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Abstract:  The updated Slovak National Biodiversity Strategy to 2020 is a key document in 
the field of biodiversity protection, and assessment together with mapping of 
the value of different ecosystem services is one of its most important objectives. This 
study applies the first non-monetary assessment and pilot mapping of 
agroecosystem services in the Slovak Republic at seven model sites located in 
the main climatic areas and estimates the agroecosystem services potential of 
Slovakia as a rural country with a transformed multi-criteria approach used at 
national level. It suggests that the distribution of the value of agroecosystem services 
is geographically different probably due to climatic conditions, slope and soil texture. 
Our assessment provides a suitable basis for further investigation of agroecosystem 
services and contributes to optimizing sustainable land use management in Slovakia. 
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Abstrakt: Aktualizovaná národná stratégia pre biodiverzitu Slovenska do roku 2020 je 

kľúčovým dokumentom v oblasti ochrany biodiverzity, pričom vyhodnocovanie 
a mapovanie hodnoty rôznych ekosystémových služieb je jedným z jej 
najdôležitejších cieľov. Táto štúdia aplikuje prvé nepeňažné hodnotenie a pilotné 
mapovanie agroekosystémových služieb v Slovenskej republike, ktoré bolo 
testované na siedmich modelových lokalitách nachádzajúcich sa v hlavných 
klimatických oblastiach; použitý multikriteriálny prístup bol na národnej úrovni 
transformovaný na odhad potenciálu agroekosystémových služieb pre Slovensko 
ako vidiecku krajinu. Táto štúdia naznačuje, že rozdielne hodnoty 
agroekosystémových služieb sú geograficky odlišné pravdepodobne z dôvodu 
rôznych klimatických podmienok, sklonu a textúry pôdy. Naše hodnotenie poskytuje 
vhodný základ pre ďalšie skúmanie agroekosystémových služieb a prispieva 
k optimalizácii trvalo udržateľného manažmentu využívania pôdy na Slovensku.  

Kľúčové slová: ekosystémové služby, agroekosystémové služby, vyhodnocovanie, mapovanie 

 

 

1. Introduction 

The European Union´s Biodiversity Strategy to 2020 is aimed at stopping or reversing the loss 
of biodiversity and the degradation of ecosystem services as well as building a resource-
efficient and green economy towards reduction of global biodiversity loss. Especially the EU 
initiative Biodiversity for Life pays attention to the strong linkages between ecosystems and 
livelihoods with a strong focus on sustainable management of natural resources, ecosystem 
conservation for food security and sustainable rural development, and ecosystem-based 
solutions towards a green economy.  

Agricultural ecosystems, covering between 28% and 37% of the global land area (Plieninger et 
al., 2012), are necessary for supplying goods and services to human society (MEA, 2005). 
The main ecosystems in Europe are considered forest and woodland (41% of the territory), 
cropland (25% of the territory), and grassland (19% of the territory) (Eurostat, LUCAS 2012 
survey). Agricultural land covers almost half of the EU´s area, of which approximately 2/3 is 
used for arable crops, almost 1/3 for permanent grassland and meadows, and the rest for 
permanent crops (EC, 2015). Achieving good levels of agricultural productivity in biodiverse 
systems will be important in the economic development of rural areas (Bullock et al., 2006). 
Agriculture is an important factor forming the European rural countryside and influencing its 
ecosystem services of green infrastructure (Kurz, 2018; Kušar, 2019), and agricultural 
production is necessary for human well-being. In an effort to reach the Biodiversity Strategy 
2020 targets, the EU needs fertile soil, clean water and a healthy level of biodiversity, 
agroecosystems not excluded.  
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Agricultural management practices can have a substantial positive impact on the conservation 
of the EU´s wild flora and fauna. The inclusion of landscape elements in arable land 
ecosystems, according to the methodological guideline of the Ministry of Industry and Trade of 
the Slovak Republic (Methodical guideline of the Ministry of Industry and Trade No. 1304/2010-
630), is an important act to increase the biodiversity of agroecosystems of arable soils. In spite 
of the fact that the value of agriculture is enormous (Power, 2010), and ecosystem services 
have been paid attention in the recent time, there are only few studies on the biodiversity of 
agroecosystems and its impact on crop yields (Garbach et al., 2014). Therefore, decision 
makers and planners at national, regional and local level can benefit from the knowledge about 
the value of agroecosystem services on the managed territories.  

More than 40% of the territory of the Slovak Republic are forests, 49.16% is agricultural land, 
1.93% water bodies, and non-agricultural and non-forest land is 9.8%. Over 23% (1,142,151 ha) 
of the territory are protected areas, including protection zones, but only 16% of species and 
29% of habitats are in a favorable conservation status, and the other biotopes are either in 
an unfavorable or unknown status. In December 2013, the Ministry of Environment of 
the Slovak Republic updated the National Biodiversity Strategy to 2020, where 2 of 9 priorities 
are directly focused on preservation and enhancement of ecosystems and their services, and 
on an agricultural policy favorable to biodiversity in all agriculturally utilized areas. 
The assessment of ecosystems and their services is essential to align state policies with 
biodiversity conservation objectives and to make decisions on efficient use of natural resources 
and support the development of society´s well-being. The Slovak National Biodiversity Strategy 
aims to assess and map ecosystem services in general, and in particular, the ecosystem 
services provided by agriculture land, which creates a substantial part of the Slovak territory. At 
the same time, countryside has a great socio-economic value and contributes to fulfilling 
the objectives of the Slovak Rural Development Program (SNBS, 2013). So far, Slovakia has 
not had suitable tools for detailed modeling and assessment of agroecosystem services at 
national or regional level. The assessment of ecosystem services is best developed for forestry 
and nature conservation areas (Mederly et al., 2019). Following the national assessment and 
mapping initiatives in the EU and Slovakia, the aim of this study is to make a non-monetary 
assessment and create a pilot map of agroecosystem services in the Slovak Republic at seven 
model sites located in the main climatic areas and estimate the agroecosystem services 
potential of Slovakia as a rural country by a transformed multi-criteria approach used at national 
level. 

In the following parts of the paper we will give a theoretical background of ecosystem services 
and their valuation (Section 2), explain the methods used and describe the studied locations 
and data sources (Section 3), discuss our findings (Section 4), and at last, we will make 
concluding remarks (Section 5). 
 

2. Theoretical background 

Ecosystem services (provisioning, regulating and cultural) are basically determined by 
the interaction between ecological and social systems, because only the ecosystem processes 
contributing to the satisfaction of human needs can be defined as ecosystem services (Birkhofer 
et al., 2015). Service-providing ecosystems are referred to as natural capital (Constanza and 
Daly, 1992). On the basis of this, natural capital could be perceived as the linkage between 
the economy and ecological dimensions. In a sustainable perspective, natural capital has to be 
related to other forms of capital, such as production capital, human capital and social or cultural 
capital. Explicit quantification and mapping of ecosystem services is also considered to be one 
of the main requirements to implement the concept of ecosystem services into institutional 
decision-making. One of the basic production factors is land and the research of agroecosystem 
services helps to understand the sustainable use of land.  

A transparent and explicit assessment of ecosystem services and their benefits is important 
in the process of democratic decision-making (Constanza et al., 2017). Often, the studies focus 
on landscape and land use, mapping and modeling of the changes of specific ecosystem 
services or their combination, either as a single case study (Schirpke et al., 2013; Bürgi et al., 
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2014) or as development at a single point in time (Lamarque et al., 2011; Grêt-Regamey et al., 
2014; Crouzat et al., 2015). The models and their map presentations should reflect biophysical 
factors on the one hand, but on the other hand, they should be applicable in decision-making of 
administrative units (Burkhard et al., 2013). 

Most of the spatially explicit policy support systems are now web-based (ARIES, InVEST), 
however, their methodological approaches significantly vary. Availability of data as well as 
mapping of distribution are a critical factor that determines which decision support systems are 
suitable for data scarce regions (Pandeya et al., 2016). Despite the consensus around 
the general merit of accounting for ecosystem services, a systematic guidance on what and how 
to measure is lacking (Olander et al., 2018). Assessment and mapping of ecosystem services 
should contribute to the overall picture of the societal value of nature (Costanza et al., 2014). 

The rural society and the regional economy benefit from agricultural land when production fulfills 
a demand. These benefits can be quantified by their monetary or non-monetary value. Despite 
some efforts to estimate the value by monetary methods, most policy support systems use non-
monetary valuation approaches (Pandeya et al., 2016). Different ecosystem services need 
different approaches to their assessment (Vačkár et al., 2013). Agro-ecosystem services can be 
valued by the contingent valuation method, the hedonic valuation method and the travel cost 
method. The value of ecosystem services depends on both the capacity of the land to deliver 
services and on the socio-economic context (Termorshuizen et al., 2009; Burkhard et al., 2012), 
as well as on the needs and preferences of stakeholders that are affected by these services 
(Hein et al., 2006). The agricultural sector is often a producer and a beneficiary of 
the provisioning services and the regulating and supporting services that enable agricultural 
production through nutrient cycling and pollination (Zhang et al., 2007). In the case of cultural 
ecosystem services, it is mainly the local community and tourism industry who benefits, rather 
than the landscape managers themselves (Zanten et al., 2014). For these reasons, agricultural 
policy became landscape policy, which defines multifunctional agriculture as a provider of many 
ecosystem services (Krammer & Rohrmoser, 2012). 

Monetary valuation of ecosystem services is based on quantification of the importance of 
ecosystems towards human well-being in connection with economic prosperity. European 
countries should assess the monetary value of ecosystem services and implement them into 
accounting and reporting systems at EU and national level (Maes et al., 2011). Many studies 
directly sum up all the monetary ecosystem services value to obtain the total value despite 
the fact that one ecological process can support more than one ecosystem services (as co-
products), which results in double accounting, but cannot be considered a proper method to 
value the supporting services, such as biodiversity and climate regulation (Yang et al., 2018). 
Monetary methods are not sufficient to measure the full scope of the benefits people can have 
from ecosystem services (Costanza et al., 2017). Non-monetary valuation methods are suitable 
for elimination/reduction of market failures and are increasingly being used to assess the value 
of various ecosystem services (Randall, 2007). 

To understand the ecosystems values, such as provisioning services, regulating services, 
landscape beauty, and cultural heritage, we need a robust non-monetary valuation method 
which can address specific contexts at local level. Non-monetary valuation expresses an explicit 
distinction from the valuation methods as it designates the importance of natural capital and 
ecosystem services, expressed by people towards nature (Gomez-Sal et al., 2003; de Groot et 
al., 2010; Chan et al., 2012). Non-monetary assessment can be used at different levels of 
ecosystem management, planning and decision making. It investigates the values of 
ecosystems through a wide range of quantitative and qualitative measures other than money 
(Chan et al., 2012), because not every ecosystem service can be assessed in measurable 
units. A more comprehensive approach to the valuation of agroecosystem services is provided 
by expert methods based on a combination of ecological benefits and costs of revitalization of 
the relevant habitats, for example the Hessen method, the Biotope Valuation Method (BVM) 
(Seják et al., 2003) and the Energy-Water-Vegetation method (Seják et al., 2010). However, 
they are not always suitable for the assessment and evaluation of agroecosystems of arable 
land and intensively used grassland due to lack of input parameters in existing databases for 
agroecosystems. Another way is to use qualitative assessment in combination with a choice 
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model to rank and value the most important functions of the current agroecosystems (Faccioni 
et al., 2019). For many ecosystems, the actual ecosystem service performance can only be 
estimated by using modeled and averaged values and datasets. Data availability and 
complexity is the limiting factor for the quality and content of produced indicators.  

Economic evaluation of ecosystem services in Slovakia is relatively underdeveloped. There 
have been several activities in this area, for example, the evaluation of ecosystem services in 
Slovak national parks was researched by Füzyová et al. (2009), Getzner (2010), Považan 
(2011), Švajda & Fenichel (2011), Považan (2013), the evaluation of production capacity of soils 
by Džatko (2002), or water by Bujnovský et al. (2011). Yet, a comprehensive monetary 
assessment of ecosystem services is still absent, not to mention the research gap across all 
fields of non-monetary assessment of ecosystem services despite the indisputable advantages 
of this type of assessement. 
 

3. Material and method 

3.1 Method of assessment and mapping of agroecosystem service potential 

For the design of agroecosystem services assessment, we chose a non-monetary model whose 
modification was tested at model locations with respect to the possibilities of databases and 
input parameters. The assessment methods of agroecosystem services are described in detail 
in a study by Makovníková et al. (2018). The potential of individual ecosystem services is 
assessed on the basis of natural environment parameters and land use factors. Some authors 
use biophysical, spatially quantified data for this purpose (Seják et al., 2010; Alam et al., 2016). 
In our assessment, we used the results and maps of the potential of agroecosystem services, 
with ecosystem functions as a basis (Makovníková et al., 2017). We took an agro-eco principle 
(Girardina, Colmara in Girardin et al., 1999), whose aim is to describe and characterize 
the relationship between agriculture and the environment by indicators that determine 
ecosystem processes and functions. We assessed individual indicators of agroecosystem 
services with an expert scoring system, which is a frequent assessment tool of complex natural 
systems (MEA, 2005; Lovell et al., 2010; Frélichová, Fanta, 2015). The assessment matrix was 
created from combinations of agro-ecological indicators (inclination of the relief, climatic units, 
soil texture and land type) according to the proposed assessment system as follows:  

1. Climatic region (categories: moderately cold, moderately warm, warm and very warm 
(Kizeková et al., 2018), 

2. Slope topography (categories: 0 – 2º, 2.1º – 5 º, 5.1º – 12º and more than 12º),  

3. Soil texture (categories: soil particles<0.01 mm less than 20%, 20–45%, more than 45%) and  

4. Land use (arable land, grassland). 

By combining these agro-ecological indicators, we divided the agroecosystem layer into 
100 different subcategories which allowed us to assess this particular ecosystem more 
accurately; each of the subcategories is a combination of the agro-ecological indicators 
mentioned. In other words, we divided the total layer of agricultural land on the basis of possible 
combinations of the above mentioned agro-ecological indicators into 100 subcategories and 
each of these subcategories has its ecosystem service value based on the evaluated soil 
parameters. 

Within the Corine Land Cover (CLC, database 2012 year) layer, which is the primary input into 
ecosystem services assessment models, the agroecosystem is divided into arable land and 
grassland (Maes, 2018), which does not allow to make an explicit spatial assessment of 
the potential of their agroecosystem services. For the purposes of ecosystem assessment in 
the Czech Republic, for example, a consolidated layer of ecosystems has been created, which 
distinguishes artificial (anthropogenically affected) surfaces and natural habitat types (Vačkár et 
al., 2013). Agroecosystems of arable land, however, represent only one separate category, so 
all ecosystem services of arable land in the country are evaluated equally, regardless of their 
location, biophysical conditions, and management.  
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The input database of non-monetary assessment was the result of expert scoring evaluation of 
the potential of individual agroecosystem services which was rated within categories from 
1 (very low potential) to 5 (very high potential) (described in detail in the study Makovníková et 
al., 2018). The assessments are designed to aggregate values for the two main groups of 
agroecosystem services, namely provisioning and regulating services, ranging from 0 to 100 of 
non-monetary units. 0 means the minimum and 100 the maximum level of a given group of 
agro-ecosystem services of the assessed ecosystem. In the group of regulating services (with 
the same overall maximum value as the provisioning services group), four services are 
evaluated, namely water regime regulation, soil erosion regulation, soil pollution regulation 
(immobilization of hazardous substances) and climate regulation (carbon accumulation in soil). 
Individual regulating services are evaluated on the basis of input indicators (Makovníková et al., 
2019) in five categories (very low potential 1 to very high potential 5), each category having 
a value of 5 non-monetary units, and the maximum value of a single regulating service is 
25 units. For the cultural services group, i.e. summer recreational activities, winter recreational 
activities and year-round recreational activities (for which agroecosystems also have a potential 
to perform, but their real use is lower for agricultural land; Burkhard et al., 2009), we used non-
monetary valuation according to their potential proposed by Makovníková et al. (2016) – with 
the range of 10 to 50 units (very low potential 1 to very high potential 5, each category having 
a value of 10 non-monetary units). Thus, the maximum total value of agroecosystem services 
can reach 250 non-monetary units. The assessment system was verified on pilot sites located in 
different soil-ecological regions of Slovakia (Scheme 1).  

Non-monetary pilot assessment of the land capacity for the provision of agro-ecosystem 
services was carried out on the basis of three main input indicators (three groups of agro-
ecosystem services) and four supplementary indicators (agro-ecological indicators – slope of 
the relief, climatic units, soil texture and land type), which made it possible to create 
the capacity value map of the agroecosystem services of the landscape. To obtain assessment 
results and mappings which can be compared spatially among each other, all indicators 
produced were aggregated into a 100m x 100m grid for consistency. The values defined 
represent the most suitable indicator characteristics derived from the used data. 

The resulting values were converted into spatial units of 100 x100 m with a uniform scale of 0–
250, where 0 represents the lowest value of the country´s capacity to provide agroecosystem 
services, and 250 theoretically the highest possible value of the capacity. By creating these 
spatial units, we achieved an interconnection of natural units with administrative units (NUTS), 
which is a new approach within Slovakia. We used ESRI´s software package ArcGIS for 
Desktop Advanced version 10.3. The designed units are compatible with the spatial units 
(arable land, grassland) in the international database (Corine Land Cover), which carries 
information on the use of land. We calculated a weighted average of the non-monetary value of 
each agroecosystem service within each mapping unit for the territory of the Slovak Republic. 
The resulting capacity of the country is not expressed in biophysical or monetary values, but in 
a relative non-monetary value. Minimum and maximum values can be replaced by specific 
biophysical units or monetary values based on specialized research or value (benefit) transfer 
method from known valuation studies of a given ecosystem service (Mederly et al., 2019).  
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Scheme 1. Categories of potential of agroecosystem services with non-monetary assessment.  

 

Agroecosystem services potential                                    non-monetary units                     

 

 

 

 

 

 

 

 
 

Agroecosystem 
services (AES)

Potential of provisioning 
AES

very low 0 - 20

low 21 - 40

medium 41 - 60

high 61 - 80

very high 81 - 100

Potential of regulating AES

Potential of water 
regime regulation

very low 0 - 5

low 6 - 10

medium 11 - 15

high 16 - 20

very high 21 - 25

Potential of soil erosion 
regulation

very low 26 - 30

low 31 - 35

medium 36 - 40

high 41- 45

very high 46 - 50

Potential of soil 
pollution regulation

very low 51 - 55

low 56 - 60

medium 61 - 65

high 66 - 70

very high 71 - 75

Potential of climate 
regulation

very low 76 - 80

low 81 - 85

medium 86 - 90

high 91 - 95

very high 96 - 100

Potential of cultural AES

very low 0 -10

low 11 - 20

medium 21 - 30

high 31 - 40

very high 41 - 50
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3.2 Study sites 

For the analysis of non-monetary agroecosystem services valuation, our model study sites are 
located in the main climatic areas (Džatko, 2002, Kizeková et al., 2018) of Slovakia (Figure 1).  
Localities Stráňany (ST), Zeleneč (ZE) and Závod (ZA) are in the very warm climatic area, 
locality Medovarce (ME) is in the warm climatic area, localities Čoltovo (CO) and Tajov (TA) are 
in the moderately climatic area and locality Vikartovce (VI) is in the cold climatic area of 
Slovakia. Soil quality at model sites varies and decreases in this order: ZE (Chernozem) > ST 
(Fluvisol) > ME (Fluvisol) > CO (Cambisol) > ZA (Regosol) >TA (Cambisol) >VI (Rendzina). 
Each site was analyzed for two types of land – arable land with annual plants and permanent 
grassland, and a model of agroecosystem services was constructed for each site. The model 
localities are located in various climatic areas and represent the main soil ecosystems of 
the Slovak Republic. We tested the proposed methodology for non-monetary assessment of 
agroecosystem services at model localities, and subsequently we used this methodology for 
the first non-monetary assessment of agroecosystem services in Slovakia, with databases for 
the Slovak Republic.  
 

 

Fig 1. Study sites located in main climatic areas. 

 

3.3 Study area 

Slovakia is a land-locked country in Central Europe between latitudes 47° and 49°N and 
longitudes 15° and 21°E. The official statement of the Ministry of Agriculture and Rural 
Development of Slovak Republic is that Slovakia is considered a rural country; the only 
exception is the Bratislava metropolitan region. 
 

3.4 Data sources 

Two main data sources were used for non-monetary valuation and mapping – primary (spatial 
information on the soil bodies – Digital Soil Map of Slovakia and Land Parcel Identification 
System LPIS) and secondary geo-referenced data (data of relevant soil properties – 
the Geochemical Atlas of Soils of Slovakia and Soil Monitoring of Slovakia). Climatic regions 
were evaluated on the basis of the soil quality information system code (BPEJ), in 4 categories: 
very warm (BPEJ code 00, 01, 02), warm (BPEJ code 03, 04, 05), moderately war, (BPEJ code 
06, 07, 08) and cold climatic region (BPEJ code 09, 10). We did not use the CLC database as 
the underlying layer. However, the LPIS data are compatible with the CLC data and therefore 
the results can also be used to assess the category of arable land and grassland in the CLC 
ecosystem database.   
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4. Results and discussion 

The analysis of the individual categories of services is most appropriate through a comparison 
of their potential to fulfill these services (Mahbubul et al., 2016). The categories of provisioning, 
cultural and regulating agroecosystem services potential at model locations are shown in 
Figures 2 and 3. Tajov and Vikartovce locations have a low provisioning service potential due to 
the cold climate, higher altitude (TA – 647 m a.s.l., VI – 945 m a.s.l.) as well as lower soil quality 
(higher skeleton content and lower humus quality). Čoltovo and Závod locations belong to 
the category with a medium potential of provisioning services. The category with a high potential 
of provisioning services is represented by arable land ecosystem in the locations of Medovarce 
and Stráňany. Location Zeleneč, Chernozem, with an optimal texture and a high content of 
high-quality humus, represents the category with a very high provisioning potential.  
 

  
 
Fig 2. Potential categories of provisioning and cultural agro-ecosystem services at model sites (arable land and 

grassland). Localities: ST – Stráňany, ZE – Zeleneč, ZA – Závod (ZA), ME – Medovarce, CO – Čoltovo, TA – 
Tajov, VI –Vikartovce. Categories of potential: 1 – very low, 2 – low, 3 – medium, 4 – high, 5 – very high 

 

   

Fig 3. Categories of potential regulating agroecosystem services at model sites (arable land and grassland). 
Localities: ST – Stráňany, ZE – Zeleneč, ZA – Závod (ZA), ME – Medovarce, CO – Čoltovo, TA – Tajov, VI –
Vikartovce. Categories of potential: 1 – very low, 2 – low, 3 – medium, 4 – high, 5 – very high 

 
Non-monetary assessment of agroecosystem services at model locations are illustrated in 
Figure 4 as a value of groups of agroecosystem services in non-monetary units. 
The agroecosystem services potential value of arable land and grassland sites located in 
different soil-ecological regions of Slovakia differ in all groups of services. The most significant 
differences are in provisioning and regulating services. At arable land, the non-monetary value 
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of provisioning services is in contrast to the value of cultural services. Tajov and Vikartovce 
sites with a low value of production potential are better used for recreational purposes, which 
can help prevent degradation and loss of agricultural land. According to our results, the studied 
locations Stráňany, Medovarce and Zeleneč have higher values of provisioning services 
compared to the values of cultural services (outdoor recreation). Therefore, their provisioning 
services have first order priority with the exception of Medovarce location. This study site 
belongs to the polluted areas (by inorganic contamination) and therefore the soil is not able to 
fulfill its hygienic function. The site can be used for growing energy crops and it is more suitable 
as grassland or for production of energy crops. The comparison of the total value of 
agroecosystem services on locations with the same soil-ecological conditions but with different 
management (arable land vs. grassland) shows a higher value of agroecosystem services on 
arable land; only two locations (Zeleneč and Tajov) have a higher total value of grassland 
ecosystems and a higher value of regulating services (Figure 3). When assessing 
the agroecosystem in the context of CLC ecosystem categories, arable land has a higher 
capacity for the provision of production services and from a low to a very low potential in terms 
of the provision of regulating and cultural ecosystem services (Mederly et al., 2019).  
 

 

Fig 4. The value of groups of agroecosystem services at model locations in non-monetary units. Localities: ST – 
Stráňany, ZE – Zeleneč , ZA – Závod (ZA), ME – Medovarce, CO – Čoltovo, TA – Tajov, VI –Vikartovce, AL – 
arable land, GL – grassland 

 

The pilot non-monetary assessment of the country´s capacity to provide agro-ecosystem 
services is shown in Figure 5. The average value of the sum of three groups of agroecosystem 
services (provisioning, regulating and cultural group) is 144.12 of non-monetary units in 
Slovakia (with a total area of 1,760,424 ha of arable land and 444,547 ha of grassland; with 
a minimum value of 80 and a maximum value of 194 units). The average value of provisioning 
agroecosystem services is 59.49 units. This value is higher for arable land (67.20 units) 
compared to grassland (36.68 units) and is determined by climatic conditions (temperature and 
precipitation), soil quality, morphological and socio-economic factors. The high values are 
obtained for ecosystems of arable land with high quality (mainly Chernozems) located in 
the Danube basin. Strongly skeletal soils of low quality located at higher altitudes in colder 
areas, mainly used as grassland, have low agroecosystem service values. Based on correlation 
analysis, the value of the provisioning service is significantly affected by climate, and slope 
(Table 1). Vilček (2014) reports high values of the ability of agricultural lands to perform 
environmental functions, which are the basis for fulfilling ecosystem services, on the Danubian 
lowland, and the lowest values in the Košice basin (another method of assessment of 
the territory of Slovakia has not been available yet). 
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Fig 5. Non-monetary valuation of agroecosystem services (AES) in Slovakia. 

 

The spatial mapping allows us to determine agroecosystem services values in relation to socio-
economic indicators, which are regions as territorial statistical units (NUTS 3). Figure 6 shows 
the average non-monetary values of agroecosystem services in all 8 NUTS 3 regions in 
Slovakia, where the highest average values belong to the provisioning services of the Nitra and 
Trnava NUTS regions. 

 

Fig 6. Non-monetary valuation of agroecosystem services in NUTS 3 regions of Slovakia (average value of AES).   

 

The value of grassland ecosystem regulating services in Slovakia (62.74 units) is higher than 
that of arable land ecosystems (50.78 units). The total value of the four groups of regulating 
services of agroecosystems is 53.79 of non-monetary units. The value of the potential of 
regulating ecosystem services is characterized by natural capital stocks and flows of ecosystem 
services (Constanza, 2008). The overall value of the regulating services in Slovakia is 
significantly influenced by arable land ecosystems, which occupy a significantly larger area than 
grassland. Agroecosystems with a high value of water regulation potential are mainly on arable 
land (Chernozems, Fluvisols and Phaeozems on carbonateous fluvial sediments) located in 
the Danube lowland or in the Danube basin (Nitra region, Trnava region), or in the floodplains of 
middle and lower rivers. The main part of arable land is located on flatter lands where there is 
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less risk of water erosion and soil drainage. In agroecosystems, vegetation is primarily 
responsible for regulating soil drainage. The main factors directly affecting erosion control are 
those that jeopardize the integrity of the vegetation cover.  

High carbonate arable soil ecosystems developed on loess located on the Danube (Nitra region, 
Trnava region) and East Slovakian lowlands (Košice region) without anthropogenic and 
geochemical deposition also have a high value of soil purification potential (immobilization of 
inorganic pollutants) due to optimal soil (Makovníková, 2001; Donisa et al., 2003; Borůvka and 
Drábek, 2004; Makovníková et al., 2007; Makovníková and Barančíková, 2009). The areas with 
a low value of water regime regulation potential mainly consist of permanent grassland 
ecosystems developed on shallow and heavily skeletal soils of the most common types of 
Cambisols, Rendzic, Leptosols rendzina and Phaeozems on non-carbonaceous fluvial 
sediments. The main indicator of the potential climate control service is organic carbon content 
of the soil (Forouzangohar et al., 2014). Grassland agroecosystems have a higher ability to 
sequester organic carbon in soil than arable ecosystems (Barančíková et al., 2018), and thus 
their climate control value, which contributes to overall regulating services, is higher in 
comparison with arable land ecosystems. 

The values of cultural agroecosystem services in Slovakia range from 10 to 50 units, with 
an average value for arable land of 33.15 non-monetary units (with a maximum value of 40), 
grassland 24 units (with a maximum value of 50 non-monetary units) and soils and grasslands 
30.84 non-monetary units. The value of agroecosystems for the provision of recreational 
services depends on several factors. It is influenced by the uniqueness of the site, its 
accessibility as well as the surrounding infrastructure (Maes et al., 2012). Many farmers analyze 
the possibilities of using agricultural land not only for production but also for agro-tourism and 
ecotourism (Parente and Bovolenta, 2012), which may represent an additional source of 
income, especially for agroecosystems with a lower production service potential. According to 
several authors (Burkhard et al., 2009; Joyce and Sutton, 2009; Maes et al., 2011), within 
the overall assessment of ecosystems (forest, aquatic ecosystem etc.), agroecosystems values 
range predominantly from very low to low potential for natural recreation. In the case of arable 
land ecosystem, the value of the potential for natural recreation in the assessment of 
a particular region may be lower compared to the value of the grassland potential (Makovníková 
et al., 2016). Grassland agroecosystems in Slovakia are located closer to NATURA 2000 
protected areas, in areas with a higher slope and a higher altitude than arable land ecosystems. 
The value of the potential for recreation is increasing in areas with cooler climates, which has 
increased the value of this group of arable land services due to their higher area coverage even 
in colder areas compared to grassland. These results are consistent with the status of soil, its 
properties, processes and functions in the concept of agroecosystem services (Burkhard et al., 
2009; Bujnovský et al., 2011; Makovníková et al., 2017).  

As shown in Figure 5, the distribution of the value of agroecosystem services is geographically 
different. The climatic conditions, slope or soil texture and land use affected either positively or 
negatively the value of non-monetary ecosystem services (Table 1). According to Burkhard et 
al. (2014) and Frélichová and Fanta (2015), the climate has an important impact on 
the distribution of the agroecosystem services potential, thus on the distribution of the non-
monetary values of agroecosystem services, as well. 

According to Yang et al. (2019), all the provisioning and regulating services were determined by 
common geographic conditions, climate and human activities. Our results also show that 
the major factor influencing the distribution of non-monetary values of agroecosystem services 
is climate (Table 1). Climate also affects the management possibilities and land use. 
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Tab 1. Spearman correlations coefficients.  

Agricultural land Non-monetary value 

 Provisioning 
services 

Regulating 
services 

Cultural 
services 

Agroecosystem 
services 

Climatic region -0.76*** 0.53*** 0.39* -0.33* 

Soil texture 0.22ns -0.10ns 0.35* 0.27ns 

Slope -0.49** -0.10ns -0.10ns -0.40** 

Arable land Non-monetary value 

 Provisioning 
services 

Regulating 
services 

Cultural 
services 

Agroecosystem 
services 

Climatic region -0.82*** 0.40** -0.56*** -0.55*** 

Soil texture -0.25ns -0.15ns 0.27ns 0.19ns 

Slope -0.47** -0.10ns -0.16ns -0.41** 

Permanent grassland Non-monetary value 

 Provisioning 
services 

Regulating 
services 

Cultural 
services 

Agroecosystem 
services 

Climatic region -0.75*** 0.64*** -0.19ns -0.10ns 

Soil texture 0.10ns 0.10ns 0.45** 0.34* 

Slope -0.55*** -0.05ns 0.15ns -0.41** 

Significance labels: *** p<0.001, ** p<0.01, * p<0.05, ns- non significant 

 

Identifying the areas with a low and high value of ecosystem services is crucial for land use 
management (Hamann et al., 2015, Pandeya et al., 2016). In Slovakia, there are low non-
monetary values of provisioning services mainly in the Žilina and Prešov regions (areas with 
a cold to moderately warm climate, higher slopes and a higher percentage of clay particles in 
soil texture) (Table 1, Figure 5, 6). A warm, dry lowland region has a higher value of 
provisioning services (Nitra, Bratislava and Trnava region) as well as cultural services than 
moderately warm and cold regions. Moderately warm and cold climatic regions have high 
shares of high value of regulating services. Synergies within regulating services and trade-offs 
between service provision and regulation are cited by several authors (Wang et al., 2015; 
Makovníková et al., 2018; Yang et al., 2019). 

In Slovakia, regulating services values were higher in moderately warm and cold climatic 
regions. These findings are consistent with Bommarco et al. (2013) and Barančíková et al. 
(2018), where regulating service values were also higher in colder climatic areas due to 
ecosystems of grassland with a high carbon content and thus a high value of climate regulation 
(Yang et al., 2019). Grassland agroecosystems also have a high value of soil erosion control 
caused by water erosion. Soil biomass is involved in the control of soil removal, which reduces 
the kinetic energy of the incident raindrops, thereby reducing their effect on soil particles on 
the surface and preventing the formation of a poorly permeable soil layer. Above-ground 
biomass captures large amounts of water on its surface, reducing the rate of surface runoff and 
contributing to its reduction. Agroecosystems perform climate regulation ecosystem service only 
in case they increase the amount of captured carbon in organic matter from year to year.  
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Fig 7. The value of agroecosystem services in non-monetary units in different climate regions of Slovakia. 

 

5. Conclusion 

We have focused on assessment and mapping of the value of different agroecosystem services 
as one of the most important objectives of the updated National Biodiversity Strategy to 2020, 
which is a key document in the field of biodiversity protection in the Slovak Republic. Non-
monetary assessment and mapping of agroecosystem services in the Slovak Republic allows 
us to combine the analysis of land use and the differences in the values of a particular group of 
agroecosystem services in different areas of Slovakia. The total value of ecosystem services of 
agricultural land in Slovakia is 309 910*107 non-monetary units (the value of ecosystem 
services of arable land is 235 394*107 and the value of grassland is 74 516*107). The highest 
average value of agroecosystem services is in the Trnava region and the lowest in the Žilina 
region. This study suggests that the distribution of the value of agroecosystem services is 
geographically different probably due to climatic conditions, slope and soil texture. Provisioning 
services as well as cultural services have higher values in the warm, dry lowland regions than in 
moderately warm and cold regions. These findings could be used in sustainable agriculture land 
use management of rural areas in Slovakia. The methodology used can be tested and 
developed also in other geographical areas as a non-monetary assessment tool within 
agroecosystem services to provide policy-makers with relevant supporting information about 
overall progress towards the targets defined for international, national and regional 
sustainable/biodiversity strategies. 

Our non-monetary valuation of agroecosystem services is based on a spatial grid scheme which 
is replicable and could be applied by stakeholders and citizens with proficient skills in 
geographical information systems. The designed mapping system can be linked to socio-
economic indicators at district level. For the pilot valuation of agroecosystem services in 
Slovakia, we have chosen non-monetary units that represent "relational values of nature" 
(Stálhammar, 2019). These values can be replaced by specific biophysical units or monetary 
values based on specialized research or the value (benefit) transfer method from known 
valuation studies of ecosystem services (Frélichová et al., 2014; Menderly et al., 2019). All 
indicators of our valuation have been aggregated into a 100m x 100m grid for consistency, 
which enables to compile agroecosystem values at local, regional and national level. This 
detailed view also provides information about the potential of agroecosystem services in 
a particular territory, which can be of benefit for different stakeholders and offer an alternative 
perspective of managing the country more sustainably. The obtained values represent the most 
suitable indicator characteristics derived from the data used. One of the benefits of this 
approach is also the possibility to monitor the dynamics of the value of natural capital 
and thereby manage its optimal use, and to deal with trade-offs and synergy effects in 
the benefit of sustainable development. Implementing the value of ecosystem services of 
natural capital into public decision-making will allow effective assessment, monitoring and 
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utilization of this natural source in the context of economic, human and cultural capital of 
individual regions. 

Our assessment combines several dimensions (ecological, economic, and cultural) and can 
help to use the natural capital of the region in spatial planning more efficiently, and integrate 
the perception of stakeholders in decision-making processes and thereby contribute to 
optimizing sustainable land use management. For example, on highly fertile soils, no industrial 
or other construction should be planned. The production of agricultural crops should respect 
more the potential of agroecosystem services in a given area rather than the subsidy schemes. 
Our results of mapping the agroecosystem services can also be of use for the Ministry of 
Agriculture and Rural Development of the Slovak Republic, as one of its priorities is to grow 
agricultural crops on a smaller scale and in a more diverse structure than at present. This 
should be investigated more in-depth in the future. For the future, this study also suggests that 
a combination of monetary and non-monetary assessment methods is needed to provide 
a comprehensive picture of the value and sustainable outcomes of agroecosystem services 
(Kenter, 2016). In Slovakia, further research in agroecosystem services will require regular 
collection and availability of data. 
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