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Abstract 
The economic valuation of climate-regulation ecosystem services (CRES) provided by forest ecosystems in a protected 
area (PA) case-study of Western Rhodopes were analyzed and mapped. Assessment and mapping of the current 
condition of forest ecosystems have been done and analysis of their potential to provide CRES has been performed by 
processing the available data from Forest Management Plans and Natura 2000 sites Standart Data Forms, and by 
applying modern GIS-based methods and models. Results show that middle to young-aged forest ecosystems deliver 
higher value of the CRES, whereas aged forests and shrubland ecosystems have higher capacity to store and 
sequestrate carbon. The elaboration of the maps was based on available spatial information for forest stands by: type 
of forest, total biomass stock and average age. The mapping of the economic valuation of ES can significantly 
contribute to the integration of PAs in the regional development and support the decision-makers in their planning 
activities. 

Keywords: Forest ecosystems, Ecosystem services, Assessment, Mapping, Economic valuation 

INTRODUCTION  

Assessment and mapping of ecosystems and their services is an important activity that can effectively contribute to 
understanding how ecosystems support human well-being and furthermore to promote the sustainable use of natural 
resources (Burkhard and Maes 2017). Nowadays, the understanding of the concept of ecosystem services (ES) and the 
number of studies suggesting the link between biodiversity and the supply of ecosystem services are constantly 
increasing (e.g. Ingram et al. 2012, Cordingley et al. 2015, Seppelt et al. 2016), and several global, regional and national 
initiatives have been set up (Schröter et al. 2016). The adoption of the concept by European decision-making bodies 
(Bouwma et al. 2018), including at the strategic level as illustrated by the 2020 EU Biodiversity Strategy (European 
Commission 2011) and following the modern approaches for environmental management which highlight ES 
importance (e.g. de Groot 1992, Daily 1997, Costanza et al. 1997) will contribute to the conservation and restoration of 
Europe’s biodiversity, recognised as one of the major benefits to the society and economy. 

The methods for mapping and assessing ecosystem services principally involve measuring and accounting the spatial 
variation of the economic value of ecosystem services and structuring this information to support decision-making and 
the design of policy instruments. According to the cascade model of Potschin and Haines-Young (2011) the economic 
methods operate on the right side of the ecosystem services model to quantify the benefits to humans. Therefore any 
economic valuation mapping or assessment fundamentally relies on biophysical data and methods to quantify the 
capacity of ecosystems to supply ecosystem services (Burkhard and Maes 2017). Despite the multiple challenges 
involved in conservation efforts,  the use of economic valuation of ecosystem services as a tool to ensure that economic 
benefits provided by protected areas (PAs) are properly considered in decision-making process in such a way to 
guarantee their ecological heterogeneity (Troy and Wilson 2006, Paletto et al. 2015). This could favour to bringing the 
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spatial dimension of economic valuation as a tool to ensure that economic benefits provided by protected areas are 
properly considered in the decision-making and help in the integration of PAs in the regional development planning and 
practice. 

The objective of this work is to present an approach for mapping the economic valuation of recognised as important 
climate regulation ES provided by PAs. The approach was tested by “carbon storage” in a case study of NATURA 2000 
site “Yadenitsa”, Western Rhodopes Mt. and could be applied in mapping and assessment of forest ecosystems and their 
services at a national scale. The recognition and demonstration of the valuation of ecosystem services from the Natura 
2000 network can significantly influence stakeholders’ attitudes and help in the integration of the network in the 
regional development planning, considering the supply of climate regulation by forest ecosystems as integrity. 

MATERIALS AND METHODS 

Study area 

The case-study area is a part of  Natura 2000 site “BG0001386 Yadenitsa”, designated for conservation of the natural 
habitats and wild flora and fauna (Fig. 1). It is an important biocorridor between Rila National Park and Western 
Rhodopes and habitat of great significance for reproduction and migration of bears. The forests territories are almost 
untouched by human activities, dominated by spruce (Picea abies Karst.) and Austrian pine (Pinus sylvestris L.), 
distributed in the range 550-1850 m a.s.l., predominantly (94.3%) in the alpine and less (5.7%) in the continental 
biogeographical regions (NATURA 2000 Standard Data Form).  

The site “Yadenitsa” is located in South Central region of Bulgaria in the temperate climatic zone and Trace forest 
region, sub-zone of the Western Rhodopes (Sabev & Stanev 1963). The average annual precipitation in the region is 
630.5 mm with peaks from May to July, and the mean annual temperature is 7.2 °C. A specific feature of the regional 
climate is the period of increasing temperatures, which starts from early October to mid-November (Sabev & Stanev 
1963). The total area of the site is 17 016.2 ha, and the study area covers about 56.7% (9 642.6 ha), on the territory of 
Velingrad Municipality.  

 

Figure 1. Case-study area in Western Rhodopes Mountain 

Data collection and processing 

The data from Forest Management Plans (FMPs) of State Forestry Enterprise “Alabak” and Training Experimental 
Forestry Enterprise “Georgi Avramov” - Yundola were used for characterization and for assessment of the condition 
of forest ecosystems and ecosystem services they provide (FMP Alabak, 2018; FMP “G. Avramov - Yundola, 2009). 
The assessment of the condition of forest ecosystems and ES are based on the “Methodology for assessment and 
mapping of the condition of forests and forest ecosystems and ecosystem services in Bulgaria” (Kostov et al., 2018), 
which indicates in detail and step by step the collection and identification of basic data presenting a set of informative 
indicators with their respective parameters (real and measurable). 
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The ecosystem service “Mitigation and regulation of the impacts of climate change” belongs to the CICES Class 
“Regulation of chemical composition of atmosphere” (CICES, 2017) and further used as “climate regulation 
ecosystem service – CRES” was analysed. The indicator used for the analyses was the carbon storage in forest 
ecosystems. The service was calculated as a sum of the total carbon stored in different compartments of forest 
ecosystems - aboveground and belowground biomass, forest floor and forest soils. The total carbon in biomass was 
calculated using the following formula (IPPC, 2006):  

CBM = ∑{Ai • Vi • BCEFSi • (1 + Ri ) • CFi }  (1) 

where: 
CBM - total carbon in biomass; 
A - area of forests, ha; 
V - merchantable growing stock volume, m3 ha-1; 
i - type of forest (i = 1 to n); 
R - ratio of belowground biomass to aboveground biomass, ton dry mass (d.m.) belowground biomass 

(tones d.m. aboveground biomass)-1; 
CF - carbon fraction of dry matter, tones C (tones d.m.)-1; 
BCEFS - biomass conversion and expansion factor for expansion of merchantable growing stock volume to 

aboveground biomass, ton aboveground biomass (m3 growing stock volume)-1. 
 

The data for the merchantable growing stock volume and the area of forests were extracted from FMPs. 
For the values of  R, CF and BCEFS the data and reference tables from IPCC Guidelines for National Greenhouse 
Gas Inventories were used (IPCC, 2006), as follows: R coniferous - 0.29, R deciduous - 0.23; CF coniferous - 0.48 t 
d.m.-1, CF deciduous - 0.51 t d.m.-1, BCEFS coniferous - 0.7 m3 growing stock volume-1, BCEFS deciduous 0.8 m3 
growing stock volume-1.  

For the calculation of the total carbon in forest floor were used the relevant data from IPCC Good Practice Guidance 
for LULUCF (IPCC, 2003). The average carbon stock for "warm, moderately moist climates" is 20.3 t C ha-1 for 
coniferous forests and 28.2 t C ha-1 for deciduous forests. The total carbon in forest soils was determined according 
to the relevant data from Bulgaria’s National Inventory Report 2019 – Submission under the UNFCCC and Kyoto 
Protocol (MOEW, 2019). The reference carbon stock in forest soils is 78.26 t C ha-1 (0-40 cm). The total carbon 
absorbed by the forests in studied area was calculated as the sum of the carbon, absorbed by the components of 
forest ecosystems, using the formula (IPCC, 2003): 

С = СBM + СFF + СS  (2) 

where: 
С - total carbon; 
СBM - total carbon in the forest biomass; 
СFF - total carbon in the forest floor; 
СS - total carbon in the forest soils. 

The capacity of the forests to utilize CO2 was calculated in tons of carbon dioxide equivalent (eqCO2, t) by converting 
the data for total carbon. The atomic mass of the carbon is approximately 12, and the atomic mass of the oxygen is 
approximately 16, hence one ton of carbon equals to (12+2.16) / 12 = 3.67 t CO2. The value of the CO2 sequestration 
and storage in the forests in studied area per hectare and for one year (CO2YV) was calculated according to the 
following formula:  

CO2YV = (eqCO2 • V / H ) /A  (3) 

   
where: 
С - total carbon sequestration and storage in the forests; 
H - average age of the trees; 
V - price of 1 tone emissions (the reference market price of carbon dioxide emissions for the period from 01.01.2019 
to 31.12.2019 is 8.93 EUR / ton CO2 emissions (the reference market price of carbon dioxide emissions for the period 
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from 01.01.2019 to 31.12.2019 is 8.93 EUR / ton CO2 (item 12 of Decision C (2012) 4560 of 06.07.2012 of the 
European Commission, Order No E-RD-16-436 of 02.08.2018 of the Minister of Energy); 
A - total area of the forests.   
 
The average age of the forests was calculated using the formula: 

Η = ∑{Hi • Ai}/A  (4) 

 
where: 
H - average age of the forest; 
A - area of the forests; 
i - parcel (i = 1 to n). 

Mapping procedure 

The methods applied for mapping and assessing ecosystem’s state for Yadenitsa follow the Methodology for assessment 
and mapping of woodland and forests ecosystems’ condition and their services in Bulgaria (Kostov et al., 2017). The 
generated maps are set in UTM coordinate system WGS84, zone 35N by using ESRI ArcGIS software. Forest data was 
retrieved from the available Forest Management Plans and transferred into uniform database for further analysis. The 
afforested territories (completeness ranging from 1-10) of FMP Alabak and FMP “G. Avramov - Yundola, have been 
considered. We applied the Methodology to assess several indicators by the information provided on parameters and in 
combination with expert-based assessment.  

The mapping prosedure comprised 2-tier approach in order to provide flexibility and completeness of the overall 
assessment. Tier 1 represents assessment based on biophysical indicators. A score from 1 to 5 was assigned to each 
indicator (such as Plant diversity, Animal diversity, Habitat diversity, Soil heterogeneity, Geomorphological 
heterogeneity, Matter storage) in regards to the data for the specific parameter per subunit (smallest mapping unit). Tier 
2 consists of GIS analysis and application of spatial analysis tools. The territories occupied by forests on subunit level 
outline polygons that have been related spatially to the corresponding score 1-5. The latter was applied to map the 
ecosystem state and to map the economic value of the ES.The ES considered in the analysis and the economic 
evaluation is “Global climate regulation by reduction of greenhouse gas concentrations”. According to CICES the 
indicator for this ecosystem service is the total carbon sequestration and storage in the forest ecosystems that was 
calculated for forests of different age classes. 

RESULTS AND DISCUSSION 

Each habitat type in the site “Yadenitsa” has been attributed to one of the following ecosystem types: grasslands, 
woodland and forests, heathland and shrub and sparsely vegetated land, in order to assign each habitat type to the 
relevant MAES level 2 ecosystem types (Table 1).  

Table 1. Typology of ecosystems and correspondence of the habitat types with the MAES ecosystem categories and 
types (Level 1 and Level 2); asterisk (*) indicates habitat types of conservation priority in Europe 

 
MAES categories 

 
Natura 2000 Habitat types’ codes 

Major ecosystem 
category (Level 1) 

Ecosystem type 
(Level 2) 

 
Terrestrial 

 
Grasslands 

 
62D0, 6520 

 
Woodland and forest 

9110, 9130, 9170, 9180*, 91AA*, 91BA, 
91CA, 91DO*, 91EO*, 91MO, 91WO, 
91ZO, 9410, 9530* 

 
Heathland and shrub 

 
5130 

 
Sparsely vegetated land 

 
8220 
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According to Corrine Land Cover (CLC, 2018) the forests in the study area are 7507.45 ha. With the largest area was 
recognized CLC class 312 Coniferous forest – 3123.66 ha, followed by CLC class 311 Broad-leaved forest – 2779.22 
ha and CLC class 313 Mixed forest – 1604.57 ha (Fig.2A). 

The analysis of the data from FMPs showed that about 74% of the forests are with seed origin, predominantly natural. 
The forests with recreational functions predominate (4818.28 ha). Catchment areas also cover a significant part of the 
survey area (1594.96 ha), while the forests for timber production and with environment-forming functions cover a 
total area of 1188.72 ha). The average age of the forests in the case-study area is 80 years. About 50% of them are 
aged between 40 and 100 years and about 30% are older than 100 years. The largest area is occupied by forests, 
dominated by Pinus sylvestris (2463.02 ha), Quercus petraea (2047.40 ha), Abies alba (1362.03 ha), Picea abies 
(1194.63 ha), and Fagus sylvatica (919.41 ha). Pinus nigra, Carpinus orientalis, Quercus frainetto, Quercus cerris, 
Robinia pseudoacacia and Carpinus betulus cover relatively small areas.  

 

Figure 2. Land-cover characteristics of the forests in the study area 

The total merchantable growing stock volume per tree species in the study area is presented in Figure 3. Highest 
growing stock was obtained for Abies alba Mill. (29.0%) followed by Pinus sylvestris L. (28.6%), Picea abies H. 
Karst. (17.8%) and Fagus sylvatica L. forests (11.7%). The growing stock of other tree species, distributed in the 
study area does not exceed 10% of the total. 

 

Figure 3. Total growing stock in the study area 

The analysis of the results from the assessment of the condition of forest ecosystems in the case-study revealed that 
84.35% of them are classified as ecosystems with moderate condition (score 3) (Fig. 3). With bad condition (score 2) 
are characterized 12.03% of forest ecosystems and only 1% are in the category with “very good” condition (score 5). 
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Figure 3. Map of the condition of forest ecosystems in the case study 

The total carbon in the forest soils in the case-study of “Yadenitsa” PA is 662 220.40 t with highest values obtained for 
forest ecosystems over 100 years of age and the lowest for the I-st age class (0-20 years) in both Yundola and Alabak 
(Table 2). The total carbon in the forest floor is estimated at 200 163.20 t or 35.08% for forest >100 years old, followed 
by these from 81 to 100 years old (26.28%) and the lowest amount for the youngest 0-20 years old forests (2.55%). The 
similar is the distribution among different age classes for carbon storage in biomass with 45.80% for century old forests, 
followed by forest in V-th age class (81-100 years) – 22.66% (Fig. 4). The total carbon stored in forest biomass is 
calculated at 723 461.70 t.  

Table 2. Carbon storage in forest ecosystems in “Yadenitsa” case-study area 

 
Yundola 

 
Age  

classes 

 
Biomass, 

t C 

 
Forest 
floor, 

t C 

 
Soil, 
t C 

 
Total, 

t C 

 
EqCO2, 

t 

 
Carbon 
storage, 

t/ha 

 
Value, 
EUR  

year-1 ha-1 
0-20 563.47 554.19 2136.50 3254.16 11942.77 124.05 244.94 
21-40 11331.49 3632.01 13992.89 28956.39 106269.90 162.62 165.30 
41-60 22655.21 3840.00 14642.45 41137.66 150975.20 216.74 131.02 
61-80 26582.53 3449.91 13092.90 43125.33 158270.00 251.55 107.54 
81-100 84454.05 8889.37 34270.05 127613.50 468341.50 274.06 94.45 
>100 125782.10 16552.62 63813.20 206147.90 756563.00 240.45 62.87 

 
Alabak 

 
Age  

classes 

 
Biomass, 

t C 

 
Forest 
floor, 

t C 

 
Soil, 
t C 

 
Total, 

t C 

 
EqCO2, 

t 

 
Carbon 
storage, 

t/ha 

 
Value, 
EUR  

year-1 ha-1 
0-20 2466.82 4546.77 15558.09 22571.68 82838.05 114.56 248.05 
21-40 35048.23 17613.45 60870.63 113532.30 416663.60 159.58 147.11 
41-60 76238.82 22144.52 75262.64 173646.00 637280.80 189.52 123.73 
61-80 53291.41 21562.74 64760.15 139614.30 512384.50 186.43 82.68 
81-100 79478.73 43711.34 125709.00 316776.10 1162568.00 167.81 31.33 
>100 205568.80 53666.27 178111.90 437700.10 1605063.00 198.36 54.86 
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Figure 4. Distribution of carbon storage in biomass of forest ecosystems by age classes (A-Yundola, B-Alabak) 

 

The total carbon stock in forest ecosystems in the case-study is 1 654 075.00 t or 190.45 t/ha. The forests older than 100 
years sink 38.93%, followed by the forests, aged between 80 and 100 years – 26.87%. The youngest forests store the 
lowest quantity of carbon – 1.56%. Such distribution of carbon stock corresponds well to the total areas occupied by 
each of the forest age classes in the case-study area. The similar trend was also established for the capacity of forests to 
absorb carbon dioxide, assessed via carbon dioxide equivalent. The total amount for carbon dioxide equivalent 
calculated for forest ecosystems in the study area is 6 069 160.00 t or 699.01 t/ha.  

 
Figure 5. Spatial quantification (A) and economic valuation (B) of Carbon Storage in “Yadenitsa” 

 

The value of the total carbon sequestration and storage in the forest ecosystems in the study area, belonging to the 
CICES Class “Global climate regulation by reduction of greenhouse gas concentrations” is 124.49 EUR year-1 ha-1. The 
highest values was calculated for young forests (0-20 years) and the lowest for century old forests (>100 years). 

The carbon storage mapping procedure in the case study “Yadenitsa” was realized by assigning the carbon storage 
estimations to each polygon of forest ecosystems in GIS database (Fig. 5). After clustering the results and analysing 
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data distribution, all estimates have been grouped in defined intervals, which ensures the most appropriate statistical 
distribution for this particular case. The map shows that in predominant part of the forest ecosystems the level of 
carbon storage ranges between 200-250 which corresponds to age classes of forests above 80 years and have the 
lowest economic values. Results show that middle to young-aged forest ecosystems deliver higher value of the 
specific ecosystem service (125-245 € per ha per year ), whereas aged forests and shrubland ecosystems have higher 
capacity to store and sequestrate carbon (over 250 tons per ha). 

CONCLUSION 

The demand for monetary estimates of the economic value of ecosystem services (ES) is increasing in many countries 
in Europe following the expected future integration of ES approach in decision making process and for natural capital 
accounting. The assessment and mapping of ES is an important activity and can significantly contribute to better 
understanding of the importance of ecosystems to human well-being and to promote the sustainable use of natural 
resources. The analysis of the results from the assessment of the condition of forest ecosystems in the case-study 
revealed that the largest part of them is characterized with moderate condition. 
The highest content of total carbon in the forest soils and forest floor in the case-study of “Yadenitsa”  protected area 
was obtained for forest ecosystems over 100 years of age. The similar was established for carbon storage in biomass. 
The forests older than 100 years sink about 40% of carbon, followed by the forests aged between 80 and 100 years and 
have the lowest economic values. Results show that middle to young-aged forest ecosystems deliver higher value of the 
specific “climate regulation ecosystem service – CRES”, whereas aged forests and shrubland ecosystems have higher 
capacity to store and sequestrate carbon. The mapping of the economic valuation of ES in the case study “Yadenitsa” 
can significantly contribute to the integration of PAs network in the regional development and directly support the 
decision-makers in their planning activities. 
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