

7.4.4.2 Land Acquisition of Forest Areas

There are several examples of land acquisitions for nature conservation in Chile.
Over the last 150 years –facilitated through policies that have enabled an envi-
ronment favourable to private investments– powerful private actors have acquired
lands for conservation. Today, the intensity of these types of land purchases is
increasing. There is a tendency to regard private protected areas as a counter
movement to protect the natural environment. However, some see them as part of the
incorporation of nature (Holmes 2013, 2014); and within them a hidden form of land
grabbing. While land acquisitions for nature conservation are not detrimental to the
natural environment, they nevertheless undermine local sovereignty. Therefore, land
grabs for the conservation of nature, also known as ‘green grabs’, can potentially
lead to the displacement of local communities. For instance, the US entrepreneur
Douglas Tompkins (1943–2015) has become a controversial figure in Chilean
conservation efforts. On the one hand, he has contributed to the conservation of
large forest areas. On the other hand, he has also been accused of displacing
smallholder farmers and indigenous peoples for the creation of the Pumalin National
Park (Holmes 2013, 2014). Private conservation areas can lead to loss of livelihood
opportunities and, in response, intensified out-migration (rural exodus) (Aylwin
2008; Interview Partner 12, 2016).

7.4.4.3 Social Costs

The social costs attributed to insecure land tenure in southern Chile are high. There
are many conflicts over different types of resources involving the public and private
sector and local communities. One type of conflict concerns the advance of state or
private-owned forest companies on the one hand and indigenous communities on

http://dx.doi.org/10.1007/978-3-030-35379-7_5
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the other hand (Aylwin and Cuadra 2011; Carruthers and Rodriguez 2009). Another
type of conflict concerns the installation of the salmon industry in traditional
Huilliche lands. Local communities claim that the excessive use of antibiotics by
this industry has reduced the wildlife fish stock and put their main food source at risk
(Hager 2013). Yet another type of conflict concerns large-scale hydropower dams
(Aylwin 2006; Hager 2013; Susskind et al. 2014). Opponents accuse companies of
lack of adequate consultation, lack of participation, and lack of compensation for
the damages caused (Susskind et al. 2014). An example of a hydropower conflict
that has created a substantial amount of controversy is the Ralco hydroelectric dam,
which has led to the displacement of 675 people, including 500 Mapuche Pehuenche
(Susskind et al. 2014).

7.4.5 Possible Solutions to Land Tenure Insecurity: The Case
of Mapu Lahual

7.4.5.1 Stakeholders Involved in Mapu Lahual

Several stakeholders have become involved in development interventions in Mapu
Lahual. They have worked together with the communities to implement several
projects. The stakeholders have been divided into four groups: (i) public institutions,
(ii) indigenous communities’ representatives, (iii) private sector, and (iv) external
organisations. The results are based on the respective literature on the case
study region, complemented by information obtained from the expert interviews.18

Altogether, 20 different stakeholders could be identified from the public and private
sector, including external organisations, and the communities. Table 7.1 provides
detailed information about each individual stakeholder.

Based on the information obtained through the stakeholder matrix, Fig. 7.4 was
developed. It visualizes the relationships among the various stakeholders. Rela-
tionships are described ‘among’ the four groups and ‘within’ them. Stakeholders
relate to one another through dependence (or influence), cooperation or potential
cooperation, and conflict (see legend). Two stakeholders can share more than one
form of relationship. The relations are exemplified through the example of CONAF,
one of the most important stakeholders.

18Source: CONAF 2001; Correa et al. 2002; Pauchard and Villarroel 2002; McAlpin 2004; Mapu
Lahual 2006; Molina et al. 2006; Guala and Szmulewicz 2007; Arce 2010, 2011; Maggi 2012;
Montenegro and Aldo 2012; Holmes 2013; Ancapan et al. 2014; Interview Partner 1 (2016);
Interview Partner 5 (2016); Interview Partner 7 (2016); Interview Partner 8 (2016); Interview
Partner 9 (2016); Interview Partner 10 (2016); Interview Partner 11 (2016); Interview Partner 12
(2016).
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Fig. 7.4 Stakeholder map. (Source: own elaboration)

7.4.5.2 Relationships ‘Among’ the Stakeholder Groups

The group ‘public institutions’ acts in cooperation with the ‘indigenous communi-
ties’ representatives in form of the AIML. CONAF, CONADI, SUBPESCA, MBN,
and GORE are all directly or indirectly in contact with community representatives.
SERNATUR, as a potential but not yet fully integrated stakeholder, is left aside
for now. There is conflict between MOP and the Huilliche communities, confirmed
through the protests against the planned highway construction in the past (Correa
et al. 2002). No conflict can be observed between public institutions and the private
sector. The relationship is characterized through cooperation between CONAF and
WWF Chile. The restitution or acquisition through CONADI (Land and Water
Fund) or by means of MBN Decree 2.695 (1979) shows the engagement between
the public and the private sector. The closest type of relationship is in the form of
‘dependence’ since CONADI is dependent on the price that the private landholders
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can demand according to the market value (Interview Partner 12, 2016). Public
institutions cooperate with external organisations. NZAID worked closely together
with CONAF in the past; and GEF and UNDP are implementing the GEF-SNAP
and GEF-SIRAP projects in cooperation with the MMA today.

7.4.5.3 Relationships ‘Within’ the Stakeholder Groups

CONAF is in cooperation with the MBN (Decree 2.695 of 1979) and CONADI
(Land and Water Fund). CONAF is financially dependent on GORE for its
operations in Mapu Lahual. There is no relation with SERNATUR and only minor
relations with the other public institutions now. CONAF and the AIML closely
cooperate in the construction of work plans. CONAF also works closely together
with WWF Chile and, recently, with GEF. All these relationships are based on close
cooperation. In the same way, the relationships of the other ‘among’, ‘within’, and
‘cross-sectoral’ relationships can be analyzed.

7.4.5.4 The Development Interventions in Mapu Lahual

In the end, the main objective sought by these communities, with the support
of some of the stakeholders involved, is to be recognised as an autonomously
governed conservation area. Today, the communities have demarcated their area of
influence. They have also increased the size of the territory legally recognised to
them. Furthermore, parts of the marine and coastal areas of Mapu Lahual are under
protection of the Lafquenche Law (2008). That means that these areas are governed
by customary law of the respective communities. The communities of Mapu Lahual
have gained a relatively high level of societal acceptance. It has become a priority
development zone of the regional government (CONAF 2001; Interview Partner 10,
2016). Several successful interventions have already taken place. The individual
outputs can be categorized as follows: (i) capacity building for local communities,
(ii) diversified income opportunities, (iii) improved communication means, (iv) the
creation of an indigenous parks network, (v) improved infrastructure, and (vi) secure
land tenure. Importantly, these six categories are not isolated, but interconnected.

Category I: Capacity Building for Local Communities

An important strategy employed by the stakeholders involved in Mapu Lahual
is organisational capacity building. CONAF and WWF Chile have systematically
increased the governance capacity of the indigenous communities in the region
(McAlpin 2004). Technical assistance was provided by CONAF through work plans,
which included the delimitation of community borders. CONAF further introduced
social encounters, which strengthened communication among the communities.
Community members have met on a yearly basis since the first social encounter
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in the late 1990s (CONAF 2001; Interview Partner 10, 2016). The following
is a selection of planning instruments that have been developed to train the
communities.

• Alerce work plans, including delimitation of the area of influence;
• Forest management plans;
• Parks management plans;
• Community plans;
• Ecotourism business plans;
• Mapu Lahual master plan.

Three of the main stakeholders –CONAF, WWF Chile, and the AIML– have
been involved in the creation of these plans, which is also a result of the consistent
participatory planning processes. Under institutional assistance, the AIML created a
master plan, in which it envisions the future development of the region. The master
plan is guided by four pillars: (i) territory and nature, (ii) sustainable economy, (iii)
culture and education, and (iv) politics and organisation (Arce 2010; Mapu Lahual
2006). Each of these pillars is either directly or indirectly linked to the creation of
community conservation areas. Land title clearance is a clearly defined objective of
the plan.

Category II: Diversified Income Opportunities

To strike a balance between community and conservation needs, the various
initiatives that have taken place in Mapu Lahual aimed at diversifying the income
of the communities to lessen the dependence on alerce of its residents (Arce,
2010; Interview Partner 5, 2016). An important form of income diversification is
community-based tourism (CBT) (Guala and Szmulewicz 2007). The idea behind
CBT is to restrict the number of tourists, attract environmentally responsible
tourists, and implement activities that do not harm the environment (Montenegro
and Aldo 2012; Rivera and Pavez 2012; Skewes et al. 2015). CBT has specifically
been promoted as an alternative form of development in Mapu Lahual by WWF
Chile and CONAF (Interview Partner 7, 2016; Molina and Pavez 2012). Both
organisations regard CBT as an alternative form of local economic development
with low environmental impacts (Ancapan et al. 2014; McAlpin 2004). CBT
contributes to regional development, too. If well executed, it strikes a balance
at the challenge to combine economic development and environmental protection
(Interview Partner 6, 2016; Montenegro and Aldo 2012).

Category III: Improved Communication Means

Improvements in telecommunications and road connections have been pursued
by NZAID, amongst others (Arce 2010, 2011; Interview Partner 5, 2016). The



7 Land Tenure Insecurity and Forest Conservation in Chile: The Case. . . 149

goal was (and remains) to facilitate access to the region and communication
within and among communities as well as with places outside Mapu Lahual.
Improvements in communication both through new road connections and new
means of telecommunication have positive impacts on tourism development and
the organisational capacity, as it improves reachability to and from the region and
facilitates coordination.

Category IV: Creation of an Indigenous Parks Network

Through the foundation of the AIML, governance and management responsibility
were transferred to the local level. Another major achievement of territorial devel-
opment in Mapu Lahual is the indigenous parks network (RED).19 This network
comprises six interconnected parks inside the Mapu Lahual territory, which had
been declared ‘indigenous conservation areas’ by the Mesa Hueyelhue working
group (Interview Partner 10, 2016). The AIML oversees these parks. Although
not legally recognised as protected areas, these parks have achieved a substantial
level of social recognition (Interview Partner 10, 2016). Their existence has (i)
raised awareness about the unique environmental value of Mapu Lahual, (ii) raised
awareness about the existence of conservation areas under the control of indigenous
communities, independent of the legal status of these areas, and (iii) attracted a
significant number of tourists to the region (Interview Partner 5, 2016; Interview
Partner 7, 2016; Interview Partner 10, 2016).

Category V: Improved Infrastructure

Physical planning has taken place in the past and continues to take place in Mapu
Lahual today. NZAID has developed trails and paths, assisted in the construction
of community houses and invested in material construction in general. These
constructions have directly benefited other strategies. For example, the paths created
have made it easier for tourists to reach the territory and for the local community
to connect these paths to attractive tourist locations (Interview Partner 5, 2016;
Interview Partner 7, 2016).

Category VI: Secure Land Tenure

Arguably the most important development strategy pursued is the clearance of land
titles by means of the Land and Water Fund (CONADI) and Decree 2.695 of the
MBN (1979). As an example, one can look at the community of Maicolpi. Maicolpi

19RED: Red de Parques Indígenas Mapu Lahual
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theoretically has land titles of approximately 14,000 ha resulting from the Títulos
de Comisario (Antriao 2009). Maicolpi was the last place where the Títulos de
Comisario had been handed out (Interview Partner 11, 2016; Interview Partner 8,
2016). The Títulos de Comisario lost their legal validity, while the law “Ley de
la Propiedad Austral” facilitated the inscription of lands to private landholders.
The community of Maicolpi demands restitution of its original 14,000 ha. In 2001,
CONADI bought a total of 1298 ha for the community by means of the Land and
Water Fund. In 2003, the community intended to regain 2500 ha by means of Decree
2.695 (1979) (Antriao 2009).

7.4.6 Challenges and Recommendations of the Interventions

Despite noticeable improvements in Mapu Lahual compared to the situation two
decades ago many challenges remain.

7.4.6.1 Challenge I: No Collective Action

As stated by Interview Partner 7, “there is no collective action”20 among the
communities (04.04.2016). Many communities work separately because they do
not have an integral territorial vision, as presented in the region’s own master
plan (AIML). The lack of unity and vision among the communities can be
traced back to the isolation in which they still live (Interview Partner 5, 2016).
Recommendation: Stronger promotion of territorial development through AIML and
stronger capacitation of AIML to represent community interests through the vision
defined in its own regional master plan.

7.4.6.2 Challenge II: Lack of Community Representation

Some communities do not feel that their interests are adequately represented in the
AIML. This is partly a legal problem because indigenous associations cannot claim
political representativeness. However, it is also an internal problem. Many Huilliche
feel that some families are overly represented, while others are completely left aside
(Interview Partner 10, 2016; McAlpin 2004). Recommendation: The AIML should
clearly communicate its purpose to all communities, and all communities should be
equally represented.

20Original words: [No existe una acción colectiva.”
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7.4.6.3 Challenge III: Little Regulation of Tourism Activities

Tourism at the local level requires regulation to avoid environmental harm (Inter-
view Partner 2, 2016; Interview Partner 6, 2016; Pauchard and Villarroel 2002).
At present, some communities face the difficulty of organising a still predominantly
disorganised tourism environment. Many tourists leave their garbage behind causing
environmental damage (Interview Partner 10, 2016; McAlpin 2004). This coun-
teracts the central idea of CBT. Recommendation: Follow guidelines on CBT and
develop regulations for a well-coordinated and well-functioning CBT environment.
This can be done through a capacitated AIML.

7.4.6.4 Challenge IV: Land Tenure Insecurity

The situation of land tenure security has certainly improved (more communities
have legal titles to their lands than before). Nevertheless, still less than one fifth of
the whole territory belongs to the community in contrast to more than four fifth,
which remain in public or private hands (Arce and Aylwin 2012a, b; McAlpin
2004). Furthermore, because of the lack of territorial vision, the land that has been
restituted is not guided by a communal sense of the territory ‘Mapu Lahual’. Land
is being subdivided by the individual communities as a result of the lack of this
integral, territorial vision, which forecloses a view on the benefits of customary land
rights and ICCAs (Interview Partner 8, 2016). Recommendation: Communicate the
advantages of customary land rights and ICCAs (i.e. indigenous territory in favour
of all communities of Mapu Lahual) and the disadvantages of land subdivision (i.e.
the slow, but steady decrease in the total land size).

7.4.6.5 Challenge V: Highway Extension

The continued plans to make vast parts of the Mapu Lahual territory available for an
extension of the north-south highway (‘Ruta Costera Sur’) is even more reason for
development practitioners and community members to continue the ongoing process
of territorial planning. Recommendation: In the words of Interview Partner 10: “The
other person, who still has not resolved the problems, does not receive the same
level of assistance. This is what we must fix. That the process continues until the last
community has achieved a secured future and its territorial rights recognised”.21

21Original words: “[E]l otro, que todavía no soluciona, va a seguir arreglando, pero no cuenta
con toda mi fuerza del resto para poder seguir apoyando. Eso es lo que uno tiene que hacer. En
que el proceso termina hasta que la última comunidad ha logrado en los futuros común que el
reconocimiento de su derecho territorial.”
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7.5 Discussion and Conclusions

7.5.1 The Social and Environmental Consequences of Land
Tenure Insecurity

The Mapuche Huilliche in Chile have experienced a well-documented history
of land tenure insecurity. The Chilean government after achieving independence
disregarded the peace agreements that existed between Spanish colonisers and
the Mapuche, which had had the character of an international treaty at the time.
The failure to respect and integrate customary land rights into the national legal
framework, combined with a large-scale expansion by settler communities into
indigenous territories, resulted in the loss of land for indigenous communities across
the country.

Today, indigenous peoples’ rights to land are firmly established by national and
international law. The remaining indigenous territories are protected, and there is
even a mechanism in place for indigenous peoples to reclaim some of their ancestral
land. However, the non-recognition of Articles 1 and 12 of the Indigenous Law
(1993) in the Constitution and the lack of application of the former still impedes
land claims of indigenous communities. The ratification of ILO Convention 169
(1989) opens new possibilities to legally recognise and protect lands that have
traditionally been occupied by indigenous peoples. The concept of public protected
areas originated with the adoption of the Yellowstone model. The model is based on
the idea to remove permanent human settlements from protected areas. In contrast,
community conservation areas do not regard the two as mutually exclusive. This
creates an unfavourable environment for the participation of indigenous peoples and
local communities in forest conservation and the establishment of locally-managed
conservation areas.

Without secure land rights, indigenous peoples and local communities live in
precarious livelihood conditions. Losing access to land and resources can lead to
uncontrolled resource extraction and forest degradation with negative consequences
for local livelihoods and the natural environment. Finding solutions to strengthen
land rights of indigenous peoples is, thus, key to protect the environment and secure
livelihoods.

7.5.2 Possible Solutions to Land Tenure Insecurity

Through the adoption of the Indigenous Law (1993) and the Lafquenche Law
(2008), the Chilean government has already taken steps to strengthen the land
rights of indigenous peoples. Recognising customary land rights in their entirety
requires recognising not only that communities use the land, but also recognising
the communal authorities who define the rules and regulations to manage it. Local
communities should be regarded as independent actors and complementary partners
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for development. To further strengthen customary land rights, ILO Convention 169
(1989) and the UNDRIP (2007) should be applied in addition to national law in
cases regarding land restitution and acquisition.

Development interventions should look at the entire territory. They should be
targeted to include all communities who belong to that territory, rather than at
individual communities. The interventions that have taken place in Mapu Lahual,
including the indigenous parks network, provide an example of such an intervention
that could be replicated elsewhere in Chile and Latin America. The internationally
accepted principle of Free Prior Informed Consent (FPIC) aims to establish
consultation and participation of indigenous peoples prior to the implementation of
any proposed development project in territories that are home to indigenous peoples
and local communities. This principle should be upheld.

7.5.3 Limitations

The findings outlined in this chapter may not be generalizable to other communities
in Chile. What works relatively well in Mapu Lahual may not work equally well in
other places, and vice versa. Furthermore, Mapu Lahual receives a relatively large
amount of public and private financial aid and technical support because it is part of
the second largest region of coastal rainforests in the world and as such considered a
priority conservation area. Other regions lacking this characteristic may not receive
the same level of attention as Mapu Lahual.

7.6 Outlook

This study has presented a general overview of the territorial development inter-
ventions in Mapu Lahual from a legal-historical and regional planning perspective.
Future research could look in more detail at individual components of this study,
for instance, community-based tourism (see also Chaps. 6 and 12 in this book).
Future research could also evaluate the success of the interventions that have taken
place so far and conduct a comparative analysis between Mapu Lahual and other
regions in Chile and Latin America. This could provide further implications about
the generalisability of the findings and the replicability of the proposed development
interventions in another context.

Finally, it is worth mentioning that the described land tenure conflicts would
most probably be substantially attenuated if we understood that all land, as well
as other natural resources, exist for everyone alike independent of their ethnic
background or who occupied them first as, for example, stated by Henry George
(1935). As was outlined in Chap. 3 all pure nature-made produce to which humans
did not add any value –as is the case with land– should therefore equally belong
to everyone; not only because of fairness reasons but also to improve allocative

http://dx.doi.org/10.1007/978-3-030-35379-7_6
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efficiency. In other words, no one should be able to claim private ownership to land
(e.g., George 1935; Gesell 1949). A solution could be that all land is considered
state land, communal land, or common land. A similar situation existed for centuries
when all land belonged to the respective king and maybe a restrictive net of nobles
(see Chap. 3), while buildings and agricultural or forestry products planted on it
were privately owned. Following this proposal, anyone who wishes to use the land
for forestry, agriculture or other motives has to lease it from the government or
respective local community. Houses of natural persons and small-scale agricultural
activities in their surroundings could be expected from the leasing rents.
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Chapter 8
Towards a New Forest Model for Chile:
Managing Forest Ecosystems to Increase
Their Social, Ecological and Economic
Benefits

Pablo J. Donoso and Jennifer E. Romero

8.1 Introduction

Although Chile is a quite small country located in the southern tip of the world,
its forest sector has become an interesting case of study, especially due to the
contrasts between the so-called two sub-sectors (Salas et al. 2016): the short-rotation
industrial plantations (2.8 million ha), and the threatened and mismanaged native
forests (14 million ha). Native forests grow from 33 to 56◦S, while plantations
(68% Pinus radiata and 23% Eucalyptus species) are grown mostly from 35◦to
41◦S. This geographical region where plantations grow best and (25 m3/ha/year for
P. radiata and 35 m3/ha/year for Eucalyptus; Cubbage et al. 2007) overlaps with
the area of most biodiverse and productive native forests, including many endemic
species of flora and fauna (Bannister et al. 2012; Armesto et al. 1998). This region
concentrates 30% of the Chilean population (5.3 M people, in a country where
40% of the population lives in Santiago). Also, it is within these latitudes that most
Chilean industrial agriculture develops, especially in the Central Valley between the
Coastal and the Andean ranges, including wine, cattle for milk and meat, and fruits
and vegetables. In addition, this is the region where most industrial plantations have
been established, especially in the foothills of both the Andean and Coastal ranges.
Therefore, in a region where most of the native forests located in the lowlands have
disappeared, also in the more mountainous lands they have been subjected to losses
due to replacement by tree exotic plantations, in addition to continuous degradation
and fragmentation (Echeverría et al. 2006; Fig. 8.1).
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Fig. 8.1 The four main forest land uses in south-central Chile. From the top left, in a clockwise
direction, pictures show old-growth forests, secondary forests, high-graded forests and finally
a landscape dominated by clear-cut harvested and unharvested even-aged plantations of exotic
species. (Photos by P. Donoso, except the one of high-graded forest taken by Daniel Uteau)

The above scenario has led to considering south-central Chile as a Biodiversity
Hotspot (Myers et al. 2000), i.e. a biogeographic region that is both a significant
reservoir of biodiversity and is threatened with destruction. While diversity and
productivity of native forests, as well as human population, decline to the south,
still degradation of native forests is the norm in this region (Zamorano-Elgueta
et al. 2014). Overall, while industrial plantations allow the development of the
forestry industrial sector that annually exports more than five billion dollars, native
forest mostly provide firewood harvested through forest high-grading. Under this
scenario, we raise the question Can the forest sector in Chile increase the provision
of ecosystem goods and services? We predict that this goal is achievable, and that
the target has to be to develop more resilient forest stands and landscapes.

8.2 A Brief Review of the Recent Chilean Forest History

The first proposals to regulate the use of forests in Chile date from the late XIX
century, which is triggered by the concerns on millions of hectares of soils being
eroded through agriculture in Central Chile. In 1872 the “Ley de Bosques” (Forest
Law) was enacted. This law regulated the use of fire and promoted afforestation
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with introduced tree species. This law was not very effective due to institutional
limitations, but it served as the basis to enact an improved version in 1931 (Camus
2004). However, deforestation continued hand in hand with the colonization of
south-central Chile, with agriculture, and the increasing demand of timber and
firewood (Ramírez 2003). Between 1931 and 1973 the state also created forest
industries, established more than 300,000 ha of forest plantations of exotic species,
and developed the public forest institutions that until today are responsible to
enforce the law, administer state-owned conservation areas, and conduct research
(Donoso and Otero 2005). In the 1950s one public and one private forestry school
were created, and were the only ones until the 1980s, when a new law for universities
was enacted during the military dictatorship, which jointly with temporary market
signals resulted in 17 forestry schools for a country with a population around 15
million people by then (Donoso and Otero 2005). Many of these schools closed
when the oversupply of foresters became evident (Donoso 2012), and currently there
are six forestry schools in Chile which annually graduate close to 100 foresters.

Following the military coup of 1973, the government enacts the Decree Law 701
(1974), which provided highly attractive subsidies to plantations. This and other
measures (see Niklitschek 2007) became a great incentive for private companies to
establish plantations, which occurred on eroded soils but also replaced thousands
of hectares of native forests (Lara and Veblen 1992). On the other hand, and
after 16 years of discussion in the National congress, only in 2008 the so-called
“Law of Native Forests” (N◦20,283) was enacted, but is has been very ineffective
(Manuschevich and Beier 2016). The overall result of this history is that the region
of Chile that allows the development of temperate forests, from Mediterranean
forests in the north to Magellanic rainforests in the extreme south, has been
diminished through alternative land uses (especially agriculture and industrial forest
plantations). These forests are today confined mostly in the two mountain ranges
(and especially in the Andes), but their conservation status in the south-central part
of the Coastal range is dramatic since this region is mostly covered by industrial
plantations (Fig. 8.2).

8.3 Native Forests and Its Current and Potential Provision
of Ecosystem Goods and Services

Native forests include the Mediterranean forests (33–38◦) and the temperate
rainforests, the latter divided into the Valdivian Rainforests (37◦45′ to 43◦30’S
lat.), the North Patagonian Rainforests (43◦20′ to 47◦30′S lat.) and the Magellanic
Rainforests (south of 47◦20′ lat.) (Veblen et al. 1983; Veblen and Alaback 1995).
In addition, these native forests are divided into 12 forest types, of which four are
dominated by conifers (including the emblematic Araucaria (Araucaria araucana)
and Alerce (Fitzroya cuppressoides)) and are mostly allocated for preservation.
Native forests in the northern portion of the country’s forestland (south-central
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Fig. 8.2 Area of native forests and plantations in Chile. This map illustrates the concentration of
native forests to the south and their diminished lands in the Central Depression and Coastal range
in central Chile due to land use changes

Chile) have a high degree of degradation, whereas in the southernmost part
(Chilean Patagonia) they are in better shape due to the lower human population
density and other ecological factors that facilitate recovery of these forests. Overall,
Mediterranean forests and Valdivian Temperate Rainforests are the ones in a poorest
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and most fragile state of conservation due to the high human population density and
conflicting land-use demands on productive sites.

Valdivian Temperate Rainforests are highly productive mixed-species forests
(Loguercio et al. 2018). Mixed-species forests are not only in general more
productive than pure forests, but they also provide more ecosystem services, are
more resilient and therefore have a greater adaptive capacity (e.g., Morin et al.
2011; Vila et al. 2013). Therefore, these forests have a great potential to provide
goods and services of local and global importance. The challenges ahead are to
properly manage native forests especially where they have a good potential to
provide goods and services (accessible, good growth rates, etc.), and to recover
(restore or rehabilitate) degraded forests.

There has been a great improvement in silvicultural options for these forests.
Most experiments and some operational management have been conducted in
secondary forests dominated by Nothofagus species or by Drimys winteri, the latter
a fast-growing species well adapted to growing in poorly-drained soils (Loguercio
et al. 2018; Donoso et al. 2018). Thinnings in these forests increase the growth
of selected trees but generally also tree regeneration and the growth of companion
species. Therefore, it is of major importance when managing these forests to define
from the onset whether the forest is to be managed through even-aged systems to
continue the promotion of one or few dominant species, or it will be managed for
future uneven-aged forests with the aim of developing productive mixed forests.
Actually, there are also some experiments with uneven-aged silviculture of mature
and old-growth forests (Donoso 2013), which if not properly managed are likely to
be subjected to high-grading, and experiments with restoration and variable-density
thinnings aimed to convert even-aged forests into uneven-aged forests (Donoso et
al. 2018). Managed secondary forests can attain from 10 to 20 m3/ha/year, while
managed old-growth forests can reach from 5 to10 m3/ha/year (Salas et al. 2018;
Donoso et al. 2018, Donoso et al. n.d.). Overall, why native forests are not properly
managed is not explained by poor productivity, which could be the case, but by
governance problems that will be visited later in this chapter.

The thousands (or probably millions) of native forests that have been degraded
have their capacity to provide ecosystem services dramatically diminished (e.g.
Vásquez-Grandón et al. 2018). According to international agreements (Bannister
et al. 2018), Chile must restore 15% of its degraded ecosystems by the year 2020
(AICHI targets). Furthermore, Chile has committed to reforest at least 100,000 ha
by the year 2030 using mainly native species (Paris Climate Agreement COP21,
New York Declaration of Forests, Initiative 20 × 20). The new Chilean Forestry
Policy (2015–2035; CONAF 2015) matches these international commitments, and
goes even further, aiming at restoring 500,000 ha of degraded or fragmented
ecosystems within priority areas. Considering the high productive capacity of native
forests, plus the tremendous capacity of native species to regenerate through seeds
and vegetative sources (most species have a strong sprouting capacity), meeting
the management and restoration targets mentioned above is more a challenge for
Chile in terms of governance, implementation, and long-term monitoring, rather
than an ecological-silvicultural one. Native forests continue to be logged under
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unsustainable management (Lara et al. 2016), and, most importantly, trampling and
browsing by cattle diminish regeneration density and growth, especially of dominant
tree species in these systems (Zamorano-Elgueta et al. 2014). Again, management
of native forests and restoration of degraded forests is not explained by ecological
reasons, but by the lack of effective policies, regulations and monitoring that truly
promote the recovery of these forests.

8.4 Industrial Exotic Plantations and the Urgent Need for
Better Management

Industrial plantations of radiata pine and Eucalyptus sp. are managed in a manner
that aims to maximize private returns, which means that they are harvested at early
ages (with clearcutting), depending on site conditions, but approximately at 20–
22 years in the former case and 12–15 years in the latter. In addition, they occupy
continuous large areas, which especially in the coastal range have barely left any
native forests except for the borders of stream channels (Fig. 8.1). Under these
scenarios, these plantations need to be better managed at both the stand and the
landscape scales if they are to contribute to more resilient landscapes. A recent
study by McFadden and Dirzo (2018) addresses these challenges, and proposes
six major strategic decisions that could greatly influence biodiversity outcomes.
These include making changes in spatial and temporal planning, legacy retention,
site preparation, regeneration, vegetation management and thinning and pruning.
In summary, better decisions in this regard should be geared towards having larger
areas of native forests within the plantation matrix, leaving intact riparian buffers
as wide as possible, leaving legacy structures after all harvests, and promoting
understory vegetation.

Plantations therefore should be managed in a different manner both at the stand
and the landscape levels. In addition to the proposals given, for example, by
McFadden and Dirzo (2018), changes could include extended rotations on some
part of the land base (Curtis 1997), and restoring native forests not only in the
40,000 ha that the Forest Stewardship Council (FSC) determined that was the area of
plantations established on replaced native forests from year 1993 on (AIFBN 2011)
(onset of FSC in Chile), but also in many lands were replacements occurred before.
All this would lead to a scenario with more friendly plantations within a matrix that
would have not only better visual and ecological effects, but also a greater overall
provision of ecosystem services. While these proposals seem reasonable and would
not put a lot of pressure upon companies in terms of making radical changes in their
business, they are not occurring. Of course, governance of the plantation-dominated
landscapes has been left mostly to private companies, which will continue aiming
to maximize their private profits.
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8.5 A Better Governance of Forest Landscapes: Key
to the Provision of Multiple Goods and Services

As mentioned above, central and south-central Chile require greater attention to
their forest landscapes, especially in the sense of increasing their resilience to human
and natural disturbances. Policies and regulations to move things in that direction
need to consider native forests in their different states of conservation as well as
plantations.

In regards to native forests, these are complex adaptive systems because they
possess properties such as (e.g. Messier et al. 2013) heterogeneous structures and
non-linear relationships, negative and positive feedback mechanisms, memory fol-
lowing major disturbances and changes, and individual components are constantly
reacting to one another and outside influences, thus continually modifying the
system and allowing it to adapt to altered conditions. At a landscape level, there
is an enormous variability of forest ecosystems in Chile due to their distribution
along a vast latitudinal range and the topographic variations in the west-east axis
caused by the Andean and Coastal ranges. Thus, complexity occurs at the forest
stand and the forest landscape levels, but at both scales it has been altered due to
major transformations of the landscapes and mismanagement of the forests. To have
more resilient landscapes and forests, therefore, the problem has to be tackled at
a regional scale (i.e., central and south-central Chile). In addition, organizations,
people, regulations and processes through which decisions are made relating to
forests need to be in balance, but reaching that governance dream needs a broad
platform to work on.

8.5.1 Building a Future Scenario

Folke et al. (2002) indicate that evidence has been accumulating in diverse regions
all over the world suggesting that natural and social systems behave in nonlinear
ways, exhibit marked thresholds in their dynamics, and that social-ecological sys-
tems act as strongly coupled, complex and evolving integrated systems. From there,
two useful tools for resilience-building in social-ecological systems are structured
scenarios and active adaptive management. These tools require and facilitate a social
context with flexible institutions and multi-level governance systems that allow for
learning and increasing adaptive capacity without foreclosing future development
options. How far is Chile from possessing these tools?

Scenarios are needed to envision alternative futures and the pathways by which
they might be reached. Thinking about these scenarios is necessary to implement
actions consistent with increasing the possibilities to attain or approach them,
including the avoidance of non-desired ones. Active adaptive management views
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policy as a set of experiments designed to reveal processes that build or sustain
resilience. In Chile, there is a Forest Policy document (2015–2035; CONAF
2015), developed by a group of private and public institutions, that includes four
main strategic objectives: (a) To establish public agencies consistent with the
strategic importance of the forest sector for Chile, to implement a sustainable forest
development; (b) To promote silviculture, industries and an integral use of forest
resources to increase overall productivity and the provision of goods and services
for economic development; (c) To develop the necessary conditions and instruments
so that forest development diminishes technological and social gaps, improves life
conditions of workers, and respects cultures and traditions of small land-owners
and indigenous communities, and; (d) To conserve and increase the public forest
heritage and to restore and protect forest resources. Four years after the release of
this policy document, there has been no rearrangements or improvements in either
of the two main public forest agencies (CONAF, the forest service, in charge of
developing forest legislation and enforcing laws and regulations, and INFOR in
charge of forest research). Chile continues having nominal areas of native forest
management (Donoso et al. 2018); there is no progress in restoration of degraded
forests (Bannister et al. 2018) and there has been no modification to the current
main laws related to forest management. On the other side, 1.4 million hectares
of Protected Areas have been added as the system of National Parks in Patagonia
(CONAF 2019), but without adding new support for their administration (Petit et
al. 2018). Actually, Petit et al. (2018) make the following question: is it sustainable
to continue adding protected areas to the national system even though it is clear
that the existing support is insufficient to meet the minimum requirements for full
implementation?

Although some scenarios have been envisioned for the future of (especially)
native forests, the business-as-usual scenario is the one that continues to dominate.
Three topics illustrate this judgement. These are similar to those mentioned by
Donoso and Otero (2005) when questioning whether Chile could be recognized
as a forest country. First, on the silvicultural side, there is barely any native
forest management, and exotic forest management is still oriented to maximize
companies’ benefits with short-rotation monocultures covering continuous tracts
of the landscape. In both cases, when forest management complies with current
regulations, there is almost no room for innovation and flexibility, but the trend is
that most harvested native forests continue to be high-graded. Second, there has
been no modernization of the public agencies in the forest sector. Third, the public
system of protected areas continues to under-represent many ecological regions in
Chile (Armesto et al. 1998; Petit et al. 2018) including those with more diversity
and endemic species in the central portion of the country (a biodiversity Hotspot
in central Chile; Myers et al. 2000). These gaps challenge managers and decision
makers to look forward for new approaches discussed in the next section.
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8.6 Promoting Adaptive Management: Flexible Institutions
and Multi-level Governance

A better governance of Chilean forest ecosystems depends on the availability of
updated information and on improving the structure, coordination and availability
of resources of public agencies. As Weimer and Vining (2016) stress, public
executives generally operate in environments characterized by great asymmetry of
information, without knowing or understanding the interests of the stakeholders
and other representatives as well. It is also crucial to let grass-root organizations
have a stronger say on forest management, so that decision makers are aware of
the changing scenarios that rural people are facing, and how those scenarios affect
forest management or harvesting. These approaches should aim at increasing the
possibilities of attaining resilient landscapes in the near future, and to assure equity
and fairness.

Stronger institutions should be able to generate more and better information.
Possible scenarios and risks for the short and medium term could be posed with
a better knowledge of the changing ecological conditions and social-economic
impacts on the territories. Those scenarios may consider extreme/rare events, and
a range from the worst- to the best-case scenarios. Risk management has been a
fundamental motivation for the development of social and governance structures
over the last 10,000 years (McDaniels and Small 2003). Risk-informed decision-
making has the potential to reduce risk while simultaneously reducing complying
cost (Bier et al. 2004). Decisions should be informed by social values, considering
value conflicts in all scenarios, since those are inherent on public decision-making,
and they should be based on economic and non-economic indicators. There is a
great variety of indicators not tied to macroeconomic data that provide measures of
various dimensions of social welfare (Weimer and Vining 2016).

When scenarios and objectives are defined, problems and possible solutions
emerge in an organized manner. Then, it is possible to design a set of feasible
actions to address them, from status quo to the most complete group of actions,
depending on the impacts, resources, efforts, time constraints and others. Structured
decision-making is a useful organized approach for making choices in complex
decision situations, such as managing renewable natural resources, when complete
and accurate information is available. It allows to undertake efficient actions given
any possible scenario and resources availability, since possibilities and their outputs
and outcomes were already anticipated.

A sustainable forest sector in Chile depends on innovating in management,
institutions and regulations. This would lead to more resilient and productive forests
and landscapes. These arrangements must consider the beliefs, expectations and
needs of stakeholders (Moorman et al. 2013), as well as respond to international
commitments to mitigate and adapt to climate change.
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8.7 Concluding Remarks: Building Resilient Landscapes

Today uncertainty is a major consideration for the management of natural resources.
Natural or anthropogenic disturbances are constant drivers of change in land-use,
diversity and productivity of forest ecosystems. To cope with these current and
future uncertainties, countries need to have strong institutions with clear objectives
(structured scenarios), and allow for flexibility in the management of resources as a
means to cope with adaptation when necessary. In Chile this means that harvesting
in native forests has to be hand in hand with silvicultural approaches aimed to
maintain or promote mixed-species forests that will have greater diversity and
productivity, thus providing a larger suite of ecosystem goods and services (Franklin
et al. 2018). It also means that especially large forest companies must end with the
model of only maximizing private profits (at the expense of native forests, local
communities, and the loss of ecosystem services), and move towards responsible
and socially-concerned ways of doing things (which also needs to be enforced),
thus contributing to more diverse and resilient forest stands and landscapes,
greater respect for neighboring local communities, and better collaboration with
small- and mid-sized forest-based companies. As stated by McDaniels and Small
(2004): “Throughout the last century, economists have characterized the entire
rationale for government as based in the support for collective efforts that cannot
be accomplished through private markets”. Collective efforts are needed, where
different views are integrated, and the decision-making is not (only) market or
economic oriented.

Building resilient landscapes in south-central Chile greatly depends on better
ways of conserving, managing and restoring native forests (14 million ha), but
also on better ways of managing plantations (three million ha). Chile has a huge
opportunity to become a model for sustainable forest management, i.e. a country
where both native forests are managed to increase their provision of goods and
services thanks to strong institutions, well-prepared professionals, and concerned
private stewards; and plantations are managed in ways that continue to sustain
profits for their owners, but where these are limited by laws and regulations aimed
to promote better ecological, economic, and social environments.
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Chapter 9
On Ecosystem Dynamics for the
Conservation of Wetlands and Forest

Milan Stehlík, Jozef Kiseľák, and Jiří Dušek

9.1 Introduction

In general, living systems show high dynamics of its functions, processes, and
overall behaviors. Ecosystems we can see as a dynamics complex systems changing
within the course of time. Ecosystem dynamic is important if we want to sustainably
manage ecosystem abilities and their functions. Forest (woodlands) ecosystems are
large areas dominated by the phanerophytes plant life form according to (Raunkiær
1905). Phanerophytes are woody plants that grow taller than 0.25–0.5 m or whose
shoots do not die back periodically that limit its height (Ellenberg and Mueller-
Dombois 1967). Ecosystems created by phanerophytes (forests) are very dynamical
ecosystems where abilities and functions spread not only in time but also in its
diverse space compartments creating three-dimensional systems by individual trees
(Bohn and Huth 2017). Just the structure plays major roles in dynamic of ecosystem
and diversity of the forest ecosystems (Spies 1998). Forest ecosystems are usually
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at the end of the process of sequential vegetation changes (succession) which
is associated with response to its conditions and environment. The end of the
succession process is called climax stage, and this stage is an equilibrium stage
of old-growth forest. The final climax old-growth stage of forest is reached after
completion of previous succession stages such as stand of initiation, stem exclusion,
and understorey reinitiation within a certain time (Clements 1905; Tansley 1935;
Kuuluvainen 2016). Climax stage is in equilibrium with conditions of environment
by its definition, but it does not mean that the forest ecosystem in climax stage
is without any dynamic. Forest ecosystems must constantly balance individual
biogeochemical processes in relation with actual environmental conditions. This
balance results in a maximum of biomass and symbiotic function between individual
and groups of organisms (Odum 1969) with minimum loss of energy during
unfavorable growth conditions (e.g., periods of dormancy in winter period, periods
of drought). We try to show statistical backgrounds and possibilities how to use an
approach of the recurrence plots in the description of dynamics in selected processes
with using available data of forest and wetland ecosystem. The description of the
dynamics is important mainly for ecosystem conservation processes which must be
based on a sustainable management that focuses on the development of abilities and
functions of forest and wetland ecosystems.

9.1.1 The Origin of the Data and Their Measurement

The data were obtained within the monitoring of carbon cycle in the sedge-grass
marsh which is a part of a large wetland complex called the “wet meadows.” The
“wet meadows” situated near the town of Třeboň, South Bohemia, Czech Republic,
and the location of measuring instruments is 49◦ 01′ 29′′ N, 14◦ 46′ 13′′ E. The
monitored site is a flat area about 1 ha in size and 426 m above see level situated in
the inundation area of a large human-made lake (Rožmberk fishpond, 5 km2 water
surface). More detail of the monitored site is summarized in Dušek et al. (2013,
2017).

Releasing of gas (emissions) was measured by the developed automatic non-
steady-state flow-through chamber system (Czech utility model: UV 3237) (Dušek
et al. 2012). Changing concentrations of gases inside the closed chamber were
measured by a fast CH4 analyzer (DLT-100, Los Gatos Research Inc., USA) in
1 Hz frequency. Final calculation of gas fluxes is based on the linear increase of
gas concentration inside the chamber during the period of it closing, taking into
account the chamber volume (780 L) and surface area covered (0.785 m2). Final
flux includes corrections to the current air temperature and ambient air pressure by
the physics of ideal gas law and also for water vapor. For the present analyses was
selected raw data measured in wetter part of the sedge-grass marsh during 1 week
at the end of May and beginning of June (2013). In this period, emissions of both
gases were quite stable without fluctuation.
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9.2 Theoretical Background

9.2.1 DS of t-Score Functions

In statistics, score function S(x; θ) := ∂
∂θ

ln fX(x; θ) indicates how sensitive
a likelihood function is to its parameter θ . Scoring algorithm, also known as
Fisher’s scoring, is a form of Newton’s method used in statistics to solve maximum
likelihood equations numerically. Notice that this is nothing else than a dynamical
system since θm+1 = θm + J −1(θm)S(θm), where J is the observed information
matrix.1 Under certain regularity conditions, it can be shown that θm → θ∗

The transformation-based score (Fabián 2001; Stehlík et al. 2010) or shortly the
t-score for the density f (with parameter θ ) and suitable mapping η is defined as

Tη(x; θ) = − 1

f (x; θ)

d

dx

(
1

η′(x)
f (x; θ)

)

.

It is a relative change of a “basic component of the density,” i.e., density divided
by the Jacobian of η. Moreover it can be understood as a suitable function for
using the generalized moment method for estimation of parameters of heavy-
tailed distributions. If (X1, . . . , Xn) be iid sample from F with probability density
function f , then as a measure of central tendency can be suggested the zero of its t-
score, i.e., x∗ : Tη(x; θ) = 0. Then S(x; θ) = η′(x∗)T (x; θ) is called score function
for t-mean. One can use the score moment estimates

1

N

N∑

i=1

Sk(xi; θ) = Eθ [Sk].

Since the scalar score is centered around the t-mean, it yields the moment estimation
equations for θ in the form θ̂ : 1

n

∑n
i=1 Tη(xi; θ) = 0 (it is strongly consistent and

asymptotically normal).
For generalized t-Hill estimator, i.e., Pareto distribution with probability density

function

fX(x) =
{

θxθ
m

xθ+1 x ≥ xm,

0 x < xm,

where θ > 0 is a shape parameter (the tail index) and xm is the (necessarily positive)
minimum possible value of X, and η̃(x) = ln(x −xm), x > xm, we have the t-score

1J (θ0) = − ∑n
i=1 ∇∇	∣

∣
θ=θ0

log f (Yi; θ)
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Tη(x; θ) = θ

(

1 − xm (θ + 1)

θx

)

, x ≥ xm.

Notice that in case of Pareto, one has score function S(x; θ) = 1
θ

+ ln(xm) − ln(x).
Thus we can define the score

S(x; θ, β) =
⎧
⎨

⎩

θ
(

1 − xm
θ+β−1
θxβ−1

)
, β 
= 1,

1
θ

(1 + θ ln(xm/x)) , β = 1,
(9.1)

where β > 0 is tuning parameter. For β = 2, we receive t-Hill.
Here an important inverse problem arises in general. For a given score S̃ does

there exist one or several sufficiently smooth functions η such that equation

Tη = S

holds? In Stehlík et al. (2017) is shown a particular answer, how a DS given
by a t-score function for some class of monotonic data transformations generates
consistent extreme value estimators.

Here we introduce t-scoring algorithm for V (θ) = ∑N
i=1 Tη(xi; θ). Using a

Taylor expansion of the function, V (θ), about θ0 we obtain V (θ) ≈ V (θ0) +
∂V
∂θ

(θ0)(θ − θ0). Using that V (θ∗) = 0 and rearranging gives us

θ∗ ≈ θ0 −
[
∂V

∂θ
(θ0)

]−1

V (θ0).

We therefore use iteration

θm+1 = θm −
[
∂V

∂θ
(θm)

]−1

V (θm) := h(θm) (9.2)

For simplicity, we consider 1D case, i.e., we assume that we have two parameters,
but only one is known.

Example 1 For Pareto distribution with fixed threshold xm and Tη := S given by
(9.1) with b = 1, we have θm+1 = h(θm), where h(z) = z(2 − az), where

a = 1

N

N∑

i=1

ln(xi/xm).

Here we demand that z ≤ 1/a (from inverse 1/a+√
1 − az/a we have rank of map

f ), and one can compute that Lyapunov exponent is negative for a > 0. It can be
shown that from map z(2−az), a > 0 chaos does not develop and that it converges
to 1/a, i.e., to MLE for θ.
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Fig. 9.1 Lyapunov
exponents of a ∈ [20, 25]
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Example 2 There is a direct connection between θ and xm through estimation
1/θ̂ = 1

N

∑N
i=1 ln(xi/x̂m). Nevertheless, one has to be careful if one parameter

is fixed. In the sense of convergence, it is not a bijection. For Pareto distribution
with fixed θ > 0 and Tη := S given by (9.1) with b = 1, we have xmk+1 = h(xmk

),
where h(z) = z(1 + a − ln(z)) and

a = 1

N

N∑

i=1

ln(xi) − 1

θ
.

We have to force z ≤ e1+a . Notice that for such a map chaos might occur when
data generate specific value of a. See Fig. 9.1 for a ∈ [20, 25] where Lyapunov
exponents are plotted.

Previous example shows that the mapping η might act as some kind of stabilizer
if the algorithm with standard score exhibits chaotic behavior.

9.2.2 The Recurrence Plots

Recurrence is a fundamental property of DS, which can be exploited to characterize
the system’s behavior in phase space. A recurrence is a time the trajectory returns
to a location it has visited before, i.e., when the distance between two points
is below a certain threshold. If only a time series is available, the phase space
can be reconstructed by using a time delay embedding (see Takens’ theorem):
x(i) = (X(i),X(i + τ), . . . , X(i + τ(m−1))), where X(i) is the time series, m the
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embedding dimension, and τ the time delay. In Eckmann et al. (1987), recurrence
plots are introduced as a new diagnostic tool for measuring the time constancy of
DS. The recurrence plot displays pairs of times at which the trajectory is at the
same place, i.e., the set of (i, j) with x(i) = x(j). Afterward, one has to count as a
recurrence any time the trajectory gets sufficiently close (within ε) to a point it has
been previously. It can be recorded by the following function: 0 < ε � 1,

R(i, j) = Heaviside(ε − ‖x(i) − y(j)‖), (9.3)

x(i), y(i) ∈ R
m, i = 1, . . . , Nx, j = 1, . . . , Ny, and the recurrence plot puts

point at coordinates (i, j) if R(i, j) = 1.

9.2.3 The Recurrence Quantification Analysis

The recurrence quantification analysis (RQA) (Zbilut and Webber 1992; Marwan
et al. 2002) allows us to describe the recurrence plots in a quantitative way. It is
a method of nonlinear data analysis which quantifies the number and duration of
recurrences of a DS presented by its state space trajectory. It can also be derived
from recurrence plots. The main advantage of recurrence plots is that they provide
useful information even for short and nonstationary data, where other methods fail.

For computations, we have used procedure2 crqa() from Coco et al. (2018)
in software (R Core Team 2018). In order to do RQA on continuous data,
we need to figure out what could the key parameters be. We cautiously use
optimizeParam to find3 optimal embedding dimension m = 4, optimal lag
(delay) τ = 16, and radius ε = 0.00256. Procedure crqa() returns a list with
different measures extracted from the recurrence plot; see e.g., (Marwan et al.
2007). The density of recurrence points in a recurrence plot is the recurrence rate4

RR = 1
N2

∑N
i,j=1 R(i, j). The percentage of recurrence points which form diagonal

lines is called determinism,5 DET =
∑N

l=lmin
lP (l)

∑N
l=1 lP (l)

, where P(l) is the frequency

distribution of the lengths l of the diagonal lines. The proportion of recurrent

2Cross-recurrence measures of two time series, time delayed, and embedded in higher dimensional
space.
3If the embedding parameters are estimated from both time series, but are not equal, the higher
embedding should be chosen. It has been observed by Zbilut (2005) that a sufficiently large
embedding would be sufficient to contain all relevant dynamics.
4The recurrence rate corresponds with the probability that a specific state will recur (the percentage
of recurrent points falling within the specified radius).
5It is a proportion of recurrent points forming diagonal line structures and is closely related with
the predictability of the DS, because white noise has a recurrence plot with almost only single dots
and very few diagonal lines, whereas a deterministic process has a recurrence plot with very few
single dots but many long diagonal lines.
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points which form vertical lines is called laminarity, LAM =
∑N

v=vmin
vP (v)

∑N
v=1 vP (v)

, where

P(v) is the frequency distribution of the lengths v of the vertical lines, which

have at least a length of vmin. L =
∑N

l=lmin
l P (l)

∑N
l=lmin

P(l)
defines averaged diagonal line

length, and it is related with the predictability time of the DS and the trapping

time, measuring the average length of the vertical lines, TT =
∑N

v=vmin
vP (v)

∑N
v=vmin

P(v)
. The

length of the longest diagonal line segment in the plot, excluding the main diagonal
max L = max ({li; i = 1, . . . , N}) and the total number of lines in the recurrent
plot are also the measures of the RQA.

9.3 Results

Here we refer to Marwan et al. (2007). In the case of original methane data
and transformed (by t-score) CH4, see Figs. 9.2 and 9.3, respectively. Estimated
parameters of Pareto distribution are x̂m = 0.002477, θ̂ = 0.51742 (using score and
also mle). The recurrent points are marked with blue color, whereas the nonrecurrent
points are left blank. Single, isolated recurrence points reflect random, stochastic
behavior (strong fluctuation in the process). In Figs. 9.4 and 9.5, the blue points are
the temporal “coordinates” where the trajectories get sufficiently close according to
the radius parameter. Evidently 9.4 shows considerably more “stochasticity.” High
values of DET might be an indication of determinism in the studied system; see

Fig. 9.2 Time series of CH4
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Fig. 9.3 t-score values of
time series of CH4
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Fig. 9.4 Recurrence plot of
original data
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Table 9.1. On the other hand, values DET and L could indicate original series to be
more stable but only a little more. Moreover, fading to the upper left and lower right
corners implies non-stationarity of the data. If diagonal lines occur beside single
isolated points, there could be chaotic part of the process. Notice however that it
is just a necessary condition, not a sufficient one, and the values are not very high,
which indicates that chaotic part and stochastic part might be included. RR was
higher in original series; this means there is more sharing of patterns.
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Fig. 9.5 Recurrence plot of
t-score
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Table 9.1 Recurrence-based measures for original data and t-score

CH4 RR DET NRLINE maxL L LAM TT

Original 7.36% 55.9% 2371 408 2.89 72.4% 3.52

t-score 2.58% 32% 259 348 3.86 53.8% 2.72

Moreover, chaos-chaos transitions, as band merging points, inner crises or
regions of intermittency6, represent states with short laminar behavior and cause
vertically and horizontally spread areas in the recurrence plot. Vertical (and
horizontal) lines occur much more frequently at supertrack crossing points (chaos-
chaos transitions) than in other chaotic regimes. The measures characterizing
this information are laminarity and trapping time (LAM and TT). This practical
example also indicates that in some cases, t-score could be suitably chosen in the
sense of stabilization of information. However, both data sets should be used to
obtain full information.

9.4 Discussion

Forest conservation is an important topic, which also closely relates to the wetland
conservation. In Chile, there is no specific statutory rules or regulations on wetlands,
and current legal standards do not protect equally the different types of inland
wetlands, being swamp forests, peatlands, and brackish Andean lakes less protected;

6Irregular alternation of phases of apparently periodic and chaotic dynamics (Pomeau-Manneville
dynamics), or different forms of chaotic dynamics (crisis-induced intermittency).
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see Möller and Muñoz-Pedreros (2014). As we can see in Cai et al. (2018), wetland
restoration is integral part of forest conservation, and one of the inputs is measure
of chaos. This measure of chaos is developed in our paper. According to Cai et al.
(2018), the purpose of the optimization models is to find an optimal restoration
measures that can minimize the total investment in wetland restoration projects
and obtain additional ecological environment and socioeconomic benefits. The
optimization model can also decrease the influence of interval uncertainty in the
system by expressing the executed solution as interval numbers with an upper
bound and a lower bound. For practical computing of lower/upper bounds, our
chaos measurement model in wetland is useful. In White and Fennessy (2005),
a GIS-based model is developed to predict the suitability for wetland restoration
for all locations in the Cuyahoga River Watershed (2107 km2), in Northeast Ohio
(USA). The multicriterial evaluation method is developed, and our model of chaos
of gass (methane) emissions can be one of the important inputs to the system.
Evaluating ecological vulnerability (EV) is significant for protecting and promoting
ecosystem stability. In He et al. (2018), authors present a prototype framework that
can assess EV with integrating spatial analysis of GIS method and multi-criteria
decision analysis. They achieve EV map on which decision makers can visually see
the results in different regions. Among others they use simple aggregation of the
four group indices into general EV value by

EV = G1W1 + G2W2 + G3W3 + G4W4 (9.4)

where Gi = ∑ni

j=1 Ejwj are global values for ecological situation, ecological
infrastructure, environmental situation, and human health, respectively, Wi are the
corresponding weights, and wj is the local weight of each attribute Ej (a.o. average
annual concentration of toxic gases, nitrogen dioxide, or sulfur dioxide). Our model
can be helpful with chaotic time series prediction for CH4 (e.g., the mean function),
which can be one of the attributes in EV. See also Stehlík et al. (2016)
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Chapter 10
Transdisciplinary Case Study
Approaches to the Ecological Restoration
of Rainforest Ecosystems

Abdon Schmitt Filho and Joshua Farley

10.1 Introduction

Forests provide critical ecosystem services including the regulation and purification
of water and air, wildlife habitat, erosion control, carbon storage, climate regulation,
and the renewable provision of valuable raw materials, which are vital to humans
and innumerable other species (Alarcon et al. 2015; Myers 1997). About half of
tropical forests have been lost, most since the middle of last century, with 2016
and 2017 the worst years in history for tree cover loss (Weisse and Goldman
2018). Tree cover in temperate areas has been more stable over this period, but
climate change poses a major new threat to temperate forests, with significant
increase in loss to insects, drought and forest fires, as well as shifts in species
composition (Millar and Stephenson 2015). Deforestation currently accounts for
an estimated 6–17% of global CO2 emissions (Baccini et al. 2012), and we run the
risk of positive feedback loops in which deforestation drives climate change which
then exacerbates forest loss (Reyer et al. 2015). Ecological restoration can help
counteract these losses and capture carbon in forest soils and tree biomass (Nave
et al. 2018). Agriculture has long been the greatest global threat to forests and other
ecosystems, but is also essential for human welfare, and is heavily dependent on the
ecosystem services forests provide (De Schutter and Vanloqueren 2011; Godfray
2011; Godfray et al. 2010; Rockstrom et al. 2009). A growing and increasingly
affluent human population is increasing the demand for food production, thus posing
new threats to global forests. One of the most serious challenges humanity currently
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faces is how to rehabilitate rural landscapes and protect and restore forests and
other threatened ecosystems while ensuring the continued provision of adequate
food supplies (Farley et al. 2015; Schmitt Filho et al. 2013).

This global challenge plays out at smaller scale in Brazil’s Atlantic Forest biome
(Fig. 10.1). This biome, extending from the country’s tropical Northeast to the
temperate South, is among the most biodiverse and endangered biodiversity hotspots
on the planet. Estimates of remaining forest cover range from 7% to 28% (Rezende
et al. 2018; Ribeiro et al. 2009; SOS Mata Atlantica 2009), depending primarily on
the size of vegetation fragments counted as forest. Much of the remaining forest is
secondary growth and suffers from significant edge effects, species homogenization,
and biodiversity loss (Arroyo-Rodríguez et al. 2017; Joly et al. 2014). The emptiness
of forests remnants due lack of keystone animal species is also an eminent threat
(Redford 1992; Wilkie et al. 2011; De Coster et al. 2015). Deforestation rates remain
high (INPE 2017) while climate change and other ecological disturbances pose
new threats with highly uncertain outcomes (Scarano and Ceotto 2015). Perhaps of
greatest concern, ecologists have identified an ecological threshold at approximately
30% forest cover, below which there may be a catastrophic loss of vertebrates,

Fig. 10.1 Despite of its biodiversity and high levels of endemism, the Atlantic Forest has
experienced continuous habitat loss since colonization (Mittermeier et al. 2011). Only 7–28% of
the Forest remains today, depending on fragment size (Rezende et al. 2018; Ribeiro et al. 2009;
SOS Mata Atlantica 2009). Few tropical biodiversity hotspots are “hotter” in terms of existing
threats and conservation value (Mittermeier et al. 2011; Scarano et al. 2015). (Photo: LASSre
2011)
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plant families and presumably other species (Banks-Leite et al. 2014; Lima and
Mariano-Neto 2014) threatening the continued viability of the ecosystem and the
vital ecosystem services it generates. Fortunately, there can be a long lag time
between habitat loss and expected extinctions, known as an extinction debt, offering
a window of opportunity to restore forest cover and the populations of threatened
species (Kuussaari et al. 2009; Metzger et al. 2009). While apparently few species
have gone extinct to date (Joly et al. 2014), the biome accounts for 60% of all
endangered species in Brazil (Rezende et al. 2018).

It is difficult to overstate the importance of conserving Brazil’s Atlantic Forest.
It is the second largest forest ecosystem in South America and likely the most bio-
diverse. Some two-thirds of Brazil’s population lives within its original boundaries
and is highly dependent on the life sustaining ecosystem services it provides. The
region provides 70% of Brazil’s GDP, over half the country’s horticultural land
(Scarano and Ceotto 2015), 62% of its hydroelectric power, and drinking water for
75% of the population. The forest regulates rainfall patterns, helps control flooding
and landslides, and likely has important impacts on the productivity of coastal
marine systems (Joly et al. 2014). By the nineteenth century, conversion of forests
to agriculture around the city of Rio de Janeiro was already threatening the city’s
water supply, leading the Emperor D. Pedro II to proclaim much of surrounding
watershed as Brazil’s first conservation area – now Tijuca National Park – and fund
its reforestation (Freitas et al. 2006). Water provision and regulation remains one of
the most valued local ecosystem services (Alarcon et al. 2016), while other critically
important services extend to regional, national and global scales (Farley et al. 2010).
Irreversible degradation or loss of the ecosystem would have immeasurably large
costs to this and future generations (Fig. 10.2).

The main driver of forest loss in the system has been and continues to be
agriculture, which is the predominant land use in degraded and fragmented areas
throughout the biome (Dean 1997). While agriculture accounts for less than 5% of
Brazil’s GDP, this number is highly deceiving. Food is arguably the most essential
and least substitutable of all commodities and exhibits extremely inelastic demand.
This means that a small decrease in the supply of food will lead to an enormous
increase in price. For example, during the food crises of 2007–2008 and 2011–2012,
a combination of droughts, increased biofuel production and speculation caused
global grain prices to double (Farley et al. 2015; Lagi et al. 2011, 2012). Brazil is
a globally important food producer, and sacrificing agricultural land for ecological
restoration could have global repercussions (Scarano and Ceotto 2015); if done on
a global scale, it could easily result in catastrophic price increases. Furthermore,
small family farmers account for 84% of the farms in the biome occupying 24%
of the farmland; small farmers throughout Brazil provide 72% of the country’s
food base (Ribeiro et al. 2011). In Santa Catarina – the focus of this chapter –
small family farmers account for 87% of the farms, covering 44% of the farmland,
but are responsible for 70% of all agricultural production and 82% of agricultural
employment (Mattei 2019). If these farmers reforest enough of their land to avoid
ecological collapse, many will no longer have enough agricultural land to sustain
their families.
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Fig. 10.2 Today the Atlantic Forest is a collection of fragile and biologically impoverished
remnants distributed in 245,173 fragments, 83.4% smaller than 50 ha (Mittermeier et al. 2011;
Scarano and Ceotto 2015). (Photo: LASSre 2016)

In summary, it appears that Brazil’s Atlantic Forest has already crossed a critical
ecological threshold. Failure to restore forest cover to above 30% risks a catastrophic
loss of biodiversity and ecosystem services. Since climate change also threatens
the Atlantic Forest, it is quite possible that more than 30% forest cover must be
restored to ensure resilience. At the same time, restoration of this much forest
cover threatens to push small family farmers across an economic threshold of
poverty. The Atlantic Forest is a microcosm of a global problem, so viable efforts to
address this challenge must be scalable. This chapter will use the lens of ecological
economics to examine a case study of a participatory action research project that
uses agroecology to promote rehabilitation and restoration of the Atlantic Forest
biome and the ecosystem services it generates while enhancing the livelihood of
small family farmers and ensuring the continued provision of food.

Agroecology is a broad field defined differently by different practitioners. In
the context of this case study, agroecology is a science and practice that strives
to adopt ecological principles to agricultural production with the goals of increasing
productivity and enhancing socio-economic system stability and sustainability
(Altieri 1995). It extends the domain of scientific knowledge to include local
knowledge and indigenous practices (Gliessman 2015). Since reliance on non-
renewable resources is inherently unsustainable, it seeks to restore natural ecological
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functions to replace purchased inputs, many of which are expensive toxic chemicals,
but does not necessarily reject all use of fertilizers and pesticides. It recognizes
that humans are part of the ecosystem, and every ecosystem is different (Moore
et al. 2014; Pahl-Wostl 2009). What makes an agroecosystem successful is place
dependent (Virapongse et al. 2016). Agroecology is also a movement designed
to build a sustainable and equitable agricultural system that empowers farmers
by putting them in control of the production process (Méndez et al. 2017). In
industrial or conventional agriculture, hybrid seeds, chemical inputs, machinery and
farming practices have been designed by corporations and universities, protected by
intellectual property rights, and “safeguarded” by lobbying. Farmers must purchase
the inputs and have little say in the practices. In distinct contrast, agroecology favors
participatory action research in which farmers, scientists and extension agents work
together to determine what technologies and practices will best achieve both farmer
and community goals. Practices spread from farmer to farmer with no intellectual
property rights. Agroecology is inherently transdisciplinary, integrating agronomy,
ecology, economics, sociology, anthropology and ethics (Altieri 2002; Gliessman
2015; Méndez et al. 2017). With its recognition that the agricultural economy is
sustained and contained by the global ecosystem and its goals of sustainability,
just distribution and efficient production, it has much in common with ecological
economics.

The project is taking place in Santa Catarina’s Encostas da Serra Geral, a
mountainous region marking the transition from the coastal regions to the interior
plateau (Geremias 2011; Schmitt Filho et al. 2010; Schröter et al. 2015). The
epicenter of the project is Santa Rosa de Lima, the State’s agroecology capital
(Moreno-Peñaranda and Kallis 2010).

The remainder of this chapter is organized as follows. We first provide a site
description, including an agricultural history of the community. We then explain
how our project uses agroecology to promote restoration of the landscape, including
the forest, and the ecosystem services it provides. This section also discusses the
legal mandate of Brazil’s New Forest Code (NFC). We then turn to ecological
economics to understand the challenges of managing land to provide both public
and private benefits in a market system before discussing our efforts to apply
participatory action research to the policy problem. We provide a general outline of
the Payments for Ecosystem Services (PES) scheme emerging from these efforts.
We hope our research can contribute to global efforts to synergically integrate
agroecology, agroecosystem rehabilitation and ecological restoration.

10.2 Site Description and History

Santa Rosa de Lima is a small municipality (202,004 km2, ~2130 inhabitants) in
the Encostas da Serra Geral (coastal mountain slopes), Southern Brazil (Fig. 10.3).
The mountainous terrain is poorly suited to large-scale mechanized agriculture or
annual crops, and most land is currently in family farm parcels averaging 18 ha
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Fig. 10.3 The study site: Santa Rosa de Lima, Santa Catarina, Brazil. (LASSre 2018)

(IBGE 2017). The region was originally farmed by the Tupi-Guarani, semi-nomadic
horticulturalists whose slash and burn practices created a resilient mosaic of cleared
areas, second growth and natural forest, but were largely exterminated by disease,
European colonists, State, and Church (Barreto and Drummond 2017; Dean 1997;
Denevan 1992). European settlers arrived in Santa Rosa de Lima at the start of
the twentieth century, where they practiced highly diversified, primarily subsistence
slash-and-burn agriculture on small family farms, with excess production and pig
lard sold for a limited cash income (Moreno-Peñaranda and Kallis 2010). Farmers
used few purchased inputs, relying instead on nutrient cycling, biological pest
control, and other ecosystem services.

In the 1950s and 1960s, extensive forest was cleared for timber and charcoal
and farmers began planting exotic plantations of eucalyptus and pine. Farmers
also began growing tobacco, helped by extension packages of training and credit
provided by tobacco companies who also offered a guaranteed market. By the
late 1980s, most farmers were combining tobacco production with traditional
subsistence practices (Moreno-Peñaranda and Kallis 2010). Unfortunately, tobacco
quickly depleted soil nutrients and accelerated erosion. Purchased pesticides and
fertilizers made from non-renewable resources were required to replace the resulting
loss of ecosystem services but had negative impacts on human health and the
environment. Coupled with falling tobacco prices in the 1980s, farmers began
looking for better alternatives. Many turned to dairy and some to Eucalyptus
monocrop plantations (Schröter et al. 2015).

In the late 1990s, local family farmers began working with UFSC professors
on agroecological production, including organic vegetable and pasture-based dairy,
as an alternative to tobacco and conventional agriculture. Together they created
the “Associação dos Agricultores Agroecológicos da Encosta da Serra Geral -
AGRECO” (http://www.agreco.com.br/) – an agroecological cooperative (Geremias
2011; Schmitt Filho et al. 2010). AGRECO managed organic certification for

http://www.agreco.com.br
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participating farmers and facilitated marketing and development of local, value-
added enterprises. It also attracted an influx of agro-tourists further stimulated by
the organization of an agrotourism cooperative – “Acolhida na Colonia” (welcomed
by the community http://acolhida.com.br/contato/).

In 1998, the former Voisin Grazing Group – GPVoisin/UFSC (since renamed
and hereafter referred to as the Silvopastoral System and Ecological Restoration
Lab (LASSre/UFSC)) began working with community farmers, professors and
university students to implement and disseminate agroecological pasture based dairy
through Management Intensive Grazing – MIG (Geremias 2011; Murphy 2010;
Schmitt Filho et al. 2010; Schröter et al. 2015). In MIG, farmers divide their pastures
into numerous paddocks, which are grazed intensively for short periods then allowed
to rest until pasture returns to optimal grazing height. This practice maximizes
pasture production, avoids the selective grazing of early regrowth, disrupts the life
cycle of some parasites, and restores soil biocenosis (Battisti et al. 2018; Dorsey
et al. 1998; Savory 2016; Sovell et al. 2000; Teague et al. 2011) disrupted by
tobacco farming. Farmers were initially skeptical of MIG and reluctant to adopt
it. LASSre/UFSC organized numerous field days and workshops to help farmers
understand the practice and tailor it to farmers’ needs. One farmer with highly
degraded land and little to lose agreed to try it. His success helped persuade other
farmers to adopt MIG as well (Schröter et al. 2015). Subsequent research found that
MIG farmers in the region on average sustain higher stocking rates on better pasture,
produce more milk per cow, and increase their incomes while enhancing ecosystem
services (Alvez et al. 2014; Back et al. 2009; Farley et al. 2012; Maurer et al. 2009;
Schmitt Filho et al. 2013; Surdi et al. 2011). MIG proved so successful that it has
received state-wide government support since 2006, and it is quickly becoming the
standard approach to grazing in the state (Jochims and Leopoldino da Silva 2016;
Schmitt Filho et al. 2008).

10.3 Agroecology and Reforestation

Though agroecology was achieving notable economic and environmental success in
the region, it was having limited impact on forest cover (Amazonas et al. 2016). Not
only did failure to restore forests risk the continued provision of ecosystem services
on which agriculture depends, it was also illegal. Adopted in 1965, Brazil’s forest
code mandated permanent forest cover in critical ecological areas such as 30 m
borders in riparian zones (and more for larger rivers), hill tops and steep slopes,
known collectively as the Areas of Permanent Protection (APP). It also required
forest cover over an additional 20% of rural Atlantic Forest properties, known as
the legal reserve (RL). If fully enforced, the law would have resulted in ~30% forest
cover over the entire Atlantic Forest (Metzger 2010). Adopted in 2006, the Atlantic
Forest law offered additional protection for the biome, including a prohibition on
deforestation. Neither law was well enforced. Native forest cover in Santa Rosa fell
from 72% in 2002 to 51% in 2010 (Amazonas et al. 2016), forest cover in the state

http://acolhida.com.br/contato
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as a whole is only 23%, and deforestation in the state and the biome as a whole has
recently accelerated (INPE 2017).

Nonetheless, in 2009, the governor of Santa Catarina announced that the forest
code was too stringent, and if fully enforced, would drive the state’s small family
farmers into poverty. Stating that Santa Catarina must choose between larger farms
or larger slums, he unilaterally declared that Santa Catarina would adopt a more
lenient forest code and no longer respect the national code (Globo 2009). This
triggered a major national debate over the code, resulting in the adoption of a new
forest code (NFC) in 2012. This more lenient forest code offered an amnesty for
deforestation that had taken place before July, 2008, reduced riparian buffer widths
from high water levels to mean water levels, further reduced buffer widths for small
family farmers, and also allowed small family farmers to count agroforestry systems
as part of their APPs, among other changes. Numerous publications describe the
law in detail (Alarcon et al. 2015; Presidência da República do Brasil 2012; Soares-
Filho et al. 2014; Sparovek et al. 2012). While overall the new forest code reduces
reforestation requirements, it has also led to significant steps to enforce the code.
For examples, farmers were required to submit an environmental registry of their
properties that shows the current level of compliance with the code and the steps
they will take to achieve full compliance. LASSre has worked with numerous
farmers in the region to complete the environmental registry and found that the vast
majority of farms will require extensive restoration. Even with the less stringent
reforestation requirements, the upfront costs of ecological restoration and the loss
of productive farmland presents a serious challenge for local farmers and policy
makers.

LASSre is therefore using participatory action research (Méndez et al. 2017)
to work with farmers, local communities, students, state extension agents, non-
governmental organizations, and local and state governments to develop agroecolog-
ical practices that could synergically improve forest cover and ecosystem services,
rehabilitate pastureland, comply with the forest code, avoid ecological thresh-
olds and improve farmer livelihoods. The project integrates agronomy, forestry,
ecology, economics, policy analysis, community development, and other tools
and disciplines to achieve its goals. We first discuss the agroecological practices
being adopted and the goals we hope to achieve, followed by a discussion of the
ecological-economic theory relevant to the provision of ecosystem services, and
concluding with our efforts to build effective policies to advance this initiative.

Our participatory research has led to the development of two specific agroe-
cological systems designed to achieve our goals: Multi-Function Riparian Forests
(MultRF) and High Biodiversity Silvopastoral Systems (SPSnuclei) based on the
reforestation strategy of applied nucleation (Corbin and Holl 2012). Both systems
were designed to make ecological restoration and pastureland rehabilitation eco-
nomically viable through the provision of non-timber forest products from native
species in the context of smallholder agriculture and food sovereignty.
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10.4 Multi-function Riparian Forests: MultRF

In December 2015, we initiated a Mult-RF pilot project in Rio dos ´indios, in the
municipality of Santa Rosa de Lima, Santa Catarina, Latitude S28 ◦ 02.772 and
Longitude O49o11’10.6,. The Rio dos ´indios has two identified sources, one at Lat.
27 ◦ 58.815 S and Long. 049 ◦ 16.023, W and the other at Lat. 27 ◦ 58,875 S and
Long. W049 ◦ 16.019, W, with the mouth at Lat. 28 ◦ 03.769’S, ending at the Braço
do Norte River. The river has an extension of approximately 17 km (Fig. 10.4).

The design and implementation process were participatory, starting with con-
tacting local leaders of the Associação Mata Verde – Microbacias Rio dos Indios.
Subsequently, meetings were held with the farmers to discuss and design the
Multifunctional Riparian Forest System (MultRF). Seventy-seven families enrolled
in the project, however it was possible to restore only those located in the first
3000 m from mouth of the Rio dos Indios (Amazonas et al. 2017; Carvalho Filho
et al. 2016).

The MultRF is implemented in riparian corridors with a minimum of 8 m wide
on either side of waterways to comply with Brazil’s New Forestry Code. Riparian
zones are fenced off and are allowed to fill in through natural succession. The
methodology is based on functional diversity (Laureto et al. 2015; Petchey and
Gaston 2006) to maximize ecological restoration through successional processes.

Fig. 10.4 Pilot Project area of Mult Function Riparian Forest (MultRF) – Farmers that imple-
mented MultFR in the watershed of Tubarão River and Complexo Lagunar. (LASSre 2014)
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Species selected was based on functional diversity and economic benefits (Secretaria
do Meio Ambiente do Estado-SP 2011).

Five functional groups (FG) where carefully selected. Functional Goup 1 (FG1),
the Provisioning/Primary Production Group, was composed of banana plants (Musa
sp.) and rose pepper (Schinus terebinthifolius). Banana was the only non-native
species, included to provide short-term income. Rose pepper is a valuable spice,
produces good honey, and compounds in the tree show promise as pesticides and
as antibiotics to which bacteria may be unable to develop resistance (Orwa et al.
n.d.; Uliana et al. 2016). These two species are responsible for the initial revenue
from non-timber forest products (NTFP) and are responsible for the farmers’ initial
engagement in the participatory ecological restoration process (Carvalho Filho et al.
2016).

Functional Group 2 (FG2), the Landscape Restructuring/Succession Facilitator
group, is composed of fast-growing pioneer species that rapidly transform the
landscape and create the necessary conditions for the emergence of an understory.
The main species used is Bracatinga (Mimosa scabrella – Fabaceae), supplemented
by five additional species (Inga senssilis – Fabaceae; Anadenanthera macrocarpa –
Fabaceae; Piptadenia gonoacantha – Mimosoideae; Citharexylum myrianthum –
Verbenaceae; Nectandra lanceolata - Lauraceae) – all species known by the locals
for their fast growth, dense shade and economic value (Carvalho Filho et al. 2016).
Bracatinga for example is among the fastest growing trees in the Atlantic Forest.
It fixes nitrogen, produces fodder for animals, provides abundant flowers for honey
bees when most trees are not in flower, provides exceptional shade cover in 3 years,
and can be harvested for timber or charcoal after other species have become
established (Orwa et al. n.d.). It could potentially replace exotic Eucalyptus or Pinus
species as a source of timber and wood-pulp.

Functional Group 3 (FG3), the Key stone Species/Provisioning group, is based on
the Juçara Palm (Euterpe edulis). E. edulis is a keystone species almost exterminated
for heart of palm (Fig. 10.5). It produces a valuable berry nearly identical to that of
its close cousin, açai – Euterpe oleracea (Carvalho Filho et al. 2016). Demand and
processing capacity in the region greatly exceed supply of the fruit, international
markets are growing, and it earns a substantial premium over açai berries (Fadden
2005; Homma et al. 2006; Silva Filho 2005; Trevisan et al. 2015).

Functional Group 4 (FG4), the Enrichment group, consists of two nuclei of six
late secondary and climax trees per 100 m to enrich the forest with high biodiversity
at an acceptable cost. Functional Group 5 (FG5), the Pollinators group, consists
of two hives of native Meliponas bees per 100 m of riparian forest (Buratto 2019;
Buratto et al. 2018a; Carvalho Filho et al. 2016).

The spatial distribution of species across each site is designed to offer a rapid
and cost-effective successional framework for restoration of riparian ecosystems.
The design of our working module was deeply participatory and based on the forest
cover criteria established by the NFC specifically for family farms in the region
(Alarcon et al. 2015; Sparovek et al. 2012). The working module dimension is 8 m
width by 100 m length for each side of a waterway. The implementation process for
each 8 × 100m module starts with ten rose peppers planted as living fence posts 8 m
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Fig. 10.5 The Juçara Palm (Euterpe edulis) that produce the Southern açai is a keystone species
almost exterminated for heart of palm. It produces a valuable berry nearly identical to that of
its close cousin, açai – Euterpe oleracea (Carvalho Filho et al. 2016; Buratto et al. 2018c;
Buratto 2019). Demand and processing capacity in the region greatly exceed supply of the fruit,
international markets are growing, and it earns a substantial premium over açai berries (Fadden
2005; Homma et al. 2006; Silva Filho 2005; Trevisan et al. 2015). LASSre 2014

from the river, followed by 20 bananas (FG1) and 20 fast growing pioneer species
(FG2), all planted inside the fenced area. In the second and third years, two juçara
palms are planted next to each banana plant (FG3) and two high diversity nuclei
(FG4) are placed equidistantly in the module jointly with two native bee hives (FG5)
(Carvalho Filho et al. 2016).

The economic analysis of a MCmult module for a period of 10 years estimated
an Internal Rate of Return (IRR) of 27%, four times greater than the current Selic
rate of 6.5% (Banco Central do Brasil 2018), and a payback of 6 years. The
MultRF system promises better financial returns than savings accounts and most
other investment options available to farmers, and simultaneously complies with
the NFC requirements for environmental regularization of the property. Banana and
rose peppers strategically provide a revenue stream in the early years to motivate
farmer involvement before the establishment of dense canopy cover and the growth
of Juçara Palm for açai berry (Buratto 2019; Buratto et al. 2018a, b, c; Carvalho
Filho et al. 2016; Kohn 2017).

In addition to its economic benefits and compliance with the law, the MultRF
provides multiple ecosystem services, such as water regulation and purification, and
control of “borrachudos” (Simulium spp.), biting black flies that torment farmers and
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cattle. If the economic benefits prove adequate, we anticipate farmers will consider
expanding the MultRF to 30 m riparian buffers, as required by the pre-2012 forestry
code. This would increase the provision of many critical ecosystem services and
help to achieve the 30% forest cover required to avoid collapse of the Atlantic Forest
Biome (Banks-Leite et al. 2014; Metzger 2010; Silva et al. 2011).

Brazil urgently needs policies that enable the ecological restoration of heavily
anthropized rural landscapes, especially in the Atlantic Forest. Strategies that
synergistically provide ecological restoration and agriculture products are necessary
conditions for the enthusiastic immersion of the stakeholders (Schmitt Filho et al.
2017). The involvement of multiple stakeholders facilitated the emergence of a
practical approach with high value non-timber forest products. Economic returns
and the reduction of environmental liabilities can make MultRF a public policy
option to ensure Brazil is able to meet large scale restoration targets required to
comply with the Intended Nationally Determined Contributions (INDCs) under
the United Nations Framework Convention on Climate Change (UNFCCC) for
reductions in greenhouse gas emissions (Brancalion et al. 2012; Pinto et al. 2014).

10.5 High Biodiversity Silvopastoral Systems: SPSnuclei

Applied nucleation for reforestation involves small clumps of trees dotted across
the target landscape. Areas between the clumps are allowed to fill in on their own.
The process is designed to mimic natural succession, and to be more effective and
less expensive than other restoration techniques (Corbin and Holl 2012). Based
on this approach, the SPSnuclei system utilizes 40 equidistantly placed nuclei per
hectare, corresponding to 10% of the pasture area (Fig. 10.6). The system provides
shade, revenue from non-timber forest products (NTFP), biodiversity (50 native
tree species/ha), connectivity, and an improved landscape matrix, in addition to
numerous ecosystem services (Schmitt Filho et al. 2017).

The 5 × 5 m nuclei of native agroforest are integrated into treeless pastureland.
Grazing by cattle prevents natural succession within the pastures, but the fenced off
nuclei significantly increase tree cover and its accompanying benefits. This adopted
nuclei density was the most suitable for the project landscape and the stakeholders’
goals of achieving 30% shade cover by the third year, additional income from a
multifunction agroecosystem and the potential for repaying initial investments by
the sixth year. As in the MultRF, tree selection was based on functional diversity
(Laureto et al. 2015; Petchey and Gaston 2006) and economic benefits (Secretaria
do Meio Ambiente do Estado-SP 2011). The chosen species and planting sequence
are similar enough to the MultRF (Schmitt Filho et al. 2017, 2018b).

In the first year, each nucleus is planted with four rose peppers as a living post
in each of four corners (5 × 5 m), six fast growing pioneer trees from six species to
help capture the site, and four banana plants on the edges between two rose peppers.
Once shade cover has been established by year 3, the nuclei are enriched with two
juçara palms (E. edulis) placed next to each banana plant and two climax species
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Fig. 10.6 Five year-old high biodiversity silvopastoral system (SPSnuclei) at Rosangela’s farm
in Santa Rosa de Lima. SPSnuclei shows a discounted payback of 5 years and an internal rate of
return of 57% (Schmitt Filho et al. 2018a). (Photo: LASSre 2017)

in the center of the nucleus under the full shade in a process known as successional
agroforestry (Young 2017). The Climax species are different for each nucleus, with a
minimum diversity of 50 tree species per hectare (Schmitt Filho et al. 2017, 2018b).

The SPSnuclei cover 10% of the pastureland, but within 2 years they provide
shade cover over approximately 30% of the pasture area. Shade alleviates heat
stress and can therefore increase milk production by as much as 20% during the hot
months of late spring, summer and early fall (Craesmeyer et al. 2017; Deniz et al.
2018; Kretzer et al. 2018). Shade cover is one of the farmers’ primary motivations
for adopting SPSnuclei (Joseph et al. 2016). Rose peppers and bananas begin
producing fruit in 2 years, and E. edulis within seven. Estimates of the internal
rate of return (IRR) for E. edulis agroforestry systems with 625–1000 trees per
hectare range from 21% (Andrade 2016) to 67.5% (Silva Filho 2005). One hectare
of SPSnuclei when fully established includes 320 E. edulis, 160 Rose pepper, and
160 bananas per nuclei. Ten native beehives per hectare to provide honey and
pollination are also part of system. Our economic analysis estimated that over a 10-
year period, a hectare of SPSnuclei generates a Net Present Value (NPV) of $15,700
from banana, rose pepper, honey and açai (after the eighth year). The estimated IRR
was 57%, significantly higher than the minimum rate of attractiveness (MRA) of
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7%, as measured by the Selic. Implementation costs could be recovered in 3–4 years
(Schmitt Filho et al. 2018a).

Ongoing research confirms that the agroforest nuclei sequester carbon in soils
(Battisti et al. 2018) and biomass (Silva et al. 2018), improve nutrient cycling
(Battisti et al. 2018), provide habitat for pollinators and other species (Simioni et al.
2019), improve dairy cows ambience and welfare (Deniz et al. 2018), and regulate
the microclimate (Kretzer et al. 2018). We anticipate numerous other ecological
benefits as well.

Our analysis suggests that under suitable conditions, the system should readily
spread farmer to farmer with adaptations for specific environmental, economic and
social conditions. Continual innovations can improve both economic and ecological
benefits. The locus of control and power will remain with the farmers. One serious
challenge however is that interest rates on debt in Brazil are among the highest
in the world, often surpassing 300% annually on credit cards (Trevisani 2018).
The opportunity cost of any investment is therefore exceptionally high for indebted
farmers. Furthermore, the benefits of these systems extend well beyond the farmers’
fields, and there are currently no well-established mechanisms for compensating
farmers for these benefits. If adoption is left entirely up to the farmers and their
limited resources, the systems is unlikely to spread at the scale and speed necessary
to have a meaningful impact on the Atlantic Forest biome. We now turn to ecological
economics for an improved theoretical understanding of the challenges we confront
and possible solutions.

10.6 The Ecological Economics of Ecosystem Services
and Agroecology

Society must develop and implement food systems that produce enough to feed the
world while synergically restoring and protecting forests and other ecosystems. Our
current economic system does little to advance this goal.

Early modern economists, specifically the physiocrats and classical economists,
recognized that land and other natural resources inputs were essential to all eco-
nomic production. The physiocrats in particular viewed agriculture as the foundation
of the economic system (Mazzucato 2018). As modern neoclassical economics
developed however, there was greater and greater emphasis on the role of capital,
technology and labor, until land and natural resources were finally removed from
the production function all together (Farley 2012b). If nature contributed nothing
to production, there was no need for economists to account for it. Worries over
natural resources constraints returned in the 1950s, but a series of economic studies
in the 1950s and 1960s convinced most economists and policy makers that resource
scarcity would drive price increases which in turn would reduce demand and
stimulate the innovation of substitutes. Prices depended on relative scarcity, which
was therefore important, but technology ensured that absolute scarcity was not a
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problem (Barnett and Morse 1963; The President’s Materials Policy Commission
1952). Economists largely ignored concerns about the world’s ability to feed
growing populations and viewed the green revolution as proof they were correct.
They were similarly dismissive of Meadow’s et al.’s (1972) Limits to Growth
(Beckerman 1972; Solow 1972). Pollution and environmental amenities, which later
came to be known as ecosystem services, propelled by Rachel Carson’s Silent
Spring (1962) and similar works, were seen as a greater challenge than resource
scarcity since they had no market prices to signal their growing scarcity. Again,
however, a mainstream consensus emerged that if ecological costs were internalized
in prices, markets and technological advance would solve these problems as well
(Simpson et al. 2005). Economists remain relatively complacent about both food
production and environmental degradation.

Ecological Economics in contrast views the economy as embedded in a finite
global ecosystem. All economic production uses energy, labor and capital to
physically convert finite stocks of raw materials from nature into economic products.
Most energy comes from finite stocks of fossil fuels. We choose how fast to extract
and burn fossil fuels, mine metals and other minerals, clear our forests, and fish
our oceans. The first law of thermodynamics guarantees that matter-energy cannot
be created or destroyed, while the second guarantees that entropy, or disorder,
increases. This means that all economic products wear out, break down, and return
to nature as waste, and the combustion of fossil fuels unavoidably generates waste
emissions. If waste flows exceed the capacity of ecosystems to break down and
absorb them, they accumulate as waste stocks. If renewable raw material stocks are
extracted faster than they can reproduce, their stocks are depleted. Stocks are the
summation of flows. These resources are therefore known in ecological economics
as stock-flows (Daly and Farley 2011; Georgescu-Roegen 1971).

All stock-flow resources are rival, meaning that use by one person leaves less
for others. When a rival resource is scarce, meaning that there is not enough
available for all desired uses, economic and ecological competition for the resource
is unavoidable. Most stock flow resources can be made excludable, which means it
is possible to assign and enforce property rights that allow one economic actor to
use the resources and to prevent others from doing so. Property rights are required
for markets to exist. Markets use the price mechanism to ration access to resources,
and when resources are rival, rationing prevents over use (Daly and Farley 2011;
Georgescu-Roegen 1971).

The raw materials converted into economic products alternatively serve as the
structural building blocks of ecosystems, which consist of a particular configura-
tion of stock-flow resources. Healthy ecosystems are funds that generate a flux
of ecosystem services. While forests are physically converted into timber, fuel
and other economic products, ecosystems are not physically converted into the
ecosystem services they provide. A forest can filter water, regulate water flows,
sequester carbon and other pollutants, provide a space for recreation, serve as
habitat for innumerable species and reproduce themselves without being physi-
cally transformed into something else in the process. Ecosystem funds generate
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ecosystem services at a rate over time that depends on the size and health of the
ecosystem in question (Farley 2012a; Farley and Costanza 2010). We cannot save
up services for later use because the flux of services cannot be stockpiled. Labor
and capital have similar properties: they produce economic products at a rate over
time that cannot be stockpiled. If a cook can make one pizza every 15 min and
an oven can cook one in 15 min, we can’t stockpile this capacity by leaving both
unused for an hour than producing five pizzas in the following 15 min. They are
not physically transformed into the pizzas they make, but merely worn out over
time by the production process. Labor must get food and rest, and capital must be
maintained. Ecosystems in contrast are continually restored by solar energy, which
itself is available at a fixed rate over time, unlike the fossil fuels we can extract as
fast as we like. Labor, capital, knowledge and ecosystems are all funds that generate
a flux of services, and hence are known as fund-service resources (Daly and Farley
2011; Georgescu-Roegen 1971).

Ecosystem services are conventionally defined as the benefits nature provides to
people (Fisher et al. 2008; Millennium Ecosystem Assessment 2005), but this def-
inition lumps together the stock-flow and fund-service elements of natural capital,
obscuring important distinctions. The stock-flow elements are called provisioning
services. Analytically, it is much more useful to treat provisioning services as the
capacity of an ecosystem to reproduce itself. Trees and fish can reproduce at a rate
over time and are not physically transformed into their offspring. In this chapter,
we classify all ecosystem services as fund-service (Farley and Costanza 2010).
When the market economy first emerged, human made products were scarce and
ecosystem goods and services relatively abundant and could reasonably be ignored.
Now human made products are abundant and natural capital is scarce, and we must
invest in the latter (Daly 2014).

Because fund-services are not physically converted into what they produce, many
are non-rival, meaning that use by one person does not leave any less for others. For
example, enjoying a beautiful view does not leave less available for someone else,
or if a forest regulates water flows and prevents flooding, the benefits one person
gains does not leave less for others. All non-rival resources are fund-services. Using
prices to ration access to non-rival resources is inefficient, since it reduces use and
hence benefits without reducing societal costs. For example, if someone develops
a set of agroecological practices that increase yields without the application of
fertilizers or pesticides, or a vaccine that cures a contagious disease, it might be
possible to patent them and restrict use to those who pay royalties. However, society
as a whole suffers when use is restricted. Many ecosystem services are also non-
excludable. It is basically impossible to establish property rights to a stable climate,
flood regulation, clean air, wild pollinators, sunshine, rainfall and so on. Markets are
impossible for non-excludable resources, and inefficient for non-rival ones (Daly
and Farley 2011; Farley and Costanza 2010; Farnsworth et al. 1983).

The concepts of rivalry, excludability, stocks and funds help explain the eco-
nomic and political challenges to creating agroecosystems that help protect and
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restore forests. Many of the ecosystem services provided by intact forests and well-
designed agroecosystems are both non-rival and non-excludable. The owner of the
forest is therefore rarely compensated for the provision of these services. In contrast,
the timber harvested from the forests is a rival and excludable market good. Even if
the ecosystem services provided by the forest are far more valuable to society than
the timber it could produce, markets will incentivize logging over conservation. A
forest owner may choose to log sustainably, relying on forest’s provisioning service.
However, it is quite possible that profits from deforestation can be invested in other
economic activities with rates of return exceeding the regrowth rate of the forest,
in which case unsustainable harvests may maximize market benefits for the owner.
Forests can also be cleared for agriculture. Agricultural land is a fund service, but
the products it generates are marketable stock-flow resources, which creates an
additional incentive for forest conversion.

The MultRF and SPSnuclei are designed to help restore critical ecosystem ser-
vices that are often non-rival, non-excludable or both. Forest restoration sequesters
carbon, with global benefits of increased climate stability. It increases habitat for
numerous forest species, including migratory songbirds that help control insect
pests in other regions of Brazil and other countries and pollinators that benefit
adjacent farmers. It purifies water, reduces sedimentation, and regulates water flows,
providing downstream benefits by lowering the costs of providing drinking water
and hydroelectricity, and decreasing floods and droughts (Daily 1997; Millennium
Ecosystem Assessment 2005; TEEB 2008). While the farmers ideally benefit from
improved nutrient cycling, micro-climate regulation and increased provisioning
services, these are only a small fraction of the ecosystem services provided, which
presents at least two serious problems. First, investing in these agroecosystems has
significant upfront costs. Farmers cannot be certain that all the trees they plant
will survive, or that if they do survive, the additional benefits will be worth the
costs. This is especially true because it takes several years for all the benefits
from agroforestry and silvopastoral systems to materialize, while the costs are
immediate. The combination of public good benefits not captured by farmers,
Brazil’s exceptionally high interest rates and the uncertainty inherent to farming,
leaving investment decisions to farmers alone would result in far less adoption of
the MultRF and SPSnuclei than is socially desirable. It is also simply unfair to have
farmers shoulder the costs when the rest of society benefits. Second, while MultRF
and SPSnuclei are well designed systems, improvements are always possible. If
those who benefit from the ecosystem services generated do not contribute to the
costs of adoption or otherwise compensate farmers for the ecosystem services they
provide, future improvements are likely to focus only on benefits to farmers and
may therefore fail to achieve the socially optimal balance of benefits (Schmitt Filho
et al. 2013).
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10.7 Participatory Action Research and Payments
for Ecosystem Services

Participatory action research seeks to develop action-oriented research projects in
close collaboration with stakeholders. Agroecology practices designed to restore
and rehabilitate rural landscapes and forests, enhancing ecosystem services have
numerous beneficiaries at multiple spatial and temporal scales. While farmers
are arguably the most important participants in agroecology projects, the broad
distribution of the benefits provided means it is necessary to involve other key
stakeholders that share the benefits and should therefore help shoulder the costs
and help with design. Coordinating research and cost sharing with all the individual
beneficiaries of the public good benefits generated by agroecology would confront
excessive transaction costs. Working with the public sector (governments), civil
sector (NGOs) and farming cooperatives that represent all the beneficiaries can
significantly reduce transaction costs (Coase 1960). In the context of our project,
participatory action research has involved all of these different actors.

Throughout the process of designing the MultRF and SPSnuclei, we have
therefore worked closely with local, state and even federal government to help
design and incentivize the project and shoulder its costs. Recognizing the benefits
for the community and local ecosystems, the municipal government has been an
important partner. It has hosted several workshops, training sessions and field days
tied to project and participated in others. It has also contributed numerous in-kind
resources and recently signed a formal commitment to continue doing so (Farley
et al. 2018; Schmitt Filho et al. 2013).

One of our major goals throughout this project has been to obtain state
government support for the project. EPAGRI, the public agricultural research,
development and extension office, already has a mandate to provide technological
and financial support for the state’s farmers, and EPAGRI extension agents have
played an important role in the project for years. Many EPAGRI employees worked
on this project as students, providing a depth of knowledge and support that
would otherwise be difficult to achieve. However, we firmly believe that the public
good benefits of ecosystem services justify stronger levels of support, especially
in the context of looming ecological thresholds. Brazil is a world leader in the
development and adoption of payment for ecosystem services (PES) programs
(on this also chapter Rosa and Börner in this book), and Santa Catarina is one
of the many states that has adopted a state-wide program designed to pay for
watershed management, carbon sequestration, and/or biodiversity conservation.
We have worked extensively with state ministries to design a PES program for
agroecology tailored to the needs of both the farmers and the state.

Most PES programs, including those in Santa Catarina and elsewhere in Brazil,
compensate landowners for land use practices designed to enhance ecosystem
services, such as riparian reforestation solely for ecological benefits. Participation
in the programs is typically voluntary, and landowners receive an annual payment
that compensates for the opportunity cost of the new land use, which is to say the
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money they can no longer earn from economic production on the same land (Pagiola
et al. 2013). We believe there are several serious problems with such an approach.
First, PES programs of this support depend on continuous payments, which in turn
depend on political will and fiscal stability, both of which can be highly unstable. For
example, while Brazil’s previous government did much to protect the environment,
the actual government, which took power in January, 2019, is threatening to end
numerous forms of environmental protection, raising serious questions about the
future of national PES schemes. A similar ideological shift in Santa Catarina could
threaten their state-wide program. Second, farmers are only likely to participate in
voluntary programs if payments offset opportunity costs, but opportunity costs for
farmers increase with food prices or with new technologies that increase yields.
For example, when corn prices in the US increased in 2007–2008, 30% of the land
in the national Conservation Reserve Program was withdrawn and planted to corn
(USDA 2014). Global food prices are expected to increase in coming years (FAO
2011), increasing the risk that farmers would withdraw their land from voluntary
payments, though this is less likely for land where forest cover is mandatory. Third,
there is evidence that people have intrinsic motivations to do what is best for society.
However, providing extrinsic motivations such as monetary payments can crowd
out intrinsic motivations (Bowles 2008; Frey and Jegen 2001; Reeson and Tisdell
2008; Rode et al. 2014). In some cases, crowding can be so severe that the desired
behavior is actually reduced (Gneezy et al. 2011; Gneezy and Rustichini 2000). In
contrast, the desire to reciprocate for gifts or assistance is considered an automatic
‘click-whirr’ response (Cialdini 1993) suggesting that if farmers receive government
assistance, they may feel a moral compulsion to reciprocate by providing ecosystem
services.

Our goal was to develop a PES scheme (defined as “a transfer of resources
between social actors, which aims to create incentives to align individual and/or
collective land use decisions with the social interest in the management of natural
resources” (Muradian et al. 2010, p. 1205) acceptable to farmers and the state that
would confront these problems. The State Secretariat of Agriculture has tentatively
agreed to fund a pilot project to help approximately 50 farmers in three small
watersheds to adopt to MultRF and SPSnuclei agroecosystems on their properties.
The state will provide subsidized loans to the farmers to cover upfront costs. If the
farmers implement these agroecosystems, loans will be interest free and payments
deferred until the tree crops begin producing. Given current interest rates, this would
represent a substantial subsidy. Since after 5 years we expect these systems will
increase farmer income, it is appropriate they share in the costs and pay back part
of the loans, 75%. Twenty five percent of the loans and the interest will be the
actual PES from the Fundo de Desenvolvimento Rural (FDR). The repayments will
be contingent on increased revenue from NTFP from both Multifunction Riparian
Forests (MultRF) and High Biodiversity Silvopastoral Systems (SPSnuclei). Since
farmers receive the payments up front, the system will not collapse if in the
future there are no resources or political will to continue the system. Ideally, loan
repayments will create a rotating fund into FDR that can be loaned out to subsequent
cohorts of farmers. We hope that farmers will interpret the PES funding as a form
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of government assistance rather than a payment for a specific land use, and it will
therefore not crowd out the intrinsic motivation of farmers to manage their land for
social benefits. Since the agroecosystems will continue producing food and other
commodities, increasing commodity prices will also increase farmer incomes, even
if they simultaneously increase opportunity costs.

10.8 Summary and Conclusions

The need to feed the planet while restoring essential ecosystems and the services
they generate presents humanity with a serious dilemma, since agriculture is
the greatest threat to global ecosystems and is simultaneously dependent on the
ecosystem services they provide. There is an ongoing debate about whether the
best way to achieve this goal is to use chemical intensive industrial agriculture to
maximize food production on some land while leaving the remainder wild (sparing),
or to adopt agroecology and agroforestry practices that synergically generate both
food and ecosystem services on the same land (sharing) (Phalan et al. 2011a, b;
Tscharntke et al. 2012). Conventional agriculture has displaced rural labor, driven
extensive rural-urban migration of the surplus labor force, and disrupted both rural
and urban communities while greatly decreasing natural ecosystems and forest
cover, and pushing family farmers towards the last forest remnants of the Atlantic
Forest Biome. It also places control over the research process in the hands of large
corporations and universities, and uses patents to extract monopoly rents.

In Southern Brazil, most forest remnants are located on private lands, with a
nation-wide legal deficit of 19 million hectares that must be restored to comply
with Brazilian legislation. Thus, farmers decisions upon different land uses can
determine the future of ecological restoration in the country. These decisions are
often influenced by social and economic factors. In such a scenario, strategies
that help local farmers restore their lands and synergically generate an economic
return on investment are crucial to wide spread ecological restoration. Initiatives that
incorporate income-generation activities can be the drivers of ecological restoration
in a small holder dominated rural landscape. Regular income and legitimacy under
the current environmental legislation provide security and confidence for family
farmers.

Multifunction Riparian Forest (MultRF) as an ecological restoration alternative
was designed with potential to be widely adopted among family farmers. The model
was developed using participatory approach (PAR) in the rural landscape of Santa
Rosa de Lima, Southern Brazil. In analyses for a 10-year period, MultRF showed
a 6 year payback and an Internal Rate of Return (IRR) of 27%, four times greater
than the current Selic rate. The income from NFTP on the MultRF module exceeds
opportunity costs of milk production. Most investments show a lower return per
hectare than ecological restoration on river banks with MultFR. Economic returns
and reduction of environmental liabilities associated with the provision of multiple
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ecosystem services make MultRF appealing to many stakeholders, especially the
local decision maker – the family farmer.

High Biodiversity Silvopastoral Systems (SSPnuclei) embrace food production,
ecological rehabilitation, and multiple ecosystem services in pasture areas. It brings
back tree biodiversity (50 native tree species/ha), connectivity, and an improved
landscape matrix, as well as shade for livestock, improved milk yield, and revenue
from NTFP. SSPnuclei have been implemented in pilot farms where biophysical
variables and ES have been evaluated – soil quality and carbon, biodiversity
(birds, ants and dung beetles), microclimate, carbon sequestration and landscape
characteristics. The system provided shade by the third year, produced banana, rose
pepper and honey in the fourth year, and açai from Juçara in the eight. Farmers will
recover SPSnuclei restoration costs by the seventh – eighth year only accounting
revenue from NTFP.

Finally, rather than imitating market mechanisms, we propose an unconventional
approach to a Program for Payment for ecosystem services (PES), a form of co-
investment in stewardship designed to align farmers’ land use decisions with the
broader social interest. We hope our efforts to develop viable agroecosystems that
synergically restore rural landscapes will prove successful in Santa Catarina and
scalable across Brazil’s Atlantic Forest, while providing valuable lessons to efforts
elsewhere.
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Chapter 11
Forest Governance in Brazil and Chile:
Institutions and Practices in the
Implementation of Sustainable
Management of Native Forests

Liviam Elizabeth Cordeiro-Beduschi

11.1 Introduction

Forest governance must address the challenge of sustainably managing native
forests in order to ensure the best possible relationship between society and forests
(Agrawal et al. 2008; Moran and Ostrom 2009; Arts et al. 2013). Forests provide a
wide range of environmental products and services, as well as social, economic and
cultural opportunities to build a sustainable development process. According to the
FAO (2016), millions of people depend on forests to ensure their needs for food,
energy and housing.

On the other hand, the degradation of native forests and deforestation are frequent
in the Latin America and Caribbean countries (IPCC 2014; Cepal 2017) due to
several factors that result in the substitution of native forests for other land uses, and
which are reflected in the crisis of availability of water, food and environmental
services (Kaimowitz and Angelsen 1998; Geist and Lambin 2001). The recent
panorama presents a strong link between deforestation dynamics and national and
global macroeconomic scenarios. In this scenario we can verify the progression
of timber extraction and overgrazing derived from the expansion of agribusiness,
especially soy crops and livestock farming, as it has been in Brazil (Nepstad et al.
2006; Tucker et al. 2016). In some countries the loss of native forest cover is also
related to the change in land use to tree plantations with exotic species to supply the
forestry industry, as in Chile (Miranda et al. 2015; Little et al. 2009).

Exploitation of native forests without management and planning considerations
can contribute to the degradation of native forests and changes in land-use and forest
cover (Geist and Lambin 2001; Sabogal 2008). The difficulties to ensure the con-
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servation and sustainability of native forests are also related to the precarious public
policy instruments and institutions for the promotion of a diversified economy that
values the knowledge of local populations and users of native forests (Miranda et al.
2015; Romero and Poblete 2016; Cepal 2017).

The challenge is to find ways to promote a new forest economy that values
local knowledge and new socio-biodiversity-based trade arrangements as a driving
force for sustainable forest management (Abramovay 2002; Tacon and Palma 2006;
ISA 2017). In this sense, sustainable management of native forests is seen as a
forestry practice that requires agreements and commitments by different social
actors involved in forest management.

The United Nations Conference on Environment and Development (UNCED,
Rio 92), resulted in the “Forest Principles” as one of the outstanding international
agreements, aimed at the conservation and sustainable management of native
forests, especially emphasizing the importance of using sustainable forest man-
agement practices and improving forums for the participation of multiple actors in
the decisions for implementing forest programs and policies (Giddens 2010; Sachs
2014; Singer and Giessen 2017).

Recent studies call attention to the ‘new models of forest governance’ that
are defined by decentralizing forest management, engaging communities in the
management of forest resources, and promoting multi-stakeholder participation
forums to support sustainable forest management (Ros-tonen 2007; Moram and
Ostrom 2009; Arts et al. 2013; Arts 2014). However, the way forest governance
is established in some countries is still a topic under construction in the literature,
which demonstrates the need to improve understanding of the challenges and
barriers to the practical implementation of sustainable management of native forests.
In this regard, the present study focused on forest policies in two regions of South
America. In Brazil, the Public Forest Management Law (Law No. 11.284) that was
promulgated in 2006, and in Chile, forest governance in reference to the Native
Forest Law (Law No. 20.283) that was promulgated in 2008.

Brazil and Chile participate in the main international treaties on forests (FAO
2015a, b; CEPAL 2017). These are countries with important forest ecosystems with
high rates of endemism and biodiversity (Salas et al. 2016). These characteristics are
associated with the social, cultural and economic elements that configure the use of
resources and the forest landscape (Adams et al. 2006; Brondizio 2009; Miranda et
al. 2015; Reyes 2017). In addition, there are many factors that lead to deforestation
and forest degradation, resulting in changes in land-use and forest cover (Batistella
et al. 2008; Geist and Lambin 2001).

In the last three decades, the implementation of forestry policies based on the
global debate on forests demonstrates the limitations that exist for promoting the
sustainable use of forest resources, especially at the national and local levels (Veiga
2013; Singer and Giessen 2017; Faggin and Behagel 2017). This chapter proposes
to analyze the challenges and barriers to forest governance, based on the study of
forest institutions and the perceptions of social actors imbricated in the institutional
logic and the logic of practice for the sustainable management of native forests in
Brazil and Chile (Ostrom 2011; Arts et al. 2013).
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11.2 Analytical Framework: Institutions and Practices in the
Forest Context

Since the 1990s, forest governance has experimented with various ways of con-
ducting forest policies and initiatives, in which the state is no longer the sole
actor in forest decisions, but begins to work together with private actors in forest
design and the implementation of forest policies (Arts et al. 2013). In this sense,
the concept of new forest governance has the greater challenge of implementing
the sustainable forest management approach, recognizing the multiple functions
of forests, which brings conservation and production needs closer together. A
forest managed with sustainability principles has the capacity to adapt to long-term
environmental changes (Sarre and Sabogal 2013).

Two main theoretical currents were identified to guide this research on the
governance of native forests in Brazil and Chile. They stand out because they
offer theoretical frameworks developed around forest governance that can help us
to understand two main elements: institutions and practices (Cordeiro-Beduschi
2018). Institutions, defined as rules, norms and agreements (formal or informal), are
essential elements in the elaboration and implementation of public policies (Tucker
and Ostrom 2009). The approach based on the analysis of institutions for social
and ecological issues has been highlighted by several studies developed by Ostrom
and colleagues at the Center for the Analysis of Social-Ecological Landscape,
Indiana University in Bloomington (United States). Under this approach, the debate
about governance arrangements in relation to the use and maintenance of forests
requires understanding about the use of so-called “Common-Pool Resources”
(CPR). Common pool or common access resources are defined as resources that can
be subject to exploitation and reduction, and for which the control and exclusion of
users constitutes a complex and difficult process (Ostrom 1990; Ostrom et al. 2002).
Common access resources include forests, watersheds, oceans, fishery resources
and the stratosphere. The sustainability or maintenance of these resources depends
greatly on the ability of human beings to build new institutions or to improve those
in existence for the sustainable management of resources (Mckean 2000; Ostrom et
al. 2002).

Considering that forests are important common resources (Tucker and Ostrom
2009), the challenge in governing these ecosystems is to consider their various
elements, such as: (i) the rules governing their resource management, (ii) their
ecological and biophysical characteristics, and (iii) the social, economic and
political attributes of the system in which they are inserted. In this sense, the
study was based on the Institutional Analysis and Development (IAD) framework,
developed at the Bloomington school as an institutional analysis methodology that
presents the “arena of action” as a platform where individuals interact, negotiate and
construct the framework of public policy and institutions (Ostrom 2011).

To complement the institutional analysis, the Forest and Nature Conservation
Policy Group of the University of Wageningen (The Netherlands) proposes the
so-called ‘Practice-Based Approach’ (PBA), which provides a reflection on the
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IAD Framework 
(Ostrom, 2011)

Practice-Based Approach' (PBA)
(Arts et. al, 2013)

FOREST ACTION ARENA
(institutional, social and 

ecological contexts)

LOGIC OF PRACTICE 
(reasons to accept, change and reject)

Fig. 11.1 Analytical framework for the analysis of the governance of native forests in Brazil and
Chile. (Source: own elaboration)

behavior and decisions of social actors related to the management of natural
resources (Arts et al. 2013; Arts 2014). The practice-based approach helps us
to understand and recognize the perceptions of the various social actors in more
depth, including the reasons not only for accepting established rules and institutions
but also for modifying or rejecting them according to their interests. This means
observing the ‘forest practitioner’, the actor who is involved in some way in forestry
management or production activities, in offices, in multinational organizations, in
the design of management projects and plans, as well as those who attend meetings,
represent associations and lead community decisions (Arts et al. 2013; Behagel et
al. 2017). The analytical framework developed for the present study is represented
by Fig. 11.1.

Along with the logic of practice, there is also the ‘institutional bricolage’
(Cleaver 2012; Koning and Benneker 2013), through which forest practitioners and
users reject, adapt or integrate new institutions that are introduced with those that
already exist in their socio-ecological context (Faggin and Behagel 2017). In other
words, forest practitioners are creative and improvise, interpret and redefine the
rules (Cleaver 2012; Konning and Benneker 2013), which often results in a change
in the course of forest policies in Chile and Brazil.

11.3 Methods

This study performed analyses to answer the following question: has forest gov-
ernance, in fact, promoted the sustainable management of native forests in two
regions of South America, Brazil and Chile? The period analyzed focused on the
years between 1990 and 2015, a period in which a large number of conferences and
initiatives on sustainable development and the environment took place, generating
several initiatives and the evolution of the concept of sustainable natural resource
management (Giddens 2010; Singer and Giessen 2017).

In almost 30 years of implementation of forestry management in these countries,
the evidence points to the superficiality of public policies that aim to promote the
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sustainable use of forest resources, especially at the national and local scale (Veiga
2013; Singer Geissen 2017).

In order to understand the difficulties encountered in the implementation of forest
management in Brazil and Chile we sought to develop interdisciplinary research,
taking into consideration the contributions of the disciplines of sociology and
economics in dialogue with forestry science. In this sense, the analytical framework
was elaborated considering both the Institutional Analysis (Ostrom 1990, 2011) and
the Practice-Based Approach (Arts et al. 2013), detailed in Sect. 2.

The study was based on a historical review of the context of the international
debate on forests and the sustainable management of native forests. We identified
the social actors that have promoted the main agreements and treaties, highlighting
the initiatives and main products of global forest governance (Arts and Balili 2013;
Secco et al. 2014). Analyses were then carried out at national and subnational scales
focusing on the current policies for the management of native forests: in Brazil the
Public Forest Management Law (Law No. 11.284/2006), and in Chile the Native
Forest Law (Law No. 20.283/2008).

The data were collected based on qualitative research methods (IPEA 2010),
which allow an exploration of the complex nature of social organization and a set
of variables, both at the institutional level (legislation, agreements, rules) and in
terms of the values, perceptions and practices shared by individuals and groups that
implement policies or are affected by them (IPEA 2010: 662).

Information was obtained through research on secondary documents (institu-
tional reports, gray literature and academic publications) as well as from primary
information (interviews and public testimonies). The scale of analysis was concen-
trated on the actor involved with the management and implementation of public
forest policies. Actors were categorized by their organizations and functions:
governmental organization; non-governmental organization; forest users; private
sector and entrepreneurs; researchers and academics; international organizations.
In this way, it was possible to define the action arena of the forest policy of
each country, which is shaped by the dynamics of the interactions between forest
practitioners.

Semi-structured interviews were conducted during August 2014 and October
2018 with actors grouped into categories. There were 53 interviewees in total,
26 in Brazil, 20 in Chile and 7 informants representing multilateral organizations.
Testimonials were also obtained from public speeches in seminars and institutional
meetings.

11.4 The Governance of Native Forests in Brazil

Brazil is a country with approximately 494 million hectares covered by forests
(59.04% of its territory), distributed in 456 million hectares of native forest and
7.7 million hectares of planted forest (Table 11.1). Of the territory covered by
native forests, 71% are public forests that are registered in the Ministry of the
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Table 11.1 Brazil forest
cover

Forest cover Hectares (×1000) %

Territory 835.814 100
Total forest cover 493.538 59.04
Natural forests 485.802 58.12
Forest plantations 7.736 0.10

Source own elaboration. (Adapted from SFB 2013;
FAO 2015a, b; CEPAL 2017)

Environment’s National Register of Public Forests (SFB 2013; CEPAL 2017). The
Amazon biome accounts for 38.30% of the national territory and is the largest
tropical rainforest in the world, with a marked presence of fauna and flora species
adapted to high temperatures and rainfall rates throughout the year (SFB 2013).

In addition to the intrinsic characteristics of the biome, the Amazon region is
embedded in a complex context, not only in relation to its physical distribution,
characterized by its water resources and biogeography, but also because it presents a
great social, cultural and economic diversity. These actors coexist with the dynamics
of forestry and the exploitation of natural resources due to the massive territorial
occupation driven by development policies. These development policies have also
contributed to the deforestation and uncontrolled exploitation of forest resources
and the confusing land system in place up until now (Adams et al. 2006; Fearnside
2014).

The Public Forest Management Law (LGFP, Law No. 11.284/2006) is an
important forestry institution with the objective of promoting forest development
with the precepts of sustainable management of native forests and community
development in the Brazilian public forests concentrated in the Amazon region
(Brasil 2006; Silva 2010; Alves 2016).

From the institutional analysis, it was possible to verify that the fundamentals and
concepts of sustainable forest management are present in the law. These concepts
and foundations of forest sustainability were introduced in Brazil by several plans,
programs and scientific research, especially since 1990, which have helped to build
a new millennium public policy framework on forest issues (Nepstad et al. 2006;
Moran and Ostrom 2009; Cordeiro-Beduschi 2015; Alves 2016; ISA 2017).

The LGFP brought with it new challenges for the structure of forest governance
through the Ministry of the Environment with the creation of the Brazilian Forest
Service (SFB) and the Public Forest Management Council, with representation from
public, private and civil society stakeholders. The National Forestry Development
Fund was created to direct resources to plans and programs, such as the National
Environmental Policy; the National Biodiversity Plan, the Sustainable Amazon
Plan; the National Forest Program, the Action Plan for Prevention and Control
of Deforestation in the Legal Amazon (PPCDAm) and the National Plan for the
Sustainable Development of Traditional Peoples and Communities (Brasil 2006;
SFB 2017; Alves 2016). All the plans and projects indicate the existence of an action
arena for native forest governance, with important socio-environmental capital
and the ability to formulate proposals and launch public policies at the national
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level. However, there are frequent criticisms when impasses are revealed in the
implementation of this policy that hinder the effective participation of native forest
communities in the new forest management (Drigo 2010; ISA 2017).

Based on the analysis of official annual documents (reports of the SFB) and
personal information (interviews and testimonies), it was possible to verify a change
of focus in the implementation of the LGFP, mainly influenced by two events
that occurred in 2012. The first was the approval of the new Forest Code (Law
12.651/2012; Brasil 2012), and the second was the insertion of resources from the
Climate Fund in the agenda of the National Forest Development Fund for forest
restoration in Brazil (Cordeiro-Beduschi 2015). Both events influenced changes in
the structure of the SFB, mainly towards activities for the registration, regularization
and restoration of private properties (SFB 2017; Sparovek et al. 2017).

The main impact of this change of focus in the implementation of the LGFP was
the creation of new responsibilities for the Brazilian Forest Service by initiating
the implementation of the Rural Environmental Registry (CAR – in Portuguese), an
instrument created specially to regulate the country’s private rural properties, where
forests are also found in areas denominated Legal Reserves (RL). Most rural owners
have their RL degraded or deforested, and to be “forgiven” they must register their
forest areas with the new monitoring system, according to the new Forest Code
(Paulino 2012; Brancalion et al. 2016).

It seems that this change in course is not a lost cause for the management of
public forests in Brazil, since the decision to support the CAR and remedy private
property debt due to deforestation may in the future establish connections with the
sustainable management of public forests through new opportunities that the forest
can offer within a vision of its multiple uses and the valuation and exploitation of
environmental services.

However, the new role of registering private rural properties that was allocated
to the SFB, reflected the change in the LGFP’s priorities, which had previously
been focused on the management of public forests. It also reflects the asymmetries
of power in the debate between ruralists and socio-environmentalists in the action
arena of forest policy in Brazil. The interviews and speeches confirm the evidence of
the institutional bricolage (Cleaver 2012; Arts et al. 2013) where social actors with
more resources were able to “change the rules of the game” and modify the course of
the prevailing discourse on public policy in the action arena of forest management.
In this case, the agribusiness discourse prevailed in decisions.

Recently, other changes in the course of Brazilian forestry management were
announced with the transfer of the SFB to the Ministry of Agriculture (MAPA) and
the abolition of national committees and commissions by the Bolsonaro government
(January 2019). These changes may generate new confrontations with those social
actors who participated in the construction of a forest development model focused
on the best relationships between society and forests.
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11.5 The Governance of Native Forests in Chile

The temperate native forests of Chile are of great ecological and human importance
due to their biogeographical and sociocultural context. Their ecological value is
linked to the characteristics of the humid temperate forest formation, known as
Evergreen Forest and Valdivian Temperate Forest. Jointly with Argentina, and
including the North Patagonian and Magallanic Temperate Rainforests to the south,
this is the only temperate rainforest in South America (Donoso and Lara 1999;
Miranda et al. 2015) and the second largest remaining area of this type in the world
(Salas et al. 2016). Due to the geographic isolation of Chile, this forest has a high
rate of endemic species of fauna and flora (Donoso 1981, 1993; Veblen et al. 1996;
Luebert and Pliscoff 2005; Salas et al. 2016).

Approximately 23.9% of the Chilean territory is covered by forests (planted,
natural and mixed). Of these forest territories, 19.8% are native forests, 4.1% are
planted, mainly with Pinus sp. and Eucalyptus sp. And nearly 1% are mixed (planted
and native) forests (Table 11.2). Currently, of the native forests, only 29% are
included in the National System of Protected Wild Areas (SNASPE by its Spanish
acronym) (INFOR 2016; AIFBN 2017).

Since the 1970s, and outside of the SNASPE, the property regime has been
almost entirely privately owned, with 70% of the forests (planted and native) being
in private properties (Reyes 2017). In recent decades, this situation has led to
frequent social conflicts in the south-central region of the country, especially in the
Araucania region, where family farmer Mapuche people live alongside extensive
forestry monocultures cultivated mainly for the production of cellulose and paper
(AIFBN 2011; Donoso et al. 2016).

The Native Forests Law (LBN by its Spanish acronym) expressed the desire of
stakeholders to create a new institutionalism that could break with the hegemony of
the private actors who cultivate the extensive monocultures of exotic forest species
(Manuschevich 2016; Chile Política Forestal Chilena 2016). The law, which was
clearly guided by a framework more in line with contemporary international debates
on forest governance models, was designed to establish a new state structure – the
National Forestry Service – and to respond to the demand of multiple actors who,
until then, did not feel included in the country’s forest development model (see also
Chap. 5 by “Manuschevich”).

Table 11.2 Chile forest
cover

Forest cover Hectares (thousands of hectares) %

Territory 74.353 100
Total forest cover 17.735 23,85
Natural forest 14.691 19,75
Forest plantation 3.044 4,09

Source: own elaboration. (Adapted from INFOR 2016; FAO
2015a, b; CEPAL 2017)

http://dx.doi.org/10.1007/978-3-030-35379-7_5
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For Cruz et al. (2012), the promulgation of the LBN signified an important
change in the intention contained in Chilean public policies, from regulatory
purposes to initiatives to promote the sustainable use of the forest. Soon after its
publication, the Forest Management Incentive Fund and a Research Fund for Native
Forests were created under the administration of CONAF, and topics such as forest
preservation, non-timber forest products (NTFPs) and sustainable management of
native forests were included in the sector’s discussions.

However, the scale of difficulties for the implementation of the LBN was evident
even at the moment of its elaboration. The LBN was finally promulgated in 2008
in a provisional version, but only after 16 years in the Chilean National Congress.
(Manuschevich 2016, Chap. 5 in this book). In the meantime, Chile’s forestry policy
was guided by the well-known Forestry Law of 1931 and by Decree 701 of 1974,
with the aim of promoting forest development, mainly for the production of planted
forests used in the forest industry (Donoso and Reyes 2015).

The Decree Law 701 (DL 701) was the most important public policy instrument
for forestry development for the consolidation of the Chilean forestry industry. It
lasted approximately 38 years (1974–2012) (ODEPA 2016). Although this decree
was modified to meet society’s current demands in 1998, such changes were not
sufficient to reverse the economic advantages for large companies in relation to
small and medium-sized producers related to forest development and management
in the country (De la Fuente et al. 2013; Manuschevich 2016).

The interviews carried out for the present study indicated that after 10 years of
LBN implementation results were insignificant in encouraging and promoting the
sustainable management of native forests, especially at the local level (rural and
peasant owners). The difficulties are mainly in the precarious reach of the financial
incentives and in the absence of the state in creating the necessary law enforcement
and forest policy agencies. This is evidenced by the postponement of the creation of
the National Forest Service, which would replace the current public-private model,
embodied since the 1970s by the National Forestry Corporation (CONAF by its
Spanish acronym).

The official documents available also show that between 2009 and 2012, only
16% of Forest Management projects received funding, which represents less
than 4% of the total resources of the Conservation Fund (De la Fuente et al.
2013). Smallholders and indigenous community declared difficulties in drawing up
Management Plans and accessing the LBN funds (Cruz et al. 2012; De La Fuente
et al. 2013). As a result, native forests are replaced by plantations of exotic species
supplying pulp-exporting forest enterprises.

The Chilean case demonstrates the occurrence of ‘institutional bricolage’
(Cleaver 2012; Arts et al. 2013) from the elaboration of LBN to its implementation,
where the vision of an industrial forest sector prevails over the economy of the native
forest. The structure of the National Forest Service has never been consolidated even
with the launch of the Chilean Forestry Policy 2015–2035 (AIFBN 2011; ODEPA
2016).

In this way, the difficulties faced by small and medium forest producers and
indigenous people to carry out forestry activities in the precepts of sustainability

http://dx.doi.org/10.1007/978-3-030-35379-7_5
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and legality in native forests are significant. Local populations still struggle with the
scarce incentives for cooperation and associativism that could consolidate a local
forest economy from the multiple use of forests, including timber, non-timber forest
products (NTFPs) and the provision of ecosystem services (Burschel and Rojas
2006; INFOR 2010; Reyes et al. 2016).

11.6 Conclusions

Forest management in Brazil and Chile occurs in different ecological, political
and social contexts, but both countries have in common the incorporation of the
foundations of Sustainable Forest Management (SFM). This incorporation takes as
reference the international debate that began in the 1970s and assumed a relevant
position in the 1990s through international conventions and treaties, especially when
introducing the idea of Sustainable Development.

However, these global fundamentals seem to require some time to be understood,
translated and elaborated at national and local scale. Even so, they are not always
clear; they are changeable and require a process of internalization by those who
practice forest management. In this case, institutional structure is a key element of
good governance. But it is the skills and interpretations of the social actors that
guide and define how the sustainable management of native forests occurs through
governance, actors, resources and capabilities.

The previous analysis suggests three pillars that support good governance
for the sustainable management of native forests: (i) an institutional framework
for the management of native forests; (ii) sustainability fundamentals in forest
management, (iii) promotion of local development in the socio-ecological context.

It is necessary that the social actors that have participated historically in the
formation of governance for the sustainable management of native forests be
attentive to the governmental changes that are announced in both countries, as
well as in recognizing the risks and threats of the authoritarian decisions that are
emerging in Latin America. It is in this sense that this study defends the importance
of the construction of participatory processes involving multiple actors.

Brazil and Chile need to learn from past experiences and value the potential
of native forests. Without a doubt, the challenge for the next few years will be
to strengthen the arenas of action to prevent a process of deconstruction of forest
governance and to promote profound changes in the forest development model.
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Chapter 12
Municipal Private Natural Heritage
Reserves: Uses and Attributions
of Natural Protected Areas in the City
of Curitiba (PR)

Isabel Jurema Grimm, João Henrique Tomaselli Piva,
and Carlos Alberto Cioce Sampaio

12.1 Introduction

Environmental degradation has been characterized by economic and industrial
development “affecting deep interferences in the support capacity of the planet’s
ecosystems” (Jacobi et al. 2015: 410). Listed as a generator of large-scale change,
industrial expansion has created a framework for capitalist dynamics, triggering a
growing risk of scarcity of natural resources (Dowbor 1993; Sachs 1993, 2004),
which is aggravated by the phenomenon of urbanization, causing degradation of
living and health conditions of the populations that were concentrated in metropolis.

Given this circumstance, the establishment of protected natural areas has been
one of the main global strategies for biodiversity conservation and welfare guarantee
in cities and, consequently, their population. Most of the world’s nations concerned
with the conservation and management of their ecosystems and trying to reverse
the environmental imbalance, are seeking to establish legal measures to protect or
regulate land use in their territories. Among the main regulatory instruments are the
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Conservation Units (CU) or protected areas.1 Conservation Units or protected areas
can be understood as areas that have rules of use and management, with the specific
purpose of preserving and protecting plant or animal species, possessing landscape
beauties; or places of interest for scientific research, depending on the category in
which they fall (Schenini et al. 2004).

The establishment of protected natural areas, as environmental policy strategy
of each country, depends on its biodiversity and particularities, and determines
the conservation objectives. In Brazil, Conservation Units (CU) are defined by
the National System of Conservation Units (SNUC2), through Law No. 9.985 of
2000, which establishes the criteria and norms for the creation, implementation
and management of these areas, and divides them into two groups: (i) the units
of sustainable use, which include the Private Natural Heritage Reserves (RPPN3),
which aim to restore nature conservation with the sustainable use of natural
resources and where activities involving the collection and use of natural resources
are allowed; (ii) the integral protection units, as Natural Park, which aim to preserve
nature allowing only the indirect use of natural resources to be found there, except
for the cases provided for in the Law itself (Brasil 2000).

According to Art. 21 of the SNUC Law, the RPPN are private areas, recorded
with perpetuity, with the objective of biological conservation, being allowed to
conduct scientific research in the area, environmental education activities and visits
for tourism and recreational purposes (Brasil 2000), and it can only be implemented
by the voluntary act of the owner. In addition, the property where this protection
system is created becomes indivisible and its creation cannot be revoked (Curitiba
2013).

The system of creation of conservation areas according to Rocktaeschel (2006:
51) “is the main governmental mechanism of protection of the exuberant biological
diversity and the scenic beauties of the country”, whose evolution of the concept,
according to the author, is related to the development of science, destruction of the
environment, and human need for contact with nature. This scenario has stimulated
processes of creation and implementation of Conservation Units constituting a new
vision that presupposes the need for protection of natural resources to ensure well-
being, especially in the cities.

In Brazil, according to the National Register of Conservation Units (MMA
2019), the total number of federal, state and municipal Conservation Units is 2.201,
representing 250 million hectares. There are 698 units of full protection, such
as Ecological Stations, Natural Monuments, National, State or Municipal Parks,
Wildlife Refuges and Biological Reserves, and another 1.503 units are of sustainable
use such as Forests, Extractive Reserves, Sustainable Development, Fauna, Areas

1The term conservation unit is restricted to Brazil and refers to certain specific types of protected
areas as defined by the National System of Conservation Units (SNUC). However, the term
protected areas is used internationally.
2Brazilian acronym.
3Idem.
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of Environmental Protection and Relevant Ecological Interest. After the creation of
SNUC in 2000, 151 federal conservation units were created, adding 134 million
hectares. The result of the last 18 years represents more than three times what was
done in the 65 years before. However, Drummond et al. (2010: 36) point out that
there is currently the risk of discontinuities in environmental politics because of the
different interests among members of the government, market and social society
when it comes development.

This strategy is observed in the city of Curitiba, where public policies and
legal and fiscal mechanisms have been implemented in order to preserve the
private green areas. Despite being a large metropolis with 1.75 million in habitants,
Curitiba, according to the Biodiversity Condominium (2014), has forest areas in
good condition, with 64.5 m2 of arboreal vegetation per inhabitant, distributed in
42 Public Municipal Conservation Units (21 parks, 17 woods, two Environmental
Protection Areas, a Botanical Garden and an Ecological Station, in addition to the
24 Municipal Private Natural Heritage Reserves – RPPNMs). The city has about
20% of its area covered by forest, equivalent to more than 78 million m2 and about
75% of this area is located in private properties and 25% is in public areas (Curitiba
2013).

In this context, in 2006 Law No. 12080 was approved, which encourages the
creation and maintenance of RPPNM in Curitiba. Likewise, the possibility of a
financial return for the owners was created through the sale of “the construction
potential”, in addition to the activities of environmental education and tourism
(Panasolo et al. 2015). It’s worth mentioning that “Conceptually, the instrument of
Transfer of Construction Potential is the possibility that the owner has to exercise his
construction potential in another property or to sell it to another owner” (Panasolo
et al. 2015: 41).

Given the potential of public policy, the Municipal Private Natural Heritage
Reserves, institutionalized in Curitiba, makes it possible to expand spaces of natural
protection with low public investment and even combine the generation of jobs
and income with conservation. The objective of this chapter is to analyze the
entrepreneurial capacity of a successful RPPNM, the Airumã in Curitiba (PR). This
is an interesting approach to conservation of urban forests, and this research tries
to answer the question whether or not it can serve as a model for more sustainable
cities and to balance urban developments with social wellbeing.

In order to achieve this purpose, bibliographical and documentary research was
conducted, as well as interviews with the owner of the RPPNM Airumã. The chapter
is structured into three topics. The first one seeks to understand the concept of the
creation of Conservation Units in Brazil. The second deals with the theme of the
creation of the Private Natural Heritage Reserves, highlighting the reserves created
in the city of Curitiba. In the last one, the empirical results of the research carried
out in the Airumã Reserve is given, one that was chosen for being the most active
among the RPPNM, and we discuss challenges, possibilities, and opportunities in
its implementation. Such results could stimulate the creation of other RPPNM in
Curitiba, as well as other municipalities to implement such public policy.
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12.2 Concept of the Creation of Conservation Units in Brazil

The Brazilian strategy to contain the advance of environmental degradation and
loss of biodiversity, as a result of anthropic pressures arising mainly from the
current model of economic development, was the establishment of Conservation
Units (CUs) as a public policy of extensive application to the protection and
conservation of nature. However, Irving (2013: 62) points out that “the process
of creating CUs has not been continuous and reflects different political moments
in terms of defining strategic priorities and institutional capacities in the sphere of
environmental action”.

Data from the Ministry of the Environment (MMA) reveals that there has
been a substantial increase in the number of CUs in Brazil and also in the
protected territorial extension. In 1997, there were 196 Protected Areas for Integral
Protection and 149 of Sustainable Use, involving 47.5 million hectares protected,
corresponding to 5.7% of the continental territory of the country. In 2012, this
number was expanded to 548 Integral Protection CUs and 1214 of Sustainable Use,
with a total area of approximately 153 million hectares protected, representing 17%
of the national territory (MMA 2013).

The National System of Conservation Units (SNUC) guides the standardization
and the operation of CUs, and advances to the extent that it recognizes the
diversity of ecosystems and the need for protection and integrated management
through the creation of ecological corridors and mosaics, making possible the
establishment of privately-owned protected areas – Private Natural Heritage Reserve
(RPPN). It also establishes that the creation and administration of CUs should be a
process that considers public consultations and the constitution of councils, with
the representation of the different social segments to ensure a more democratic
management (Brasil 2007).

With regard to management tools, the SNUC also determines the requirement of
management plans, which consider the population of the interior and the surround-
ing area, ensuring their effective participation in the elaboration, implementation
and monitoring of the agreed actions, and provides for the operation of Councils,
which represent instances to discuss management decisions between the State and
society (Brasil 2007).

Law No. 9985 of 2000, which establishes the SNUC, defines the management
plan as a technical document, based on the general objectives of the Conservation
Unit, defining its zoning and standards that should govern the use and management
of natural resources. However, despite the legally established obligation, the prepa-
ration and implementation of management plans is far from being consolidated.
Currently, only 17.54% of the total conservation units in the country have a properly
approved and updated management plan, and among the national parks, this number
does not reach 40% (MMA 2019), a fact that is partly due to the elaboration of
the management plans by specific teams that are external to the units and that are
dedicated specifically to this task. Once the plan is finalized, it is up to the unit
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managers, among them the RPPN, to take care of its implementation, which in many
cases is difficult conditions are not appropriate to advance in the planned actions.

12.3 Private Natural Heritage Reserves (RPPN)

According to the Instituto Chico Mendes de Conservação da Biodiversidade (ICM-
Bio (2011, the origin of the RPPN refers to the Private Refuge of Native Animals –
REPAN, established by Ordinance No. 327 of 1977 of the extinct Instituto Brasileiro
de Desenvolvimento Florestal (IBDF). In these refuges, private owners could ban
the hunting of animals even if their land was in areas cleared for hunting. In 1988,
this Ordinance was revoked by a new IBDF decree, No. 217, which established the
Private Reserves of Fauna and Flora – RPFF.

In accordance with Art. 21 of the SNUC Law, Private Natural Heritage Reserves
are private areas, recorded with perpetuity, with the purpose of preserving nature, in
which only scientific research and visitation for tourism, recreation, and educational
purposes are allowed (Brasil 2000). For Kormann et al. (2010: 17) the RPPN:

(...) is individualized before the others because it is not created from the interest of the
public power, but rather, at the initiative of the owner, who seeks to preserve an area
of environmental importance. In this way, this space will be protected with perpetuity,
according to the conservation provisions foreseen in the SNUC.

The RPPNs, according to the City Hall of Curitiba (Curitiba 2013: 9) “are
currently an important instrument of conservation of nature, combined with the
efforts to create conservation units in the public domain”. They can only be created
if its importance is recognized by the public power for the conservation of the local
biodiversity, by a voluntary act of the owners who decide to constitute their property,
or part of it, in a Conservation Unit in perpetuity. There is no determination of
maximum or minimum size for the constitution of an RPPN.

In view of this, the creation of the RPPNs in urban areas is an important strategy
for the preservation of green areas, which allow cities to have spaces for leisure
and improve the life quality of the population, as they provide contact with nature,
environmental quality, and in general spaces for physical activities and recreation.
For Lima e Amorim (2006: 71), the green areas:

(...) are one of the variables that are part of the urban structure and the preservation of these
areas is related to its use and its integration into the city dynamics, which are reflections
of human actions and are linked to the historical processes, translating the attention of the
public power to the implantation and maintenance of these spaces in the urban network.

Green areas are considered as the set of intra-urban areas that present vegetation,
tree cover (native and introduced), shrub or ground (grass) and that contribute
significantly to the quality of life and environmental balance in cities (MMA 2013).
These green areas are present in a wide variety of situations: in public areas; in areas
of permanent preservation (APP); squares, parks, forests and urban conservation
units (CU).
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12.3.1 Municipal Private Natural Heritage Reserves in the City
of Curitiba

With a Municipal Human Development Index (IDHM) of 0.82, the municipality has
a green area of 58 m2 per inhabitant (Curitiba 2016), being a pioneer in including
in its legislation the creation of a Private Natural Heritage Municipal Reserves
(RPPNM), which aim to preserve the biological diversity in urban private properties
covered by native vegetation in good condition (Condomínio da Biodiversidade
2013). The creation of these units according to the Association of Protectors of
Green Areas of Curitiba and Metropolitan Region (APAVE) is a great contribution
in several ways, avoiding negative impacts, such as irregular occupation, real
estate speculation, deforestation, waste disposal, hunting, fire or other actions that
may degrade these natural areas. By taking on the commitment to care for and
preserve the nature of the area forever, the owner exercises an act of citizenship
and environmental responsibility.

In 2006, Law No. 12080 was passed, which encouraged the creation and
maintenance of private green areas in Curitiba. In 2015, Law No. 14587 restructured
the Program of Municipal Private Natural Heritage Reserves – RPPNM in the city
of Curitiba, revoking Law No. 12080 of December 19, 2006, and Law No. 13899
of December 9, 2011. Law No. 14587 establishes that the RPPNMs are intended
to be used for the development of scientific research and visitation for therapeutic,
touristic, recreational and educational purposes, provided for in the management
plan.

The city of Curitiba, according to the Municipal Department of the Environ-
ment (SMMA), has a potential of about 1000 properties to become permanent
preservation areas (PPAs) through voluntary action. In addition to Curitiba, 15
other Brazilian municipalities have legislations for the creation of RPPNMs, such
as São Paulo, Manaus, Itamonte (MG), Passo Fundo and Santa Maria (RS). The
mountainous region in Rio de Janeiro also counts on municipalities like Miguel
Pereira and Petrópolis that has its municipal laws. It is worth noting that in addition
to environmental benefits, such as transforming green areas into reserves, these areas
also provide social contributions (Panasolo et al. 2015), as they are incentives to
tourism, recreation, and increased life quality, coming from a naturally balanced
environment. Nevertheless, the economic incentives of the public sector for the
creation of these areas and their maintenance seems to be decisive.

It is noteworthy that the RPPNM can only be implemented by a voluntary act of
the owner, it is a private domain conservation unit, and it is created with the objective
of conserving biological diversity. In addition, the property where the RPPNM was
created becomes indivisible and its creation cannot be revoked (Curitiba 2015).
For the property to be transformed into RPPNM, it is necessary to fulfill some
requirements, for example, the property must be 70% covered by remnants of native
vegetation, not built or at most have a residence family nucleus, where according to
the forest typology it is not possible to remove the vegetation. In the administrative
process for requesting the creation of the RPPNM, the owner must present specific
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documentation, such as: identification document of the owner; copy of real estate
registration; consultation for construction purposes (yellow guide); planimetric
survey of the area; survey of vegetation and the geo-referenced perimeter in relation
to the geodesic landmarks (Curitiba 2015).

According to Art. 4 of Law No. 12080, as an incentive and compensation to this
conservation work carried out by the owner, the municipality offers the following
advantages (Curitiba 2015):

• Exemption of the RPPNM area in the calculation of the Urban Property and
Territorial Tax (IPTU);

• The possibility of using the area for the development of scientific research
(through partnerships with universities or other institutions) and for visita-
tion with ecological, tourism, recreational or educational purposes, with the
possibility of generating income;

• Certificate of recognition to the owner, signed by the Mayor;
• Transfer of construction potential, in accordance with current legislation;
• Certificate of recognition of the enterprise that uses constructive potential coming

from RPPNM, signed by the Mayor.

In summary, the owners of the areas have the right to require the Municipality
to transfer construction potential from these areas to other properties, with the
possibility of periodical renewal when the parameters set out in the specific
legislation are respected, in addition to the IPTU exemption. Article 6 of Law No.
14587 provides that the granting of the constructive potential of RPPNM may be
renewed every 15 years (Curitiba 2015).

Curitiba has 21 official RPPNMs (Table 12.1), the first RPPNM in Curitiba,
located in the Santa Felicidade neighborhood, was created in 2007 and is called
Cascatinha (Apave 2019). In these areas, only activities related to scientific research
and visitation with ecological, tourist, recreational and educational objectives can
be developed (Curitiba 2015). However, for these activities to be developed the
property must have a management plan. Management plans deal with the activities
performed in the reserve, maintenance of the environmental attributes of the area,
demarcation of its limits and the warning to third parties about the existence of
the RPPN and the prohibitions imposed on it. According to Bensusan (2006), a
management plan defines the attributions of the owners to the supervisory bodies.
However, the elaboration of the management plan and the reports suggest support
from specialists, burdening the owner. The process of creating the RPPN requires
a lot of documentation from the owner and the property, which are very difficult
to obtain, which makes the process difficult, time-consuming and costly (Bensusan
2006).

For Panasolo et al. (2015: 37) RPPNMs contribute to environmental preservation
and collaborate to maintain green areas in environmentally fragile urban centers,
and also:

• Enable the private sector to participate in national conservation efforts;
• Provide leisure, tourism and recreation services;
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Table 12.1 Municipal private natural heritage reserves registered in Curitiba

RPPNM Total area (ha) Total area in relation to the municipality (%)

Cascatinha 0.85 0.0019
Ecoville 11.6 0.0037
Barigui 0.21 0.0006
Bacacheri 0.5 0.0012
Bosque da Coruja 0.54 0.0012
Cedro-rosa 0.72 0.0016
Erva-mate 0.73 0.0017
Canela 0.74 0.0017
Guabiroba 0.74 0.0017
Taboa 0.75 0.0017
Jerivá 0.74 0.0017
Airumã 3 0.0068
Jataí 0.07 0.0002
Araçá 0.07 0.0002
Umbará 0.63 0.0014
Beppe Nichele 1.34 0.0031
Name 2.34 0.0054
Caxinguelê 2.03 0.0047
Refúgio do Jacu 0.53 0.0012
Geronasso 4.7 0.0108
Vô Mantino e Amélia 1.86 0.0043
Mirante do Parque Barigui 64.35 0.14
Alfred Willer 0.6 0.0012
Total 89.96 0.1412

Source: Own elaboration using data from Apave (2019)

• Contribute to the increase of landscape connectivity in areas of biological
importance, such as biodiversity corridors;

• Generate financial benefits through the economic valuation of property (eco-
nomic function).

The green areas can also serve to balance the urban environment offering a place
of leisure, landscape, and environmental plasticity. Another important factor is the
afforestation next to public roads that “serve as filters to attenuate noise, retain dust,
reoxygenate the air, besides offering shade and the sensation of freshness” (Lima e
Amorin 2006: 70).

12.3.2 Private Reserve Airumã

Airumã means in Tupi, the indigenous language, “Morning Star or Star Guide”.
Located in the municipality of Curitiba, it is the the largest Municipal Private
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Natural Heritage Reserves registered in Curitiba (Table 12.1), with 25,000 m2, of
green preserved areas (Panasolo et al. 2015). According to the owner, the process
of creating the reserve began in 2011 and was formalized in 2013, by Decree
No. 521/2013, being the 12th RPPNM created in the municipality. The Reserve
is the headquarter of the Association of Protectors of Green Areas of Curitiba
and Metropolitan Region (APAVE) and Airumã Environmental Station,4 created
in 2004, with the mission of “contributing to the reunion of people committed to
the awakening of a new socio-environmental awareness, engaged in building a more
sustainable, peaceful and just land” (Vareschi 2017).

According to Chauá and Propflor (2017) in the reserve there is a spring and
three streams that are born in the neighboring properties. The vegetation formation
of the property corresponds to the Mixed Ombrophilous Forest, in the middle
stage of secondary succession. The floristic survey identified the presence of 159
native species belonging to 62 families, and 10 exotic species. Of the native
species present in the area, on the list of endangered species we find: Paraná
pinus (Araucaria angustifolia), Xaxim-bugio (Dicksonia sellowiana) and Sassafras
Cinnamon (Ocotea odorifera) (Chauá and Propflor 2017).

Residing in the area for 32 years, the main reasons of the owner that motivated
the creation of the RPPNM are related to conservation of species and ecosystems
in urban areas, protection of water resources and personal satisfaction. The owner
also reports that one of the main factors that made it possible to make the area an
RPPNM was its strategic location, inserted in the Barigui River Basin, an important
river in the municipality of Curitiba, and near the Tingui Municipal Park.

In creating the RPPNM, the owner experienced difficulties related to providing
unfavorable technical advice regarding the coverage of the area occupied by native
vegetation. Without the support of the institutions, the owner declares, it would not
have been possible to create the reserve because the studies are expensive. Another
determining factor for the creation of the reserve was the support of the Society
for Wildlife Research and Environmental Education (SPVS5) together with the O
Boticário Group Foundation (FGB6) in the elaboration of the management plan.

Regarding the costs since the creation of the RPPNM in 2013, the owner points
out that they have invested their own resources. For maintenance, several activities
are carried out with the purpose of raising funds. Airumã stands out as the only
reserve that develops entrepreneurial activities in the RPPMN that are economically
feasible, such as the sale of tickets for visitation, rental of space for events, and
courses on environment education. The reserve is open for visitation and on-site
seminars are held, as well as lectures, and workshops mostly with themes related to
the environment. This is facilitated with a space for events with a structure suitable

4The RPPNM and the Environmental Station Airumã have a blog to publicize the activities
developed in the place. Available at: http://airumaestacaoambiental.blogspot.com.br/
5Brazilian Acronym.
6Idem.
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Fig. 12.1 Residence and space for events in the Airumã RPPNM (Piva 2017). (Photo: João
Henrique Piva)

to receive 40 people (Fig. 12.1). An entrance fee is established per person, according
to the activity that will be developed.

The venture also receives visitors from high schools and institutions of higher
education, as a way of arousing interest in the environment. Programs on envi-
ronmental education and contemplation of the nature are offered. The incomes
received allow obtaining resources for the maintenance of the enterprise: cleaning,
renovations and investments in new projects. The property has no fixed employees,
only contracted services related to maintenance and cleaning.

Regarding the sale of the Construction Potential of the RPPNM that would
make it viable economically, it is noteworthy to mention that the owner has not
yet received its Construction Potential, and it is necessary to initiate a legal process
to obtain this right. Even without obtaining the Construction Potential that is one
of the rights and incentives by the public power in benefit to the owners that make
their area an RPPNM, the property is exempt of 100% of the Urban Property and
Territorial Tax (IPTU) and/or Rural Property and Territorial Tax (ITR). However,
even before becoming an RPPNM, Airumã had a 70% IPTU exemption because
of the high level of preservation of the native forests present in the area. In 2018
RPPNM Airumã received the Environmental Ministry’s grant for the policy of
payment for environmental services (PSA7) provided to society. The values received

7Brazilian Acronym.
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from the PSA contribute to the maintenance and conservation of urban green areas
in a Protector-receiver and polluter-pays.

In the process of creating the RPPNMs, the support of non-governmental
organizations (NGOs) is essential for the preparation of the necessary studies for
their official recognition. These partnerships represent the common interest of
civil society and third sector organizations in social and environmental causes.
Partnerships are essential to ensure the viability of the enterprise and especially
for the preparation and achievement of new projects. In 2017, the Airumã RPPNM
received support from SOS Mata Atlântica8 through the first edict to support the
municipal conservation units. The project, named “Forest Paths: Structuring the
Airumã RPPNM for Public Use” implemented an educational trail to provide access
to people with reduced mobility. The trail, besides allowing access to the interior
of the property, leads the visitor to see the tree that symbolizes the excellent state
of preservation of the Airumã reserve, the “Vovó Airumã” (Grandma Airumã), a
tercentennial Araucaria (Araucaria angustifolia).

Other activities of an environmental nature are developed in the reserve, such
as the partnership with the municipal government to develop the “Jardins do
Mel” Program, with the aim of promoting natural pollination in the city, and
the environmental education of municipal school students on beekeeping, with
native stingless bees. Also, in partnership with the company Eco-Guaricana9 an
Environmental Education program is being formalized, the “Guardians of the
Araucaria Forest”, which seeks to affiliate municipal schools and carry out activities
in network with other RPPNMs of the municipality. The focus of the project
is to awaken students’ interest in preserving the environment. In addition to the
environmental education program, the company ECO-Guaricana also carries out
activities related to cycling tours. The RPPNM Airumã is located in front of a
bicycle lane, so it becomes a stopping point to bikers.

The Airumã reserve has the characteristic of symbolizing the importance of
the preservation of green areas in urban centers, where its managers are activists
in environmental causes with the Association of Protectors of Green Areas and
the Metropolitan Region. It is worth to mention that the RPPNM Airumã has a
comparative advantage because it is located in a municipality, Curitiba, recognized
worldwide for sustainable urban management. In the context of the urban space, it
is an alternative space where several actions are made with the intention of showing
society the importance of preserving natural areas in urban environments, with a
view to making the unit a model to be replicated in other properties that seek the
creation of Conservation Units.

8The SOS Mata Atlântica Foundation has established a public notice to support the creation and
implementation of municipal Conservation Units (CUs) in the country. The objective is to encour-
age cities to strengthen the environmental management of their territories by investing in planning
and implementing measures to ensure protection and the sustainable use of the environment
(SOSMA 2017). Available in: https://www.sosma.org.br/105146/conheca-os-projetos-aprovados-
edital-de-apoio-ucs-municipais/.
9http://www.ecoguaricana.com.br/
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12.4 Final Considerations

The top-down model to the implementation and management of conservation units
in Brazil has been in many cases inefficient in the face of the objectives of their
creation, which aims to contain the advance of environmental degradation and the
loss of biodiversity, as a result of anthropic pressures, mainly due to the current
model of economic development. As an alternative to this model, the RPPNM
system represents a bottom-up model for conservation, in this case in urban stings.
The RPPNM Airumã represents a successful example of a viable urban, socio-
environmental enterprise related to environmental conservation.

With regard to conservation units called RPPNMs, the strategy of their creation
allows to create, where possible, urban ecological corridors that connect other
conservation units in peri-urban and non-urban perimeters, characterizing systemic
and resilient spaces of biodiversity and socio-biodiversity, as well as pedagogical
and leisure spaces (recreational and contemplative). The Airumã RPPNM has
become an exemplary model related to the protection of green areas and sustainable
development in areas of permanent preservation. Concerning their managers, they
have an entrepreneurial profile, but the main purpose is related to the preserva-
tion of native forests, where ownership makes income generation compatible for
maintenance of native forests and ecosystem services while contributing to the
improvement of the well-being of people and sustainable development of the city.

The fact that the municipality of Curitiba has a history of public policies that
promote sustainable urban development, beyond the fact that it is pioneering in
the creation of a specific legislation for Conservation Units, creates a political
environment conducive to the increase of RPPNMs. When comparing Curitiba with
other states that have legislations for RPPNM, as e.g. Rio de Janeiro, it is possible
to see that the municipality is advanced in numbers of RPPNMs: the entire state of
Rio de Janeiro only adds 17 RPPNMs, while Curitiba has already 24 (RIO 2017).

However, even after 13 years of creation of the first RPPNMs in Curitiba, there
is still much to be done in terms of public policies, mainly in the financial incentive
tools. These tools are important for encouraging the creation of new RPPNMs
and avoid the risk of not only value urban neighborhoods as financial speculation
strategy. In order for this model to be replicated in other countries, it is necessary to
have a federal legislation of Conservation Units that provides the guidelines, as is
the case with SNUC in Brazil. However, those public policies must be formulated
with meaningful civil society participation.

Finally, it should be understood that natural systems are interconnected with
social systems, so it makes sense to call it socio-environmental systems that preserve
the natural environment and protect life in the urban environment.
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Chapter 13
Understanding Adoption and Design
of Incentive-Based Forest Conservation
Policies: A Case Study of the SISA
Program in Acre, Brazil

Hugo Rosa Da Conceição and Jan Börner

13.1 Introduction

Since the 1980s the state of Acre, in the northwest of Brazil, has been a pioneer
in formulating and implementing public policies for forest conservation (May et al.
2016). It is also the birthplace of some of Brazil’s most prominent environmental
activists and a symbolic place for Brazilian environmentalism. Acre’s latest institu-
tional innovation is the System of Incentives for Environmental Services (SISA).
Led by Acre’s state government SISA promotes a governance structure for the
jurisdictional implementation of incentive-based conservation policies.

Due to the state’s prominence as an incubator of conservation policy innovations,
Acre has been closely scrutinized by scholars and practitioners alike. Building on
this body of knowledge, this chapter scrutinizes the design process of SISA, which,
as we will argue, reflects a historically grown common concept of conservation
among the involved stakeholders. “The everyday, even mundane, tasks involved in
institutional construction and maintenance” (Jespersen and Gallemore 2018, p. 508),
can generate important insights to the study of conservation programs. We thus aim
to understand how Acre’s actors, institutions, and historical idiosyncrasies led to
the specific design features of SISA. To frame our analysis from the perspective of
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the actors involved in the design of SISA, we will use the established concept of
“institutional governance”,1 which is introduced in detail below.

The research for this chapter was based on the analysis of policy documents,
available drafts, meeting minutes, and other written materials, as well as interviews
with policy-makers directly and indirectly involved in program design, and with
current and former technical staff in Acre’s government institutions. The sampling
of initial respondents was based on previous knowledge by the researcher of key
decision makers in Acre (reputational criteria) and on the selection of actors in core
institutional positions (positional criteria), to be complemented with further actors
suggested in the initial interviews (snowball/chain referral approach). Such strategy
follows the methodology suggested by Tansey (2007) for interviewing elites.

In Sect. 13.2, the main aspects of institutional governance and its suitability
as a framework for the analysis are presented. Section 13.3 describes the main
institutional aspects of SISA. Section 13.4 narrates the most relevant aspects of
SISA’s design process and identifies the instances of institutional governance
performed by the actors involved in that process. Section 13.5 discusses our findings
and presents conclusions.

13.2 Institutional Governance

Institutional governance is defined by its main proponents (Lawrence and Suddaby
2006, p. 215) as “the purposive action of individuals and organizations aimed at
creating, maintaining, and disrupting institutions”. It highlights “the intentional
actions taken in relation to institutions, some highly visible and dramatic, as often
illustrated in research on institutional entrepreneurship, but much of it nearly
invisible and often mundane, as in the day-to-day adjustments, adaptations, and
compromises of actors” (Lawrence et al. 2009, p. 1). It is, therefore, especially
suitable for our analysis of SISA’s design process, which is basically a process of
creating and maintaining institutions.

In a literature review on Payments for Environmental Services (PES),2 Jespersen
and Gallemore (2018) found no explicit use of institutional governance concepts,
but identified examples of institutional governance especially in terms of creating
institutions. Most institutional analyses of PES, however, emphasize “constituted
institutions and their behavioral effects rather than the process by which institutions
are created or maintained” (Jespersen and Gallemore 2018, p. 507).

1The analytical framework is referred to as “institutional work” in the original references. It will
be named “institutional governance” throughout the chapter to facilitate understanding.
2According to a widely used definition, PES are “voluntary transactions between service users
and service providers that are conditional on agreed rules of natural resource management for
generating offsite services” (Wunder 2015, p. 241).
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Institutional governance can take several forms. Table 13.1 presents the typology
proposed by Lawrence and Suddaby (2006), encompassing forms of institutional
governance for creating and for maintaining institutions. It also provides some
examples from the PES literature as identified by Jespersen and Gallemore (2018).
Evidently not all of Lawrence and Suddaby’s categories will apply in all cases, but
they serve as a useful framework for acquiring analytical insight into SISA’s policy
design process. Since our study does not deal with the disruption of institutions, we
ignore this particular category here. Since PES is a relatively new ‘kid on the block’
of conservation policy arrangements, it may not surprise that the literature so far
mainly focused on institutional governance in the “creating institutions” category.

13.3 Acre’s State System of Incentives to Environmental
Services (SISA)

SISA was created in 2010 by the state of Acre in Brazil. Instead of being solely
a payments-providing program, with specific activities to be implemented, SISA
is an institutional umbrella that organizes the financing and implementation of
ecosystem service-related programs and projects in the state of Acre. SISA builds
on previous state policy experiences, such as the Ecological-Economic Zoning
(ZEE) and the Valuation of Forest and Environmental Assets Policy (Duchelle et al.
2014). The program’s overarching objective is the conservation and enhancement
of environmental services in the state (Acre 2010a). The system has the status of a
State law, promulgated on October 22nd, 2010.

The core institution of SISA is the Institute for Climate Change and Regulation
of Environmental Services (Instituto de Mudanças Climáticas – IMC). The Institute
is responsible for the overall coordination of the program, refining norms, defining
strategies, overseeing monitoring, evaluation activities, and the accomplishment
of policy objectives. With the support of SISA’s Scientific Committee, it is also
responsible for carrying out inventories and estimates of environmental services
provision and conservation.

Another core institution established by SISA is the Commission for Validation
and Oversight (Comissão Estadual de Validação e Acompanhamento – CEVA).
CEVA is SISA’s main link to the civil society, aiming to ensure transparency and
social control of projects and activities carried out within the SISA framework, by
analyzing and approving norms and other documents presented by the IMC. CEVA
is composed of eight members, four stemming from the civil society and four from
the government.

The third core institution of Acre, and arguably the most innovative in SISA’s
structure, is the Company for the Development of Environmental Services (Com-
panhia de Desenvolvimento de Servicos Ambientais – CDSA). CDSA’s main
functions are to raise funds for activities within the SISA and to head the interaction
with potential private project implementers (Interview 8). Such function entails
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Table 13.1 Types of institutional governance, definitions and examples

Type
Definition Lawrence and Suddaby
(2006)

Examples in the PES literature, as
identified by Jespersen and
Gallemore (2018 p. 510–511)

Creating institutions

Advocacy The mobilization of political and
regulatory support through direct
and deliberate techniques of social
suasion

In the PSA-CABSA PES program
in Mexico, a consortium of
environmental and agricultural
groups lobbied to set the program’s
sectoral scope and funding priorities

Defining The construction of rule systems
that confer status or identity, define
boundaries of membership or create
status or hierarchies within a field

Definitional work tends to involve
adopting understandings of PES
developed in the academic and
policy literature and then
attempting to implement them on
the ground, as well as taking place
while creating offset or certification
standards

Vesting The creation of rule structures that
confer property rights

Clarifying the types of rights
bestowed upon the owners of
relevant resources and whether or
not owners possess agency over the
property they inhabit

Constructing
identities

Defining the relationship between
an actor and the field in which that
actor operates

N.a.

Changing
normative
associations

Re-making the connections
between sets of practices and the
moral and cultural foundations for
those practices

N.a.

Constructing
normative
networks

Constructing of inter-organizational
connections through which
practices become normatively
sanctioned and which form the
relevant peer group with respect to
compliance, monitoring, and
evaluation

Socially inclusive governance
systems deemed as important for
successful PES projects

Mimicry Associating new practices with
existing sets of taken-for-granted
practices, technologies, and rules in
order to ease adoption

Adopting conditional cash transfer
approaches is a mimicry approach
to ecosystem protection

Theorizing The development and specification
of abstract categories and the
elaboration of chains of cause and
effect

N.a.

Educating The educating of actors in the skills
and knowledge necessary to support
the new institutions

Stakeholder education as a central
component of empowering
communities to effectively engage
in negotiations about project
expectations and outcomes

(continued)
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Table 13.1 (continued)

Type
Definition Lawrence and Suddaby
(2006)

Examples in the PES literature, as
identified by Jespersen and
Gallemore (2018 p. 510–511)

Maintaining institutions

Enabling work The creation of rules that facilitate,
supplement and support institutions,
such as the creation of authorizing
agents or diverting resources

N.a.

Policing Ensuring compliance through
enforcement, auditing, and
monitoring

N.a.

Deterring Establishing coercive barriers to
institutional change

N.a.

Valorizing and
demonizing

Providing for public consumption
positive and negative examples that
illustrate the normative foundations
of an institution

N.a.

Mythologizing Preserving the normative
underpinnings of an institution by
creating and sustaining myths
regarding its history

N.a.

Embedding and
routinizing

Actively infusing the normative
foundations of an institutions into
the participants’ day to day routines
and organizational practices

N.a.

Source: Own elaboration based on data provided by Jespersen and Gallemore (2018), Lawrence
and Suddaby (2006)

more than going after potential donors, but also being the executive agency of
projects and placing SISA’s activities within potential markets for environmental
services, managing and marketing potential credits generated by SISA’s initiatives.
CDSA is defined as a public company (empresa pública), regulated by private law,
having more legal flexibility to do business than public agencies. Legal advice
on the SISA is provided by the State Attorney General’s Office (Procuradoria
Geral do Estado – PGE), which also participates in CEVA and hosts SISA’s
ombudsman. In addition to the structure described above, SISA entered a multitude
of agreements with partners ranging from local NGOs, to federal government
agencies to international organizations to support SISA’s activities.

As stated above, SISA is a general institutional framework for the support and
execution of activities on the conservation and generation of environmental services.
Since its enactment, it has supported already existing activities carried out by the
government (Acre 2015). It will also provide support for activities implemented by
non-governmental and private institutions in the state (Interview 8). SISA will be
ultimately composed of a series of thematic programs, focused on priority areas,
namely water resources conservation, socially beneficial biodiversity conservation,
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carbon and climate regulation, the valorization of traditional knowledge, and soil
conservation and improvement.

The program related to reducing greenhouse gasses (GHG) emissions from
deforestation and degradation within the planned SISA structure, named ISA-
Carbono, was the first to be created and is currently the one undergoing the initial
stages of implementation. SISA intends to generate tradable carbon credits as one of
the means to finance its execution. Acre intends to validate their emission reductions
through the application of independent auditors such as the Voluntary Carbon
Standard (VCS) and the Climate, Community & Biodiversity Alliance (CCBA)
(WWF 2013).

Monitoring activities within the SISA framework will be carried out by the
Central Geoprocessing and Remote Sensing Unit (Unidade Central de Geopro-
cessamento – UCEGEO), which, with the support of SISA, intends to “monitor
deforestation occurring at a smaller scale than the Brazilian national monitoring
institution, the National Institute for Space Research (INPE), can detect [ . . . ]
particularly important in Acre, where most deforestation occurs at a small scale.”
(Duchelle et al. 2014, p. 36).

Acre is among the smallest and poorest states in Brazil, so raising funds for
conservation activities in the state has been one of the motivations and is one of
the main concerns of SISA. The first funding source achieved within the context of
SISA came from the German Development Bank (Kreditanstalt für Wiederaufbau –
KfW), within the context of their REDD+3 for Early Movers (REM) program.
Of the resources provided by the first tranche of REM resources, 70% were
directly provided to program beneficiaries and that the remaining 30% may be
used for project’s structuring activities (Acre 2015). The program has decided to
use the beneficiary-related resources to further finance the rubber-tapper subsidy
program (for more on this program see Sills and Saha (2010)) and to the productive
restructuring of properties activities. The remaining resources will be applied to
provide technical assistance for the institutions within SISA’s structure, studies
to improve SISA’s monitoring and program development, and technical-scientific
advice (Acre 2015).

13.4 Institutional Governance for Incentive-Based Forest
Conservation: The Case of SISA-Acre

We conceptualize the design of SISA as a dual process of institutional creation and
maintenance. The program has been described as “a pioneer initiative globally”,
having “faced the formidable challenge of having to innovate at every step of
its development” (Duchelle et al. 2014, p. 47), but it clearly also perpetuates

3Reducing emissions from deforestation and forest degradation and the role of conservation,
sustainable management of forests and enhancement of forest carbon stocks.
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long-standing policy processes in the state’s environmental sector. Additionally,
several elements of the program were set up specifically to ensure long-standing
institutional maintenance.

The history of environmental discourse formation and policymaking in the
state yielded several institutional practices relevant to the design of SISA. Hence,
Subsect. 13.4.1 deals with the historical background of SISA and Sect. 13.4.2
focuses on the details of SISA’s own design. In both sections, we will identify
instances of institutional governance carried out by the actors involved. Table 13.2
provides a summary of the section.

13.4.1 Environmental Policymaking in Acre: Activism
and Innovation

Development plans for the Amazon region promoted by the Brazilian government
in the 1970s attracted many investors from the south of Brazil, whose main
activity was cattle ranching, which sometimes was used as a façade for land
speculation (Bakx 1988). The arrival of the ranches caused clashes with Acre’s
rubber tappers, who had settled in the state since the rubber boom at the end
of the nineteenth century. From 1974, the rubber tappers started to organize to
protect their lands and livelihoods, facing increased violence (Keck 1995). During
the 1980s, environmentalists’ concern with negative impacts of large development
programs in the forest reached out to partners of the rubber tappers, and both
groups agreed that framing the rubber tappers’ struggles within an appeal to save
the forest would be beneficial to both (Keck 1995). The second half of the 1980s
witnessed a rise in the profile of the rubber tappers, and they were viewed as
guardians of the forest, personified in the rubber tappers’ leader Chico Mendes
(Keck 1995). Therefore, at the root of Acre’s environmental policy history, we can
observe changing normative associations and identity construction when the rubber-
tapper movement started framing their struggle as not only one for land and labor
but also for the conservation of the Amazon. Indeed, as stated by Hochstetler and
Keck (2007, p. 109), “by the beginning of the 1990s most Brazilian environmental
organizations had adopted a social environmental discourse, one that made poverty
and environmental degradation part of the same causal story”.

During this time, the proposal for the creation of ‘extractive reserves’ (Reservas
Extrativistas – Resex) took shape, intended to be a protected forest area which would
also “make rubber production economically viable, diversify economic survival
strategies, and provide basic social infrastructure for those living on the reserve”
(Keck 1995, p. 416). Mendes’s assassination in 1988 and the subsequent national
and international outcry strengthened the position of the rubber tappers and their
supporters (Hochstetler and Keck 2007). The first concrete conquest of the advocacy
work done by Acre’s social movement was the creation by the federal government
of two Resex in the state in 1990 (Hochstetler and Keck 2007). Acre’s activists and
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Table 13.2 Instances of institutional governance identified in the history of Acre’s environmental
policy and in SISA’s design process

Creation
Instances in SISA’s history and design Institutional governance category
The rubber-tapper movement re-framed their struggle
as not only for land and labor but also for forest
protection

Changing normative associations.

Creation of Resex Constructing identities
Advocacy

Acre’s activists and their associates have consistently
brokered alliances, especially with local and
transnational actors, to highlight the importance of
the rubber tappers’ struggles

Constructing normative networks

Several rule systems were created in the 1990s by
Acre’s government to implement their intended
policies

Defining

Creation of the governors’ climate and forests task
force

Constructing normative networks

SISA’s switch from a program-based approach to a
jurisdictional rules and norms system

Defining

Sustainable productive activities mimic the central
tenets of ICDPs, as they are of interest to most
stakeholders

Mimicry

Possible change from a holistic view of conservation
towards conservation aimed at climate change
mitigation

Changing normative associations

Maintenance
Subsidies to rubber-tapping and other extractive
activities to sustain an occupation that has a central
symbolic role in the state’s history

Mythologizing

SISA’s legal status as a state law, instead of a weaker
governmental decree

Defining

Diversion of resources to finance newly created
conservation programs

Enabling work

Participation, a normative underpinning of Acre’s
grassroots environmentalism, was actively infused in
SISA’s multi-stakeholder governance structure

Embedding and routinizing

Welfare and conservation are seen as inextricably
linked in Acre’s government’s discourse, and SISA’s
design features reflect that view

Embedding and routinizing

Great attention to monitoring and enforcement Policing

Source: Own elaboration

their associates have also consistently brokered alliances, especially with local and
transnational actors, to bring attention to the rubber tappers’ struggles, successfully
constructing normative networks that would be highly influential in the state’s
politics in the coming decades (Hochstetler and Keck 2007).
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One result of that network construction was the emergence in the 1990s of
what Lemos and Roberts (2008, p. 1899) call “donor-led socio-environmental
management”, meaning the implementation of conservation projects involving a
“new coalition for sustainable development in the Amazon [that] included both
international and domestic NGOs, supportive officials within the World Bank,
western developed countries and Brazilian governments, epistemic communities of
scientists, and grass-roots groups, such as rubber tappers and indigenous people”.
The establishment of the G7’s Pilot Program to conserve the Brazilian rainfor-
est (PPG7), for example, made significant amount of funding available for the
implementation of conservation programs in the Amazon. The PPG-7, and other
programs like Planafloro and Prodeagro, experienced implementation setbacks but
helped to strengthen networks and the professionalization of environmental policies
at national and subnational levels.

In addition to the nation-wide developments, during the 1990s the position
of Acre’s environmental movement continued to be strengthened, as “Mendes’s
murder had the effect of a centrifugal force, catapulting onto a national stage,
and into political spaces that had been suddenly opened up, many of the people
who had been associated with him in the struggles of rubber tappers in Acre”
(Hochstetler and Keck 2007, p. 155). Among Mendes’s associates who took up
political spaces was Jorge Viana, a forest engineer with long-standing ties to the
rubber tapper movement. In 1998 he was elected on the Worker’s Party (Partido dos
Trabalhadores – PT) ticket as the state’s governor, and his party remained in power
in the state until 2018.

Since 1999, Viana’s government implemented policies that would set the tone
for later developments in the state. Despite the establishment of extractive reserves,
traditional populations were increasingly turning to other activities such as cattle-
raising, as rubber tapping was not financially viable without governmental support
(Sills and Saha 2010). For that reason, the government established the provision of
subsidies for rubber production in the state, through the so-called “Chico Mendes
law”. While the subsidy was primarily aimed at improving the rubber-tappers
living standards, it was expected to generate secondary benefits, such as forest
conservation and reduced rural exodus (Sills and Saha 2010).

Also, in 1999, the state instituted the first Phase of its ZEE, further refined
in 2006, which identified areas for conservation and others suitable for forest
management, among others, and became the planning basis for most policies further
implemented by the state (Acre 2010b). 2008 saw the creation of two policies
that would become very relevant in the framing of SISA. The Valorization of
the Environmental Assets (VEA) program aims to “support both the development
of sustainable product chains and protection of the standing forest” (Schmink
et al. 2014, p. 34). The Certification of the Sustainable Rural Properties law
(CSRP) aims at incentivizing smallholders to gradually adopt sustainable land-use
practices through the provision of financial incentives, rural technical assistance and
preferential credit lines (WWF 2013).

Defining has been the key type of institutional creation work realized in Acre
during this period, as several rule systems were created to implement the policies as
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intended by the government. As the new programs were building upon previous
instances of institutionalization in the state (such as the presence of traditional
activists in positions of power and the centrality of socio-environmentalism in the
government’s discourse), we can also identify elements of institutional maintenance.
Enabling work, such as the diversion of resources to finance the VEA and CSRP
programs, has also been consistently adopted in the period. It can also be argued that
the implementation of VEA is an instance of mythologizing, as by keeping rubber-
tapping and other extractive activities economically possible, the government has
artificially sustained an occupation that has a central symbolic role in the state’s
history.

In 2003, the Partido dos Trabalhadores (PT) took the Brazilian presidency, polit-
ically aligning Acre and the federal government. In the same year, the government
established the Bolsa Família conditional cash transfer (CCT) program. It consists of
a monetary payment to families conditioned to school enrollment and vaccination
of the family’s children. Bolsa Família would later be influential in the adoption
and acceptance of incentive-based environmental policies in the Amazon such as
the Bolsa Floresta program in the Amazonas state (Bakkegaard and Wunder 2014).

While Acre was experimenting with those policies in the 2000s, new ideas
regarding forest conservation were gaining traction in the international debate.
The concept of ecosystem services became more common in environmental policy
debates (Gomez-Baggethun et al. 2010). Incentive-based conservation policies, such
as PES, became increasingly popular during that decade, especially due to their
increasingly contested promise of a win-win outcomes for conservation and poverty
alleviation (Muradian et al. 2013). The most influential of those conservation ideas
was to integrate forest conservation the international climate change regime, aiming
at generating financial resources through REDD+.

Government-led REDD+ activities in Brazil have been pioneered by the states,
in the absence of a national REDD+ strategy (Gebara et al. 2014), which was
only concluded in 2015. As such, the national policy can be considered a REDD+
implementation laggard in Brazil. SISA is not an isolated action at the state level, as
exemplified by the participation of six Amazonian states in the Governors’ Climate
and Forests Task Force (Wunder and Duchelle 2014), which represent a concrete
result of the construction of a normative network. The emergence of PES and
REDD+ was an additional motivation for the Acre government to try tapping into
the potential resources available for both initiatives by setting up a state incentive-
based project. Therefore, in 2009, the government started working towards that goal,
a process that will be described in the following section.

13.4.2 The Design of the SISA Program

In 2009, the government of Acre initiated the preparation of a proposal for a
REDD+ project for the state, to be implemented in seven to eight priority areas
of high deforestation, as identified by the ZEE (Duchelle et al. 2014). The initial
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proposal was subjected to an extensive consultation process (described in detail
below), which sharply reshaped the initial proposal. The implementation in priority
areas was deemed “insufficient and politically untenable, since areas with a low
risk of deforestation also needed to be included for two main reasons: (i) people
living in these areas should be rewarded for having conserved forests; and (ii) areas
with a low deforestation risk could quickly become areas of high risk.” (Duchelle
et al. 2014, p. 39). The focus from a program-based approach to be carried out in
priority areas was, thus replaced by a statewide jurisdictional approach, the first of
its kind in Brazil, SISA serving as an umbrella for forest conservation activities
implemented in the state. The change from a program-based approach to a system
based on jurisdictional rules and norms is a clear instance of the defining type of
institutional governance.

SISA performed a long participatory consultation process with the state’s
stakeholders. An initial version of the project prepared by the government was
made available to scientists, local, national and international NGOs, leaders of
potential beneficiary groups, fundraising and carbon market specialists, mayors,
state and national assembly representatives, as well as other governmental agencies’
representatives. The initial consultation process occurred between August 2009
and April 2010 and also involved meetings, workshops, and a technical seminar,
generating 357 recommendations from stakeholders (Acre 2012). After 2 months
spent in the analysis of the recommendations, reformulation of the program’s initial
draft, and drafting of the law project, a second consultation process was performed,
lasting from July to October 2010 (Acre 2012). Figure 13.1 provides a breakdown
of the issues addressed by the consultation process.

Stakeholder participation was not only a core feature of the design process, but
it is also one of the pillars of SISA’s governance, as evidenced by the centrality

Fig. 13.1 Breakdown of themes addressed by SISA’s consultation process. (Source: own elabo-
ration based on Acre 2012)
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of CEVA in decision making. The multi-stakeholder governance structure actively
promoted by SISA can be seen as an instance of embedding and routinizing, as
participation is central to the normative underpinnings of Acre’s government’s dis-
course. As described, the state’s central political leaders constructed their political
careers together with the emergence of the Acrean grassroots movement. Acre’s
governmental group has a historical association with the state’s social movements
(Hochstetler and Keck 2007), and much of the governing group’s political discourse
was built upon their connections with forest peoples, which have historically vied
for being considered in the state’s decision-making processes (Keck 1995).

One relevant remark related to the multi-stakeholder governance of SISA is that
leaders of social movements in the state were given work positions within the
government. That, according to a respondent (Interview 6) and one remark made
during the consultation process (Acre 2012) might have generated some questioning
about the allegiances of members of social movements, as they became part of the
government. That situation led some to fear a weakening of the role of the civil
society in the state, as leaders that before pushed the civil society’s agenda ahead
could now be discouraged to criticize the government in case of disagreement. That
point was also raised by other organizations working in the state, which identified a
“change in the nature of the relations of the social movements and the government”,
and a “strong cooptation of leaders, injection of public money in the civil society
through agreements and salaries, generating a political and partisan binding” (IUCN
et al. 2008, p. 29, author’s translation).

Another instance of embedding and routinizing institutional governance is
SISA’s dual aim to conserve forests and improve the welfare of Acre’s population.
The association between social equity and environmental politics in Acre has been
long identified by scholars (Keck 1995). The decades-long social struggle of rubber
tappers in Acre was initially related more to the Brazilian labor movement than
to environmental concerns (Keck 1995). Their struggle to ensure land-use rights
(on the problem of land use rights see also Chapter Von der Mühlen et al. in this
book) and fight encroachment by farmers eventually led, as stated above, to the
creation of extractive reserves (Vadjunec et al. 2011). The strengthening of Acre’s
grassroots social movements, “whose participants had a strong dependence on
Acre’s abundant forest resources for their livelihoods, and a well-defined common
identity as rubber tappers” (Kainer et al. 2003, p. 875), both in local politics and in
its international image further solidified the normative importance of linking welfare
and conservation in the government’s discourse. Several elements of SISA’s design
reproduce this stance, and it was constantly embedded and routinized in the state’s
policy and discourse.

Poverty reduction and welfare improvement concerns permeate the whole design
of SISA. Benefit-sharing is stated as one of the guiding principles of SISA and
is one its objectives (Acre 2010a). Figure 13.1 above also shows that poverty and
welfare issues were the second most frequent concerns of the process’ participants,
indicating its importance to stakeholders. Various respondents also emphasized that
reconciling environmental conservation with welfare concerns is one of the core
philosophies of state policies in Acre. Hence, policies that seek to conserve forests
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are considered incomplete if they lack a component to ensure that their benefits also
reach forest-dependent people (Interviews 1, 2, 8).

Sustainable production activities, similar to integrated conservation and devel-
opment programs (ICDPs), with the aim of generating income while conserving
forests, are central to the state’s conservation strategy, despite their questionable
effectiveness (Ferraro and Kiss 2002; Wunder 2005). Recommendations from
the Brazilian Agricultural Research Company (Empresa Brasileira de Pesquisa
Agropecuária - EMBRAPA), for example, state that conservation incentives may
originate “from the adoption of sustainable practices” (Acre 2012, p. 57, author’s
translation). The SISA team implicitly agreed by arguing that “the term ‘payments
for environmental services’ does not reveal the innovative dimension of the
program” (Acre 2012, p. 57, author’s translation) and that it was important to
make it clear that the project supports the adoption of production techniques that
seek to have a lower environmental impact than traditional forms of agricultural
production, while not compromising the income-generation purpose of the rural
properties (Acre 2012). Also, potential local beneficiaries favored that type of inter-
vention: the National Confederation of Rubber-Tappers (Confederação Nacional
dos Seringueiros - CNS) worried that “the problem with incentives, for example,
the rubber subsidy, is that the rubber tappers get complacent and, when the incentive
ends, they want to move to the city”. In addition, local population representatives
claimed that “what the people want are incentives to generate income and not
deforest, we do not want just payments for not deforesting” (Acre 2012, p. 58,
author’s translation). The quotes above from the consultation process show a clear
interest to associate the new (the intended innovative nature of SISA) with the old (a
taken for granted practice such the implementation of ICDP-like activities) to “make
the new structure understandable and accessible” (Lawrence and Suddaby 2006, p.
226).

The idea that the programs can tackle deforestation and poverty at the same
time is also very attractive to external actors, especially international donors.
The international debate on the establishment of a global REDD+ regime gained
prominence concomitantly with SISA’s design period. The design team and the
stakeholders consulted in the participation process took notice of the emergence of
REDD+ as a potential tool for financing conservation activities in the state. That
represented an additional incentive for the initial proposal of a government-led PES
project in the state to morph into a system with a strong intention to relate to the
REDD+ international debate. SISA was intentionally designed to insert itself in a
future REDD+ regime, incorporating much of the terminology used in REDD+ (i.e.
safeguards, register, carbon credits) and showing commitment to generate certifiable
emissions that can later be negotiated in carbon markets or used as the basis for the
receipt of grants by international organizations.

It is likely that this possibility of drawing additional financial resources to the
state is the most attractive aspect of integrating activities with a budding REDD+
regime for a relatively poor, isolated jurisdiction like Acre, with fewer resources
to implement an ambitious and likely expensive large-scale conservation program.
In addition, as stated in the consultation report, the design team understood that
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the term REDD+ could bring communication benefits (Acre 2012), furthering the
state’s attractiveness for potential donors.

SISA’s broader idea is to address several environmental services, but the
prominence of REDD+ in the international conservation policy arena made it
clear that climate change mitigation would be the priority. The prioritization of
carbon might indicate a change in normative associations, from long-standing local
discourses and practices founded on a more holistic view of conservation towards
conservation actions connected with climate change as the current issue at the top of
the international environmental agenda. Some authors have indeed pointed out the
possibility that incentive-based conservation may represent the commodification of
nature (Kosoy and Corbera 2010; Norgaard 2010) or crowd-out intrinsic motivations
for forest protection (Muradian et al. 2013; Rode et al. 2015). It may, on the other
hand, be a more pragmatic decision since, as put by Lemos and Roberts (2008,
p. 1901) “the networks forming around the issue of climate/forests are constantly
repositioning themselves in terms of political opportunity, international pressure,
and organizational resources”.

Acre’s decision to attract long-term financing for SISA through the generation of
certified emissions reductions required strict methodologies for forest conservation.
Acre’s already existing monitoring activities form a solid base for deforestation
monitoring of SISA’s activities. Most of the monitoring infrastructure in the state
had been created by previous policy efforts in tandem with the federal government’s
monitoring structure, but SISA intends to further improve the state’s capacity with
the creation of UCEGEO. Monitoring and the participation of PGE in SISA’s
executive committee represent instances of policing as they are necessary to ensure
compliance of the conservation objectives.

Despite the lack of guaranteed long-term financing, Acre’s government was
committed to making sure that SISA should be as strongly institutionalized as
possible. For that reason, SISA was established through a state law, a clear instance
of defining institutional governance. Being legally defined as a law, instead of a
weaker governmental decree, as it was the case in other contemporary incentive-
based policies in the Amazon (Rosa da Conceição et al. 2015), may increase the
prospects of SISA remaining a state policy in the long-term. The law proposal was
discussed in the state’s legislative assembly and passed without much opposition
(Acre 2012).

13.5 Discussion and Conclusions

This chapter analysed the creation of an institution (SISA) as a process of turning
ideas and interests into concrete rules and norms. Making such processes transparent
is a precondition for understanding the making of policies including the constraints
that limit the transformation of scientific knowledge into action. Through the lens
of institutional governance, our findings support the conjecture that new formal
institutions are seldom created from scratch. Rather new ideas must be moulded
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to accommodate previously existing informal institutions and to attend to the need
of ensuring that newly created structures can be maintained in the future.

Acre is seen not only as a symbol of Brazilian environmentalism but as an
example of forward-thinking, innovative and effective forest governance. Indeed, in
a recent evaluation of 39 subnational jurisdictions, Stickler et al. (2018) rated Acre
as the only one in an advanced stage in the development of successful low carbon
emission development strategies. May et al. (2016) also state that “today, Acre is
considered by some REDD+ investors at national and international levels as being
able to provide compliance-grade emission reductions”. Positive signs can also be
identified in the structure of SISA in the attempt to integrate welfare concerns
in cost-efficient conservation policies. The embedded structure designed in Acre
may, for example, mean that a subprogram or project will target areas with high
potential to achieve additional emission reductions, while respecting welfare-related
safeguards established by the government. With SISA being a core component of
Acre’s low carbon emission development strategy, our study case thus stands out
as a good practice example, well positioned to produce cost-effective and socially
acceptable climate change mitigation outcomes.

Whether Acre’s approach will be adopted by other jurisdictions remains uncer-
tain, however. Our analysis highlighted its idiosyncratic historical development
and a peculiar setting of administrative and political economy elements. The pool
of policy-makers in SISA was small and closely connected, being largely part
of the high-level bureaucracy of the state for years and sharing similar priorities
and ideologies. The stability and cohesion of Acre’s governing and administrative
group have without a doubt played a role in SISA’s design. Additionally, when
environmental issues are higher on the governments’ agendas, environmental
agencies tend to have more cooperative relations with the rest of the government,
and their priorities will be more in line with the work of other sectors, as in the case
of Acre. Clearly, Acre boasts a less diverse system of economic and political actors
than many other Brazilian jurisdictions. This relative uniformity of interests reduces
pressure on sectoral agencies and perhaps explains the perception of high policy
coordination levels in the state. It is, however, unclear if SISA’s design process
translates into effective and stable institutional mechanisms in the long run.

In fact, Acre’s deforestation rates have been largely following those of other
Northern Brazilian states, despite the state’s policies and discourse. Additionally,
SISA is experiencing an extremely slow starting phase, showing that a more
thorough design may indeed hinder swifter implementation. It remains to be seen
in the medium term how much Acre’s design model will be able to fulfill its own
requirements, and if they will generate the desired conservation gains.

The recent electoral defeat in the October 2018 election ended the Worker
Party’s 20-year lasting government in the Acre, and this may affect the future of
SISA. As we have seen, SISA’s creation is tightly connected with PT’s government
and the history of its members. The new government will likely be completely
different, both in terms of personnel and ideology, so the fate of SISA might be
in check. Will the new government carry on with strengthening the system? If not,
will it slowly disenfranchise the system, or quickly revoke the law that created
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SISA? Will the measures undertaken by the government to ensure the stability of
SISA survive the new administration? Who will be the actors involved in any of
these scenarios? Considering the short-term view of much public policy in Brazil,
observing the fate of SISA may provide valuable insights on the reasons why a
public policy ‘sticks’ across opposed administrations or if it gets eliminated as soon
as its creators step out. PT was in power for almost 20 years in Acre, providing
a political continuity that is unusual for Amazonian states in Brazil, hinting at a
strong electoral support for Acre’s “socio-environmental” discourse and policies.
The recent changes indicate erosion in that support, and the following years will be
key in determining whether future scholars of institutional governance will select
SISA as a case of institutional maintenance or disruption.

Appendix – List of Interviews

Acre

1. High-level decision maker
2. High-level decision maker
3. SISA staff
4. SISA staff
5. SISA staff
6. Foreign technical cooperation staff
7. NGO staff
8. SISA staff
9. Environment secretariat staff

10. SISA staff
11. Family production secretariat staff
12. Family production secretariat staff
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Conclusion

Pablo J. Donoso and Felix Fuders

The current crisis of natural resources conservation and management is at the
heart of global change. While we need to keep oil under the ground if we
expect to keep future temperature raise below the 2.0 ◦C threshold (Paris accord;
Overpeck and Conde 2019), we also need to mitigate climate change effects by
diverse means, and one of major relevance and impact could be through carbon
sequestration in forest ecosystems. However, these forest ecosystems are also
exposed to changes and uncertain future disturbances, such as those triggered
by climate change, and to adapt to these new scenarios ecosystems need to be
resilient, which depends upon many factors. Olsson et al. (2004) suggest that
institutional and organizational landscapes should be given the same importance
as ecological matters in order to clarify features that contribute to the resilience of
social-ecological systems, such as forests. These features include vision, leadership,
trust, collaboration, appropriate legislation for ecosystem management, funding,
monitoring, information flow through social networks, and knowledge. This book
has precisely conceived that forest conservation problems have profound roots that
relate to a lack of transdisciplinary visions towards natural resource management,
and to inappropriate economic and institutional foundations that inhibit adaptation.

Chapters in this book have aimed to illustrate some of the forest conservation
problems and challenges in two very different countries in South America, Brazil
and Chile. We have intended to provide a perspective to understanding the problems
of forest conservation in these countries mainly from the point of view of trans-
disciplinarity, ecological economics, and governance. We think these perspectives
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help to start viewing natural resource management as a challenge that requires
collaboration, generosity, passion, and new perspectives and models. As clearly
stated in one chapter, historical examples of social downfalls, or even the collapse of
entire civilizations, which are likely to be triggered during the current century, have
had the common cause of a crisis of perception, i.e. a cognitive disconnection of
a specific culture with the socio-environmental context from which it arose. This
disconnection is revealed today by a dominant economic model based on fossil
fuels and historical high levels of consumption which are seen as the drivers that
are damaging the planet and, especially, increasing its temperatures. We already
perceive unprecedented climate disturbances that in the near future could unleash
huge damages to human populations, biodiversity and entire ecosystems.

To understand the principal drivers of the overexploitation of our natural
resources in general, and of our forests in particular, it is crucial to understand that
the overexploitation is strongly driven by the obligation to grow the real economy.
The ever-growing levels of consumption and energy throughput can be regarded
as symptoms of this growth imperative. It was explained that this obligation to
grow is significantly triggered by the money interest rate as an opportunity cost
of any productive investment, including investments in the exploitation of natural
resources. This pressure to grow applies to private goods as well as to freely
accessible ones. In other words, regardless of whether or not natural resources
are freely accessible goods, they will be overexploited in the long term because
of this logic of growth. The obligation to grow can be seen as the primary and
transversal failure of our economic model, though it is not recognized as such in the
conventional teaching of economic sciences.

Given this growth imperative, we might take into consideration a reform of
resource property law that allows to protect natural resources and, additionally,
to promote justice. While in the classic liberal view all production factors –even
nature– are privately owned, and while on the contrary in Marxism all production
factors are commonly owned, it is time to think of a scheme of defining property
rights as it had been envisioned already by John Stuart Mill, Henry George and
Silvio Gesell: only for the products of humans private property should exist, while
for pure nature-made products (land, soil, water, air, mineral resources, virgin
forests, oceanic fishing grounds), where humans have not added any value, private
property should not exist. This would not only be fair but improve allocative
efficiency and avoid monopoly rents. Possible regulation policies depending on the
nature of the resource to come as close as possible to this rule are: (i) concessions
and quotas, (ii) leasing of land and coastal management areas and (iii) private
property but levying monopoly rents.

Contents in this book have aimed to illustrate some locally successful experi-
ences of forest governance that have been developed in some regions (especially
in Brazil) and critical views of some dominant contexts of forest governance that
continue to prevail at national scales (such as in Chile), including proposals for
change. This book therefore represents one of multiple efforts that many researchers
have conducted everywhere to move things to eventually achieve increased levels of
forest conservation along with social and economic satisfaction of forest landowners
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and local societies in general. In this sense, Franklin et al. (2018) mention
that the five major economic, social and political drivers of forest conservation
and management include ownership, markets, investment/income strategies, policy
formation processes, and social acceptability. A country or region where forest
management strategies are not only environmentally and ecologically sound, but
also responsive to an increasingly diverse set of demands by society and local
communities, is one in the ultimate stages of forest development, the Social stage
(Kimmins 1997).

A bit more than a decade ago Donoso and Otero (2005) made an analysis to
evaluate where Chile was located in terms of development in its forestry sector
according to Kimmin’s classification and determined that it can be found in between
the stages “Regulation” and “Sustainable management”. When tensions continue to
dominate the social scape of the forestry sector, as currently is the case in Chile as
well as in Brazil, this means that at least one of the social-economic-political drivers
mentioned above is failing. When searching for the ultimate causes of that failure,
it will be apparent that any economic system based on steady economic growth,
consumption and, thus, overexploitation of natural resources will make at least one
of the three pillars of sustainable development (social, economic, environmental;
Purvis et al. 2018) to be the looser, and generally the winner will be the economic
component, but usually benefiting a minority.

The different authors in this book have intended to go a little further in regard
to understanding forestry conflicts in countries like Brazil and Chile, which are in
many ways representative of Latin American and other developing countries. The
different chapters have basically dealt around the needs to embrace novel economic
approaches to managing forest resources along with mutual understanding and
collaboration of different disciplines (transdiciplinarity) to move in the direction
of achieving sustainable forestry sectors.

As a sort of overall conclusion, we could say that sustainable forest economies
in Brazil and Chile (and elsewhere) will be reached when they meet solid forest
governance, i.e. when organizations, people, rules, instruments and processes
through which decisions are made relating to forests are in balance. However,
when trying to answer why in so many regions of the world forest degradation
continues at a rapid pace, an ultimate explaining factor seems to lay in the existing
incoherencies between neoclassical economics and natural sciences. Nearly two
decades ago, Mery et al. (2001) compared forest economies of Chile, Brazil and
Mexico, and observed a common element in them in the sense of lacking coherent
long-term forest policies and programs that would take into account the interests
of all key stakeholders, a source of conflicts that could jeopardize the good forest
development prospects of these countries. They mentioned by then that a definition
of an optimal mix of markets and policies is an important pending issue in the three
countries. This mix needs to develop over the foundations of an economic system
that can assure lower impacts of human activities upon forest resources as a key
to increasing ecosystem services from forests, including carbon sequestration in
current and future forests.
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Past and current learning in both regions (and elsewhere), however, set the stage
to continue pushing the forestry sectors of these countries and regions towards
models conducive for more social justice in landscapes where forest conservation
and management should provide multiple benefits, especially ecosystem goods and
services in the long term. In other words, ecological economic and socio ecological
strategies for forest conservation are urgently needed especially at this juncture of
planetary crisis where forests can play such important roles for mitigation of climate
change and welfare of local communities and societies in general.
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