

  land-09-00195




land-09-00195







Land 2020, 9(6), 195; doi:10.3390/land9060195




Article



Perception of Ecosystem Services in Constituting Multi-Functional Landscapes in Slovakia



Peter Bezák 1,*[image: Orcid], Peter Mederly 2[image: Orcid], Zita Izakovičová 3, Milena Moyzeová 3 and Magdaléna Bezáková 1





1



Institute of Landscape Ecology of the Slovak Academy of Sciences, Branch Nitra, Akademická 2, 949 01 Nitra, Slovakia






2



Department of Ecology and Environmental Sciences, Faculty of Natural Science, Constantine the Philosopher University in Nitra, Tr. A. Hlinku 1, 949 74 Nitra, Slovakia






3



Institute of Landscape Ecology of the Slovak Academy of Sciences, P.O. Box 254, Štefánikova 3, 814 99 Bratislava, Slovakia









*



Correspondence: peter.bezak@savba.sk







Received: 29 April 2020 / Accepted: 9 June 2020 / Published: 12 June 2020



Abstract

:

Landscape provides many services for human wellbeing through its mosaic of ecosystems. Although different landscape spatial structures limit some access to these services for local residents, their demand for landscape benefits creates a crucial component in landscape planning. Herein, we evaluate the ecosystem service supply from landscape structures in four different areas of Slovakia and we identify the public preferences for these services. This evaluation was assisted by expert-based ecosystem services (ES) matrix assessment and feedback from experts and key local stakeholders. The associated land cover assessment revealed that although forests are the most important for ES delivery, followed by extensive agricultural mosaics, cultural services have the highest average supply value. In contrast, the experts and local stakeholders considered that provisioning services were the most important of all ES groups because of products available from arable land. The overall public awareness of benefits provided by nature proved relatively high, and this is a good sign for the development of multi-functional landscapes. The comparison of study sites revealed that even stakeholders living in intensively used land, with its overall low ES supply, assessed ES as very important in general. The general public could therefore be included in environmental planning to promote a more multi-functional landscape. In addition, the analysis herein will communicate gained insights to the local planners and decision-makers and confirm the importance of this ES participatory approach using top-down methodology. This may require the following measures in Slovakia: establishing an interdisciplinary group of experts for regular assessment of strategic landscape planning documents and regulatory instruments, developing key directives which establish well-balanced participatory procedures, improving open local government, and supporting down-scaled implementation of integrated landscape planning in cooperation with local action groups.
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1. Introduction


Landscape as an object is variously perceived and defined, but most definitions present it as a spatial complex unit with internal interactions or as a dynamic socio-ecological system. While Forman and Godron [1] portray the landscape as a heterogeneous part of the earth’s surface with mutually interacting ecosystems, the Millennium Ecosystem Assessment (MEA) defines the landscape as an area of land that contains a mosaic of ecosystems, including human-dominated ecosystems [2]. These mosaics include forests, agricultural land, wetlands, and human settlements and their spatial interaction considerably determines the landscape characteristics.



There are many methods of assessing landscape characteristics and its supply of benefits for human wellbeing, and most assessments include the following wide spectrum of scientific approaches: measures of naturalness, the hemeroby concept [3], landscape function assessment [4,5], landscape metrics [6,7], and participatory planning tools [8,9,10].



Landscape provides goods and services to human wellbeing through the mentioned ecosystems. Linkage of the natural ecosystems to the benefits and values of the community living in the landscape can be expressed by the concept of ecosystem services [11]. The ecosystem services (ES) in the Millennium Ecosystem Assessment are the benefits people obtain from ecosystems and these include provisioning, regulating, supporting, and cultural services [2]. The latest and more developed classification of ecosystem services—Common International Classification of Ecosystem Services (CICES) [12]—merges regulating and supporting services to the “regulation and maintenance” category. The CICES classification is used by MAES (Mapping and Assessment of Ecosystem Service), an analytical framework for wide ES assessment applied by the European Union (EU) and its Member States [13].



Iverson et al. [14] stressed that most ES are location-based and that an integrative landscape approach is the best method of assessing them. In addition, ES study at the landscape level usually includes evaluating land use and land cover types [15,16,17] and also social perception of ES/landscape [18,19]. These are then augmented by participatory approaches, which include establishing social preferences through a public rating system [19] and combining this with expert knowledge of the potential capacity of individual ecosystems to deliver services and goods [16,20].



However, landscape configurations and other socio-economic factors may determine uneven spatial distribution of ES supply and inequalities in the possibility of access to people. To account for this, Paracchini et al. [21], for example, presented a framework to assess EU potential for outdoor recreation as a cultural ES physically accessible to local people. In addition, other citizens had their own social preferences for using a particular ecosystem service [11,19]. Although several studies have analyzed ES supply and demand aspects [17,22], the research into these aspects’ direct correlation is underdeveloped, and this includes important investigation into social demand. Garcia-Nieto [23], however, provided an exception by linking forest ecosystem capacity with delivery of an ES service which satisfied social demand at the local scale.



The underdeveloped supply and demand issue inspired this paper to focus on the assessment of services provided by particular ecosystems on the landscape scale, especially their public perception. This then reflects local socio-ecological systems in the assessment of land use patterns. Our study refers to “ecosystem services at the landscape level” because this expression links ecological knowledge and collaborative landscape planning. These are also associated with pattern–process relationships and are therefore more legitimate and relevant to local practitioners [24]. The services are related to landscape elements such as buildings and other anthropogenic structures and not necessarily to natural capital [25], and these landscape-oriented services focus more on the interplay between humans and the environment in land use [25]. Here, the European Landscape Convention [26] landscape definition is also beneficial. The Convention defines landscape as “an area, as perceived by people, whose character is the result of the action and interaction of natural and/or human factors.”



In addition, the increasing social demand to improve quality of life can support linking the concept of ES with other planning strategies and practices ranging from the global to local scale. It may include, for example at EU level, water and climate policy directives, regulations for urban/rural areas [27], or social and economic development programs in local planning [28]. The ES concept can also contribute to human health issues that still seem to be a challenge in the planning process [29,30].



Access to ecosystem services depends on the characteristics of the landscape and the crucial spatial configuration of its components. Landscapes with a significant degree of natural capital resources tend to provide better balanced provision of ecosystem services. Therefore, landscape with high capacity to provide socio-economic and ecologic benefits to society is considered multi-functional [31,32]. This includes the potential trade-offs and synergies between individual ecosystem functions and services. Different landscape structures at the selected Slovak sites enable assumption of the varying potential of ecological and socio-economic benefits for the community. This inspired the formulation of our main research question: How do people engaged in local landscape planning perceive the importance of the services generated in it? We resolved this question by employing simple ecosystem services mapping and feedback from expert opinion and key local stakeholders to evaluate the current land use structure in four different Slovak landscapes. Here, we linked the selected services supply and the related local stakeholders’ preferences. The results of this analysis communicate insights to local planners and decision-makers, and they clarify the importance of expert and local community perception of the ecosystem services’ potential to constitute a multi-functional landscape.




2. Materials and Methods


2.1. The Study Areas


Available information enabled the selection of four study areas in Slovakia for this research. It was important that they differed in landscape structures and in the spatial extent of their natural and semi-natural ecosystems. These study areas are also specific because of their different cultural histories and socio-economic capital. Moreover, the socio-ecological variation in the study areas ensures different ecosystem service capacities and diverse traditions in their use. Table 1 herein lists the total areas, the number of inhabitants, location of study areas, and the main landscape structures. Figure 1 and Figure 2 then provide the geographical position and the main land cover classes.



The Suchá nad Parnou–Zvončín area is referred to as Suchá nad Parnou throughout the text, and this district is dominated by intensive agriculture. It is located in the southern lowland areas with the most fertile soils and favorable climatic conditions, and the remaining Raková, Hriňová, and Liptovská Teplička study areas are in mountainous and sub-mountain landscapes where forestry and mountain farming predominate, as shown in Figure 2. The majority of the Hriňová and Liptovská Teplička areas are Natura 2000 sites.




2.2. Research Concept and Basic Analytical Data


The concept of ES classification in the MEA [2] formed the baseline for our research. The following four categories were considered: (1) provisioning services, (2) regulating services, (3) supporting services, and (4) cultural services. The research team experience enabled selection of individual services from each category most relevant for the case studies and easily understandable for the stakeholders. This knowledge comes from implemented projects focused on the ES assessment, e.g., the OpenNESS project [33], with significant engagement of the experts, key stakeholders, and public. Based on the previous participatory approaches’ experience on preference and assessment of ES, we then selected the following: (1) the three supporting services of biodiversity, nutrient loss reduction, and storage capacity; (2) the provisioning services of crops, fodder, timber, and freshwater; (3) the regulating services of local climate, flood, air quality, water quality, erosion, and pollination; and (4) the grouped cultural services of aesthetics and recreation, as shown in Figure 3. This provided an assessment of 14 ecosystem services and it is highly likely that such a great number of services would give better ES insight and ensure greater landscape multi-functionality [32].



The basic CORINE land cover (CLC) data relevant for Slovakia were then assessed within a questionnaire survey in Section 2.3 below to obtain the perceptions of landscape structure to provide ES held by experts and local stakeholders [34,35]. Although a limitation of this method is not to account for land use intensity, which is an important aspect of ES evaluation [36,37,38], but the CLC classification proved to be straightforward to capture the main elements in the study area and is sufficiently simple to evaluate the potential capacity to provide ES for human wellbeing by stakeholders [16,17]. While the matrix and the questionnaire identified 15 basic CLC types relevant to the model areas, as shown in Figure 3, a more detailed land cover spatial resolution expressed the map results described in Section 2.4 below.




2.3. Questionnaire Survey


The questionnaire survey provided additional input to assess the ecosystem services supply potential in each case study area and it also outlined the demand and local preferences for their use. The ES supply methodology is derived from the expert-based ES capacity matrix in Burkhard et al. [16] and this is widely applied and tested [20,39,40,41]. The expert-based matrix allows rapid implementation and it delivers ES evaluation results approximated by those obtained by biophysical models at the level required for assessment of multiple ES [40,42]. Furthermore, the main focus of our research was put on the perception of the relative importance of different ES by stakeholders, for which the matrix method we considered as sufficient.



The survey was performed by the research team and conducted with 18 experts in ES research from Slovakia and with 5–10 key stakeholders in each study area. The experts were recruited from universities, scientific institutes, non-governmental organizations (NGOs), and relevant organizations. The stakeholders included municipal mayors and their representatives, representatives of co-operative farming organizations and other key farmers, representatives of state forest authorities and nature conservation bodies, and other key land users.



The questionnaire template contained personal information, including respondent age, gender, classification of economic activity, occupation, and the following important ES questions:




	(1)

	
Which ES from those listed below are the most important in your opinion? The relative importance was given to provisioning, regulating, supporting, and cultural ES in the provision of human wellbeing benefits. The questionnaire scale ranged from 0 for no importance to 5 for extremely important. We further calculated the mean values of all responses and a weighted coefficient for computing the overall capacity of each CLC type for ES provision required in Question 2. The weighted coefficient was calculated for each study area based on local preferences of ES categories.




	(2)

	
What is a capacity of the below listed landscape elements to provide benefits for human wellbeing (ES)? In this question, the capacity of different CLC types to provide ES was identified. This question was slightly different for the experts and the stakeholders. A general matrix was created for the experts to judge the Slovak geographical capacity of the 15 CLC types to provide 14 selected individual services, as shown in Figure 3. The matrix for each case study included site-specific CLC types, and the stakeholders evaluated these in the four ES categories. The scale for both target groups was again zero to 5 for the same purpose as in the previous question. The mean value again summarized responses at each matrix cell. The interpretation of these results was processed by the mean values for a particular service and CLC type (0–5) or the sum of these values (the second last row in Figure 3) and with % applied for ES category or the overall ES provision (the last column in Figure 3). The average relative value for each ES category group per CLC type is expressed as a percentage of the maximum value that could be potentially achieved. For example, natural grassland achieved 83.9% for supporting ES from the mean values of 4.8, 4.0, and 3.8 assigned for the related particular ES, while the maximum of 100% would be achieved if 5.0 is the value in each of these matrix cells. Overall average value per ES category for all CLC types is expressed in the second last row of Figure 3. The overall ES provision capacity was interpreted as the sum of the average relative value for each ES category group per CLC type, while each average value was multiplied by the weighted coefficient from Question 1 and which is shown in the last row of Figure 3.










2.4. Spatial Calculation


We calculated the average capacity for each studied landscape and the overall Slovak republic capacity to give a quick overview of the differences in landscape potential to provide the four ecosystem services groups. Here we applied Vihervaara et al.’s formula [39]:


   C  ES   =   ∑  ​  CLC    X  avecapCLC    A  CLC      A  total      



(1)




where CES is the average territorial/spatial capacity of the study region to provide ES, XavecapCLC is the average capacity of each CLC type to provide ES based on expert evaluation in Question 2, ACLC is the area of CLC type in the study region, and Atotal is the total area of the study region.



The results were aggregated to achieve ES capacity values for each service group, and further aggregated to gain the overall capacity value for each study area. CLC spatial resolution is insufficient for landscape planning and management, so the CLC class values were transformed into the detailed geographic information system database (GIS) for the map results, i.e., larger CLC polygons were split to smaller polygons based on more detailed datasets while keeping the CLC nomenclature. This was created in ArcMap 10.1 software by synthesis of thematic cartographic data obtained from the Geodesy, Cartography and Cadastre Authority of the Slovak Republic [43], especially useful for a built-up area, a detailed dataset on forests from the National Forest Centre of the Slovak Republic [44], and recent study-area aerial photographs (ArcMap layer). This is then applicable at the 1:25,000 to 1:50,000 local scale.





3. Results


3.1. Ecosystem Services Capacity


The results obtained from the expert assessment in Question 2, and highlighted in Figure 3, indicate the crucial importance of forests; especially mixed and deciduous forests. The forest land cover categories have the highest capacity to deliver a variety of goods and services for human wellbeing. The average overall value is 76–81% of maximum capacity of all ES categories (the last column in Figure 3). Forest benefits are apparent in each ES category, and they are ranked highly in almost all selected individual services, especially in regulating services. The extensively used transitional woodlands, natural grasslands, and complex cultivation patterns also have high capacity at 67–73%. Meadows and pastures, agricultural land with natural vegetation, and water bodies deliver ES at 57–63% and their potential is important especially for cultural services and for the provision of crops, fodder, and some supporting and regulating services. The remaining CLC classes have under 38% capacity for the overall ES provision, and these recorded the lowest average values for all evaluated services. The exception was sport and leisure facilities for its recreation value (76% achieved for cultural ES) and arable land which provides crops and fodder (50% for provisioning ES).



The sum of the mean values per specific ecosystem service and all land use categories, expressed in the second last row of Figure 3, shows that the following services are perceived as most beneficial for human wellbeing: (1) the cultural services’ aesthetic and recreational values achieving the score 46.7; (2) supporting services’ biodiversity; and (3) the regulating services’ erosion regulation, flood protection, and local climate regulation. Provisioning services had the lowest values, and freshwater was the best with the score of 31.



The cultural services category had the highest (62.3%) overall average ranking of all considered landscape elements. The experts concluded that the recent land use capacity was best for aesthetics and recreation. This was much better than the other ES categories, especially the provisioning services which rated only 36.9%.



These results define the recent landscape capacity to provide ecosystem services for human wellbeing. Transformation of the expert results to land use in each case study area provided the local landscape capacity to deliver required services. Here, Figure 4 highlights the comparison of the overall territorial capacity for provision of ES categories and Figure 5 depicts the overall territorial capacity of all ES in the study areas. These graphs highlight the significant differences between the studied regions. The overall territorial capacity to deliver the studied services is generally low in Suchá nad Parnou at 1.94 to 2.44 for each ES category, because almost 70% of this territory is arable land and the experts give it a low ranking. The landscape provides medium (2.44) capacity for provisioning services. This is the only category close to other study area values, and the landscape’s capacity to deliver other ecosystem services is far behind those areas.



Comparison of the remaining Raková, Hriňová, and Liptovská Teplička experimental areas highlights no significant difference in the mountain regions despite varied land cover. The greater than 88% dominance of forest and extensively used areas provides an assumption of their high capacity for ecosystem services delivery. While provisioning services have only medium (2.58–2.63) capacity, all other ES categories here are positively perceived, with 3.61–4.2, and the Liptovská Teplička area has the highest capacity. Figure 4 highlights the high capacity of these three study areas to provide a variety of services. Their rating is generally superior to the national figures, and the Slovak national landscape capacity lies between the Suchá nad Parnou’s capacity from its intensively used agricultural landscape and the capacities of the mountain and sub-mountain landscapes in the other three case studies.




3.2. Social Preferences in Ecosystem Services Groups and Land Cover


In response to the questionnaire’s first question, the experts judged landscape provisioning services very important with the average value over 4.7. This rating is a little higher than the 4.5 to 4.3 they assigned to the supporting and regulating services, and they considered cultural services less important at 3.4, as shown in Figure 6. Figure 6 also shows that the key local stakeholders rate similarly, i.e., provisioning services highly and the cultural services as least important. One exception to this trend was noted in the Hriňová rating, where there was only a slight difference in ES category importance. Here, the stakeholders considered regulating services very important, with a 4.5 rating, cultural services almost equally important at 4.1, and they valued both these ES groups more highly than the supporting services.



The Question 2 responses to the importance of land cover types and their ability to provide human wellbeing services produced the results recorded in Figure 7. Although this figure shows only overall values for each land cover type in each study area, in the following sentences we summarize the main findings. Local stakeholders generally ranked the highest values of 3.7 to 4.25 to forest areas and specifically 4.4 for their provision of regulating services. This was closely followed by agricultural mosaics and water areas, which recorded a 4.2 value for cultural services especially. Arable land scored only from 2 to 3.5 as the lowest average values for all ES groups, however, it recorded 4.3 as the value for provisioning services because the stakeholders considered this the key landscape element in delivering related benefits. Their meaning here is that arable land is much less important in supplying regulating and cultural ES benefits, and they therefore gave this lack of importance the lowly ranked score of 2.2. No single land cover type dominated the provision of supporting services and the values for this ES group were close to average.



We then compared responses obtained from key local stakeholders of the different study sites, as shown in Figure 7. Here, local stakeholders from intensively used landscapes evaluated most land cover types very positively for delivering services, and these scored a rating of 3.5–4. This however excluded the built-up areas. Wider rating ranges, however, were returned in mountain and sub-mountain areas. For example, Hriňová is a dispersed settlement area and has significant agricultural mosaic coverage, and stakeholders from this locality assessed this landscape form highly with a 4.6 rating. However, the responses for the Raková municipality are largely inexplicable. Raková stakeholders assigned low values to some ‘close-to-nature’ landscape elements. In particular, they gave only a 2.8 to 3 rating for agricultural mosaics and grasslands, and also their rating for arable land of approximately 2 was the lowest.





4. Discussion


Results from the case studies proved that overall supply of ecosystem services is lower in intensively used landscapes with their dominant arable land cover. In contrast, stakeholders from Suchá nad Parnou, which represents intensively used landscapes, strongly perceived the importance of ES benefits provided for human wellbeing. This inconsistency raises questions. Does this difference result from individual personal experience, and does the absence of valuable services in the landscape force local people to be more responsive to understand their importance? However, the stakeholders from Hriňová have very good access to the extensive agricultural land and forested and water areas [45], and they fully appreciate these values and the provision of related ecosystem services. Results from the remaining two case study areas are less expressive in comparison of current landscape capacity and public preferences for ecosystem services. Therefore, in a simplified conclusion, ecosystem service supply matches demand in Hriňová, and mismatch of these ES elements occurs in Suchá nad Parnou, i.e., when there is unequal quantity or quality at a specific scale or time [46,47].



Although understanding mismatches between ES supply and demand can be expedited by studying spatial relationships [48,49], spatial flow is very complex and it generally extends far beyond the regional level, especially when mountain regions are included [50]. Spatial investigation is outside the scope of this article, and herein we concentrate on the interpretation of site-specific ES variables and their influence on perception of stakeholders.



Our research results on ES supply correspond with ES supply–demand matrices investigated in other studies in general (see e.g., [17,41]). These substantially support the significance of natural capital, with the highest rankings assigned to forests. However, significant differences between experts’ assessment in our study and the study of Burkhard et al. [17] are recorded; for example, on provision of recreation and aesthetic by discontinuous fabric and complex cultivation pattern or on provision of regulating services by transitional woodland shrub, i.e., much higher values were assigned by our responding experts. Although ES supply and demand (mis)match information is spatially explicit, similarities with our results are found in Quintas-Soriano et al.’s work [51]. These authors identified ES bundles which linked biophysical supply with social importance, and they also found mismatches between low ES supply and high public awareness, which we alluded to earlier in the Suchá nad Parnou municipality. Although the factors influencing ‘land use change’ were driven by rural abandonment in the above-quoted Spanish result and by Slovak agricultural intensification in the present study, the common recommendation is to engage the general public in environmental participatory planning. This would promote greater multi-functionality in the landscape [32]. This could also involve the following measures in Slovakia: establishing an interdisciplinary group of experts and stakeholders for landscape planning, improving open local government, and supporting the implementation of the Landscape-Ecological Plan at the municipal level.



Combined knowledge and experience at the local level then enables planning methods to be closely connected with the work of local action groups (LAGs), originated in the EU’s LEADER initiative (an acronym in French—Liaison entre actions de développement de l’économie rurale—meaning “Links between actions for the development of the rural economy”) [52]. Such groups have been established in many regions in Slovakia, with 57 LAGs recently registered, and with private and public specialists from various disciplines. However, their authority remains under-developed as they are tightly governed by a managing authority/priority axis, e.g., limited budget and thematic priorities, and complicated administration. An ideal precondition for appropriate operation of the ES concept at the landscape level is raising public awareness of nature’s importance by locally interested parties like LAGs. Surprisingly, overall high-level of awareness was recorded in our study areas despite the ES concept being unknown there. This result may have different reasons [53]; for example, our respondents are key stakeholders and they have contact with landscape and ecosystems on a daily basis.



Although cultural services were restricted to aesthetic and recreational aspects in our research, their presence in most land cover types was highly ranked by the experts. This included those built-up areas with clear potential for providing cultural services, such as landscape-created sport and leisure facilities. Moreover, the benefits from these services are easy to access in most study areas. These services naturally appeal to local residents, nevertheless they were the worst ranked of all ES by both experts and stakeholders. However, they still exceeded medium values. In the literature, cultural services have the highest priority for stakeholders [50,54], or local identities assessed them as less valuable than other environmental service groups [55]. Moreover, the review of perceived ES benefits in European multi-functional landscapes found that “people’s relationship with a landscape and the landscape characteristics related to accessibility” was the main determinant in cultural services assessments [56].



This prompts the following question. Do landscape cultural services have special meaning and therefore require a different approach in their assessment? Schaich et al.’s answer in their bibliographic research [57] was that cultural services as an ecosystem services concept are often omitted in current research. This omission could prove fatal in cultural landscape investigations because the results should reflect people’s identities and values as it is embedded in the European Landscape Convention [26]. Most cultural services reflect an area’s history, culture, and identity, and therefore ‘natural capital’ should not be the only consideration. For example, Fagerholm et al.’s results [58] give high ranking to social gathering sites clustered as cultural services. This interpretation may explain the above mentioned different public perceptions of these services. It also further supports the idea of landscape-oriented services and this ‘landscape-oriented services’ terminology is more appropriate in landscape research than services based strictly on ecosystems. This also emphasizes that people can find cultural value in their everyday surroundings, and therefore landscapes besides those with a high degree of natural capital are also valuable [59].



In addition, the ES most requested by the respondents is provisioning services. This is in stark contrast to the expected regard for cultural services, and it highlights that respondents consider the primary function of the landscape is to provide tangible outputs, and that provisioning services is the most comprehensible ES to achieve this aim. The remaining ecosystem services require increased awareness of nature and ecosystem values, and this is also proven in research results from the rural regions of other countries [55,60].



The group of provisioning services, however, created difficulty in its ability to explain overall landscape capacity. The average values for the provisioning ES category are not high because some distant single services are considered for the same land cover type, and their ultimate combination decreased the overall value. For example, arable land has high capacity to produce crops, but no capacity to produce timber or fresh water, while single services in other landscape categories are either inter-connected or at least they do not tend to cancel each other out. Although our research aimed to keep ecosystem services groupings simple for general public understanding, this finding limited providing more reliable results, and it is therefore more appropriate to avoid averaging individual provisioning services in research outputs.



Linking different scales and methods in landscape research is becoming increasingly important [61] and it helps provide scientific evidence closer to reality. Landscape assessment by the provision of ecosystem services for human wellbeing aims to complement the current complex view on landscape and its development. Landscape quality and its corresponding benefits should also be reflected in the demand for site-specific landscape planning. This demand forms only part of the complex overall landscape assessment, but it can be measured by investigating public preferences for ecosystem services at the landscape scale [23,62,63]. Precise participatory land use planning is then finalized by consensus between public opinion and institutional identities [64]. This approach presents a spatially larger scale in a collaborative process where the concept of ecosystem services is vitally important [65].



Participatory process and knowledge co-production can ensure sensitive assessment of future landscape transformation by integrative analysis of trade-offs and synergies between the different ES. Hölting et al. [32] consider these core elements in assessing landscape multi-functionality. However, the combination of transdisciplinary engagement and the inter-disciplinary constitution of participants in the process should be guaranteed in order to achieve sustainable multi-functional landscapes [66]. For example, the Slovak mountain forest areas are highly preferred for ecosystem services by the majority of the local stakeholders, but this preference should not be uncontrollably increased at the expense of small-scale agricultural areas [67]. Achieving this target requires an operational cross-sectoral panel at the national level, which should be facilitated by the Ministry of Environment and the Ministry of Agriculture and Regional Development of the Slovak Republic, and will then ensure regular assessment of strategic documents and regulatory instruments related to the ES concept [28]. Their agenda should also include national directives for applied integrated assessments and participatory procedures implemented in top-down procedures. For example, this approach would be necessary for the development of the Economic and Social Development Plan, which is the obligatory local strategic document required for Slovak municipal applications for national and EU funding.



The different expert responses, and especially those of the local stakeholders, proved that more in-depth personal interviews and social analysis are essential to confirm or disprove the above conclusions [19]. Most importantly, lack of knowledge causes great differences in assessing landscape benefits [20], and although Slovak stakeholders have limited ecosystem services knowledge, our survey proved that there is generally deep awareness of nature’s benefits. The most evident difficulty here was assessing the role of supporting services, because uncertainty led to stakeholders assigning similar average values to the different land cover types. In addition to the weak implementation of participatory planning procedures and an insufficient multi-sectoral approach applied in Slovakia [28], the ecosystem service assessment in Slovak literature frequently relies on a single service or category without stakeholder engagement [68,69,70]. Moreover, participatory studies implemented at the landscape scale are rare, whether they are focused on specific service or land cover types [71,72,73,74], or they cover the overall landscape structure [75,76].




5. Conclusions


Slovak ecosystem services are location-based. Different land uses, local habits, and other site-specific conditions affect the perceptions of the ES which become place-based [74,77]. The diverse services and their access are distinguishable [58], and although these are highly valued by local inhabitants [78,79,80], increasing societal demands on the environment limit priorities to the short term.



Our investigation differentiates local landscapes and their character and residents, and we strongly consider that public opinion must be heard and respected in the formulation of local decisions and plans. This will help ensure a multi-functional landscape and sustainable development, but it also requires the support of a well-developed national regulatory framework. The study also confirmed that significant and balanced stakeholder involvement is an important determinant in ES integrated trade-offs and synergies in a multi-functional landscape. Such a participatory approach will help counteract the low ranking of the ES supply recorded in our Suchá nad Parnou analysis. The significant mismatches noted in ecosystem service supply and demand can then be ameliorated by appropriately integrated local policy decisions. Moreover, we fully concur with de Groot et al. [81] that landscape conversions which limit the provision of multiple services can provide only short-term benefits to a few involved entities at the expense of the long-term wellbeing of many.



In conclusion, further research examples are now required to persuade decision-makers and planners to integrate landscape values and ecosystem services. While this paper determines the general trends in perceiving and delivering ecosystem services throughout Slovakia, that additional research is essential to transform ecosystem service approaches into practical landscape applications.
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Figure 1. Geographical position of the selected study areas in Slovakia. 
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Figure 2. Land cover in the four selected study areas (in %). (a) Suchá nad Parnou, (b) Raková, (c) Hriňová, (d) LiptovskáTeplička. 
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Figure 3. Matrix of experts’ judgment of land cover types across selected ecosystem services (the values 3.5 and higher per particular CORINE land cover (CLC) type and the service are highlighted in green, overall ecosystem services (ES) provision per CLC type above 60% is highlighted in orange, the average values, the sums and the weights are in bold and they are explained in Section 2.3). 
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Figure 4. Overall territorial capacity per ES category based on experts’ values. 
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Figure 5. Overall territorial capacity for all ES based on values from experts’ judgment. (a) Suchá nad Parnou, (b) Raková, (c) Hriňová, (d) LiptovskáTeplička. 
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Figure 6. Importance given to ES categories by local stakeholders and experts. 
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Figure 7. Local stakeholders’ evaluation of the most important land cover types in providing services for human wellbeing. 
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Table 1. The total area, number of inhabitants, and the location and landscape structural character of all study areas.
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	No.
	Study Area (Municipality)
	Total Area (ha)
	Population (in 2019)
	Location (Middle Point)
	Short Landscape Description





	1
	Suchá nad Parnou—Zvončín
	2262
	2957
	48°24’40″N, 17°29′22″E
	Intensive agricultural landscape with compact village, dominance of large arable fields, remnants of deciduous forest, partly mosaic vineyards, gardens, and grasslands.



	2
	Raková
	4150
	5581
	49°27′33″N, 18°43′10″E
	Intra-mountain basin landscape with compact village and large adjacent grasslands, surrounded by mountain slopes with dispersed settlements and mosaic of coniferous forest and extensive agricultural plots.



	3
	Hriňová
	12,644
	7435
	48°36′15″N, 19°31′20″E
	Sub-mountain and mountain mixed agricultural-forestry landscape with dispersed settlement, small parcels of agricultural land, coniferous and mixed forest in upper part of territory.



	4
	Liptovská Teplička
	9869
	2412
	48°57′52″N, 20°04′26″E
	Mountain landscape with extensive pastures and valley meadows on steep slopes adjacent to compact village, coniferous forest some distance away.
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Discontinuous fabric 314|121(14(13123.2|16|10(08)|12|31.8|16|19(11]2115(1.4]|55.0]28]| 34.0
Industrial or commercial units 71]|05(01(04|50(01(01]|02]06]149|(09|08|06(1.1(0.8|0.3]10.6|0.5 9.2
Roads and rail networks 96 109(02(04]159]101|103(06]02]|143|05(|14(04]16]02(0.2(21.1|11] 121
Construction sites 59105(102(02]144(02]|00|01(06|83]|04]|106(03|08]04|01{4.7 0.2 5.9
Sport and leisure facilities 22.2(12|11]|11|88|02|05|05(05(24.7|]16(11(11|14]11|11(|76.1|38| 29.9
Non-irrigated arable land 39.6|1.7(20(22149.7145 |42 (0.1|11|279|16|16(11]13|15(14|30.0|15]| 37.6
Meadows and pastures 709|138 (35|34|52.2|129148(04]|123(64.2|30(33]|26|36|29|38|67.8|3.4| 63.4
Complex cultivation patterns 73.9(4.1 (3534159941142 |13]|23|65.8/32|34(28(35(3.0|39[81.7(41]| 69.5
Agriculture&natural vegetation 68.8136(33(341|550|13.7|136|19]18|61.4|13.1|30(26]33128(3.6(63.9(3.2]| 62.2
Broad-leaved forest 875144 (44 (44 154.1|14|109(49 |35 |86.3|14.7 4.7 |44 47|42 |3.2(88.3|44 | 78.1
Coniferous forest 80.6/38 (4142 (53.8|14|109(49 |35 |85.7146 |46 |44 47142 |3.2(89.4|45 | 76.3
Mixed forest 914|146 (46 |45 |53.8|15|10(4.7]36(89.1148 |48 |46 149144 (33(92.8|4.6| 80.7
Natural grassland 839148 (40|38 1499|2639 (06]29|72.7|134 |35 |(3.1|3.7|3.7(44(89.4|45 | 72.7
Transitional woodland shrub 769141 (3936 144.6| 16|20 (28|24 |73.5134 13835140136 (3.7(77.2|39 | 67.1
Water bodies 67.3138(30(33133.1|14|105(0.2]44|49.8|143|36|2.2|08|34(06|86.5[43 ]| 57.2

Total for ES / Average for group of ES (%4 54.5|43.8(39.2|39.6| 36.9 (27.4(28.1|24.2(31.0( 51.4 (40.8|42.0(35.0|41.6|37.7(34.1| 62.3 |46.7

Weight of ES categories (questionl) 0.27 0.28 0.26 0.20 1.00






