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Abstract
Protected areas (PAs) are widely recognized for their potential to protect biodiversity and to secure ecosystem services
(ES). We selected a system of informative indicators for assessment of ecosystem condition, related to biodiversity
dynamics, landscape fragmentation, and habitat loss, considering their particular sensitivity to global change and the
importance of specific services they provide. The analysis of the potential of the forest ecosystems in the case-study area
was done by processing the available data from the Management Plan of NP Pirin and the data for Natura 2000 sites,
by applying modern GIS-based methods and models. The prioritization of ES provided by forests in NP Pirin has been
conducted based on expert assessment and questionnaires. The elaboration of ES maps allows the proper
understandings of the impacts of mountain forest ecosystems on human welfare and support decision-makers for
sustainable management of these services.
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INTRODUCTION
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 biodiversity" and encompass a high species
diversity, diversity of ecosystem types and a remarkable diversity of economic activities, which provide a wide range of
ecosystem services (ES) and benefits to the society (Körner and Ohsawa, 2005). Their exceptional role in supplying a
vast variety of provisioning, regulating and cultural ES at the European level and globally has been acknowledged in the
recent years (Maes et al., 2011; Grêt-Regamey et al., 2012), regardless mountain ecosystems are highly sensitive and
vulnerable to climate change (Beniston, 2003; Löffler et al., 2011).
Key Biodiversity Areas and protected areas provide value to humanity not only for the biodiversity they contain, 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 (Neugarten et al., 2018). Quantifying and mapping
these benefits is an important tool and could help decision makers to justify the importance of these sites for
conservation, to attract new sources of funding and manage the sites more effectively.
Pirin Mt. is a significant element of the natural capital and society with vast territories within protected areas (PAs),
regarded as important for maintaining species and habitat diversity, as well as protecting specific landscapes. For many
years PAs have been recognized as successful management tool to achieve the long term conservation of nature with
associated ecosystem services and cultural values’ and able to effectively contribute to improving the quality of life of
residents. Despite providing an unprecedented abundance of ES, mountain protected areas still remain among the
poorest documented ecosystems. The implementation of ES approach for assessment and mapping of mountain forest
ecosystems and ecosystem services they provide could help to properly understand the large-scale view of the unique
‘multifunctionality’ of mountain PAs and could help managers and decision-makers to identify stakeholder preferences
for sustainable management of these services.
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In this paper we present the results from spatial analysis and mapping based on qualitative biophysical assessment of
forest ecosystems and their services in high-mountain territories in National Park Pirin.

MATERIALS AND METHODS
Case study area
National Park “Pirin” encompasses the larger part of Pirin Mt. in southwestern Bulgaria, spanning an area of 40 332.4
ha (Order No. RD - 395 of 15 October 1999 of the Ministry of Environment and Water). In 1983 NP “Pirin” was
included in the list of the Convention on the Protection of World Heritage by UNESCO, confirming the exceptional
value of the nature in the park.
NP Pirin is characterised with specific alpine territories, rich biodiversity, with many endemic and relict plant and
animal species. On the territory of the park a total of 1341 species and intraspecific taxa have been identified, which
represents about 32.6% of the flora of Bulgaria (MP, 2004). Forests cover around 57.3% of the total area of the park,
from which 95% coniferous and 5% deciduous forests. The largest area is doinated by dwarf mountain pine (Pinus
mugo Turra), followed by Norway spruce (Picea abies Karst.), European beech (Fagus sylvatica L.) and Bosnian pine
(Pinus heldreichii Crist.). In the zone between the upper tree-line and timberline, mostly situated between 1900 and
2250 m a.s.l., are distributed two subendemic tree species, Macedonian pine (Pinus peuce Gris.) on silicate sites and
Bosnian pine (Pinus heldreichii Crist.) on carbonate rock.
The proper identification of ecosystems types requires the use of reliable typology. The MAES typology is organized
in two main levels and its structure enables applying CORINE Land Cover (CLC) data for spatial delineation and is
also adjusted with the European Nature Information System (EUNIS) habitat classification types. The main classes of
the typology proposed by MAES were used for the differentiation, assessment and mapping of the condition of
mountain ecosystems and the services they provide in NP “Pirin” (Maes, 2013). The ecosystem types in high
mountain territories in NP “Pirin” at Level 2 are determined as follows: Urban, Grassland, Woodland and forest,
Heathland and shrubs, Sparsely vegetated land, Rivers and lakes. The case study area covers high mountain forest
ecosystems (Fig.1).

Figure 1. Ecosystem types in the case study area – National Park “Pirin”
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Data collection and processing
The data from Management Plan of “Pirin” National Park (MP, 2014) were used for characterization and biophysical
assessment of the condition of forest ecosystems. The informative indicators to quantify the condition of an ecosystem
were chosen, based on the “Methodology for assessment and mapping of woodland and forest ecosystems condition
and their services in Bulgaria” (Kostov et al., 2017). The indicators have to be able to provide useful information to
policy makers and the wider public on the current state and changes in the conditions of the environment. The set of
selected indicators include the main five indicator groups: biotic diversity, abiotic heterogeneity, energy budget,
matter budget, water budget. Each of them contains particular number of individual indicators with specified
parameters.
The condition of the ecosystems was assigned with scores from 1 (bad condition) to 5 (very good condition),
depending on the measured/assessed values of every indicator (by expert evaluation for each specific polygon). In
order to collate all separate indicator scores into one single measure of ecosystem structural-functional condition, the
Index of Performance (IP) for a particular ecosystem was used. The IP was calculated as the ratio of the sum of the
indicator scores to the maximum possible indicator sum:
IP = Sni/Sni(max)

(1)

where:
Sni – sum of the scores, assigned to every indicator;
Sni – sum of the maximum possible indicator (score 5) for every indicator.
The IP takes values between 0 and 1, according to the following scale: IP = 0.00 ÷ 0.20 – very bad condition; IP =
0.21 ÷ 0.40 – bad condition; IP = 0.41 ÷ 0.60 – moderate condition; IP = 0.61 ÷ 0.8 – good condition; IP = 0.81 ÷ 1.00
– very good condition.
The importance of various variables underlying the ecosystem services in mountainous protected areas (PAs) were
assessed based on perception evaluation of scientists and local stakeholders by questionnaire and further prioritisation.
The relevant ES delivered by NP “Pirin” were selected. After the selection, the appropriate for assessment and mapping
ecosystem services were determined, based on: readily available information for each of them; opportunity to measure
this service; ability to collect data (availability of information, accessibility, completeness and appropriate format of
information).

Mapping procedure
The assessment and mapping procedure rely on the integration of two consecutive approaches. The Methodology for
assessment and mapping of woodland and forests ecosystems’ condition and their services in Bulgaria (Kostov et al.,
2017) provides detailed description of the assessment of the forest ecosystem’s condition. After finalizing scoring of the
proposed set of biophysical parameters - indicators, geospatial analysis is applied in order to develop maps of the
provision of ES. The application of GIS methos is advantaging, therefore we used ESRI ArcGIS software and the
working environment in UTM WGS84, zone 35N for the final step. GIS ensures the application of analysis tools set to
perform overlay analysis and to optimize and manipulate the results of the assessment. The next step was to spatially
link the datasets to the forest subunits, delineated by polygons. The final map represents the condition of forest
ecosystems in NP “Pirin” in a uniform vizualization.

RESULTS AND DISCUSSION
The distribution of the afforested area in the case study by tree species showed that 36.81% are occupied by Pinus
mugo, followed by Pinus peuce (35.2%) and Pinus sylvestris (10.1%). This distribution well corresponds to the
distribution of afforested area on the whole territory of NP “Pirin”. The analysis of the data revealed that 11 177.8 ha
(69.3%) is the area of forests growing on medium-rich habitats, followed by those on poor habitats – 4081.3 ha
(25.3%). On rich habitats an area of 564.0 ha (3.5%) covered by high-mountain forests are located. The forests in the
case study have a relatively high mean age, as 88.0% are above 80 years old, most of them are above 100 years old
and those above 120 years old are 31.3%. The oldest are Pinus heldreichii and the youngest are Pinus sylvestris
forests. The average growing stock is 232.47 m3/ha.
Three main subtypes of forest ecosystems at Level 3 have been identified in the case study area (Table 1): G 1 (High
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deciduous forests, G 3 (Coniferous forests) and G 4 (Mixed deciduous and coniferous woodland). To the level 4 are
attached 6 subtypes of forest ecosystems, corresponding to respective Natura 2000 habitat types’ code. Heatland and
shrub ecosystems are presented by 1 subtype F 2 (Arctic, alpine and subalpine) corresponding to habitat type 4070*,
which is of conservation priority in Europe. The most widely distributed in the case study are the ecosystem subtypes
F 2.4 (Conifer scrub close to the tree limit) and G 3.6 (Subalpine Mediterranean pine woodland), followed by G 3.4
(Scots pine woodland south of the taiga).
Table 1. Typology of ecosystems and correspondence of the habitat types with the MAES ecosystem categories and
types (Level 2, 3 and 4); (*) indicates habitat types of conservation priority in Europe
Level 2
Woodland and forest

Heatland and shrub

Level 3

Level 4

High deciduous forests - G 1

G 1.6.

Coniferous - G 3

(G 3.1+G 3.4+G 3.5+G 3.6)

Mixed deciduous and coniferous
woodland - G 4

G 4.6.

Arctic, alpine and subalpine – F 2

F 2.4.

Natura 2000
Habitat types’ codes
9110, 9130
91BA, 91CA, 9410,
95AO, 9530*

4070*

The analysis of the results from the biophysical assessment of the condition of forest ecosystems in NP “Pirin”
showed that almost all ecosystems are characterised with “good” condition – 94.80%. The proportion of the
ecosystems with “moderate” condition is 4.76% and with “very good” – 0.44% respectively (Fig. 2). The largest part
(80.0%) of the ecosystems with “very good” condition are Pinus peuce forests, most of them located on the territory of
the reserves “Bayuvi Dupki- Dzhindzhiritsa” and “Yulen”.

Figure 2. Mapping of the condition of forest ecosystems in NP Pirin

254

Proceedings Vol. 1, 8th International Conference on Cartography and GIS, 2020, Nessebar, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konečný M., Marinova S.

The ES concept was designed to be included in the decision-makers’ agenda through various tools for environmental
and natural resources management (MEA, 2005) but still more effort is needed for its actual inclusion in natural
resource management and decision-making process (Kienast et al., 2009). It was recognised that this inclusion strongly
depends on institutional capacity and the credibility of generated information (Ruckelshaus et al. 2013) and in order to
inform and support decision making trust needs to be gained to scientific evidence (Rae et al. 2007; Willemen et al.
2015).
The analysis of the result from the perception evaluation of scientists and local stakeholders revealed that the forest
ecosystems in the case study are of a major importance for the provision of Regulating and Maintenance services and
for Cultural services (Table 2). Mountains play an important role in the water cycle, with significant feedback to the
regional climate regulation. They are often called nature’s “water towers” storing water in various ways, including the
formation of snow and ice, which is later released as melt-off during warm seasons. Water storage and modulating
runoff regime or so called “waterholding capacity” of mountain ecosystems reduces peak stream flow. Mountain
vegetation and soils play a significant role in reducing or mitigating risks from natural hazards, e.g. avalanches and
rockfall. Mountain ecosystems play crucial role in protection of fragile mountain slopes from erosion and leaching
processes.
Mountain ecosystems have intrinsic spiritual and religious value, especially for local inhabitants. Species diversity with
many endemic or charismatic animals and plants together with spectacular landscapes are of strong aesthetic value.
Traditional mountain ways of life and the landscape mosaics that have been created result in a strong sense of place and
cultural heritage. Scenic landscapes and clear air make mountains target regions for recreation and tourism – often seen
as an engine for economic development. Mountain populations have high diversity of cultures, incl. languages and
traditional agricultural knowledge that commonly promote sustainable production systems.
From the Provisioning ecosystem services ‘‘genetic resources” are recognised as being of key importance in mountain
ecosystems in protected areas. As sources of all major and many smaller rivers they supply water to human population
and some of the rivers are also used for hydropower production.
Table 2. Ecosystem services, provided by mountain PAs
Ecosystem service
Food and fibre
Timber/fuel/energy
Freshwater
Ornamental resources
Biochemical/natural medicines
Genetic resources
Pollination
Seed dispersal
Pest regulation
Disease regulation
Climate regulation
Air quality regulation
Erosion regulation
Natural hazards regulation
Water flow regulation
Spiritual and religious values
Education and inspiration
Recreation and ecotourism
Cultural heritage
Aesthetic values
Sense of place

Key contribution
Provisioning services
x
x
Regulating and services

x
x
x
x
x
Cultural services
x
x
x
x
x

Some contribution
x
x
x
x
x
x
x
x

x
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Generally, scientists put more emphasis on the biotic and abiotic (system related) ES, whereas stakeholders put more
emphasis on the socio-economic and cultural ES. For example, considering the ES with key contribution in mountain
PAs, the scientist indicated ES such as carbon sequestration, flood mitigation, or erosion control whereas the
stakeholder’s preferences are for leisure activities. The difference in the perception of scientists and stakeholders may
be due to the fact that the scientists pay more attention to the long term processes, while stakeholders give more weight
to issues they deal with in their daily work, such as anthropogenic disturbance or managing tourist numbers (Hein et al.,
2014; Bagstad et al., 2014). The observed differences in views may also be an effect of the more in-depth and
theoretical view of scientists on ecosystems, and the more general and practical view of managers (Fisher and Brown,
2014). Nevertheless the stakeholders’ involvement in decision making on PAs management is of the utmost importance
as success of conservation and management measures relies on their acceptance by local stakeholders (Niedziałkowski
et al. 2018, Sterling et al. 2017)
After the identification of relevant ES we identified a set of 3 ES to which biophysical dimension could be spatially
quantified, based on data availability and readiness of its use for the specific purpose. The set included: Erosion
Regulation (ER), Carbon Sequestration (CS) and Biodiversity as cultural heritage (Biodiversity Heritage - BH) (Table
3).
Table 3. Selected set of ES (classification following CICES)
Selected ES
ES classification following CICES (v5.1)
Section
Section
Regulating

Cultural

Regulation of physical,
chemical, biological
conditions

Direct, in-situ and outdoor
interactions with living
systems that depend on
presence in the
environmental setting

Class (Code)

Specifications
ES Designation

Stabilisation and control of
erosion rates [2.2.1.1]

Erosion
regulation
(ER)

Global climate regulation
by reduction of greenhouse
gas concentrations
[2.3.5.1]

Carbon
sequestration
(CS)

Heritage, cultural [3.1.2.3]

Biodiversity
(as heritage)
(BH)

The methods for quantifying and mapping of each of the selected ecosystem service have to be based on the data
collection and processing and guided by the availability and readiness of its use. For the purpose of our study we
propose for assessment and mapping of ES “Erosion Prevention” the Universal Soil Loss Equation (USLE) to be used,
integrated in a GIS platform. USLE allowed the difference between erosion rates in the current scenario (i.e. erosion
rates given actual land cover type) and erosion rates for a worst-case scenario (considering a cover type with maximum
erosion - bare soil under mobilisation) to be determined as first suggested by Guerra et al. (2014). Our suggestion for
mapping ES “Carbon Sequestration” is to be based on input/output balances in biomass (above and below ground).
Annual emission and retention coefficients for each land-use have to be estimated based on the National Inventory
Report results (MOEW, 2019). Biodiversity (as heritage) can be mapped on the basis on presence (area) of protected
habitats listed under the Annex I of the Council Directive 92/43/EEC (CEC, 1992).

CONCLUSION
The present study provides information on assessment on the condition of high-mountain forest ecosystems in NP
“Pirin” and revealed that the majority of ecosystems are characterized with good condition. The forest ecosystems in the
study site are characterised with relatively large size and could supply multiple ES. Mapping of ecosystem condition
highlights potential hot-spots of ecosystem services supply in the case study area.
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Studied forest ecosystems preserve high biodiversity and have high potential to provide regulating and cultural ES. The
methods for quantifying and mapping were proposed for selected ecosystem service: “Erosion Prevention”, “Carbon
Sequestration” and “Biodiversity as heritage”. Regarding policy- and decision-making support, this study provides one
of the initial steps needed for the kick-off actions of the MAES implementation in protected areas in Bulgaria.
The approach presented in this study for mapping of the selected ES can be further developed for economic valuation of
ES (as proposed by the EU 2020 Biodiversity Strategy) and the elaborated maps can be useful tool to bring the
analytical framework adopted into the practice of PA management.
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