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Abstract
Mountain ecosystems play an essential role in sustainable mountain development, providing benefits and 
values to humanity not only for the rich biodiversity they contain, but also because of their important role in 
climate regulation, water cycle, provisioning of recreation, tourism, cultural or spiritual values. The high bio-
diversity of the mountain areas allow the provision of a wide range of ecosystem services. However, different 
impacts to the environment threaten the delivery of these services and, consequently, the quality of life of 
people, both living in the mountains and outside the mountains. Recognizing, demonstrating and capturing 
the value of ecosystem services can play an important role in setting policy directions for ecosystem man-
agement and conservation and, thus, in increasing the provision of ecosystem services and their contribu-
tions to human well-being. Quantifying and mapping of these benefits can also help managers and decision 
makers to realize the importance of these sites for conservation and to allow the proper understandings 
of the impacts of mountain forest ecosystems on territorial development and welfare of local populations. 

The paper aims to outline the relevance and applicability of the ecosystem services approach for 
the assessment of the condition of mountain ecosystems and  the services, they provide, for better un-
derstanding by the scientific community and to support decision makers in sustainable management 
of mountain  regions.
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Introduction

The loss, fragmentation and degradation of natural habitats are among the major 
reasons for biodiversity loss at a global level. Having in mind the increasing an-
thropogenic pressure on ecosystems, the concept of ecosystem services (ES) has 
dominated the debate on sustainable land-use management since the Millennium 
Ecosystem Assessment (MEA, 2005). The identification and classification of a wide 
range of ecosystem services is still under discussion, but a consensus has been 
reached on the list of services published in the MEA and further developed in the 
TEEB study and the CICES project (MEA, 2005; TEEB, 2010b; De Groot et al., 
2012; Haines-Young, Potschin, 2013). Nowadays, the ecosystem services related lit-
erature has increased exponentially focusing on the implementation of ES approach 
into decision making and policy (Fisher et al., 2009; Gómez-Baggethun et al., 2010; 
Schubert et al., 2018). Additionally, the concept of ecosystem services is successfully 
integrated into current biodiversity policies, both globally and at the European level 
(CBD, 2010). In general, policies describe how ecosystems and biological diversity 
can be successfully integrated into the public and business decision-making process 
and how they can contribute to a better understanding of the links between biodi-
versity, ecosystem functions, ecosystem services, the benefits they provide and the 
related social and economic values and human well-being.

According to the European policy, mountain regions are defined as territories 
with more than 50% of the surface covered by topographic mountain areas (Europe-
an Commission, 2011a). In most cases, these regions are remote and are character-
ised with harsh natural environments, such as cold climate, infertile lands and risks 
of natural disasters. A typical feature of rural mountain regions is also the popula-
tion decline, caused mainly by the unequal opportunities and low quality public 
services or the inappropriate infrastructure. In spite of the diverse natural capital 
that represents the basis of their economy this  capital remains undervalued and 
mountain regions are among the low- to mid-income regions (European Commis-
sion, 2014; EEA, 2010). The intense socio-ecological dynamics determine mountain 
regions as social-ecological systems, which represent dynamic and interconnected 
units. These units are composed of a particular set of resources and humans, as 
well as their users, institutions and their mutual interactions and numerous studies 
have provided evidence of the capacity of these socio-ecological systems and their 
human-nature interaction to efficiently use resources (Berkes, 1989; Berkes, Folke, 
1998; Poteete et al., 2010).

Mountain ecosystems have an important role in conservation of biodiversity, 
water resources, regulation of global climate, soil erosion prevention, etc. They are 
known as “hot spots of biological diversity” at genetic, species and ecosystem levels, 
encompassing a high diversity of ecosystem types, which provide a wide range of ES 
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and benefits to the society (Körner, Ohsawa, 2005). Mountain areas are recognized 
as ecosystems supplying a vast variety of provisioning, regulating and cultural ES 
at the European level and globally (Maes et al., 2011; Grêt-Regamey et al., 2012). 
Moreover, such areas are considered as significant “science labs”, since mountain 
ecosystems are highly sensitive and vulnerable to climate change (Beniston, 2003; 
Löffler et al., 2011).  Key Biodiversity Areas, protected areas and natural World Her-
itage sites in mountain regions provide special value to humanity not only for bio-
diversity richness, but also because they sequester and store carbon, purify water, 
provide recreation and tourism opportunities, contain cultural or spiritual values 
and deliver a range of other benefits. 

In Bulgaria, mountainous areas have been a significant element of natural capi-
tal and cultural heritage of the society and are largely presented within the protected 
areas (PAs), regarded as important for maintaining species and habitat diversity, as 
well as protecting specific landscapes (Brooks et al., 2004; Coad et al., 2008; Butch-
art et al., 2010). In the recent years, PAs have been recognised as a successful man-
agement tool to achieve the long-term conservation of nature with its associated 
ecosystem services and cultural values’ and able to effectively contribute to improv-
ing the quality of life of residents. They can play an important role in counterbalanc-
ing the impacts of ecosystem degradation, mitigating the loss of ecosystem services 
and are essential for the development of policy strategies and management at local, 
regional and global scale (Körner, 2003; Panayotov et al., 2011; Schickhoff et al., 
2015; Švajda, 2008; Wieser, Tausz, 2007).

However, despite providing such an unprecedented number of different ES, 
mountains remain among the poorest documented ecosystems. The greater under-
standing and use of ES framework and the implementation of ES approach could 
help to provide a large-scale view of the unique ‘multifunctionality’ of mountains, 
on the one hand, while, on the other hand, the quantifying and mapping of the 
benefits provided by mountain ecosystems can help managers and decision makers 
to justify the importance of these sites for conservation, to attract new sources of 
funding and to manage the sites more effectively. 

This review paper discusses the conceptual framework, relevance and applica-
bility of the ecosystem services approach in mountain ecosystems, including the dif-
ferent definitions, classification and measurement methods. Then we discuss several 
tools for assessing the socio-cultural, economic and ecological values of mountain 
forest ecosystem services, in order to achieve the sustainable use of biodiversity and 
relevant ES and to support decision makers to identify the sustainable management 
of these services.

Ecosystem services – concept, classifications, characteristics 

The ecological systems play a fundamental role in determining people’s economic 
performance and well-being by providing resources and services and by absorb-
ing emissions and waste. They are considered the main form of capital (produc-
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tive, human, social and natural), ensuring the basic conditions for human existence. 
These conditions include fertile soils, multifunctional forests, productive land and 
seas, fresh water and clean air and include also services, such as pollination, climate 
regulation and protection from disasters (EU, 2013). ES are the result of ecosystem 
processes and functions, the main “flow” provided by natural capital, the benefits 
that nature provides to people, the contribution that ecosystems make to enhancing 
human well-being (Neugarten et al., 2018) (Figure 1).

Definition

The concept of ES was firstly described as “Environmental Services” in the report 
of the Study of Critical environmental Problems (SCEP, 1970), then introduced as 
“Nature’s Services” (Westman, 1977). At the beginning of the 1980’s, the term “Eco-
system Services” (ES) was firstly used by Ehrlich and Ehrlich (1981). The term ES 
became widely represented in scientific research in the 1990’s and different meth-
ods were developed to assess the economic value of ES (Costanza et al., 1997). The 
original definition of ES indicated in the MEA, and namely “The benefits that peo-
ple obtain from the nature” (MEA, 2005), has been continuously improved (Boyd, 
Banzhaf, 2007; Wallace, 2007; Fisher et al., 2009; TEEB, 2009) in order to increase 
the relevance of ES concept in the decision-making process. 

As described in MEA (2005), the condition of an ecosystem is the result of its 
physical, chemical and biological state at a certain point in time, controlled by the 
natural state and anthropogenic pressure to which it is exposed and determines its 
effective capacity to provide services, which are closely related to its potential ca-
pacity. The interactions between biophysical structures, biodiversity and ecosystem 
processes strengthen ecosystems’ capacity to provide ecosystem services represent-
ing the ecosystem functions (TEEB, 2010b).

Figure 1. Conceptual framework of ecosystem services
(Adapted from Haines-Young, Potschin, 2010)
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Assessment of the ecosystem condition refers to the analysis of the physical, 
chemical and biological condition or quality of ecosystems at a particular point in 
time and under the impacts of major pressures (EEA, 2015). Different pressures 
can also be used as indicators of the assessment of the ecosystem condition in case 
that this condition cannot be quantified (Erhard et al., 2016; Burkhard et al., 2018). 
The basic pressures affecting the ecosystem condition include habitat change, pol-
lution and nutrient enrichment, overexploitation, invasive alien species and climate 
change (Derneği, 2010; EEA, 2015). However, as a major pressure in all types of 
ecosystems is considered the habitat change, including loss, degradation and frag-
mentation (Maes et al., 2018).

The use of selected indicators, reflecting habitat quality, are usually used to 
interpret the ecological value and anthropogenic pressures of the examined sites 
(Drakou et al., 2011; Notte et al., 2012; Hossain et al., 2017). The most recent ana-
lytical framework for mapping and assessment of the ecosystem condition (Maes et 
al., 2018) proposes pressures indicators and conditions indicators (environmental 
quality – physical and chemical quality) and ecosystem attributes – biological qual-
ity). The assessment of biological quality usually includes biodiversity features: from 
genes, individuals and populations to species, habitats and ecosystems (Gaston et 
al., 2008). On the other hand, many initiatives also focus on biodiversity indica-
tors, such as status of protected species, assessment of extinction risk of threatened 
species, habitat distribution and trends, abundance and distribution of populations 
of selected common species, etc. (McGarigal, McComb, 1995; Riitters et al., 1997; 
Rüdisser et al., 2012; Maes et al., 2014). Moreover, the data on species diversity and 
abundance, monitored under the EU Nature Directives, are also proposed by the 
MAES 5 Technical Report (Maes et al., 2018) as metrics to assess biological quality.

Ecosystem services represent the direct and indirect contributions of ecosystems 
to the society, including the provision of food and water, regulation of climate and 
water, support for habitats for wildlife and maintenance of cultural values (MEA, 
2005; TEEB, 2010a). Moreover, they play a vital role in maintaining human well-
being and, thus, the definition explicitly recognises the different values of mountain 
forest ecosystem services, including socio-cultural, economic and ecological values 
(Baral et al., 2017).

Classifications 

Different classifications of ecosystem services has been widely debated in recent 
years (de Groot et al., 2002; MEA, 2005; Wallace, 2007; CICES, 2017; Liquete et al., 
2013; Turner et al., 2014; Rhodes, 2015; Pascual et al., 2017), but none of them has 
been completely adopted. For instance, De Groot et al. (2002) attempted to clas-
sify the ES based on the ecosystem functions they delivered. A globally recognised 
scheme was introduced in MEA (2005) and was subsequently adopted in several 
studies and initiatives. According to this scheme, ES are classified on the basis of the 
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type of benefits that humans can obtain from nature and the category “provisioning 
services” has been added, next to regulating, supporting and cultural.

TEEB proposes a typology of ecosystem services, based on the direct or indirect 
benefits that ecosystems provide to humans, in order to associate ES to the econom-
ic value. This classification divides ES in 4 main categories with provisioning, regu-
lating, habitat and cultural & amenity services (Costanza et al., 1997; De Groot et 
al., 2002; MEA, 2005). Common International Classification of Ecosystem Services 
(CICES) classifies ES by ecosystem outputs that directly affect human well-being 
and, eventhough, it does not include the MEA “supporting services”, it is completely 
accepted by scientists and policy makers (La Notte et al., 2017; Czúcz et al., 2018). In 
the IPBES classification system ES are defined as Nature’s Contributions to People 
(NCP) (Pascual et al., 2017), but it largely resembles the CICES classification.

The Common International Classification of Ecosystem Services has been de-
veloped in order to support work on the so-called “environmental accounting” 
undertaken by the European Environment Agency (EEA). This classification is 
important, as there is a need to develop standardised methods for evaluating and 
comparing ecosystems and ecosystem services. CICES aims to classify the contri-
butions that ecosystems make to human well-being, arising from living processes 
and the feedback from the user community is focused not only on biotic but also 
on abiotic outputs in order to broaden the classification scheme. The classification 
divides ecosystem services into four main categories which are generally accepted 
today: provisioning services such as food, water, timber and fibres; regulating ser-
vices such as those mitigating climate related impacts, floods, diseases, wastes and 
water quality; cultural services that provide recreational, aesthetic, and spiritual 
benefits, and supporting services such as soil formation, photosynthesis and nutri-

Figure 2. The cascade model (Potschin and Haines-Young, 2016)
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ent cycling (Haines-Young, Potschin, 2018). These services are the outputs of eco-
systems (whether natural, semi-natural or highly modified) that most directly affect 
the human well-being (Fig. 2). 

Mountain forest ecosystems and ES – characteristics, challenges and recent 
trends

Mountain ecosystems provide a wide range of direct and indirect contributions to 
the people who live in the mountain territories and are characterised by a high de-
gree of vulnerability and low environmental stability. They usually occupy steep ter-
rains at high elevations and provide services, such as stabilising slopes, regulating 
hydrological cycles, maintaining rich biodiversity and supporting the livelihoods. 
In many cases, however, as a result of the impact of biotic, abiotic or anthropo-
genic pressure, different damages occur on forest vegetation, there are activation of 
erosion processes or biodiversity loss, etc., resulting in decreasing the potential of 
mountain ecosystems to provide important ecosystem services.

As a major limiting factor for the growth and development of forest vegetation 
on high mountain territories is the air temperature, determined by the 10°C July 
isotherm (Grace et al., 2002; Holtmeier, 2003; Panayotov, 2005; Gehrig-Fasel et al., 
2007; Harsch, Bader, 2011). It is assumed that the temperature upper limit of the 
forests in Bulgaria is about 2200 m a.s.l. and in many places, it has been reduced due 
to both human activities and different natural phenomena. These areas are charac-

Table 1. Ecosystem services provided by mountain forests 

Adapted from the MEA, (2005) Chapter 21 and 24 – Forest and Woodland Systems;  
Mountain Systems (http://www.maweb.org/en/Condition.aspx#download)

Provisioning Services Timber for use in buildings and infrastructural initiatives; fuelwood (critical for 
local populations); non-timber forest products (NTFPs), including wild game, foods 
(mushrooms, berries, edible plants etc.); the availability of grazing for subsistence 
farming.

Regulating and 
supporting services

Critical stability/protection function – forest cover enables soil retention and acts as a 
barrier to the impacts of avalanches and rock falls on valley communities; mountain 
forests (particularly cloud forests) have high water retention capacity, intercepting 
and storing water from rainfall, mist and snow and releasing it gradually, thereby 
maintaining hydrological cycles at large scales – limiting peak stream flow rates, 
reducing soil erosion and the severity of avalanches and downstream flooding; 
mountain forests represent a major carbon sink, with ongoing carbon sequestration 
being a critical component of climate change mitigation; due to their relative isolation 
and contrasting climates, mountain forests are high in endemism and commonly 
represent global hotspots for biodiversity, which is linked to tourism, recreation, 
hunting and fishing benefits.

Cultural services Mountain forests have intrinsic spiritual and aesthetic values; their characteristics 
allow for considerable recreational opportunities globally; the customs and belief 
systems of many mountain communities are intricately linked with forest ecosystems.
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terised with severely shortened growing season  with low air temperature, strong 
winds and heavy snowfalls, avalanches and erosion processes at more steep slopes, 
causing difficult conditions for the survival and natural regeneration of the forests 
(Stoyanova, 2013).

Mountain areas are often remote regions, whose human populations are highly 
vulnerable to environmental, economic and social changes from local to global scale. 
The communities in mountain areas, both rural and urban, are highly dependent on 
forests, which provide them with a diverse range of services, including fundamentals 
such as fuel, food, clean water and protection from natural hazards (Table 1). Moun-
tain forests are characterised by multifunctionality,  providing a variety of  ecologi-
cal, social and economic services (Nijnik et al., 2012) and are also important as an 
instrument of climate regulation and a maintainer of the carbon cycle (Schlessinger, 
1997). On the other hand, multifunctional character strengthens the dynamics and 
vulnerability of forests with regards to global change. As a result, dynamic land use 
changes, economic marginalisation and climate change are significantly affecting the 
quality of ecosystem services, provided by mountain forest ecosystems followed by 
increased risk of floods, droughts, storms, soil erosion and reduced food security 
(EEA, 2015, Ariza et al., 2013, von Haaren et al., 2011, Trumper et al., 2009). All of 
these specific characteristics of mountain areas establish “geographical barriers”, of-
ten resulting in more primary forests, higher carbon stocks and higher biodiversity 
richness compared with lowland areas, but make local communities socially, eco-
nomically and politically isolated from other urban areas. 

Regardless of the good management practices of high-mountain ecosystems ap-
plied in recent decades, the negative trends are still observed and they could lead 
to decreasing of the adaptive ability of such ecosystems to successfully cope with 
changing environment. The  variety of natural and anthropogenic factors influence 
ecological processes, through time and in space and could affect the functioning of 
ecosystems and ecosystem services supply. As IUCN Red List of Ecosystems frame-
work states, an ecosystem can be at risk of losing one or more of three complexly 
interrelated features of ecosystems: biodiversity, ecosystem functions or ecosystem 
services (Keith et al., 2013).

Among the main threats for biodiversity in Bulgaria, identified in the National 
Biodiversity Conservation Strategy, are the direct loss and degradation of habitats, 
air pollution, soil and groundwater pollution, the overexploitation of economically 
important species, land-use changes and global climate change. The lack of knowl-
edge and the ineffective policy can also be considered as threats for biodiversity and 
ecosystem services. Other threats are the insufficient information on biodiversity 
in specific geographic areas, inadequate understanding by the local community of 
the importance and the main risks for biodiversity and the poor implementation of 
nature protection legislation.

Approaches in ES assessment – models, valuation and applicability to 
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mountain forest ecosystems

Mountain forests are closely connected with people as they have a spiritual signifi-
cance for local communities, produce inputs for economic activities of local popula-
tion and provide ecological benefits to communities, both in and beyond mountain 
areas, and provide diverse socio-cultural, economic and ecological values to differ-
ent stakeholders (MEA, 2005; Price et al., 2011). The assessment of these values is 
important for a comprehensive understanding of the ecosystem services provided 
by mountain forests, as they illustrate the direct and indirect benefits of mountain 
forest ecosystems to territorial development and human well-being.

The assessment of ecological values is important for the implementation of good 
management practices in mountain forests, since it contributes to the: quantification 
of ecosystem services, identification of main providers and users, decision making 
for sustainable land use and selection of conservation priority sites (Chen et al., 2009;  
Nelson et al., 2009; Burkhard et al., 2012). The assessment of economic values of 
mountain forest ecosystem services is crucial for analysing the recognition of mar-
ket-based management schemes, such as payments for ecosystem services, voluntary 
carbon markets and biodiversity banks (Wunder, 2015; Hamrick, Gallant, 2017). Fol-
lowing the definition of the Millennium Ecosystem Assessment (MEA, 2005), socio-
cultural values of mountain forest ecosystem can be defined as “non-material ben-
efits” from these ecosystems, including recreational and tourism potential, aesthetic 
appreciation, inspiration, sense of place and educational value. Socio-cultural values 
play an important role in sustainable management of mountain forest ecosystems, 
since many communities live in these areas and any changes could affect their social 
development and welfare (Price et al., 2011; Paudyal et al., 2018; MEA, 2005).

For the assessment of socio-cultural, economic and ecological values of the 
mountain forest ecosystem services, several modelling tools have been elaborated. 
These tools can be grouped into stakeholder analysis, market analysis and model-
ling analysis (Burkhard et al., 2010; Häyhä et al., 2015). Some tools can be used for 
assessing several values (e.g. InVEST for ecological and cultural values), but they 
mostly focuses on recreation and tourism from socio-cultural values of ecosystem 
services. The selection of these tools must be consistent with targeted ecosystem 
services, assessment scope and scale, data availability, cost and time, as well as the 
technical support (Bagstad et al., 2013). Among the most frequently used modelling 
tools in assessing mountain forest ecosystem services are as follows: 

Toolkit for Ecosystem Service Site-based Assessment (TESSA) has adopted a 
simple approach for assessment and monitoring of ecosystem services at the site 
scale (Peh et al., 2013). TESSA allows the assessment of watershed services, wild and 
cultivated goods and recreation in mountain landscapes. One of the advantages of 
this tool is that any advanced technical knowledge or financial resources are not re-
quired (Peh et al., 2013). Another important feature is that it requires assessing and 
identifying policy or strategy gaps in ES management, thus improving these policies 
at the site level or across a broader region http://tessa.tools/.
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The Integrated Valuation of Ecosystem Services and Trade-offs Tool (InVEST) 
is an open-source software developed by the Natural Capital Project for spatial map-
ping, modelling and valuation of multiple ecosystem services (Sharp et al., 2016). 
The tool includes a diverse set of provisioning, regulating and cultural services from 
marine and terrestrial environments and has been widely used across various coun-
tries to support decision-making processes (Polasky et al., 2011; Baral et al., 2014; 
Kareiva et al., 2011). InVEST also provides several models for assessing ES related 
to mountain forests, including: habitat quality, forest carbon, nutrient delivery, sedi-
ment delivery, water yield, visitation of recreation and tourism and crop pollination 
(Sharp et al., 2016) www.naturalcapitalproject.org/. 

Artificial Intelligence for Ecosystem Services (ARIES) is a new methodology 
and web-based application designed to assess ecosystem services, including from 
mountain forests (Villa et al., 2011, 2014). It supports artificial-intelligence-based 
data and model selection and quantifying ES flows from ecosystems to beneficiar-
ies. Mountain forest ecosystem services assessable by this tool include carbon stor-
age and sequestration, aesthetic views, flood and sediment regulation, water supply 
and recreation (Bagstad et al., 2011) http://aries.integratedmodelling.org/. 

The Multiscale Integrated Models of Ecosystem Services (MIMES) is a set of 
models for land-use change (LUC) and decision making for spatial planning, in-
cluding forest landscapes (Boumans et al., 2015). These models quantify the effects 
of LUC on ecosystem services and are applicable at global, regional and local levels 
(Boumans et al., 2007, 2015; Grigg et al., 2009). MIMES is designed to quantify 
causal linkages between ecosystems and the economy and allows individuals to map 
decisions/policies.  The outputs of this tool illustrate how different choices could 
affect the economies and ecosystems www.afordablefutures.com/orientation-to-
what-we-do/services/mimes.

 ESTIMAP is a consistent and flexible set of spatially-explicit models, each of 
which can be run separately for the assessment of different ES at the European scale. 
They are all developed following the CICES classification and framed in the ES cas-
cade model, which connects ecosystem structure and functioning to human well-
being through the flow of ES. The models are dynamically linked to LUISA, the 
JRC land-use modelling platform (Lavalle et al., 2011) providing the opportunity to 
evaluate the impact of different scenarios of land use changes on ES provision. ES-
TIMAP is designed as a quantitative tool and produces outputs that mostly provide 
biophysical values for regulating services. However, the recreational indicator con-
siders both supply and demand and reflects, to some extent, socio-cultural values 
associated with aesthetic beauty and recreation.

Many of the known approaches and techniques for valuing ES use various met-
rics – qualitative, quantitative or monetary (Cooper et al., 2013). The qualitative 
analysis generally focuses on non-numerical information as opposed to the quan-
titative analysis, which involves numerical data, while the monetary analysis trans-
lates quantitative data into currency values (TEEB, 2009).
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Ecosystem services can be assessed in non-monetary terms and in monetary 
terms through using direct market, indirect market, contingent and group valuation 
(Turner, Schaafsma, 2015).

The direct market valuation method is useful to measure provisioning services 
and some cultural services that can be traded. For instance, the value of trees for 
firewood or construction wood, which could be priced on the open market or sea-
grass meadows and their value for fisheries or tourism (Vasallo et al., 2013; Jackson 
et al., 2015). Indirect market valuation is used when no markets for certain services 
exist and a variety of valuation techniques can be applied to establish the Willing-
ness To Pay (WTP) or Willingness To Accept compensation (WTA) for the avail-
ability or loss of these services (de Groot et al., 2002; Freeman, 2003). Contingent 
valuation is the hypothetical demand for ES that involve describing alternatives in 
a survey or a questionnaire. For example, the respondents may be asked to express 
their preference of increasing the level of water quality in a stream, lake or river 
so that they might enjoy various activities, such as swimming, boating or fishing 
(Wilson, Carpenter, 1999). Group valuation brings stakeholders together to discuss 
the values of ES, which are regarded as public goods and their valuation should be 
based on public discussion (Sagoff, 1988; Jacobs, 1997; Wilson, Howarth, 2002; de 
Groot et al, 2002).

Non-monetary assessment is applicable in cases when ES values are difficult to 
assess directly and indicators are used as proxies (Layke, 2009; Layke et al., 2012; 
Muller, Burkhard, 2012; Kandziora et al., 2013). This assessment can aim at defining 
more aesthetic view of nature, ecosystems and biodiversity and their influence on 
social relationships, cultural evolution and spirituality (Chan et al., 2012; Raymond 
et al., 2013).

According to Boerema et al. (2017), the following proxies for measuring ES can 
be used:

- Ecosystem properties – often simple measures or indicators of biodiversity and 
population size are used for all ES that depend on biodiversity, such as genetic re-
sources, biological control, pollination and life cycle maintenance.

- Ecosystem functions – the functions and processes underpinning each ES are 
diverse and often composed of different components (Smith et al., 2013). For exam-
ple, proxies for pollination may be intraspecific diversity, pollination effectiveness, 
visit rate, plant growth rate and infestation rate.

In addition, many other social research methodologies have been elaborated 
(Christie et al., 2008; Cooper et al., 2013), ranging from spatially-oriented partici-
patory GIS (Fagerholm et al., 2012; Brown, Fagerholm, 2015), to traditional social 
methods including interviews, surveys, observational studies or focal group discus-
sions (Orenstein et al., 2015; Eizenberg et al., 2017). 

Challenges for sustainable management of mountain forest ecosystems 
considering the ES conceptual framework
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The main challenges, which must be considered in the process of assessment of 
mountain forest ecosystem services, are the complexity of defining and classify-
ing ecosystem services; limited data on ecosystem services; uncertainties associated 
with climate change; diverse relationships among ecosystem services and limita-
tions of assessments when developing successful payments for ecosystem services 
in mountain territories. 

The variety of definitions and classifications for ecosystem services, including 
those for mountain forest ecosystem services, often confuse stakeholders and policy 
makers (Wallace, 2008). Different classifications are based on different disciplines, 
different purposes of ecosystem management (e.g. de Groot et al., 2002; MEA, 2005; 
Costanza, 2008; Fischer et al., 2009) but the most accepted and widely applied clas-
sification is from the Millennium Ecosystem Assessment (MEA, 2005). However, 
Fisher et al. (2008) note that using this classification poses a risk for double counting 
errors in cases of valuation of ecological processes, supporting multiple ecosystem 
services, such as weathering, soil formation, nutrient cycling, etc. Many authors 
consider that a common definition and classification framework for ecosystem ser-
vices remains a major challenge, taking into account that studies on ecosystem ser-
vices are often too singular (Haines-Young, Potschin, 2010, 2018; Burkhard et al., 
2012). However, some of them support the thesis that the definition of a common 
classification framework is neither feasible nor necessary (Costanza, 2008). 

The assessment of mountain forest ecosystem services can be complicated and/
or constrained by limited data and/or high data collection costs (e.g. Sharma et al., 
2015). For quantification and mapping of ES can be used proxies but sometimes 
they might not correspond to primary data for some key ecosystem services, such 
as biodiversity, carbon storage and recreation. Nevertheless, they could be used for 
general assessment of ecosystem services and for identification of hotspots or prior-
ity sites for multiple ecosystem services (Eigenbrod et al., 2010). 

Due to variety of climate change scenarios, there are still considerable debates 
and uncertainties on the extent of climate change impact on the provision of moun-
tain ecosystem services, which refers to uncertainties with climate change,  regard-
less they have been the main focus of many studies (Dossena et al., 2012; Garcia-
Lopez, Allue, 2012; Jochum et al., 2012). 

The process of assessment of mountain forest ES would be complex and further 
complicated also due to the diverse relationships among these services, including 
trade-offs and synergies. In these cases, an increase in one service leads to a de-
crease in another service, representing important impact in current approaches to 
ecosystem services management (Rodriguez et al., 2006; Bennett et al., 2009). 

Sustainable management of mountain forest ecosystems is an important part of 
sustainable territorial development of remote mountain areas. The main goal to en-
sure the policy actions that focus on preservation of natural forests, conservation of 
biodiversity and landscape values should be complemented with well-targeted meas-
ures to enlarge the provision of variety of ecosystem services and provide more op-
portunities for local communities living in remote rural areas. The general question 
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of interest in mountain regions is the type of management approach and resource 
regime in the way of managing mountain forests and their potential to supply ES 
under the specifics of regional governance (Nijnik, Bizikova, 2008, Buttoud, 2002).

Following numerous studies (e.g. Berkes, Folke, 1998, Poteete et al., 2010, Prem-
pl et al., 2015, Van Kooten et al., 2004), evidence has been provided on the positive 
role of self-management in which local users are capable of crafting their own rules 
that allow for the sustainable and equitable management of mountain systems. The 
quality of local knowledge, communication, trust, a willingness to follow own es-
tablished rules can be considered as social innovation for sustainability of mountain 
socio-ecological systems and recognised as a long-term adaptation policy (Ostrom, 
Nagendra, 2006).  

Conclusion

Mountain ecosystems are highly sensitive and vulnerable to environmental changes 
and different impacts. They provide ecosystem services that support rich biodiver-
sity and are essential for climate regulation and water cycles, maintain many liveli-
hoods and indigenous cultures, especially in rural areas. However, increasingly they 
are threatened by land abandonment, intensification of agriculture, infrastructure 
development, unsustainable exploitation and climate change. As a key component 
of mountain ecosystems biodiversity, including the number, composition of geno-
types, populations, species, functional communities and landscape units, plays an 
important role and strongly influences the provision of ecosystem services. 

Assessment is recognised as a main component of the sustainable management 
of mountain forests and the ecosystem services they provide and allows for proper 
understanding of the impacts of mountain forest ecosystems on human welfare. A 
focus on ecosystem services would help local and conservation authorities to build 
political support for conservation of these landscapes and make informed planning 
and management decisions.

From the conservationist point of view, the ecosystem services can be a pow-
erful tool to preserve biodiversity and natural condition, and to engage multiple 
actors and sectors in this objective. Moreover, many stakeholders, including practi-
tioners and end-users of ecosystem services, primarily measure provisioning goods 
or human experiences in nature and, thereby, dismiss the indirect contribution of 
habitats and species to human well-being. 

The implementation of the ES approach is important for supporting stakehold-
ers and policy makers in understanding the value of their natural capital in order 
to make proper land use decisions for the management of the ecosystem services 
provided by the mountain forest ecosystems and is a valuable tool for integrated 
management of mountain regions. 



60    Maria Glushkovet et al.  /  Silva Balcanica 21(1): 47–68 (2020)

Acknowledgements 

This review paper was performed under the project “Assessment and Mapping of 
Ecosystem Services in High-Mountain Territories in Rila and Pirin for Sustain-
able  Management of Natural Resources” – MAPESMOUNT, funded by Bulgarian 
National Science Fund, under grant agreement No КП-ОПР 03/6/17.12.2018.

References

Ariza C., D. Maselli, T. Kohler. 2013. Mountains: our life, our future. Progress and perspec-
tives on sustainable mountain development from Rio 1992 to Rio 2013 and beyond. 
Swiss Agency for Development and Cooperation and Centre for Development and En-
vironment, Bern, Switzerland.

Bagstad, K.J., F. Villa, G.W. Johnson, B. Voigt. 2011. ARIES – Artificial Intelligence for Eco-
system Services: A guide to models and data, version 1.0. ARIES report series n.1. 

Bagstad, K.J., D.J. Semmens, S. Waage, R. Winthrop. 2013. A comparative assessment of 
decision support tools for ecosystem services quantification and valuation. – Ecosystem 
Services, 5, 27–39.

Baral, H., R.J. Keenan, S.K. Sharma, N.E. Stork, S. Kasel. 2014. Spatial assessment and map-
ping of biodiversity and conservation priorities in a heavily modified and fragmented 
production landscape in north-central Victoria, Australia. – Ecological Indicators, 36, 
552–62.

Baral H., W. Jaung, L.D. Bhatta, S. Phuntsho, S. Sharma, K. Paudyal, A. Zarandian, R.R. 
Sears, R. Sharma, T. Dorji, Y. Artati. 2017. Approaches and tools for assessing mountain 
forest ecosystem services. Working Paper 235. Bogor, Indonesia: CIFOR.

Beniston M. 2003. Climatic change in mountain regions: a review of possible impacts. – Cli-
mate Change, 59, 5–31.

Bennett, E.M., G.D. Peterson, L.J. Gordon. 2009. Understanding relationships among multi-
ple ecosystem services. – Ecology Letters, 12(12), 1394–404.

Berkes, F.,  C. Folke (Еds.). 1998. Linking Social and Ecological Systems: Management Prac-
tices and Social Mechanisms for Building Resilience. Cambridge University Press, New 
York.

Berkes, F. 1989. Common Property Resources: Ecology and Community – Based Sustain-
able Development. London, Belhaven Press.

Boerema, A., A.J Rebelo, M.B. Bodi, K.J. Esler, P. Meire. 2017. Are ecosystem services ad-
equately quantified? – Journal of Applied Ecology, 54(2), 358–370.

Boumans, R., R. Costanza. 2007. The Multiscale Integrated Earth Systems Model (MIMES): 
the dynamics, modeling and valuation of ecosystem services. – Issues in Global Water 
System Research, 2, 10–11.

Boumans, R., J. Roman, I. Altman, L. Kaufman. 2015. The Multiscale Integrated Model of 
Ecosystem Services (MIMES): Simulating the interactions of coupled human and natu-
ral systems. – Ecosystem Services, 12, 30–41.



Ecosystem services from mountain forest ecosystems: conceptual framework, approach...    61

Boyd, J., S. Banzhaf. 2007. What are ecosystem services? The need for standardized environ-
mental accounting units. – Ecological Economics, 63(2–3), 616–626.

Brooks, T.M., G.A. Da Fonseca, A. Rodrigues. 2004. Protected areas and species. – Conser-
vation Biology, 616-618.

Brown, G., N. Fagerholm. 2015. “Empirical PPGIS/PGIS mapping of ecosystem services: A 
review and evaluation. – Ecosystem Services, 13, 119–133.

Burkhard, B., F. Kroll, F. Müller. 2010. Landscapes‘capacities to provide ecosystem services – 
a concept for land-cover based assessments. – Landscape Online, 1-22.

Burkhard, B., F. Kroll, S. Nedkov, F. Müller. 2012. Mapping ecosystem service supply, de-
mand and budgets. – Ecological Indicators, 21, 17–29.

Burkhard, B., F. Santos-Martin, S. Nedkov, J. Maes. 2018. An operational framework for 
integrated Mapping and Assessment of Ecosystems and their Services (MAES). – One 
Ecosystem, 3, e22831.

Butchart, S.H., J.E. Baillie, A.M. Chenery, B. Collen, R.D. Gregory, C. Revenga, M. Walpole. 
2010. National Indicators Show Biodiversity Progress-Response. – Science, 329(5994), 
900-901.

Buttoud, G., P. Lefakis, J. Bakouma. 2002. Processing in Africa. – ITTO Tropical Forest Up-
date, 12 (2), 15–18.

CBD, Conventionon on Biological Diversity. 2010. COP 10 Decision X/2, Strategic Plan for 
Biodiversity, 2011–2020. 

Chan, K.M.A., T. Satterfield, J. Goldstein. 2012. Rethinking ecosystem services to better ad-
dress and navigate cultural values. – Ecological Economics, 74, 8–18.

Chen, Z.M., G.Q. Chen, B. Chen, J.B. Zhou, Z.F. Yang, Y. Zhou. 2009. Net ecosystem services 
value of wetland: environmental economic account. Communications in Nonlinear Sci-
ence and Numerical Simulation, 14, 2837–2843.

Christie, M., I. Fazey, R. Cooper, T. Hyde, A. Deri, L. Hughes, G. Bush, L. Brader, A. Nah-
man, W. Delange, B. Reyers. 2008. An Evaluation of Economic and Non-economic 
Techniques for Assessing the Importance of Biodiversity to People in Developing Coun-
tries. DEFRA, London.

CICES. 2017. Read-across to MA and TEEB [online]. CICES: towards a common classifi-
cation of ecosystem services. https://cices.eu/the-equivalences-between-cices-and-the-
classifications-used-by-the-ma-and-teeb/ 

Coad, L., A. Campbell, L. Miles, K. Humphries. 2008. The costs and benefits of protected 
areas for local livelihoods: a review of the current literature. UNEP World Conservation 
Monitoring Centre, Cambridge, UK.

Cooper, K., D. Burdon, J.P. Atkins, L. Weiss, P. Somerfield, M. Elliott, R.K. Turner., S. Ware, 
C. Vivian. 2013. Can the benefits of physical seabed restoration justify the costs? An 
assessment of a disused aggregate extraction site off the Thames Estuary, UK. – Marine 
Pollution Bulletin, 75(1-2), 33–45. http://dx.doi.org/10.1016/j.marpolbul.2013.08.009).

Costanza, R., M. van den Belt (Eds.). 2011. Volume 12: Ecological Economics of Estuaries 
and Coasts. – In: Treatise on Estuarine and Coastal Science. Wolanski, E., D. S. McLusky 
(Eds.), Elsevier, Amsterdam, ISBN: 978- 0-08-087885-0.



62    Maria Glushkovet et al.  /  Silva Balcanica 21(1): 47–68 (2020)

Costanza, R. 2008. Ecosystem services: multiple classification systems are needed. – Biologi-
cal Conservation, 141(2), 350–52.

Costanza, R, R. d’Arge, R. de Groot, S. Farber, M. Grasso, B. Hannon, K. Limburg, S. Naeem, 
R.V. O’Neill, J. Paruelo, R.G. Raskin, P. Sutton, M. van der Belt. 1997. The value of the 
world’s ecosystem services and natural capital. – Nature, 387, 253–260.

Czúcz, B., I. Arany, M. Potschin-Young, K. Bereczki, M. Kertész, M. Kiss, R. Haines-Young. 
2018. Where concepts meet the real world: A systematic review of ecosystem service 
indicators and their classification using CICES. – Ecosystem Services, 29, 145–157.

de Groot, R.S., M.A. Wilson, R.M.G. Boumans. 2002. A typology for the classification, de-
scription and valuation of ecosystem functions, goods and services. – Ecological Eco-
nomics, 41(3), 393–408.

de Groot, R., L. Brander, S. van der Ploeg, R. Costanza, F. Bernard, L. Braat, M. Christie, N. 
Crossman, A. Ghermandi, L. Hein, S. Hussain, P. Kumar, A. Mc Vittie, R. Portela, L.C. 
Rodriguez, P. ten Brink, P. van Beukering. 2012. Global estimates of the value of ecosys-
tems and their services in monetary units. – Ecosystem Services, 1, 50–61.

Derneği, D. 2010. Mediterranean Basin Biodiversity Hotspot. BirdLife International URL: 
https://www.cepf.net/sites/default/files/resources/Donor%20Council/

Dossena, M., G. Yvon-Durocher, J. Grey, J.M. Montoya, D.M. Perkins, M. Trimmer, G. Wood-
ward. 2012. Warming alters community size structure and ecosystem functioning. –  In: 
Proceedings of the Royal Society of London, B: Biological Sciences, 279(1740), 3011–9.

Drakou, E., A. Kallimanis, A. Mazaris, E. Apostolopoulou, J. Pantis. 2011. Habitat type rich-
ness associations with environmental variables: a case study in the Greek Natura 2000 
aquatic ecosystems. – Biodiversity and Conservation, 20(5),  929–943.

EEA. 2015. European ecosystem assessment. Concept, data, and implementation. EEA tech-
nical report 06/2015, Publications Office of the European Union, Luxembourg, 74. 

EEA. 2010. The European environment — state and outlook 2010, European Environment 
Agency, Copenhagen. 

Ehrlich, P., A. Ehrlich. 1981. Extinction: the causes and consequences of the disappearance 
of species.

Eigenbrod, F., P.R. Armsworth, B.J. Anderson, A. Heinemeyer, S. Gillings, D.B. Roy, C.D. 
Thomas, K.J. Gaston. 2010. The impact of proxy-based methods on mapping the distri-
bution of ecosystem services. – Journal of Applied Ecology, 47(2), 377–85.

Eizenberg, E., D.E. Orenstein, H. Zimroni. 2017. Back to the (Visualization) Laboratory. – 
Journal of Planning Education and Research, 0739456X17700252.

Erhard, M., A. Teller, J. Maes, A. Meiner, P. Berry, A. Smith. 2016. Mapping and assessment 
of ecosystems and their services. Mapping and assessing the condition of Europe’s eco-
systems: Progress and challenges. 3-rd report, March 2016. Publications Office of the 
European Union, 192. 

European Commission. 2014. EU biodiversity targets and related global Aichi targets.  Lux-
embourg: Publications Office of the European Union.

European Commission. 2013. Building a Green Infrastructure for Europe. Luxembourg: 
Publications Office of the European Union.



Ecosystem services from mountain forest ecosystems: conceptual framework, approach...    63

European Commission. 2011. Our life insurance, our natural capital: an EU biodiversity 
strategy to 2020. COM (2011), 244.

Fagerholm, N., N. Käyhkö, F. Ndumbaro, M. Khamis. 2012. Community stakeholders’ 
knowledge in landscape assessments – Mapping indicators for landscape services. – 
Ecological Indicators, 18, 421–433.

Fisher, B., R.K. Turner. 2008. Ecosystem services: classification for valuation. – Biological 
Conservation, 141(5), 1167–1169.

Fisher, B., R.K. Turner, P. Morling. 2009. Defining and classifying ecosystem services for 
decision making. – Ecological Economics, 68(3), 643–53.

Freeman, A.M. 2003. Economic valuation: what and why. A primer on nonmarket valuation, 
1–25.

García-López, J.M., C. Allué. 2012. A phytoclimatic-based indicator for assessing the inher-
ent responsitivity of the European forests to climate change. – Ecological Indicators, 18, 
73–81.

Gaston, K.J., S.F. Jackson, L. Cantu-Salazar, G. Cruz-Pinon. 2008.  The Ecological Perfor-
mance of Protected Areas. – Annual Review of Ecology, Evolution, and Systematics, 39, 
93–113.

Gehrig-Fasel, J., A. Guisan, N.E. Zimmermann. 2007. Tree line shifts in the Swiss Alps: Cli-
mate change or land abandonment? – Journal of Vegetation Science, 18, 571-582.

Gómez-Baggethun, E., R. De Groot, P.L. Lomas, C. Montes. 2010. The history of ecosystem 
services in economic theory and practice: from early notions to markets and payment 
schemes. – Ecological economics, 69(6), 1209–1218.

Grace, J., F. Berninger, L. Nagy. 2002. Impacts of Climate Change on the Tree Line. – Annals 
of Botany, 90, 537-544.

Grêt-Regamey, A., S.H. Brunner, F. Kienast. 2012. Mountain ecosystem services: Who cares? 
– Mountain Research and Development, 32(S1), S23–S34.

Grigg, A., Z. Cullen, J. Foxall, L. Crosbie, L. Jamison, R. Brito. 2009. The Ecosystem Services 
Benchmark. A Guidance Document, Fauna and Flora International, Geneva: UNEP Fi-
nancial Initiative.

Haines-Young, R.H., M.B. Potschin. 2018. Common International Classification of Ecosys-
tem Services (CICES) V5.1 and Guidance on the Application of the Revised Structure. 
Fabis Consulting Ltd. URL: https://cices.eu/content/uploads/sites/8/2018/01/Guid-
ance-V51-01012018.pdf

Haines-Young, R., M. Potschin-Young, B. Czúcz. 2016. Report on the use of CICES to identi-
fy and characterise the biophysical, social and monetary dimensions of ES assessments. 
Deliverable D4.1 (draft) EU Horizon 2020 ESMERALDA Project, Grant agreement No. 
642007. Available from: http://www.esmeralda-project.eu/documents/1/

Haines-Young, R.H., M.B. Potschin. 2013. Common International Classification of Ecosys-
tem Services (CICES): Consultation on Version 4, August-December 2012. EEA Frame-
work Contract No  EEA/IEA/09/003.

Haines-Young, R.H., M.B. Potschin. 2010. Proposal for a common international classifica-
tion of ecosystem goods and services (CICES) for integrated environmental and eco-
nomic accounting. European Environment Agency.



64    Maria Glushkovet et al.  /  Silva Balcanica 21(1): 47–68 (2020)

Hamrick, K., M. Gallant. 2017. Unlocking Potential: State of the Voluntary Carbon Markets. 
Washington, DC, Forest Trends.

Harsch, M.A., M.Y. Bader. 2011. Treeline form – a potential key to understanding treeline 
dynamics. – Global Ecology and Biogeography, (2011) 20, 582–596.

Häyhä, T., P.P. Franzese, A. Paletto, B.D. Fath. 2015. Assessing, valuing, and mapping ecosys-
tem services in Alpine forests. – Ecosystem Services, 14, 12-23.

Holtmeier, F.K. 2003. Mountain Timberlines: Ecology, Patchiness, and Dynamics. Kluwer 
academic publishers.

Hossain, M.S., S. Pogue, L. Trenchard, A.E. Van Oudenhoven, C. Washbourne, E. Muiruri, 
A. Tomczyk, M. García-Llorente, R. Hale, V. Hevia, T. Adams, L. Tavallali, S.D. Bell, M. 
Pye, F. Resende. 2017. Identifying future research directions for biodiversity, ecosystem 
services and sustainability: perspectives from early-career researchers. – International 
Journal of Sustainable Development & World Ecology, 25(3), 249–261.

Jackson, E.L., S.E. Rees, C. Wilding, M.J. Attrill. 2015. Use of a seagrass residency index to 
apportion commercial fishery landing values and recreation fisheries expenditure to 
seagrass habitat service. – Conservation Biology, 29(3), 899–909.

Jacobs, M. 1997. Environmental valuation, deliberative democracy and public decision-
making  institutions. – Valuing nature, 211–231.

Jochum, M., F.D. Schneider, T.P. Crowe, U. Brose, E.J. O’Gorman. 2012. Climate-induced 
changes in bottom-up and top-down processes independently alter a marine ecosys-
tem. Philosophical Transactions of the Royal Society of London, B: Biological Sciences, 
367(1605), 2962–70.

Kandziora, M., B. Burkhard, F. Müller. 2013. Mapping provisioning ecosystem services at 
the local scale using data of varying spatial and temporal resolution. – Ecosystem Ser-
vices, 4, 47–59. https://doi.org/10.1016/j.ecoser.2013.04.001.

Kareiva, P. 2011. Natural Capital: Theory and Practice of Mapping Ecosystem Services. Ox-
ford University Press.

Keith, D.A., J.P. Rodríguez, K.M. Rodríguez‐Clark et al. 2013. Scientific foundations for an 
IUCN Red List of Ecosystems. – PLoS One, 8(5), e62111. 

Körner, C., M. Ohsawa. 2005. Mountain systems. – In: Hassan, R., R. Scholes, N. Ash (Eds.). 
Ecosystems and Human Well-Beeng: Current State and Trends, 1, 687–716, Hassan, R., 
R. Scholes, and N. Ash, eds. Washington, D.C., Island Press. 

Körner, C. 2003. Carbon limitation in trees. – Journal of Ecology, 91 , 4–17.
La Notte, A., D. D’Amato, H. Makinen, M.L. Paracchini, C. Liquete, B. Egoh, D. Geneletti, 

N.D. Crossman. 2017. Ecosystem services classification: A systems ecology perspective 
of the cascade framework. – Ecological Indicators, 74, 392–402. 

LaValle, S., E. Lesser, R. Shockley, M.S. Hopkins, N. Kruschwitz. 2011. Big data, analytics 
and the path from insights to value. – MIT Sloan Management Review, 52(2), 21–32.

Layke, C. 2009. Measuring Nature’s Benefits: A Preliminary Roadmap for Improving Eco-
system Service Indicators. Working Paper, World Resources Institute, Washington, DC.

Layke, C., A. Mapendembe, C. Brown, M. Walpole, J. Winn. 2012. Indicators from the global 
and sub-global Millennium Ecosystem Assessments: an analysis and next steps. – Eco-
logical Indicators, 17, 77–87.



Ecosystem services from mountain forest ecosystems: conceptual framework, approach...    65

Liquete, C., C. Piroddi, E.G. Drakou, L. Gurney, S. Katsanevakis, A. Charef, B. Egoh. 2013. 
Current status and future prospects for the assessment of marine and coastal ecosystem 
services: a systematic review. PloS one, 8(7), e67737.

Maes, J., L. Braat, K. Jax, M. Hutchins, E. Furman, M. Termansen. 2011. A Spatial Assess-
ment of Ecosystem Services in Europe: Methods, Case Studies and Policy Analysis – 
Phase 1, PEER Report No 3, Ispra: Partnership for European Environmental Research.

Maes, J., A. Teller, M. Erhard, P. Murphy, M.L. Paracchini, J.I. Barredo, B. Grizzetti, A. Car-
doso, F. Somma, J. Petersen, A. Meiner, E.R. Gelabert, N. Zal, P. Kristensen. 2014. Map-
ping and Assessment of Ecosystems and their Services. Indicators for ecosystem assess-
ments under Action 5 of the EU Biodiversity Strategy to 2020. Publications office of the 
European Union, Luxembourg. 

URL:http://ec.europa.eu/environment/nature/knowledge/ecosystem_assessment/
pdf/2ndMAESWorkingPaper.pdf

Maes, J., A. Teller, M. Erhard, B. Grizzetti, J.I. Barredo, M.L. Paracchini, S. Condé, F. Somma, 
A. Orgiazzi, A. Jones, A. Zulian, J.E. Petersen, D. Marquardt, V. Kovacevic, D. Abdul 
Malak, A.I. Marin, B. Czúcz, A. Mauri, P. Loffler, A. Bastrup-Birk, K. Biala, T. Chris-
tiansen, B. Werner. 2018. Mapping and Assessment of Ecosystems and their Services: 
An analytical framework for ecosystem condition. Publications office of the European 
Union, Luxembourg.

URL: https://publications.europa.eu/en/publication-detail/-/publication/42d646b6-1c3a-
11e8-ac73-01aa75ed71a1/language-en
Masiero, M., D.M. Pettenella, L. Secco. 2016. From failure to value: economic valuation for a 

selected set of products and services from Mediterranean forests. – Forest systems, 25(1), 
e051.

McGarigal, K., W. McComb. 1995. Relationships Between Landscape Structure and Breed-
ing Birds in the Oregon Coast Range. – Ecological Monographs, 65(3), 235–260.

MEA, Millennium Ecosystem Assessment. 2005. Ecosystems and Human Well-being: Syn-
thesis. Washington, DC: Island Press.Muller & Burkhard, 2012.

Nelson, E., G. Mendoza, J. Regetz, S. Polasky, H. Tallis, D. Cameron, K. Chan, G.C. Daily, J. 
Goldstein, P.M. Kareiva. 2009. Modeling multiple ecosystem services, biodiversity con-
servation, commodity production, and tradeoffs at landscape scales. – Frontiers in Ecol-
ogy and the Environment, 7(1), 4–11.

Neugarten, R.A., P.F. Langhammer, E. Osipova, K.J. Bagstad, N. Bhagabati, S.H.M. Butchart, 
N. Dudley, V. Elliott, L.R. Gerber, C. Gutierrez Arrellano, K.Z. Ivanić, M. Kettunen, L. 
Mandle, L.C. Merriman, M. Mulligan, K.S.H. Peh, C. Raudsepp-Hearne, D.J. Semmens, 
S. Stolton, S. Willcock. 2018. Tools for measuring, modelling, and valuing ecosystem 
services: Guidance for Key Biodiversity Areas, natural World Heritage Sites, and pro-
tected areas. Gland, Switzerland: IUCN, 70. 

Nijnik, M., L. Bizikova. 2008. Responding to the Kyoto Protocol through forestry: a com-
parison of opportunities for several countries in Europe. Forest Policy and Economics, 
10, 25–69.

Nijnik, M., A. Oskam, A. Nijnik. 2012. Afforestation for the Provision of Multiple Ecosystem 
Services: A Ukrainian Case Study. – International Journal of Forestry Research, 2012.



66    Maria Glushkovet et al.  /  Silva Balcanica 21(1): 47–68 (2020)

Notte, A.L., J. Maes, B. Grizzetti, F. Bouraoui, G. Zulian. 2012. Spatially explicit monetary 
valuation of water purification services in the Mediterranean bio-geographical region. 
– International Journal of Biodiversity Science, Ecosystem Services & Management, 8, 
26–34.

Orenstein, D.E., H. Zimroni, E. Eizenberg. 2015. The Immersive Visualization Theater: A 
new tool for ecosystem assessment and landscape planning. – Computers, Environment 
and Urban Systems, 54, 347–355.

Ostrom, E., H. Nagendra. 2006. Insights on Linking Forests, Trees, and People from the Air, 
on the Ground, and in the Laboratory. PNAS, 103, 19224–19231.

Panayotov, M., D. Dimitrov, S. Yurukov. 2011. Eextreme climate conditions in Bulgaria – 
evidence from Picea abies tree-rings. – Silva Balcanica, 12(1)/2011.

Panayotov, M. 2005. Influence of strong winds and snowfalls on the growth and develop-
ment of Pinus peuce Griseb. in treeline of Vitosha mountain. – In: Proceedings of Na-
tional Scientific Conference “Young Scientists” 2005.

Pascual, U., P. Balvanera, S. Díaz, G. Pataki, E. Roth, M. Stenseke, V. Maris. 2017. Valuing 
nature’s contributions to people: the IPBES approach. – Current Opinion in Environ-
mental Sustainability, 26, 7–16.

Paudyal, K., H. Baral, R.J. Keenan. 2018. Assessing social values of ecosystem services in the 
Phewa Lake Watershed, Nepal. – Forest Policy Economics (in press).

Peh, K.S.H., A. Balmford, R.B. Bradbury, C. Brown, S.H. Butchart, F.M. Hughes, A. Stat-
tersfield, D.H. Thomas, M. Walpole, J. Bayliss, D. Gowing. 2013. TESSA: A toolkit for 
rapid assessment of ecosystem services at sites of biodiversity conservation importance. 
– Ecosystem Services, 5, 51–57.

Polasky, S., E. Nelson, D. Pennington, K.A. Johnson. 2011. The impact of land-use change on 
ecosystem services, biodiversity and returns to landowners: A case study in the State of 
Minnesota. – Environmental and Resource Economics, 48(2), 219–42.

Poteete, A.R., E. Ostrom, M.A. Janssen. 2010. Working together: collective action, the com-
mons, and multiple methods in practice. Princeton University Press, Princeton, New 
Jersey, USA.

Prempl, T., A. Udovč, N. Bogotaj, J. Krč. 2015. From restitution to revival: A case of common 
reestablishment and restitution in Slovenia. – Forest Policy and Economics, 59, 19–26.

Price, M., G. Gratzer, L. Alemayehu Duguma, T. Kohler, D. Maselli. 2011. Mountain Forests 
in a Changing World: Realizing Values, Addressing Challenges. Rome: The Food and 
Agriculture Organization of the United Nations (FAO), The Mountain Partnership Sec-
retariat (MPS) and The Swiss Agency for Development and Cooperation (SDC).

Raymond, C.M., G.G. Singh, K. Benessaiah, J.R. Bernhardt, J. Levine, H. Nelson, N.J. Turner, 
B. Norton, J. Tam, K.M.A. Chan. 2013. Ecosystem Services and Beyond: Using Multi-
ple Metaphors to Understand Human–Environment Relationships. – BioScience, 3 (7), 
536–546.

Rhodes, C.R. 2015. National Ecosystem Services Classification System (NESCS): Frame-
work Design and Policy Application. EPA-800-R-15-002.

Riitters, K.H., R.V. O’Neill, K.B. Jones. 1997. Assessing habitat suitability at multiple scales: 
A landscape-level approach. – Biological Conservation, 81, 191–202.



Ecosystem services from mountain forest ecosystems: conceptual framework, approach...    67

Rodriguez, J.P., J.T.D. Beard, E.M. Bennett, G.S. Cumming, S.J. Cork, J. Agard, A.P. Dobson, 
G.D. Peterson. 2006. Trade-offs across space, time, and ecosystem services. – Ecology 
and Society, 11 (1), 28. http://www.ecologyandsociety.org/vol11/iss1/art28/

Rüdisser, J., E. Tasser, U. Tappeiner. 2012. Distance to nature-A new biodiversity relevant en-
vironmental indicator set at the landscape level. – Ecological Indicators, 15(1), 208–216.

Sagoff, M. 1988. Some problems with environmental economics. – Environmental Ethics, 
10(1), 55–74.

SCEP – Study of Critical Environmental Problems. 1970. Man’s impact on the global envi-
ronment. Cambridge, Massachusetts: MIT Press.

Schickhoff,  U., M. Bobrowski, J. Böhner, B. Bürzle, R. P. Chaudhary, L. Gerlitz, H. Heyken, 
J. Lange, M. Müller, T. Scholten, N. Schwab, R. Wedegärtner. 2015. Do Himalayan tree-
lines respond to recent climate change? An evaluation of sensitivity indicators. – Earth 
System Dynamics, 6, 245–265.

Schlessinger, W.H. 1997. Biogeochemistry: An Analysis of Global Change. Academic Press, 
New York.

Sharma, S.K., K. Deml, S. Dangal, E. Rana, S. Madigan S. 2015. REDD+ framework with 
integrated measurement, reporting and verification system for Community Based For-
est Management Systems (CBFMS) in Nepal. – Current Opinion in Environmental Sus-
tainability, 14, 17–27.

Sharp, R., H.T. Tallis, T. Ricketts, A.D. Guerry, S.A. Wood, R. Chaplin-Kramer, E. Nelson, D. 
Ennaanay, S. Wolny, N. Olwero, K.  Vigerstol, D. Pennington, G. Mendoza, J. Aukema, 
J. Foster, J. Forrest, D. Cameron, K. Arkema, E. Lonsdorf, C. Kennedy, G. Verutes, C.K. 
Kim, G. Guannel, M. Papenfus, J. Toft, M. Marsik, J. Bernhardt, R. Griffin, K. Glowinski, 
N. Chaumont, A. Perelman, M. Lacayo, L. Mandle, P. Hamel, A.L. Vogl, L. Rogers, W. 
Bierbower. 2016. InVEST User’s Guide. The Natural Capital Project, Stanford Universi-
ty, University of Minnesota, The Nature Conservancy, and World Wildlife Fund. Smith, 
P., M.R. Ashmore, H.I. Black, P.J. Burgess, C.D. Evans, T.A. Quine, H.G. Orr. 2013. The 
role of ecosystems and their management in regulating climate, and soil, water and air 
quality. – Journal of Applied Ecology, 50(4), 812–829.

Stoyanova, N. 2012. Ecological research on natural regeneration of Picea abies (L.) Karst. in 
Northern Rila. – Forest Science, 1/2, 83–99.

Švajda, J. 2008. Climate change and timber line in the European mountains – current knowl-
edge and perspectives. – Oecologia Montana, 17, 30–33.

[TEEB] The Economics of Ecosystems and Biodiversity. 2009. TEEB for National and In-
ternational Policy Makers. Summary: Responding to the Value of Nature. Geneva: The 
United Nations Environment Programme.

[TEEB] The Economics of Ecosystems and Biodiversity. 2010a. The Economics of Ecosys-
tems and Biodiversity: Ecological and Economic Foundations. London and Washing-
ton, DC: Earthscan.

[TEEB] The Economics of Ecosystems and Biodiversity. 2010b. Mainstreaming the Eco-
nomics of Nature: A Synthesis of the Approach, Conclusions and Recommendations of 
TEEB. Geneva: TEEB.



68    Maria Glushkovet et al.  /  Silva Balcanica 21(1): 47–68 (2020)

Trumper, K., M. Bertzky, B. Dickson, G. van der Heijden, M. Jenkins, P. Manning, P. 2009. 
The natural fix? The role of ecosystems in climate mitigation. A UNEP rapid response 
assessment. UNEPWCMC, Cambridge. http://www.grida.no

Turner, K., M. Schaafsma, M. Elliott, D. Burdon, J. Atkins, T. Jickells, P. Tett, L. Mee, S. van 
Leeuwen, S. Barnard, T. Luisetti, L. Paltriguera, G. Palmieri, J. Andrews, J. 2014. UK Na-
tional Ecosystem Assessment Follow-on. Work Package Report 4: Coastal and Marine 
Ecosystem Services: Principles and Practice, UNEPWCMC, LWEC, UK.

Turner, R.K., M. Schaafsma. (Eds.). 2015. Coastal zones ecosystem services: from science 
to values and decision making. Springer Ecological Economic Series, Springer, Swit-
zerland.

van Kooten, G.C., A.J. Eagle, J. Manley, T. Smolak. 2004. How Costly are Carbon Offsets? A 
Meta-analysis of Carbon Forest Sinks. – Environmental Science & Policy, 7, 239–251.

Vassallo, P., C. Paoli, A. Rovere, M. Montefalcone, C. Morri, C.N. Bianchi. 2013. The value 
of the seagrass Posidonia oceanica : A natural capital assessment. – Marine pollution 
bulletin, 75(1-2), 157-167.

Villa, F., K. Bagstad, G. Johnson, B. Voigt. 2011. Scientific instruments for climate change 
adaptation: estimating and optimizing the efficiency of ecosystem service provision. – 
Agricultural and Resource Economics, 11(1), 83–98.

Villa, F., K.J. Bagstad, B. Voigt, G.W. Johnson, R. Portela, M. Honzak, D. Batker. 2014. A 
methodology for adaptable and robust ecosystem services assessment. – PloS One 9(3), 
e91001.

von Haaren, C., C. Albert. 2011. Integrating ecosystem services and environmental plan-
ning: limitations and synergies. – IInternational Journal of Biodiversity Science, Eco-
system Services & Management, 7, 150–167. 

Wallace, K.J. 2007. Classification of ecosystem services: problems and solutions. Biological 
Conservation, 139(3), 235–46.

Wallace, K.J. 2008. Ecosystem services: Multiple classifications or confusion? Biological 
Conservation, 141(2), 353–54.

Westman, W. 1977. How Much Are Nature’s Survices Worth? International Journal of Biodi-
versity Science, Ecosystem Services & Management Science, 197(4307), 960–964. 

Wieser, G., M. Tausz. 2007. Trees at their Upper Limit: Treelife Limitation at the Alpine 
Timberline. Springer. 

Wilson, M.A., S.R. Carpenter. 1999. Economic valuation of freshwater ecosystem services in 
the United States: 1971–1997. – Ecological applications, 9 (3), 772–783.

Wilson, M.A., R.B. Howarth. 2002. Discourse-based valuation of ecosystem services: estab-
lishing fair outcomes through group deliberation. – Ecological economics, 41(3), 431-
443.

Wunder S. 2015. Revisiting the concept of payments for environmental services. – Ecologi-
cal Economics 117, 234–43.


