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INTRODUCTION

The concept of ecosystem services (ES) has become an important tool for modelling interactions be-
tween ecosystems and their external environment in terms of global bio-climatic changes. The ecosys-
tem approach is now an essential strategy for integrated land management, water resources and biota 
management, as it is an approach that promotes the conservation and sustainable use of ecosystems 
(Costanza et al. 1997, 2008, Millennium Ecosystem Assessment 2005). ES are inherently determined by 
the mutual interaction between ecological and social systems, because only those ecosystem processes 
and functions that contribute to the fulfilment of human needs are defined as ES (Birkhofer et al. 2015). 
The potential of ES was defined by Burkhard et al. (2014) as the hypothetical maximum yield of selected 
ES that natural capital (ecosystem) can provide. Benefits obtained from nature to people in the form of 
agroecosystem services can be divided into three categories: provisioning, regulating, and cultural ser-
vices (Dominati et al. 2010). The main idea of the concept of ES is to realize the value of natural capital, 
its contribution to society, as well as to understand the connection between natural capital and human 
well-being (Mengist et al. 2020). The quantification and assessment of ES is also one of the driving forces 
of the sustainable development of human activities in the context of natural capital. 
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Abstract
The quantification and assessment of ecosystem services (ES) is also one of the driving forces of the sustainable 
development of human activities in the context of natural capital. The aim of the article is to apply and compare 
three different approaches to the assessment of regulatory ecosystem services on the example of the agrarian land-
scape (model region Krupina) in Slovakia: 1) using a matrix system, 2) assessment based on soil functions and 3) 
assessment of ecosystem services through the multiplicative soil health index. The matrix system only allows for the 
overall assessment of individual ecosystems, the quantification of ES using soil functions, as well as the assessment 
of ES through the Soil Health Index, with good data availability, pro-vide more accurate results at the regional and 
local level. Our results showed that the use of the composite index in the assessment of regulatory services is com-
parable to the assessment of water regime regulation and cleaning potential. Individual models for two regulatory 
services, climate regulation potential and erosion regulation potential, with dominance of only one category, are 
incomparable to the composite soil health index in evaluating regulating services. The results of the assessment of 
ES using the healthy soil index belong to robust models de-scribing the relationship between the potential of reg-
ulating ES and explanatory variables.
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There are currently several suitable methods for assessment the ES, which can be divided into two basic 
groups according to the basic principle of evaluation (Černecký et al. 2020, Makovníková et al. 2022). 
Biophysical methods that use spatial data also include the matrix method for assessing the potential of 
ES (Burkhard et al. 2009, 2014, Černecký et al. 2020). The matrix method for the assessment of ES was 
used in case studies (e.g., Kandziora et al. 2013, Kaiser et al. 2013, Kroll et al. 2012, Nedkov & Burkhard 
2012). Matrix method has the advantage of an open matrix system regarding the level of detail and level 
of assessment of ES (Burkhard et al. 2014). The matrix approach is proving to be one of the appropriate 
approaches in landscape planning and nature protection at the regional and national level (Müller et 
al. 2020), and the matrix system of ES assessment can be a suitable basis for their subsequent valuation 
(Kološta et al. 2023).

Soil as natural capital represents the basis for assessing the potential and consequently for the flow of 
ES (Vačkár et al. 2013). Haines-Young & Potschin (2009) and Maltby (2009) depict ecosystem services 
as mediating between the structures, processes, and functions of ecosystems on the one hand, and the 
benefits they contribute to human well-being on the other. The ES provided by the soil, agroecosystem 
service (soil ecosystem services) is a subset of ES related to the soil, directly and quantifiably controlled, 
or provided by the soil and its chemical, physical and biological properties, processes, and functions. ES 
can be assessed in more detail based on soil functions and indicators that directly or indirectly determine 
soil functions (Bujnovský et al. 2011; Burkhard et al. 2014, Makovníková et al. 2017). 

Soil is sound when it is in good chemical, biological and physical condition and is therefore able to pro-
vide as many of the ES as possible on a continuous basis’s (EU Soil Strategy 2030; EC 2021). Soil health 
has also been defined in the “Soil Deal for Europe” as the soil’s sustainable capacity to support the ES 
(Bonfante et al. 2020). Soil health is the continued ability of the soil to function as a vital living ecosys-
tem that supports plants, animals and people and links agriculture and soil to policy, stakeholder needs 
through sustainable supply chain management. The concept of soil health fulfils an important stakehold-
er need for sustainable development by increasing recognition of the role of soil in modern society and 
creating a workable platform for farmers, land managers, local governments, and policy makers. It is 
possible to assess ES in one numerical value through a multi-composite healthy soil index, which accu-
mulates information on the state of soil health and thus its ability to provide soil functions and ES in the 
optimal range for a particular land use. A soil health index composed from soil indicators must respect 
knowledge about their critical limits (Arshad & Martin 2002, Abbot & Manning 2015). Defining soil 
health indicators and their range of values is critical for monitoring soil health. The reference values for 
each soil health indicator need to be context-specific (climate, soil type, land use (Costanza et al. 2017) 
and should be tracked within the monitoring of soils in each country. 

The aim of the article is to apply and compare three different approaches to the assessment of regulating 
ecosystem services on agricultural used land on the example of a model region. 1) using a matrix system, 
2) assessment based on soil functions, and 3) assessment of ecosystem services through the multiplica-
tive soil health index.

MATERIAL AND METHODS

1. Theoretical and methodological baselines of matrix approach
A fundamental step in implementing a matrix-based assessment of ES is to define an initial matrix, 

which can be based either on an existing matrix from an already published study or on an empty matrix 
to be filled (Campagne & Roche 2018). To evaluate the potential of ES of natural capital, we modified 
and supplemented the matrices of authors Burkhard et al. (2014), Müller et al. (2020), and Černecký et 
al. (2020). In case of the absence of ecosystem values proposed by Müller et al. (2020) ranging from 0 to 
100, we supplemented them by Burkhard et al. (2014) matrix; these values were transferred into a 0–100 
scoring system by simple multiplications. Table 1 represents the resulting modified matrix for the eval-
uation of regulating ES, which can be generally used for the assessment of regulating ES for different 
regions or countries.

Original paper 
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Table 1
Modified matrix for evaluating the potential of regulating ecosystem services

Ecosystem
Capacity scores

1 2 3 4 5 6 7 8 9
Arable land 40 20 20 20 30 30 30 30 30
Grassland 40 70 20 30 90 90 80 80 50
Vineyards 30 30 30 10 30 30 50 90 50
Fruit trees and berries 30 30 30 10 30 30 50 80 50
Agro-forestry areas: fast 
growing woody plants 40 70 20 60 90 90 70 90 40

Explanation: 1 – Local climate regulation, 2 – Global climate regulation, 3 – Air quality regulation, 4 – Water regulation, 5 – 
Erosion regulation, 6 – Nutrient regulation, 7 – Filtration/immobilization of risk elements, 8 – Pollination, 9 – Biodiversity 
protection.

The calculation of the total rating value (CBHES) based on the potential matrix of individual regulating 
ES (according to Vihervaara et al. 2012) for the model regions was:

CBH ES = (∑ BHe.Pe)
where BHe is the index score of the potential of the evaluated service of a particular ecosystem, and Pe 

is an area of a particular ecosystem in model region. 
To determine the monetary value of the potential of individual ecosystem services we used the Value 

transfer method (Frelichová et al. 2014). Frélichová et al. (2014) stated the original value of 36.586 EUR 
per hectare; this value was adjusted for inflation of 3.2% in the Slovak Republic in 2022. The value of 
score 1 was assigned an amount of EUR 40.70 per hectare. Followed this procedure, the values of regulat-
ing ecosystem services of individual ecosystems were subsequently calculated using the matrix of indices 
(Table 1). The assessment of the complex monetary value for the model region was as follows:

CBHM = CBH ES.M
where CBHM = complex monetary value, and M – monetary value of score 1 in EUR

2.  Theoretical and methodological baselines of ecosystem services assessment using soil 
functions indicators 

In terrestrial ecosystems, the majority of ES come precisely from soil functions to a greater or lesser ex-
tent dependent on interactions between organisms, organic and mineral soil fractions (Kibblewhite et al. 
2008). ES can be evaluated using soil functions and indicators that directly or indirectly determine these 
functions (Bujnovský et al. 2011, Burkhard et al. 2014, Makovníková et al. 2017). In agroecosystems, 
regulation of water regime (water storage), control of soil erosion (erosion control), climate regulation 
(carbon reserves in the soil) and filtration of pollutants (cleaning potential) are main regulation services 
(Dominati et al. 2013).

The regulating services 
Potential of regulation of water regime – was based on the value of retention water capacity recalculated 

to soil water storage in context with the soil depth. Values were categorized into five groups: 1 – very low 
potential (<135 mm), 2 – low potential (135–175 mm), 3 – medium potential (175–215 mm), 4 – high 
potential (216–275 mm), 5 – very high potential (>275 mm). 

Potential of regulation of soil erosion, regulation of water erosion – was derived from maps and databases 
based on empirical model of the Universal Soil Loss Equation – USLE (Wischmeier & Smith 1978, Styk 
& Pálka 2005). The relative ratio of the calculated values of soil loss and acceptable erosion expresses the 
degree of soil erosion endangerment (SEOP value). Values were categorized into five categories: 1 – very 
low potential (more than 2.60), 2 – low potential (2.21–2.60), 3 – medium potential (1.81–2.20), 4 – high 
potential (1.40–1.80), 5 – very high potential (less than 1.40).

Cleaning potential (immobilization of soil pollutants) of agricultural land ecosystem depends on the 
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actual soil contamination and potential of sensitive soil sorbents to the sorption of risk elements. Due to 
considerable differences of soil sorbents on arable soils and grassland, as well as differences in the limit 
values of pollutants in the produced biomass, score evaluation was determined separately for different 
cultivation. The method is described in detail in our previous article Makovníková et al. (2007). Values 
were categorized into five categories as follows: 1 – very low potential (more than 6.50 points), 2 – low 
potential (5.51–6.50), 3 – medium potential (4.51–5.50 points), 4 – high potential (3.50–4.50 points), 
5 – very high potential (lower than 3.50 points).

Climate regulation – within agroecosystems, soil organic matter represents the largest share 
of total organic carbon. Agroecosystems contribute to climate regulation by sequestration of  
organic carbon in the soil. Soil organic carbon stock (SOCS) was calculated as a function of soil bulk 
density (BD, g.cm-3) and soil organic matter content (SOC, %) according to the equation (Makovníková 
et al. 2017):

SOCS (depth 0–0.30 m) in t. ha-1 = 10*(BD (0–0.10 m) * SOC (0–10 cm) + BD (0.10–0.20 m) * SOC 
(0.10–0.20 m) + BD (0.20–0.30 m) * SOC (0.20–0.30cm) 

BD – soil bulk density in g.cm-3, SOC – soil organic matter content in %.
The categories are as follows: 1 – very low potential (lower than 58.00 t C.ha-1), 2 – low potential (58.00–

62.00 t C.ha-1), 3 – medium potential (62.01–67.00 t C.ha-1), 4 – high potential (67.01–72.00 t SOC.ha-1) 
5 – very high potential (more than 72.00 t SOC.ha-1).

For a comprehensive assessment and mapping the ES, a regular spatial network was done from a com-
bination of agro-ecological indicators (climatic region, slope topography, land cover, soil texture) in ac-
cordance with the proposed assessment system as follows: 

1. Climatic region (categories: moderately cold, moderately warm, warm, and very warm), 
2. Slope topography (categories: 0–2°, 2.1°–5°,5.1°–12° and more than 12°), 
3. Soil texture (categories: soil particles <0.01 mm less than 20%, 20–45%, more than 45%) and 
4. Land use (arable land, grassland). 
For this study, we used a classification of agro-climatic regions provided by the Information Service of 

the National Agricultural and Food Centre / Soil Science and Conservation Research Institute. For our 
purpose, the original vector layer with 11 categories were merged into 4 categories (climatic regions: 
moderately cold (regions 09,10), moderately warm (regions 06, 07, 08), warm (regions 03, 04, 05), and 
very warm (regions 00, 01, 02).

The method is described in detail in our previous article Makovníková et al. (2022).

3. Theoretical and methodological baselines of ecosystem services assessment using soil health index 
In Slovakia, authors such as Juráni (2005), Bujnovský et al. (2011), Makovníková, Barančíková & Pál-

ka (2007), Barančíková et al. (2011) defined a minimum set of soil indicators necessary for a sufficient 
assessment of individual soil functions, which are considered ES if they provide benefits to people (Ka-
nianska et al. 2016). These indicators can be evaluated for each function and ES separately (as in the 
evaluation of ES based on soil functions), or they can be used as a basis for a complex multiparametric 
Soil Health Index (SHI). SHI was constructed using a minimum data set of physical and chemical soil in-
dicators (direct indicators) in combination with environmental parameters, land use, slope, which have 
a direct or indirect impact on soil health (for example, Makovníková et al. 2007, Kiblewhite et al. 2008, 
Alam et al. 2016, Costanza et al. 2017, Vilček & Koco 2018). The selection of indicators will be based on 
our previous results (Bujnovský et al. 2011, Makovníková et al. 2019, Makovníková et al. 2022) using the 
scoring function “optimum is better” (Lenka et al. 2022).
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Table 2
Indicators and indicators score of Soil Health Index (SHI)

Indicator Value of indicator Score of indicators (SHIi)

Slope 
< 5º 1
≥ 5º 0

Soil bulk density
< 1.5 g.cm-3 1
>1.5 g.cm-3 0

Soil texture (soil particles <0,01 mm)
< 20 % 0

20–45 % 1
>45 % 0

Depth of humus horizon
< 30 cm 0
> 30 cm 1

pH value 

< 4.5 -1
4.51–6.00 0
6.01–7.50 1
7.51–8.00 0.8

> 8.00 0

Total organic carbon content 
<1 % 0
1–5 % 1
> 5 % 2

Quality of organic carbon content (Q4
6)

< 4.5 2
4.5–6.0 1

> 6.0 0
Soil contamination (Cd, Pb, Cu, Zn, Cr, Ni, 
Co, Se, As, Hg) evaluated by hygienic limit for 
Slovakia (MPRV SR 2004)

< hygienic limit value 0

> hygienic limit value -1

Above mentioned soil indicators are included within the soil monitoring system in Slovakia (Kobza et 
al. 2019) according to the recommendation of the European Commission for comprehensive soil mon-
itoring system in Europe (van Camp et al. 2004). All indicators are significant and quantifiable. Each 
indicators value was converted into a scoring system (from – 1 to 2) with respect to the knowledge con-
cerning their critical limits (Table 2) (Bujnovský et al. 2011, Makovníková et al. 2007, Barančíková et al. 
2010). Indicator´s scores were included into a SHI which quantified the potential of soil health in context 
with agroecosystem services. 

Soil Health Index: SHI = ∑ SHIi)
SHI values were categorized into 5 healthy soil classes: 1 – very low index (lower than 1.50 points), 2 

– low index (1.5–3.50 points), 3 – medium index (3.51–5.00 points), 4 – high index (5.01–6.50 points), 
5 – very high index (more than 6.50 points).

4. Study area Krupina
The region Krupina (Figure 1, Table 3), which has been chosen as a study area of our mapping, covers 

the Štiavnica Mts from the northwest, the Krupinská plain from the northeast and the Ipeľ upland from 
the south. 96% of the area is located at the altitude of 600 m above sea level. Most of the area is in very 
warm (58.9%) and moderately warm (36.6%) climatic regions. 
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Table 3
Area representation of ecosystems in Krupina model region 

Ecosystem ha % of the area of ecosystems
Arable land 15 266.6 38.5
Grassland 9 362.1 23,6
Vineyards 73.2 0.2
Fruit trees and berries 30.5 0.1
Fast growing woody plants 163.7 0.4

Figure 1 Ecosystems in Krupina model region

RESULTS AND DISCUSSION

1. Assessment of ecosystem services using a matrix system 
Graph 1 and Figure 2 show the non-monetary point value of the index for individual categories of reg-

ulating ES (local and global climate regulation, air quality regulation, water regulation/flood protection, 
water erosion regulation, nutrient regulation, risk substance regulation, pollination, and biodiversity 
protection) in study area. 
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Graph 1 Non-monetary values of individual regulating ES in Krupina region
Explanation: 1 – Local climate regulation, 2 – Global climate regulation, 3 – Air quality 
regulation, 4 – Water regulation, 5 – Erosion regulation, 6 – Nutrient regulation, 7 – Filtration/
immobilization of risk elements, 8 – Pollination, 9 – Biodiversity protection

Figure 2 Individual regulating ES in Krupina region
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Müller et al. (2020) report lower average values of individual regulatory ecosystem services for all as-
sessed ecosystems (for the northern region of Germany) than Černecký (2020) for Slovakia. The total 
point value of the potential of regulating ES of individual ecosystems makes it possible to link the matrix 
assessment with geospatial units and display the area distribution of point non-monetary values of regu-
lating ES in the Krupina model region (Fig. 3).

 

Figure 3 Mapping using the point value of the potential of regulating ES in 
Krupina region

When using the matrix system, we evaluated the potential of ES (maximum possible capacity). The 
total value of the potential of regulating ES of agricultural land in the Krupina region was 8,436,056 
points in non-monetary units. In monetary units the value of natural capital was EUR 343,347,479 (the 
value of 1 point was EUR 40.7 for the year 2022). Krupina belongs to the regions with a medium value 
of regulatory ES, which is influenced on the one hand by the climatic area and on the other hand by the 
high representation of arable land in this region (Makovníková et al. 2023). Regulating ES to the highest 
extent reflect the multifunctionality of the territory. Multifunctional territories have a positive effect on 
the protection of biodiversity and the overall maintenance of ES, on soil quality, as well as on biomass 
production (Raudsepp-Hearne et al. 2010), thereby increasing the ecological resilience of the territory 
(O’Farrell & Anderson 2010). 

2. Assessment of ecosystem services using indicators of soil functions
The evaluation of ES using soil functions enables the evaluation of agriculturally used lands even with 

the distinction of their use (especially arable land and grassland). The area-wide assessment of the regu-
lating ES of arable land ecosystems and grassland ecosystems is shown in Figures 4 to 7. Other cultures 
are not widely distributed, so we evaluate them together with permanent grasslands.
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Arable land  Grassland
Figure 4 Water accumulation potential in the Krupina region

Arable land  Grassland
Figure 5 Potential for regulation of soil conditions (soil erosion) in the Krupina district

Arable land  Grassland
Figure 6 The potential of the filtering service in the Krupina region
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The potential of the regulating ES of agricultural land is determined by its location in the landscape 
with climatic conditions (temperature and precipitation), and it is a combination of abiotic, biotic, mor-
phological, and socio-economic factors (management of arable land and grassland). Tables 4 and 5 show 
the overall representation of individual categories of the potential of regulating agro-ecosystem services 
in the Krupina model region.

Table 4
Categories of the potential of water regime regulation and potential of erosion regulation in % of total 

area of agricultural land 

Categories

% of total area 
Potential of water regime regulation Potential of erosion regulation

Agricultural 
land Arable land Grassland Agricultural 

land Arable land Grassland

1 13.50 0.41 41.91 0.23 5.44 0.00
2 16.26 15.31 25.40 0.85 10.94 0.00
3 17.49 17.07 13.64 7.68 6.87 0.00
4 11.16 27.14 18.78 4.64 4.91 0.00
5 41.59 40.07 0.27 86.61 71.84 100.00

sum 100 100 100 100 100 100

Arable land  Grassland
Figure 7 The potential of climate regulation in the Krupina region
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Table 5
Categories of cleaning potential (immobilization of pollutants) and potential of climate regulation of 

ecosystem in % of the total agricultural land area 

Categories

% of total area 

Cleaning potential of ecosystem Climate regulation potential of 
ecosystem

Agricultural 
land Arable land Grassland Agricultural 

land Arable land Grassland

1 0.00 0.00 0.00 83.02 95.70 55.23
2 15.90 40.58 0.20 2.12 0.01 1.68
3 77.79 0.17 49.28 8.46 4.29 24.47
4 6.30 19.87 50.52 6.40 0.00 18.41
5 0.00 39.38 0.00 0.00 0.00 0.21

sum 100 100 100 100 100 100

3. Assessments of ecosystem services using soil health index
Area distribution of soil health index categories in the Krupina model region is in Figures 8 and 9 and 

Table 6.

Arable land  Grassland
Figure 8 Categories of healthy soil (arable land, grassland)
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Figure 9 Categories of healthy soil (agricultural land)

In model region 75.30 % of the area of agricultural ecosystems has high potential of SHI (SHI category 
4). They are mostly ecosystems of arable land located in very warm to moderately warm parts of Danube 
hilly and Krupinska planina (plain) with loam to clay loam deep soils without skeleton. The lowest value 
of SHI (categories 1 and 2) is in the northern part of study area and in higher altitudes. Diehl et al. (2013) 
and Frélichová & Fanta (2015) state the climate as one of the important factors affecting the distribution 
of ES.

Table 6
Categories of the SHI in % of total area of agricultural land 

SHI categories
 % of total area

Agricultural land Arable land Grassland 
1 – very low index 2.5 0.00 6.83
2 – low index 12.6 0.76 4.03
3 – medium index 31.5 7.21 51.47
4 – high index 53.4 92.03 37.67
5 – very high index 0.00 0.00 0.00

Our results showed that the use of the composite index in the assessment of regulating ES is compa-
rable to the assessment of water regime regulation and cleaning potential. Individual models for two 
regulating ES, climate regulation potential and erosion regulation potential, with dominance of only one 
category, are incomparable to the composite soil health index in evaluating regulating ES.
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Suitability of used methods
Criticism of the use of matrix systems based on expert estimates consists in the introduction of varying 

degrees of subjectivity or ambiguity regarding the procedure for creating the final matrix score. Despite 
the limitations, the matrix system has its positives for practical ecosystem management, such as the cred-
ibility of the results (results of the matrix values are highly correlated with independent quantitative data; 
Rosche & Campagne 2019), adaptability to local conditions, ease of understanding the results for differ-
ent stakeholders, including policy makers and managers ecosystems, efficient use of time and resources, 
pragmatism and overcoming limitations due to lack of resources. For future research using a matrix 
approach, it will be important to have proper communication and transparency of the methods used to 
quantify individual services, including the assessment of uncertainty (Campagne et al. 2020); preventing 
the transfer of values from existing matrices to non-comparable case studies or adapting values to a local 
participatory approach and local data; improving the quantification of ES values in the matrix.

 Modelling and evaluation of individual ES (through the evaluation of soil functions) allows for a more 
detailed assessment of ES (the matrix system evaluates e.g., arable land with the same value without con-
sidering its location and properties), evaluates their interconnection and defines sources of variability as 
well as spatial differences. The indicators included in the assessment are part of the CMS soil monitoring 
system and are monitored in regular 5-year cycles. However, in this approach to ES assessment based on 
separate categorization of individual soil functions, the same indicators are repeatedly entered into the 
models but with different weights for individual functions, thus overestimating their resulting impact in 
the overall assessment.

 The Soil Health Index assesses soil health in terms of the provision of ES. This index linked to map units 
representing the use of agricultural land (arable land, grasslands) and the climatic region enables a com-
prehensive assessment of the potential of agroecosystem services. The evaluation of ES using the linear 
aggregation of indicators in the composite index does not increase the influence of those indicators that 
enter several ES models in the individual evaluation of individual ES. The results of the assessment of ES 
using the healthy soil index belong to robust models describing the relationship between the potential of 
regulating ES and explanatory variables. Modelling and evaluation of individual regulating ES, however, 
allows for a more detailed assessment of individual agroecosystem services and to define sources of var-
iability as well as spatial differences.

The mentioned methods of evaluating and quantifying the potential of ES have their pros and cons, 
varying degrees of subjectivity, the availability of the necessary documents, the credibility of the results, 
as well as the possibility of using the results in practice (Table 7).
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Table 7
Comparison of the appropriateness of the methods used to evaluate ecosystem services

Assessment method

Matrix 
approach

Assessment using 
indicators of soil 

function

Assessment using 
soil health index

ES potential x x x
Actual value ES (1 to 3) - 3 2
Data availability (1 to 3) 3 1 2
Area rating/point rating x x/x x/x
Robustness of the method (1 to 3) 3 1 2
Degree of subjectivity 3 1 1
Availability of data layers for assessment (1 to 3) 3 1 1
Availability of indicators for assessment (1 to 3) 3 1 2
Sensitivity of indicators to changes in land use 
and land management (1 to 3) 2 3 1

 x – valuation, 1 – low, 2 – medium, 3 – high

By comparing the results of the ES evaluation using indicator of soil function and the evaluation using 
soil health index (we did not evaluate the matrix system in 5 categories, therefore we did not include it 
in this comparison), we found a significant correlation between SHI and the cleaning potential of the 
ecosystem (r = 0.97) (immobilization of pollutants), negative correlation between the SHI index and 
the potential of erosion regulation for grassland (r= -0.48) (Table 8, 9), but similar results were not con-
firmed in the case of grassland.

Table 8
Categories of the potential of individual ES and SHI in % of total area of arable land 

Categories

% of total area
Potential of 

water regime 
regulation

Potential 
of erosion 
regulation

Cleaning 
potential of 
ecosystem

Climate regulation 
potential of 
ecosystem

SHI index

1 0.41 5.44 0.00 95.70 0.00
2 15.31 10.94 40.58 0.01 0.76
3 17.07 6.87 0.17 4.29 7.21
4 27.14 4.91 19.87 0.00 92.03
5 40.07 71.84 39.38 0.00 0.00
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Table 9
Categories of the potential of individual ES and SHI in % of total area of grassland 

Categories

% of total area
Potential of 

water regime 
regulation

Potential 
of erosion 
regulation

Cleaning 
potential of 
ecosystem

Climate regulation 
potential of 
ecosystem

SHI index

1 41.91 0.00 0.00 55.23 6.83
2 25.40 0.00 0.20 1.68 4.03
3 13.64 0.00 49.28 24.47 51.47
4 18.78 0.00 50.52 18.41 37.67
5 0.27 100.00 0.00 0.21 0.00

The assessing of regulating ES using the linear aggregation of indicators in soil health index does not 
increase the impact of those indicators, which enter in multiple models in the individual evaluation of 
each service. However, the SHI results belong to the robust models describing the relationship between 
regulating services potential and explanatory variables.

CONCLUSIONS

The matrix system for evaluating ES has the highest degree of subjectivity, primarily in the value of 
indexes. The value of the indexes of individual ES depends on the creation of the matrix. However, it 
makes it possible to evaluate a wide range of ES. The level of uncertainty in the regional or local assess-
ment scale can be reduced by confronting the values in the used matrix with the values obtained based 
on a questionnaire survey of preferences and evaluation of individual ES in local conditions. The matrix 
system is suitable when the availability of data sources is limited. Its advantage is also the connection of 
non-monetary and monetary evaluation through the “transfer value” method. Monetary expression is an 
important tool for raising awareness of the importance of ecosystems and biodiversity in the formulation 
of public policies. Despite the limitations, the application of the matrix approach as a tool for sustainable 
landscape management is beneficial and can be further developed, especially to facilitate the practical 
application of the concept of ES. Modelling and assessment of individual ES (through the evaluation 
of soil functions) allows for a more detailed assessment of ES, to evaluate their interconnection and to 
define sources of variability as well as spatial differences. Evaluation of ES using the Soil Healthy Index 
belongs to the aggregated methods describing the relationship between the potential of ES and explana-
tory variables. This method is also suitable for the assessment of ES at the regional and local level when 
input variables are available, it is sensitive to changes in land use and land management. 

 It is not only the choice of method that is important, but also the appropriately chosen spatial res-
olution for the interpretation of the results. The matrix system only allows for the overall assessment 
of individual ecosystems, the quantification of ES using soil functions, as well as the assessment of ES 
through the Soil Health Index, with good data availability, provide more accurate results at the regional 
and local level.

An important aspect of the assessment and quantification of ES is also the assessment of the degree of 
synergy and compromises between individual groups of services as well as individual ES. ES are non-lin-
early interconnected, and changes in one service can positively or negatively affect the other. In synergy, 
the cooperation of individual components occurs, and the resulting effect is a higher potential of indi-
vidual ES. One of the big challenges for policymakers and for effective land use management is the coor-
dination of relationships between trade-offs of ES to achieve win-win results for society and ecosystems.
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