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Abstract: In the Alpine environment, Man has always been directly dependent on mountain
ecosystems. Social mechanisms have created specific models of governance, capable of assuring
the persistence of ecosystems and their capacity to provide essential goods and services. In recent
decades, however, dramatic changes have occurred, such as climate change and changes in land use.
The complexity common to all linked human-natural environment systems is extremely marked in
the Alpine areas and this makes it difficult to understand how resilient these systems may be. Many
research questions arise, in particular as to the comprehension and quantification of the impact of
changes on the capacity of ecosystems to produce goods and services in a sustainable way, and the
possibility of local mechanisms of governance to adapt to both current and future changes. Reasons
and effects of change are analysed from the perspective of the specific issues of governance. The
importance of the Ecosystems Services (ESs) concept is acknowledged and the necessity for a dynamic
assessment of ESs, taking into account people’s values and expectations, is particularly stressed.
Through a careful analysis of selected papers and case studies, the main gaps in current knowledge
are identified and directions for further research are provided.

Keywords: governance; sustainable development; landscape scale; ecosystem services; decisions
support systems; public participation; Alps

1. Introduction

One of the main problems experienced in natural resources management and planning is that
frequently the decision makers have no clear perception of the bonds that unite the population to its
home-place, nor do they wholly recognise the ample and complex bundle of values and meanings that
individuals and communities attribute to ecosystems [1-4]. This actually often goes far beyond the
concerns of managers and planners. In the same way, what is also generally disregarded is the role
played by sentiment and emotions in affecting people’s care for their territory and the scale of values
implicit in their attitudes and behaviour [5,6]. Emotions are often criticised for being irrational [4—6]
and considered irrelevant in practical terms. Rather than being underestimated, emotions should
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be understood as a key to interpreting whatever values may link policy makers, managers and
population. In fact emotions are often a signal that powerful underlying values are at stake [6].
This kind of detachment of the politicians and the public agencies from the people may be particularly
problematic when dealing with mountain ecosystems, especially in a period of rapid change such as
the one that the European mountains, in particular the Alps, are experiencing currently [1]. These
territories, actually, are currently confronted both by general environmental problems such as global
warming and to local socio-economic transformations. However, maintaining vital communities in the
mountains (a problem common to the entire Alpine Region) is today an essential condition for the
conservation of the landscape in all its diversity, for the physical protection of the territory and for the
safeguarding of all those values associated with the local culture and traditions [7]. Moreover, it is an
important requirement for the well-being of many urban populations living in towns and cities of the
plains [1,8].

According to Schmithiisen and Wild-Eck [9], technicians base their decisions on their own personal
knowledge and professional experience. If it is necessary, they try to compensate for the fact that they
lack direct knowledge of public opinion. They do this either by interpreting their personal opinion as
matching that of the general public, or by adopting as “public opinion” that which comes out from the
mass media and political debate [1]. Both of these efforts at compensation produce a misleading and
unrealistic image of reality. In fact, nowadays a strong need is felt for new tools capable of assuring a
better understanding of people’s values, needs and expectations on the part of technicians and policy
makers, and a flowing, effective communication in both senses [10,11]. New tools, at the same time, are
needed in order to ease technical and political choices when planning at the landscape level and looking
at sustainable development of mountainous regions. Quite often, in this case, nature conservation
issues and economic growth expectations happen to be pitted one against the other, when they would
be better balanced in order to shape a sustainable development of the territory [11]. With this aim,
an essential prerequisite is that local communities be actively involved in the management of their
own territory.

Starting from these considerations, in the present paper we analyse reasons and effects of change
in the Alpine Region. Our viewpoint is that of the specific issues of governance that occur in these
mountainous territories where, traditionally, natural and semi-natural ecosystems have long formed
the basis for local community life, providing it with a wide range of benefits.

The modern concept of Ecosystem Services (ESs) perfectly features conditions and processes
through which ecosystems sustain human life and meet the people’s needs, both material and
non-material [12]. Our paper acknowledges the importance of a dynamic assessment of ESs and
stresses the necessity for a valuation which also takes into account people’s values and expectations.
Through a careful analysis of selected papers and case studies (the latter carried out in Alpine areas),
we try to identify the main gaps in current knowledge and provide directions for further research.

2. The Alpine Region: A Rapidly Changing Environment

“Throughout human evolution, human societies have developed in close interaction with the
natural environment, which has shaped their cultural identity, value systems, and language” [12]
(p. 195).

After World War Two, dramatic socio-economic changes, already begun in industrialized countries,
accelerated greatly. Urbanisation, technological evolution, the development of transport networks, and
more recently, globalisation have brought about profound change in lifestyles. In this context there was
an inevitable weakening of those close, direct relations that for centuries bound human communities
to natural resources, assuring Humankind’s survival. Although the phenomenon did not manifest
itself everywhere simultaneously, it was, nevertheless, widespread and extremely rapid [13-15]. This
phenomenon often caught those responsible for natural resources policy and management totally
unprepared. The results of such change are clearly observable in the transformation of the landscape
that characterises our times [15-19].
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The changing relationship between Man and Nature is reflected in a different order of values
expressed by the population with regard to natural ecosystems: their appraisal in fact changes when
they no longer guarantee the daily income [20].

In mountainous regions, and particularly in the Alps, the problem is deeply felt nowadays and
merits special consideration. Whilst indeed forming part of the European panorama, the Alpine range
has its own peculiarity: straddling countries with different histories, cultures and traditions, the Alpine
regions nevertheless show many characteristics in common, a feature of their own existence as a
mountainous region (Figure 1). The Alps are a mountain system situated between the Mediterranean
area and continental Europe. They have always been densely populated and have also hosted many
linguistic minorities, being an important gateway for people in both directions, North and South
of the continent [7,8]. The Alpine area did not remain exempt from the dramatic socio-economic
transformation which affected Europe, but specific effects and implications arose as a consequence of
its being a mountainous territory [1].
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Figure 1. The Alpine Region (adapted from Cantiani et al. [1]).

In the Alpine environment, characterised by a great geomorphological and climatic diversity,
local communities have always been directly and very heavily dependent on mountain ecosystems.
Despite being an environment in itself inhospitable and physically fragile, it has made it possible for
Man to survive, thanks to his ability to adapt and to take advantage of the benefits offered by different
mountain ecosystems [21].

Since remote times, human activities have, on the one hand, aimed at the production of food
and raw materials necessary to satisfy the needs of the local community; on the other hand, humans
have also tried to construct settlements suitable for habitation, particularly in relation to the need to
guard the population from natural disasters [21,22]. The peculiarities of mountain habitats imposed
diversified production strategies and appropriate forms of ownership and management; territories
situated at high altitude, where grazing and gathering activities prevailed, were generally commonly
owned and collectively managed, while the meadows and fields situated at lower altitude, mostly
private property, were individually managed [23]. It is indisputable that in some historical periods in
certain Alpine areas the local equilibrium has been disrupted by human activities, such as mining or
the over-exploitation of pasture lands and forests, leading to a breakdown in the ecosystem and the
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extinction of some species. Nevertheless, the Alpine environment as a whole has allowed for a recovery
of healthy environmental conditions in a relatively short period [1,21,23-25]. The aforementioned
activities, in fact, led to the creation in the mountain ecosystems (forests, meadows and pastures, fields)
of an equilibrium which, whilst in many ways far removed from what would naturally occur, was
nevertheless able to guarantee the conservation and functioning of those ecosystems [1]. The traditional
Alpine landscape is actually the result of a multiplicity of management methods of varying intensities,
tailored to local circumstances, which gave rise to a self-sufficient system of supply and demand. This
was matched by the way of life, characterised by its thythms, knowledge, customs and values [24-26].
The isolation of the valleys, in fact, enhanced utmost diversification both from the social and cultural
point of view. In guaranteeing the continuity of constant production, traditional activities carried out
in the mountains, even though within certain limits, secured the physical protection of the territory,
assured the maintenance of an elevated biodiversity and collaterally—probably inadvertently—assured
the preservation of the landscape in all its diversity [21]. This “cultural” landscape, where it still exists,
perfectly reflects the relationship that links local communities to their ecosystems.

In the Alps, until fairly recently, the importance of the mountain ecosystems in ensuring the
wellbeing of local communities was abundantly clear to all; the role of the public agencies in
charge of conservation, planning and management of the mountain ecosystems has also been widely
acknowledged so far. Today, however, a new order of priorities of values often appears, leading to a
gap between the population on the one hand and technicians and policy makers on the other [27].

3. A Problem of Governance

Social mechanisms, which have evolved over time, have created specific models of governance in
the Alpine areas [1]. For a long time these models have assured the persistence of mountain ecosystems
and their capacity to provide essential goods and services.

The dramatic changes of recent decades, however, have altered the general framework and
threaten the traditional balance: climate change on the one hand and changes in land-use on the other,
with the addition of the financial and economic crisis of recent years [7].

The complexity common to all linked human-natural environment systems is particularly marked
in the Alpine areas [21-26] and this makes it even more difficult to understand what consequences
may follow [1]. Will the mechanisms of governance be able to adapt to the current and future
changes? Will people with particular responsibility in governance—among these policy makers and
technicians—understand the reasons underlying the changes and their effects and will they be ready
to cope with them?

Among the many different problems affecting the Alpine regions, some seem especially serious
and are posing important challenges in relation to a sustainable development of the areas involved, but
not only these areas. In fact, they may also have serious negative repercussions on urban populations
living far away.

e The geographical position of the Alpine Range makes it vulnerable to the impacts of climate
change, as is already well-known, and there is great uncertainty as to alpine ecosystems’ capacity
for resilience. A thorough knowledge of the ecological processes activated by climate change
is not yet available, but much research on this topic is currently being carried out. Suggestions
have been made that the effects of climate change on the provision of goods and services may
be multi-faceted [17,28,29], with their impacts depending on location and services [30-33]. It is
also thought that demand for certain services might increase [34], causing discrepancies between
supply and demand. As far as governance mechanisms are concerned, the coordination of
policies—climate, water management, agriculture and forestry, energy, housing, tourism and
transport—is generally still lacking and there is a great need for research in order to investigate the
new opportunities of development that might be created by climate change, such as those within
the ambit of agriculture and forestry, green economy and renewable energy production [35].
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e  The effects of land-use changes are now even more impressive than those connected to climate
change, due to the fact that they stimulate quite rapid responses in ecological processes.
Two contrasting trends are manifest when dealing with land-use changes: intensification in
some areas and abandonment in others [36]. Both may have grave consequences on landscape
and biodiversity, in terms of alteration of traditional assets and fragmentation or loss of natural
habitats and ecological corridors. However, nowadays, the Alpine environment is affected in
particular by the phenomenon of abandonment of traditional activities over large areas, often
accompanied by severe depopulation. The ensuing transformation of the landscape, tied up in
particular to the rapid and often irreversible loss of open spaces, is already showing negative
effects for the conservation of biodiversity [37—42]. In fact cultural landscapes in the Alps have
long provided diversified habitats for numerous species, some of which are now endangered.
In recent years, the biodiversity emergency has become one of the priorities on the European
Union’s agenda [43,44]. In many valleys, moreover, the rapid advance of forest is leading to an
extensive homogenization of landscape and a loss of scenic view. This has a negative impact
on summer tourism [37—42]. Other possible negative implications of abandonment are those
connected to the protective functions of the forests: forests that over the centuries have been
altered by Man, nowadays need forms of management tailor-made to guarantee their stability,
functionality, and a capacity for natural regeneration. Regarding intensification, on the other hand,
sensitive issues are, among others, those connected to the intensive utilization of meadows [45]
or the use of wood biomass for energy supplies [46—48]. These days, in fact, there is increasing
interest in the use of wood as a source of energy in order to reach the European objective regarding
renewable energy sources [49,50].

o  The recent economic-financial crisis is raising serious doubts regarding the model of development,
mostly based on mass tourism, which has characterised many valleys of the Alps in the last few
decades. The related activities have indeed upset not only the balance in the ecosystems, but
also that of human communities, disrupting the traditional modalities of interaction peculiar to a
mountain society and causing the collapse of that principle of solidarity which once bound the
members of Alpine communities together [1,51]. At the same time, the traditional activities of
the primary sector (forestry, agriculture and animal husbandry), which in the past had played a
very important role in the lives of local communities, have been gradually abandoned, because
they have been confronted with different kinds of problems. Among these, there is an increase
in the cost of labour, but without a corresponding increase in the price of the product [7,42].
There is also an intrinsic weakness in the sector due to inadequate and ineffective organisation
of what the sector has to offer and a lack of marketing strategies to promote the Alpine region’s
finest local products. Quite often this has also meant a loss of competence and professionalism
throughout the entire chain of production. Specific handicaps that the alpine regions share with
the other mountainous areas of Europe are a very fragmented ownership structure and practical
difficulties in realizing infrastructures, in particular transport networks, and also in guaranteeing
services [37]. This really does make these areas less favoured [52]. The current crisis, however,
could offer new opportunities for the primary sector, and more generally for a transition towards
more sustainable and resource-efficient economic structures, provided that appropriate actions are
taken and synergies are sought (such as the sustainable use of wood biomass for energy supply or
the provision of high quality dairy products, within initiatives connected to ecotourism) [1].

When dealing with the quite new concept of governance, much debate has been devoted in the
last two decades to problems of definition and framework development. The complexity of such a
concept is hard to capture in a single definition. Actually many and sometimes contrasting definitions
have been suggested. Most of them, however, are based on three aspects: authority, decision-making
and accountability [53-56]. In our specific case, governance may be intended as a complex system of
relations and decision-making processes, including actors generally not considered in the public arena,
which leads to a new model of caring for and managing the public interest at a regional or local level.
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With the adoption in 2001 of the White Paper on Governance on the part of the European
Commission [57], governance is acknowledged as a strategic objective of the European Union and the
need to open the processes to citizens’ involvement is strongly stressed.

A more recent document of the European Union, the Territorial Agenda 2020 [35], makes
explicit reference to the specific problems of rural areas, territories often rich in natural and cultural
values, but particularly vulnerable. They need, therefore, special attention in order to identify
appropriate long-term solutions capable of assuring a vital local economy, by enhancing the creation
of environmentally-friendly jobs, attractive living conditions and suitable public services for citizens
and enterprises. To this purpose, the importance of a “place-based” approach is stressed to make
the most of territorial potential, develop strategies that can address local conditions and foster a
harmonious, balanced, sustainable development. A place-based approach makes it possible to deal
with the complex problems connected to a sustainable development of a certain area and to meet
the particular conditions in a place, engaging local actors from a diverse range of sectors in order to
activate collaborative processes of problem solving and decision making. Another very important
issue, dealt with in the same document, concerns the growing interdependence of regions, which calls
for “continued networking, cooperation and integration between various regions” [35] (p. 4), in order
to realize a territorial integration also in cross-border and transnational functional regions.

Such a document definitively focuses attention on the need for a “place-based” and
territorially-sound approach to research into issues of governance in the Alpine areas.

4. The Concept of Ecosystem Services

The ecosystem services concept is extremely useful when dealing with governance issues and
when it is necessary to clarify the relationship that links natural systems and human societies [58].
It refers, in fact, to the benefits (goods and services) that human populations obtain, directly or
indirectly, from ecosystems functions, and shows how heavily human well-being depends on healthy
ecosystems [12].

Even if the implications revolving around this concept have been known for a long time, the idea
of “services” first appears at the end of the 1970s in Westman’s assertion [59] that the comprehensive
value of benefits provided by ecosystems, called Nature's services, might be taken into consideration
in order to better address policy and management decisions. During the 1980s this concept evolved,
but it is in the 1990s that it was finally established in the scientific debate, due to several authors
who applied this concept through different perspectives of analysis. A great impulse for research in
this field was supplied, in particular by the fundamental and much quoted work by Costanza and
colleagues [60], which drew policymakers” attention to the notion of valuing ecosystem services and
stressed the importance of such valuation. Since then a heated debate has been going on within the
international scientific community. The concept has been widely studied, discussed and criticised.
Finally, under the impulse of the Millennium Ecosystem Assessment [12] and the follow-up initiative
the Economics of Ecosystems and Biodiversity Project [44], the ecosystem services have been integrated
into the European political agenda (in environmental, agricultural and biodiversity policies).

The Millennium Ecosystem Assessment’s conceptualisation of ESs has provided a solid framework
both for researchers” and also practitioners” and policymakers’ activities. In this framework, the ESs
are classified on the basis of their functions in four categories: (1) provisioning services, referring to
the products humans acquire from ecosystems such as food, timber, fibre and water; (2) regulating
services, considering the role of ecosystems in the regulation of ecological processes (i.e., water and
climate regulation); (3) cultural services, involving the non-material benefits provided by ecosystems
(i.e., recreational opportunities, cultural and spiritual values); and (4) supporting services such
as soil formation, photosynthesis and nutrient cycling. More recently, ESs have been reclassified
into three categories (provisioning, regulating and maintaining, cultural), following the Common
International Classification of Ecosystem Services [61].



Sustainability 2016, 8, 802 7 of 19

The concept has been then integrated into the landscape scale [62-65] and has proved useful

when decisional processes are concerned with environmental matters at regional level. However, great
effort in research in this ambit is still required and many research questions arise.

A comprehensive vision of the different ESs is still lacking. Until now, research has often addressed
only a single service or a specific group (i.e., provisioning), and the estimation of its value was
mostly carried out from only one perspective (i.e., in monetary terms). For example, after a review
of ESs valuation studies conducted in the Alps, Grét-Regamey and colleagues [63] show that,
with few rare exceptions, only one service is taken into consideration. This is often true also in
more recent research. In most cases it has to do with biodiversity, scenic beauty, tourism and
recreation [66,67], direct protection against natural hazards or hydrogeological regulation [68-70].
Considering the increasing importance attributed nowadays to the multi-functional use of natural
and semi-natural ecosystems, research should carefully consider the entire range of ESs and the
relative importance of each of them in a specific territory.

Generally, in the past, the studies focussed on a static situation, whereas today the need for a
dynamic approach is acknowledged, in order to highlight the consequences of changes. This is
particularly necessary when the concurrent demand for environmental conservation and economic
development of a territory have to be conciliated, from the perspective of sustainability. With
regard to the above, empirical information is needed as to the quantity, quality and value of the
whole of ESs under alternative management regimes, both at local and regional level [62].

A spatially explicit approach in ESs assessment and valuation is a must when dealing with
management and planning at the landscape level, in order to provide credible information for the
decision makers and to make communication with the general public easier. Notwithstanding the
interest that this topic has recently aroused among scholars [63,64,71,72], increased research effort
is needed, in particular when issues of scales are involved, either in space or time [62,73].

Quite often the results of research are not easily converted into concrete site-specific actions
(or rather, in mechanisms of governance), nor are they transferable and applicable to similar
situations. What frequently happens is that the institutional context and the governance structures
and practices that exist in the investigated area are not taken into due consideration. This causes a
discrepancy between theoretical analysis on the one side and practical governance on the other
and makes it difficult to “operationalize” ESs for governance [74]. Moreover, in our present time
of cost-cutting, decisions concerning forms of management to be supported by public financing
(national or European subsidies) are of crucial importance [62]. With this in mind, a greater
effort is needed in order to integrate the ESs valuation into the design of models of governance.
In this regard, the possible applications of Decision Support Systems (DSS) could be improved
in order to ameliorate the structuring of complex environmental problems and supply data for
decisions [36,75]. In fact, a DSS, a computer-based information system, may greatly help people to
deal with unstructured or semi-structured decision problems and may prove particularly useful
in rapidly changing situations.

The role of some specific ESs should be better analysed and clarified. We do not want, in this
papet, to go into the recent discussion about the need for a new ES classification, which excludes
supporting services in order to prevent double counting [61,76]. Rather, we intend to focus
attention on some particular services especially significant in the Alpine environment. This is the
case in tourism. In recent decades the importance of tourism has greatly increased in terms of
employment rate and income. It has become the primary source of economic development, even
more so in some Alpine valleys, at times triggering off several environmental problems, especially
in the case of winter tourism or urbanisation at high altitudes. The Millennium Assessment [12]
classifies recreational benefits within cultural services. Actually, most of the activities linked to
tourism and the ensuing spin-off, in terms of their effects, are not far from those connected to
the production of provisioning services and involve the economic more than the cultural aspect.
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For this reason, when dealing with recreational benefits, a distinction should be made between
residents’ recreation and tourism from outside.

5. Lessons Already Learnt and Yet to Be Learnt

As highlighted above, a sustainable development of mountain territory requires that economic
and ecological issues are carefully considered and balanced. To this aim, the consideration of ESs
is a tool that has great potential, provided that it is applied to the appropriate scale of analysis.
The regional watershed scale makes it possible to address landscape management and planning
issues with a concrete and realistic approach [10,77]. It allows, at the same time, to generalize and
apply the outcomes to similar contexts. At this level, local people and institutions may show a strong
proactive approach to the management of natural resources. In this context, management is strictly
linked to governance mechanisms, being the focus of political and economic activity. Research on this
scale needs to be carried out through case studies, the ideal situation being that of considering not
only one single case but, possibly, a few study areas located in different regions sharing, however,
certain features.

In the following paragraphs, some methodological considerations are put forward on the basis
of previous experiences of the authors in the Alpine environment, carried out by means of case
studies [1,41,50,78-83]. Among these, in particular, there is the research conducted within the EU
Alpine Space Project Recharge.Green [11,84-86].

The design of new models of governance requires a careful assessment and valuation of ESs,
based on a thorough knowledge of the existing governance settings and may profitably take advantage
of an expressly developed DSS.

5.1. Ecosystem Services Assessment and Valuation

In recent years, much effort has been made to systematically categorise ESs [12,61,87]. The number
of existing classification schemes highlights the difficulties in clearly defining and delineating particular
ESs. At the same time, much work has been done on valuing and mapping ESs [61,64,88-90]. Goulder
and Kennedy [91] and de Groot and colleagues [62] distinguish between an economic (anthropocentric)
and a non-economic (biocentric) approach. A great deal of research has been done for economic
valuation, with interesting results for the Alpine Region, too [85,92-95]. The attempt to monetise ESs
(Figure 2) is based on the assumption that this is the best way to communicate with the decision makers
and ease political choices [96]. That notwithstanding, this approach is not always feasible or convenient.
This is the case, for example, when a preliminary assessment of ESs is needed to get a comprehensive
idea of values and interests at stake in a certain area, to structure ESs regarding priorities, needs and
impacts and to evaluate the importance of specific ESs in the considered area [97,98].
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Figure 2. An example of Spatial location of cultural services benefits in Euro/ha (from Paletto et al. [85]
modified). The study area represented in the map is the Leiblachtal region in Austria. The study was
carried out in the frame of Recharge.Green project.

Among the drawbacks imputed to economic valuation of ESs, we can find limitations due to
the fact that it neglects social issues such as fairness and equity in the use of resources; elements of
subjectiveness implicit in the choice of the method of valuation; special difficulties when trying to
estimate in monetary terms regulating and maintaining services [93,99,100]. Monetary valuation is
definitely not applicable when dealing with non-instrumental subjective values (such as spiritual
values, identity, cultural heritage) or non-substitutable natural objects with inherent value [101].

One common biocentric approach for valuing and mapping ESs is to use proxies such as land
cover data [102] and to link these to other spatial explicit landscape characteristics, to name just
a few, elevation, slope [72,103] and cultural heritage sites [73]. Easy to use matrices have been
developed [65,103] to evaluate the availability of ESs. Nevertheless, these approaches must be adapted
to Alpine landscapes. The Millennium Assessment [12] acknowledges major gaps in information
concerning non-marketed services, which are often underestimated. Cultural services, in particular,
are difficult to evaluate, also because they are heavily site-specific. Indeed, regarding these intangible
services, there are still great challenges in order to define appropriate indicators and to obtain values
for them. For this reason, participatory valuation methodologies have been developed which often use
well-established techniques such as questionnaires [79,82,104,105], focus groups [106], workshops [107]
or systematic reviews [108]. From the results of many studies, though not always carried out in the
Alpine regions, it appears clear how important it is that people are involved in the assessment and
valuation of ESs.

Moving on from these considerations, we maintain that a non-economic approach may be effective,
at least in the early stage of planning when the basic lines of development of a certain area must
be established. To assess the services in a comprehensive way, different means may be profitably
combined: (a) deriving ESs from the analysis of landscape structures and processes; (b) seeking the
advice of experts; (c) involving stakeholders and the public at large (Figure 3).



Sustainability 2016, 8, 802 10 of 19

(@)

(b)

()

‘ Stakeholders' analysis ‘

\

stakeholders
Georeferenced data Expert knowledge Information from ‘
deriving from landscape general public

structures and processes

ESs assessment
and evaluation

\

Spatially explicit
DSS

Decision makers Stakeholders

Study of
current mechanisms
of governance

Different possible
scenarios

Selection of sustainable
development strategies
by decision makers

Figure 3. Outline of suggested methodological approach.

All available data must be analysed which relate to land cover, vegetation types, biodiversity,
topography, geology and soils, in order to find out the entire range of ESs and the best indicator
setting. There are sectors of the Alpine range where it is possible to take advantage of the data
sets widely covering the areas of interest and of documents which are often present in great
numbers in some Alpine valleys, such as forest- or pasture-management plans, management
plans of protected areas and specific scientific studies. If needed, also remote sensing information
could be used to obtain certain data, such as those regarding forest stands or morphodynamics.
Of course, particular attention is necessary in order to merge and harmonize data derived from
different sources.

In addition to the analysis of existing information, expert knowledge may be usefully integrated,
in order to bridge possible information gaps. Experts may be involved by means of in-depth
interviews or focus groups. They should also be called on to give their advice concerning the
impact of changes on the provisioning capacity of the ecosystems. Thanks to such interventions,
it should be easier to highlight the main ESs (key ESs) and carry out the selection of the most
suitable qualitative and quantitative indicators of the provision capacity of the ecosystems.
Both stakeholders and the general public should be involved in order to assess the key ESs,
in a bottom-up approach, and to elicit people’s priorities in these services, focusing also on
possible future effects of land-use change on ESs. From this point of view, the stakeholders
may be considered as “knowledge-holders”, too. When examining the non-economic techniques
available for the assessment of ESs, we can distinguish between consultative methods (such as
questionnaires, in-depth interviews) and deliberative and participatory approaches (i.e., focus
groups, Delphi surveys) [62]. Both approaches are effective, in relation to the specific context, and
in both cases the stakeholders” analysis is an important prerequisite. It can be profitably carried
out by means of the referral sampling method [109,110], which proved to be effective in rural
areas [111]. A special team (whose role and composition are highlighted in Section 5.3) could
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be in charge of this task. The stakeholders’ involvement can be carried out either by means of
in-depth interviews or with workshops, after assessing the specific situation. The involvement
of the general public should be conducted with participatory techniques, trying to enable as
much interaction as possible among participants. Particular attention should be paid to the
participation of young people and the elderly, in order to share knowledge and compare different
current interests and demands and also to elicit their ideas on possible related future trends.

Data resulting from participation processes within the local communities must be entered in a
Geographic Information System (GIS), in order to obtain georeferenced maps, which can be compared
with those derived from the analysis of landscape structures and processes and from expert knowledge.
In order to integrate ESs into policy and decision-making, in fact, it is necessary to rely on spatially
explicit information.

5.2. Realisation and Implementation of a Decision Support System

Decision Support Systems (DSSs) have been used for a long time both in modelling specific
scientific topics to speculate on their evolution and in management practice to help decision
makers [112-115]. GIS-based DSSs include spatial and geographical dimensions, which allow the
addition of a great amount of information and the representation of any phenomenon in a more
complete and understandable way [116]. The topics treated in GIS DSSs nowadays involve a wide
range of different aspects of environmental concerns, such as biological conservation, forest timber or
bioenergy-biomass production, the impact of tourism and landscape planning [48,117-119]. However,
many of these models or prototypes represent in detail very specific themes and they often lack a
broader vision of the problems that include a multifunctional approach [75], or they are designed to
give general information on a macro scale (sovra-national, national or macro-regional level) and such
systems are not easily usable to help local decision makers [116,119]. Even if the application of spatially
explicit DSSs is regarded as extremely useful, their improvement is greatly needed [120]. We stress
the importance of developing a model that can effectively integrate all available data regarding ESs,
either technical or deriving from the participatory process, with a holistic approach. The system
should take into account the whole data from ESs evaluation and transform it into spatial explicit
information. This could be used to produce different scenarios and to create credible alternatives
that can be presented to the stakeholders and decision makers in an iterative process. Actually, the
effectiveness of scenario development is today widely acknowledged especially when dealing with the
complexity and uncertainty created by the current socio-economic and ecological changes [40,121-123].
Another common problem that can be found in the available models of GIS DSSs is that they are often
developed in specific software, generally proprietary software, but the complete procedures that make
the model work are not available or they are only partially available [75]. This fact makes it very
difficult for anyone but the original authors to reproduce the research described in many scientific
papers, thus limiting the opportunity to share and improve the GIS DSS models [116], as well as
testing them in other contexts. In our opinion, software implementation of GIS DSSs should be carried
out using mainly Open Source software [124]. In this way, after being developed for specific study
cases, the software could be freely available to be tested in any other context and improved by any
subject, public or private, willing to give his contribution, respecting the Open Source licences and
giving proper credit to the original authors [125,126]. Since the final target of this DSS should be
represented by people who are not software experts, during software development particular attention
should be given to develop user-friendly graphic interface. GIS data collection and validation is
an important task to be achieved. Data regarding forest types, biomass volume, soil and ecological
features, as well as all other information functional to modelling development, must be collected for
each study area and harmonized. The spatialisation process of the variables can be carried out both
by testing new methodologies and using existing literature in this field [67,69,75]. The social and
economic issues should also be integrated into the model, following different steps which can only be
defined in detail once a clear picture of all the data is available. The quality and nature of the data, of
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course, affect the possibility of treating them in a spatial way, so this aspect requires special attention.
The system definitely needs a tuning phase that can benefit from the involvement of a selected group
of stakeholders (Figure 4) [127].
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Figure 4. An example of Spatial location of forest biomass for bioenergy in MWh/y for an area in
Veneto, Italian Alps (from Ciolli et al. [127] modified). The series of maps is the result of an iterative
process between researchers and stakeholders that starting from a theoretical potential (A) introduced
technical limits; (B) and identified a plausible scenario; (C) The study was carried out in the frame of
Recharge.Green project.

5.3. Design of a Model of Governance

Designing new models of governance for Alpine areas is a very challenging topic nowadays.
Indeed, the possibility of survival of vital communities in mountainous regions relies on forms of
development that know how to combine economic growth and environmental conservation.

Processes aiming at strengthening and reorienting local governance must be based, first of all,
on a careful study of the current mechanisms of governance of a certain area and on a thorough
knowledge of the actors concerned (Figure 3). For this purpose, a specific “accompanying group”
could be created [10]. Such a group should include, in addition to researchers and technicians, one or
two local people who act as a point of reference, people who know local mechanisms of governance
and the actors involved, and enjoy the trust of the community. This group has proved to be very useful
in enabling the comprehension of social and economic assets and on-going dynamics, and to assess
the role and responsibility of local stakeholders and decision makers, their power and capacity for
interaction and networking [10,128]. The accompanying group can also be entrusted with the task of
finding suitable methods to structure local actors’ participation, in order to promote well informed,
shared decisions.

Thanks to the information provided by the DSS, decision makers may be helped to select
sustainable and economically feasible strategies for development. In particular, the scenarios provided
by the DSS, may be very useful in weighing up the possible consequences of different choices, showing
strong points and drawbacks of each alternative. Mapping and visualisation can also be used as an
important tool in enhancing communication with the general public.

A proactive approach should be fostered in order to activate local processes of governance within
each area, stimulating creativity and the capacity for finding innovative solutions. In the case of
study areas belonging to contiguous geographical regions, there should also be encouragement of
networking, integration and cooperation between the different areas.
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6. Conclusions

Alpine landscapes provide numerous goods and services useful for both people living there and
in surrounding lowlands. However, the supply of these benefits is threatened, mainly because of a high
level of habitat loss and fragmentation. One reason for this problem is the lack of acknowledgement of
ESs and in particular the lack of comprehension of how change in land use may affect ESs provision
and value [129,130]. This might be caused by omitting the integration of ESs values into decision
making at the scale of regional planning [11,75]. To promote a broader view of this human-environment
system, it is important to evaluate the current status of mountain ESs and to assess potential changes
in their provision and demand in order to give them weight in decision making. Many authors
have stressed the importance of such a task, yet without undervaluing the related difficulties and
challenges [29,62,131,132].

With the present paper we hope we have contributed to outlining a methodological framework
for the assessment of ESs, identification of priorities and evaluation in a spatially explicit form. In this
regard, the consideration of the entire range of ESs is essential to address planning at the landscape
level. In a post-industrial society, in fact, non-marketed services may be just as, or even more important
than the marketed ones. Because of this, the efficacy of participatory techniques for the elicitation of
ESs’ values should be carefully considered.

Research carried out by means of regional case studies, which takes into proper consideration the
existing governance context, shows many interesting and stimulating aspects. It is expected to have
not only a local, but also a more widespread relevance in the Alpine area. The results, in fact, could
easily be generalised and profitably applied to similar contexts, where new models of development
are sought, as an alternative to those based on the consumption of land and its resources.
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