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Abstract

:

Despite the growing quantity of ecosystem-services-related research, there is still a lack of deeper understanding on cultural ecosystem services (CES). This is mainly due to the perception of CES, which can vary by geographic location and population. In this study, we present a Public Participation Geographic Information System (PPGIS) method in a Hungarian microregion. Our goal is to increase understanding on how cultural services are perceived in this geographical context and level, and how this relative importance is related to biophysical landscape features. We also consider the influence of accessibility on the perceived landscape and compare our findings with the results of other studies with different sociocultural backgrounds. The research consists of participatory mapping with 184 persons that were digitized and analyzed with GIS and statistical software. During the analysis, we identified CES hotspots and compared CES with landscape features, as well as CES perception with accessibility. Our results showed positive correlation of CES with land covers related to built-up areas, as well as aesthetic and recreational services with water bodies. Compared to other studies, we found different spatial relationships in the case of spiritual services, and higher importance of agricultural land covers during the CES perception, thanks to the Central-Eastern European (CEE) sociocultural background. Our study highlights the effect of accessibility on CES perception; nevertheless, these relationships varied by different infrastructural elements. We conclude by discussing the implications and limitations of our study and encouraging future landscape research to apply the PPGIS method in this geographical context.
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1. Introduction


Surveys of people’s perceptions, attitudes and values oriented by the landscape have taken place for decades, often with the purpose of satisfying demand for public participation in policy making and planning [1]. Since the introduction of ecosystem services in the 1990s, the concept has become significant in environmental decision making [2] as well as in guiding surveys of people’s perception of landscape values and environmental resource issues. Cultural ecosystem services (CES), defined as nonmaterial benefits obtained from ecosystems which influence quality of life and human well-being, have received increased attention in recent years [3,4].



However, despite a growing number of ecosystem-services-related research, there is still (1) a lack of deeper understanding of CES [5], (2) challenges in relation to its assessment and evaluation [6] and (3) challenges in relation to its integration in policy and planning [7].



Understanding CES better is challenging (1), as they can be identified and described universally; however, the relative importance of them varies geographically [8,9] and the perception of CES differs according to the sociocultural background of the communities and individuals [4,10]. In addition to the location (space), time is also a dimension that has to be considered, since some CES can appear and disappear over time in relation with people’s perceptions, driven by social and cultural changes [7]. CES assessment requires either indicator measures using existing databases (e.g., tourist attraction/m2) or empirical research approaches. In the latter, data collection is mainly carried out by specific surveys (e.g., extensive questionnaire surveys, in-depth interviews), often using participatory mapping [10,11]. Participatory mapping (PPGIS) is a general term used to define a set of techniques that merge modern cartographic methods with participatory methods to record and represent spatial knowledge of local communities. By such an approach, spatially explicit biophysical and perception-based data can be linked [12].



Participatory mapping has received increased attention in the last decade and reviews have been carried out in order to give an overview about the existing methods and main results of participatory mapping research [11,12,13]. These reviews showed the geographical pattern of existing studies; the majority of them are located in North America (e.g., [14]), Oceania (e.g., [15]), Northern Europe (e.g., [16]) and Western Europe (e.g., [17]). Recently an increasing number of studies have been published from Central-Eastern Europe (CEE), mainly focusing on local urban areas (e.g., [18,19]); however, we see a significant lack of CEE PPGIS studies on a regional/landscape scale. Such studies are especially important if we consider the geographical variation and the place and social background-dependent aspects of CES. After World War II, many CEE countries became members of the Eastern Bloc, where nationalization and centrally planned economies were the norm [20,21], with significant economic, political and social changes [22] including forced industrialization and agricultural collectivization. Following the collapse of the USSR, the sociopolitical transformation (in 1989–1990) also caused substantial effects on these countries [20,23], such as collapsing economies and the first steps of liberal democracies. 15 years later, EU membership influences the economic and political systems of many CEE countries (with the effects of new EU subsidies, rules and requirements). Finally, during the last decade, some countries of the eastern half of Europe have started to build up a hybrid form of governmentality that combines neoliberalism with illiberal logic [24].



In order to better analyze and evaluate CES (2), one of the most important tasks—and the greatest challenge—is to detect the relationship between services and biophysical features [25]. Land cover as physical dataset has been used most frequently in relation with CES, but other features have also been analyzed, such as roads, other built infrastructure, and protected areas [13]. Further, several research papers have analyzed the spatial correlation between clustered CES and biophysical features of landscapes [4,6,12]. Researchers refer these clustered services as ecosystem service bundles [26]. In recent decades, several studies have been published from very different locations, analyzing relationships between CES and landscape features [4,27,28,29]. Similarly, CES bundles have also been studied in various geographical contexts, mainly in North America (e.g., [26]) as well as in Northern and Western Europe (e.g., [30]). Despite many similarities, results also show differences that vary by geography [12]. CEE is still missing in CES evaluation studies, though we must expect differences in results compared to western countries due to differences in sociocultural characteristics.



During the identification and evaluation of CES, the role of accessibility emerged as highly important [10,31]. In relation with accessibility, especially recreational [32] and aesthetical [31] services have been commonly analyzed. The increasing number of studies in this field indicated significant effects of infrastructural elements on the perception of CES; however, the level and direction of effects vary among different types of elements (e.g., secondary roads, hiking paths) and landscapes with different biophysical and socioeconomic contexts [12]. These sophisticated differences among various elements are still less studied.



The motivation to apply PPGIS and assess CES and values is most often to inform and improve landscape planning and management (3) [27]. More specifically, CES assessments have been carried out in order to improve the planning and management of land uses [33], protected areas [15], urban green infrastructure [18], rural areas [34], forest management [35], recreational planning [32] and coastal areas [36]. Despite the increasing number of PPGIS applications, workshops and publications [36], CES mapping is still underdeveloped [5] and the integration of them in planning and other policy areas is weak [37,38].



The main reason for the lack of integration policy and planning is the lack of deeper understanding on what is actually being mapped [39]. The mapping process can influence the outcomes, and in this way limits their utilization in decision making, because the process depends on the participants’ acquaintance with the area and their familiarity with the mapping procedure [39]. It is also unclear how the outcomes fit into the ecosystem services cascade model, which makes a clear distinction between the ecological structures, processes, functions, ecosystem services and the benefits and values that people derive from services [4,40]. This model presents the elements that need to be considered in ES analysis and the relationships among services. However, compared to the other services, in the cases of CES the levels of services and benefits are hardly distinguishable [7].



The aim of our study is twofold: (i) to increase the understanding on how CES, on a regional landscape level, are perceived in a CEE geographical context, including how CES are clustered and related to biophysical landscape features; and (ii) to compare our findings with the results of other studies to detect the differences and similarities in relation with various socioeconomic backgrounds. To explore these issues, we took Hungary as one of the most suitable examples in the CEE region. We hypothesized that all of the CEE-specific historical milestones have an effect not only on general political, economic and social systems, but also on the locals’ perception and appreciation of the various landscape features, and in this way on CES. Our study can help to better understand the effects of national/regional culture and political structure on CES perception by discovering differences and similarities with other works. We hypothesized that there are some universally true regularities in the perception of CES; however, we can discover differences due to the aforementioned historical, social and political systems, which show some specificity for the CEE region. In relation to the integration of CES perceptions in planning and policy, our results contribute to a deeper understanding of what and why things are being mapped through analysis of the relationships between CES and land cover, how CES tend to cluster spatially and the influence of accessibility on CES perception. Compared to existing studies, the latter is new, and according to our hypothesis, in this case accessibility (roads, motorways, railways, and also hiking trails and bike roads) has a strong positive influence on the CES perception.




2. Materials and Methods


2.1. Study Area


The research was carried out in the microregion of Vác, located in central Hungary, at the very edge of the Budapest Agglomeration Region. Microregions in Hungary represent the level of the Local Administrative Unit (LAU) level 1 in the statistical system of Eurostat. The LAUs are administrative for reasons such as the availability of data and policy implementation capacity [41]. Covering a total area of 36,208 ha and having 69,100 inhabitants [42], the study area contains 18 municipalities: two towns (Őrbottyán, Vác), and sixteen villages (Figure 1). The center of the microregion and the largest settlement is the town of Vác (extent: 6156 ha; 34,298 inhabitants), while the village of Sződliget has the smallest area (728 ha; 4605 inhabitants), and the village of Váckisújfalu has the lowest number of inhabitants (1069 ha; 480 inhabitants) [42].



The study area comprises a wide range of land cover types, dominated by arable land (38%), forests (mainly broadleaved and mixed forests) (26%), heterogeneous agricultural areas (11%) and urban fabric with industrial, commercial and transport units (9%) [43] (Figure 2). 24% of the study area is under international protection (Natura 2000 Network of protected areas) [44], and 0.7% is under national protection [42]. The climate is typically moderate continental, with an annual rainfall around 600 mm and an average temperature of 10 °C. The landscape is diverse, with the river Danube, located on the western border of the study area, and the Naszály Mountain, with the highest point of the microregion (652 m), as the most dominant elements.



The suburbanization and agglomeration effects of Budapest are most significant in the western (around the microregional center, Vác) and southwestern parts (e.g., commuting effect, strong service and industry sectors, high proportion of built-up area, highly developed transport system) while the eastern part of the study region is a typical rural area (small villages, significant natural values, high proportion of agricultural and forest land uses). It should also be stressed that agglomeration pressure is still less noticeable in a large part of the study area (two-thirds of it is not administratively part of the Budapest Agglomeration Region). However, it is also true that in the future (with the growth of agglomeration) the process is expected to be more remarkable throughout the whole study area. The most significant cultural values are concentrated in the historical town center of Vác; however, there are small castles, castle ruins, and study trails also in the East of the area. The most important infrastructural elements are the highway M2 crossing the western side of the study region, and parallel with this, the main railway line along the river Danube.




2.2. Typology and Indicators of CES


The CES typology used in this study follows the existing participatory research-related service and value classifications [4,45,46,47]. However, considering discussions with researchers and practitioners from Hungary and abroad, we decided to leave out some services (e.g., inspiration, intrinsic, wilderness) since they could not be simply transformed into well-understandable and meaningful questions for the participants. Finally, five CES were selected: aesthetic, recreation, spiritual, historic and educational services (Table 1). Inspired by Plieninger et al. (2013) [4] and Fagerholm et al. (2016) [47], the indicators of cultural services were developed using an operational description per service in order to guide the participants to response.




2.3. Data Collection and Sampling Approach


Data collection took place in September 2017 and in April 2018 involving bachelor’s and master’s students of Szent István University, Faculty of Landscape Architecture and Urbanism. A map and a basic questionnaire about the participants written in Hungarian were used during the interviews. In advance, the clarity and usability of them were discussed and pretested by colleagues and bachelor students of landscape architecture [4].



During the face-to-face interviews, we used paper maps (A3 format, at 1:120,000) in order to reach the highest rate of responses [34], and for the involvement of wide range of social groups. The chosen method was appropriate for avoiding potential mistakes, since having close interaction with the interviewed meant that unclear issues could be easily resolved. As a base map, a VHR satellite of Google Earth was employed that is also easily understandable for non-professionals [48]. The borders of the study area and the names of the settlements were marked on the map for an easier orientation. We asked the participants to use the more effective and simple point markers [49]. These could also fit better in the base map because of the regional scale of the study area. In all types of CES, three markers were employed in order to keep an easily mappable number of points, but not to force the involved locals to use only one important point per category.



Each inquiry took 15–20 min, starting with the questions on basic sociodemographic characteristics (home settlement, age and gender) of the participants [29] followed by the mapping process. During the survey, we paid attention to the geographical balance, including how the number of inquiries varied according to the size and population of the settlements [47]. Participants were approached in many different public locations, such as cafes, parks, railway stations, bus stops, health care centers, schools and shopping centers, to make contact with a high number of persons representing a wide range of the local population [47].




2.4. Spatial Data Preparation


The assigned CES were digitized in Quantum GIS (ver. 2.18) software. The database contains the geographical location of the services and the associated data (types of services, sociodemographic characteristics of participants, etc.). We used layers of CORINE Land Cover [43], Natura 2000 areas [44], nationally protected areas [50], roads, railways, hiking trails and bicycle paths [51] in the overlay analyses. CORINE land cover categories were merged into 11 categories suitable for the geographical context of the study area; we merged the urban fabric with the industrial, commercial and transport units, and we excluded two irrelevant categories in this region (maritime wetlands and marine waters) (Figure 2). For the accessibility analyses, distance bands were generated along the infrastructural elements within distances of 200 [12,47], 500, 1000 and 1500 m. Similarly, in cases of two land cover classes (forests, water bodies), 200 m of distance bands were elaborated [47].



All layers were clipped to the boundaries of the Vác microregion study area and spatially intersected with the marked CES. This way, every point of cultural services had an associated land cover class similar to Brown et al., 2015 [6]. The protected area data and the elaborated distance bands, along the infrastructural elements, were also overlaid with all types of CES [38,47].



In order to indicate proportional under- or over-representation of CES, the area of land cover types, protected areas and distance bands were calculated by Quantum GIS (ver. 2.18) software [38,47]. To determine CES bundles, a 2 km vector grid (fishnet) was overlaid with the study area [52]. The number and type of CES, as well as the proportion of each land cover class, were tabulated within every grid cell [6].




2.5. Data Analyses


The analyses contained identification of hotspots, comparison of CES and landscape features, identification of CES bundles and comparison of CES perception and accessibility. During the comparisons, all the points marked by different CES types were analyzed separately. In the statistical analyses, Excel 2016 and IBM SPSS (ver. 25) software were used.



2.5.1. Identifying of CES Hotspots


Kernel quadratic function was used in order to create a continuous intensity surface from the mapped CES points layer [53]. This analysis is commonly employed in PPGIS studies to present the spatial intensity of cultural services [11,28,54]. The applied Kernel density radius of 500 m with grid cell size 50 m was suitable to the scale of the study area. In this way, we could identify the areas with a higher density of points and define the CES hotspots considering the results of similar research [11,12,54].




2.5.2. Analyses of Relationship between CES and Landscape Features


In order to examine the relationship between CES and landscape features (CORINE land cover classes, protected areas, buffers of forests and water bodies), two types of statistical methods were used. In the first step, cross-tabulations, chi-square statistics, and the adjusted standardized residuals were generated. These methods are commonly employed in PPGIS-related research to examine the distribution of services by landscape features (e.g., [6,38]). Chi-square test was performed to determine the independency between CES types and land cover classes, as well as to detect significant correlation between category-type variables. We used adjusted standardized residuals to define whether the number of mapped cultural services were over- or under-represented in a land cover class or protected area, with the criteria of the adjusted standardized residual being above 1.96 or below −1.96, respectively [55]. This method does not consider the areal proportion of CORINE land cover classes within the study area. During the first step, three land cover classes (mine, dump construction; permanent crops; wetlands) were excluded because of their very small number of tabulated CES points.



As a second step, Z-test for proportion comparison was performed in order to define whether the mapped CES type scores were distributed similarly to the landscape feature proportions [6]. Z-scores higher than +1.96 (two-tailed test, α = 0.05) showed that the proportion of CES located within a given landscape feature were significantly higher than expected, while Z-scores lower than −1.96 showed the proportion of CES that were significantly lower than expected [6].




2.5.3. Assessment of Spatial Bundles of CES


Several methods were applied to determine the spatial relation between pairs of CES. The 2 km vector grid resulted in n = 117 cells, from which the cells without any point were excluded; finally, therefore, we calculated with n = 84 grid cells. In the cases, located at the border of the study area, the size of grid cells was smaller than 4 km2. To make the cell scores comparable, in these cells the numbers of tabulated points were scaled in proportion of 4 km2 unit. The numbers of the assigned points of the five CES types were recoded into five categories in order to make them suitable for nonparametric methods: 0 » 0; from 1 to 5 » 2; from 6 to 10 » 3; from 11 to 25 » 4; above 25 » 5. In the same way, the numbers of the assigned points of the 11 land use types were recoded: 0 » 0; from 1 to 10 » 2; from 11 to 25 » 3; from 26 to 60 » 4; above 60 » 5. These recoded scores were then used for statistical analyses. We performed hierarchical cluster analysis based on squared Euclidean distance with the Ward method [56]. Pairwise Spearman’s rank correlation coefficient was also calculated for all CES type pairs [4,12]. Moreover, the proportions of land cover classes were also calculated in each grid cells [6]. Correlation coefficients ranged from −1 to +1, with the strongest correlations approaching either end of the gradient, and a value of 0 showed a random pattern [52,57]. We filtered the most important land use categories arising in cells where a pair of CES types had either medium or high values (≥3).




2.5.4. Accessibility and CES Perception


For accessibility analyses, different methods were used inspired by previous PPGIS-related research (e.g., [12,38,54]). To examine the distribution of CES in the elaborated distance bands of infrastructural elements, we used proportional analysis [38]. Z-scores were generated in every distance band for each type of infrastructural element separately (motorways, roads, railways, bicycle paths, hiking trails). During this analysis, the same critical values were used as in the case of correlation analysis between CES and land cover classes.






3. Results


3.1. Participants Characteristics


The total number of participants was 184, balanced according to the population of the 18 settlements (Table 2). The highest number of involved locals lived in the biggest town and the center of the study area (Vác–14.1%). Almost 10% of the respondents came from one of the other three bigger settlements (Acsa–8.7%, Őrbottyán–8.2%, Sződliget–8.2%), while the lowest numbers of participants (2.7% of each) came from the smallest villages (Kisnémedi, Váchartyán, Püspökszilágy, Vácrátót). Women were over-represented with 67.4%, while men were 32.6% of the involved locals (average of the region: men–48.3%; women–51.7%) [42]. Only 9.2% of participants were under 25 years old, while 32.6% were above 55, and 58.2% were between 25 and 55. In total, 2700 CES points were mapped and digitized.




3.2. Spatial Patterns of Mapped CES and Distribution of Hotspots


The spatial distribution of services hotspots differs among the analyzed CES types (Figure 3). The most significant and only common hotspot among CES is the historical downtown of Vác, the biggest settlement of the study area. Aesthetic services are mostly concentrated along the river Danube (at the western border of the region), in the highest mountain (Naszály, located in the northwest areas), and around the ruins of Csővár Castle (northeast). Most marks of recreation services were allocated along the river Danube, around small water surfaces (southwest and northeast parts), at the Arboretum of Vácrátót (south), and at the swimming pool of Acsa (northeast area). The spatial patterns of spiritual and historic hotspots are likely similar; the highest intensity of services was observed in downtown Vác; at the churches and centers of bigger settlements; as well as around the smaller castle of the study area (e.g., in Acsa). The most significant difference between hotspots of these two services is at the ruins of Csővár Castle, which was important only from a historic point of view for the locals. Considering educational services, we found hotspots in downtown Vác, and around the Arboretum of Vácrátót. A lower intensity of marks was observed at the study trails of the region (e.g., in Naszály mountain; southwest areas).




3.3. Mapped CES and Their Spatial Relationship to Land Cover Classes and Protected Areas


The distribution of CES by land cover was examined using proportional analysis. As Table 3 shows, Z-scores are positive and significant for all CES in land covers related to built-up areas (urban fabric; artificial, non-agricultural vegetated areas) with the only exception being spiritual services, where no significant spatial association was found with the artificial, non-agricultural vegetated areas. Further, water bodies have significant positive correlation with aesthetic and recreational services, while significantly higher-than-expected aesthetic marks were identified in mine, dump and construction land cover type. The highest Z-scores were for historic, spiritual and educational services in urban fabric. In all the other land cover classes, the mapped values were under-represented or there was no significant correlation.



We also calculated the Chi-square association that does not assume that CES are distributed proportional to land cover area. The Chi-square adjusted standardized residuals are presented in Table 4. Similarly to the proportional analysis, historic, spiritual and educational services were significantly over-represented in urban fabric. Several points of recreational and educational services were found in artificial, non-agricultural vegetated areas. The adjusted standardized residual values were also positive and significant in water bodies for aesthetic and recreational services. However, in almost all the other land cover classes, the results of aesthetic and recreational services were different than in the proportional analysis. They were significantly over-represented in arable land, heterogeneous agricultural areas and forests. The highest adjusted standardized residual was observed for aesthetic service in forests, pointing out significant positive correlation. We could not find any spatial association of CES in grasslands and pastures while historic, spiritual and educational services were mainly significantly under-represented in non-built-up areas.



The relation between protected areas and mapped CES was also examined separately. Z-scores are significant and positive for aesthetic services, both in international and in national protected areas (Appendix A). The highest Z-scores were found in the cases of recreational and educational services in national protected areas. We had the same results applying adjusted standardized residual analysis, with the only exception being aesthetic services, which was significantly under-represented in national protected areas (Appendix B).




3.4. Assessment of Spatial Clustering and Bundles of CES


The hierarchical cluster analysis based on squared Euclidean distance with the Ward method showed very similar results to the Spearman’s rank correlation (Appendix C). The strongest and most significant spatial Spearman correlation was found between the pairs of historic–spiritual (0.67; p < 0.001) and educational–spiritual services (0.66; p < 0.001). Further, the pair of aesthetic and recreational services also showed a strong significant correlation (0.62; p < 0.001). Based on these pairs, as the dendrogram of Ward Linkage shows (Appendix C) that we can identify two bundles of the analyzed CES: one is the historic–spiritual–educational; the other is the aesthetic–recreational. In addition, recreational services are usually perceived together with historic and educational services, which is proved also by significant Spearman correlations (recreational–historic: 0.52; p < 0.001; recreational–educational: 0.42; p < 0.001). However, the weakest still-significant correlation was found between aesthetic and spiritual services (0.23; p < 0.05).



The five identified pairs of CES (Aesthetic–Recreational; Recreational–Educational; Recreational–Historical; Historical–Spiritual; Spiritual–Educational) were compared using the coded scores of land cover classes. We filtered the cells for which both members of the pair had more than five CES marks (with codes >= 3) and called them “highly double-marked cells”. For these filtered cells, we ordered the land cover types of the cells by their average coded land cover ratio scores (see 2.5.3) to find out the main land cover types of these cells. All the highly double-marked cells resulted in the same four land cover types in the first four places. The urban fabric and arable land were found as the first and second in this order (with their average code scores ranging from 1.96 to 2.53 and from 1.91 to 2.38, respectively). Forests and heterogeneous agricultural areas came in the third and fourth places (with their average code scores ranging from 1.56 to 1.77 and from 1.3 to 1.77, respectively).




3.5. Distribution of CES by Accessibility (Roads, Motorways, Railways, Biking Paths, Hiking Trails)


Z-scores of CES by distance bands showed an interesting pattern (Table 5). We found that roads, railways, bicycle paths and hiking trails had a significant positive effect on the perception of all analyzed CES. However, this effect varied by types of infrastructural elements. The proportion of mapped CES along roads and railways were significantly greater than expected for the closest 2–3 distance bands. The range of this effect along bicycle paths was similar; however, the Z-scores were much higher in the closest band. Similar significant positive spatial correlations were found in the case of hiking trails; nevertheless, the effect was detected only in the closest zone of the trails. Insignificant or significant negative correlation was found in distance bands above 200 m. Analyzing the National blue hiking trail separately, only the mapped aesthetic services were significantly greater than expected; however, in this case the effect was detected in a wide buffer zone (up to 1500 m). Our results show in almost all cases significant negative spatial correlation along motorways for bands below 1500 m. Parallel with this, we found significant positive correlation beyond a 1500 m distance of motorways.





4. Discussion


4.1. Mapping Outcomes and CES Hotspots


In comparison with other studies, our findings confirmed the following: the CES types appear in spatial patterns and they are concentrated in hotspots (e.g., [12]); these patterns differ among CES types (e.g., [54]); the spatial concentrations of recreation and historic services are higher than other services (e.g., [47]); the importance of water surfaces and diverse topography related to aesthetic and recreational services (e.g., [58]); the relevance of the surrounding environment and visibility of a characteristic landscape element [31].



Contrary to other studies [12,25], the distribution of spiritual services clustered highly in our case. These services included mainly bigger religious assets such as churches, whereas smaller sacred objects (e.g., crucifixes) showed less or no significant impact on the locals. An explanation of the clustered spiritual services may be the active Christian tradition in Hungary, as many people still use the service of the churches, whereas the lower-scale sacred objects are unknown by most people. Compared to many other CEE countries, during the socialist era in the Hungarian countryside, Christian traditions were able to stay relatively strong. Nowadays, the new direction of governmentality with illiberal logic and strong national identity [24] in many CEE countries (e.g., Hungary, Poland) also supports Christianity. Based on our results, the non-religious side of spirituality (e.g., nature, wilderness) does not play as important a role as in many other regions of the world (e.g., Northern Europe).



The importance of local small-scale recreational infrastructure was also highlighted (e.g., swimming pool of Acsa). Landscape perception theoretical frameworks can explain these results. As Morin (2020) [59] highlighted, landscape perception is based on identity and subjectivity, but also on various aspects of social systems (e.g., social class, religiosity). During this process, the importance of feelings and their recognition are crucial [60]. These feelings can be enforced by those landscape elements, which can provide new workplaces and diversify social/recreational activities [61]. This is of particular importance in the study area, as it is located in the vicinity of the Budapest Metropolitan Area, from where it is easily accessible for tourists and recreation seekers. The importance of this potential has increased in recent years thanks to the COVID pandemic (easily accessible, yet close to nature and less crowded). Local people identify this potential during the perception of recreational assets, since these can have a positive impact on the local economy. In many cases, the hotspots reflected those places, which were popularized by local representatives or decision makers (e.g., swimming pool in a village), rather than places, where the participants had own experiences. Our results showed that among the factors influencing participatory map outcomes, the culture of participants is more important in countries with a strong role of the state/government (e.g., in many CEE countries), than in Western European and North American societies with long traditions of liberal democracy. The understanding of culture in this case covers shared values, knowledge and practices of local representatives [39].



Increasing agglomeration pressure in the near future is expected to affect CES in the study area in different ways. One part of them may become more valuable (e.g., recreational services), as one of the main motivations for people moving out of the nearby capital is to seek these values in their daily lives. However, several researchers highlight that more attention should be paid to peri-urban ecosystem services in order to elaborate the most effective resource management and policies to decrease the negative demographic and land use impacts [62,63]. One of the most important negative impacts of this process on CES can be that despite of its many economic and cultural advantages, it can destroy the relationship between places and people [64].




4.2. Bundles and Role of Land Cover in Perception of CES


With the statistical analysis, we found the following similarities with previous studies: the built-up areas are associated with all types of CES (e.g., [29]); forests provide high levels of aesthetic and recreational services (e.g., [6]); grasslands and pastures are not associated with CES (e.g., [58]); with the exception of aesthetic service, international protected areas also have no spatial association with perceived CES (e.g., [47]); a proven aesthetic–recreational bundle (e.g., [12]); CES bundles and pairs appear mainly in or around settlements (e.g., [65]). Further, green areas (artificial, non-agricultural vegetated) such as parks, tree alleys and sport fields located within the settlements provide high levels of CES (especially recreational and educational services). The importance of these areas is expected to increase in the future due to growing suburbanization pressure, even in the peripheries of the agglomeration region. This calls for increased attention on these areas in regional planning and development [10].



Several differences were also found. Surprisingly, aesthetic services were significantly over-represented in mine, dump and construction land cover types. The explanation of this might be the visually important location of the mine site (on the southern slope of the highest mountain) in our study area. We may therefore conclude that a diverse topography is more important than land cover for people’s aesthetic judgment. Other explanations can be that locals prefer the heterogeneous structure of different land covers [47], even if this heterogeneity is caused by an artificial land use.



Interestingly, land cover types related to agriculture, aesthetic and recreational services were significantly over-represented. We found also spatial correlations between CES bundles and the arable land cover type. The explanation could be that hiking trails and water bodies are integrated into the surrounding agricultural landscape; further, open agricultural areas offer the most beautiful views of the surrounding mountains, forests and diverse landscapes. Another explanation is the general preference of the locals for traditionally managed landscapes [25], as the study area is mainly a rural landscape representing the agrarian character and the identity of the country. Despite the importance of agriculture decreasing during the almost half-century-long Communist era, agricultural activities still played a significant role in the Hungarians’ lives. On one hand, many people living in the countryside were working in the agricultural sector. On the other hand, many of those, who had been employed in the industrial sector, also owned small pieces of land for their own use. After many decades, this value of agricultural (especially arable) land still exists in people’s minds. Based on these, one can argue that not only the current political principles, but also the historically common values of societies, have a strong influence on CES perception. On a political level, and in rural development strategies, the development of agriculture has a strong priority, especially those sectors which have a higher added value, as horticulture and wine production form regional identity. However, the facts show a drastic reduction in the number of people employed in agriculture in recent decades due to structural changes [66], a trend which is set to continue in the future. As a result, the sector will not provide any meaningful employment opportunities either for the local population or for the population of the surrounding area (e.g., Budapest Agglomeration Region).



Our internationally protected-areas-related results run counter to research findings in non-European contexts [67]. A reason might be that the study area is dominated by rural landscape and that nature conservation interest is less obvious [12]. Another explanation could be that the implementation of Natura 2000 was not completely successful. As Blicharska et al. (2016) [68] and Maczka et al. (2019) [69] highlighted, stakeholder involvement is a key factor for success. In CEE countries which joined the EU from 2004, the Natura 2000 implementation was too fast, and they have no tradition of a broad stakeholder inclusion and are still characterized by top-down governance [68]. In contrast, our findings related to national protected areas showed highly significant positive spatial association (recreational and educational services). The reason could be that in Hungary, awareness and appreciation of national protection is higher than the international protection, thanks to the awareness-raising activities of public authorities focused on the national protected areas.




4.3. Effect of Accessibility on Perception of CES


Paracchini et al. (2014) [10] highlighted that people prefer places with good accessibility, which was confirmed and detailed further by our findings. The differences between the positive effects of various infrastructural elements can be explained by different user-groups and by different landscape experiences along these elements. Thanks to the construction and spatial design of roads and railways, people can observe and experience the surrounding landscapes for longer distances. However, for the same reason, and thanks to the average speed of vehicles using the roads and railways, the experience cannot be so strong and direct. Compared to these, users of bicycle paths and hiking trails can observe and feel the surrounding landscapes directly and more intensively. Nevertheless, this effect can be witnessed only in closer zones of trails and paths. In contrast, our findings showed significant negative correlations along motorways. This can be explained by the planning and landscape design and speed limit of these artificial elements isolating travelers from the surrounding landscapes, so they cannot realize their values along the motorways.




4.4. Implications for Landscape Planning in CEE


Our study gives practitioners new knowledge on how CES are perceived and valued by locals in CEE. The results (identified hotspots, CES bundles, relationships between CES and land cover types, protected areas, accessibility) help the planners and decision makers to better understand what kind of effects can have their strategies, plans and the general sociopolitical background on people.



Several authors complained about the lack of integration of social values into planning and management (e.g., [12]), and thus stressed a frequent need to link policy development to wider sociocultural factors [4]. Despite these arguments, landscape planning and management in CEE is still based on mainly expert-led approaches. Our results can help to bridge these gaps in order to reach more inclusive plans and strategies. The applied method can connect the different levels of the cascade model, since the services and their benefits are spatially identified and combined by the beneficiaries [61]. These may significantly help in communication among diverse stakeholders, planners and decision makers about future development [69]. The identified hotspots can be also integrated into the strategy-building process in order to provide more efficient protection of cultural values and valuable places. Further, our accessibility-related results can serve as a base for more targeted development plans in order to enhance the landscape experience of locals and tourists. In addition, the application of this method can improve identity and raise the awareness of CES in the region. This effect may build trust and increase the support of future sustainable development projects.



However, since every (social and cultural) context is different, the application of participatory methods is advisable in each situation. On local and regional scales, the PPGIS tool is especially important and useful during the spatial data collection process, assessment of landscape characters, and in discovering the relationships among diverse stakeholders and CES. Our results showed that in CEE countries these relationships are vital, as this knowledge can help to promote acceptance and improve the co-management of developments among locals. In addition to landscape planning and management, these can contribute to a deeper understanding of the current social processes, and by extension to respond them in a targeted manner. Similar implications are possible on higher (e.g., national) scales; furthermore, the discovered CES bundles may narrow the assessment effort by reducing the number of indicators in CES studies [4].




4.5. Challenges and Study Limitations


Among the limitations of our research, it must be noted that we had to tailor the number of involved types of CES to reflect the average socioeconomic and cultural background of the participants in our study site. First, we tested our method with a bigger amount of commonly used CES; however, the participants had difficulties understanding the differences among them, and as it was an on-site survey, this larger quantity of CES caused a deterioration in the accuracy of marks.



During the fieldwork, we paid attention to the geographical balance; nevertheless, we still had sampling bias, mainly on the factor of age. This bias also appears in other PPGIS research [70], and the level of its influence on the results is still uncertain [38]. In relation to the sampling issue, other factors, such as the respondents’ relationship to and knowledge of the study area, are also very important [12]. In our work, we were focusing on local citizens generally; however, we were also aware of the importance of other special stakeholders, e.g., tourists and landowners. These groups may identify CES differently [4] and may slightly modify our results.



Another problematic aspect is the identification of landscape boundaries, which is especially difficult in the case of research focused on CES [2]. In some studies, participants were allowed to put markers outside the study areas [12]; however, to avoid more confusion among participants, we allowed them to mark services only within the administrative borders of the study area, even though we lost some important CES around the site.



We used hard-copy maps in order to produce a higher response rate [71] since some important local groups (e.g., older people) did not use or have access to the internet or smartphones. An increasing number of PPGIS studies are based on web-based surveys [70] which enable a bigger map scale and increase the accuracy of data. Less accuracy of data and a smaller map scale are limitations of this study. Based on our Hungarian experiences, we encourage using manual mapping in addition to web-based surveys. Other limitations are related to the statistical and spatial analyses, since there are many methods and parameter choices used in such studies [72]. These methods and parameters can influence our results; however, our choices were based on careful literature review and the overall background of the study area.



An interesting future research topic is to analyze the relationship between agglomeration location and the perception of CES, which was not part of this work, but has potential for further research. We consider it important to analyze the place attachment, the regional significance and local importance of CES, as well as specific regularities that arise from location, which we plan to carry out in the next phases of our research. It may be of particular interest to examine both the distance from the capital and the location of the subcenter (Vác) within the study area and its relationship with other municipalities in terms of CES perception.





5. Conclusions


In our study, a PPGIS approach was used in order to better understand how CES are perceived in a CEE regional context. Our results showed some similarities with other studies from various countries. We were able to confirm previously discovered CES bundles and spatial relationships between different CES types and biophysical landscape features. However, we found several differences, mostly due to the CEE sociocultural background. Compared to other studies, different spatial relationships were identified related to spiritual services. We also found higher importance of agricultural (especially arable) land cover in relation to the perception of CES, which can be explained by the traditional agricultural-oriented features of Hungarian culture (despite the dramatic reduction in the number of people employed in the sector). Significantly higher appreciation of national protected areas was identified, which can be explained by the fast and weak implementation of Natura 2000 (international protection) in CEE. Our results highlighted that in CEE countries (e.g., Hungary), the historically common values of societies and current political principles have strong influence on CES perception. These also mean that among the factors influencing participatory map outcomes, the shared values, knowledge and practices of local representatives are more important in countries with a strong role of the state/government than in Western European and North American societies with long traditions of liberal democracy. The study demonstrated the significant effect of accessibility on CES perception; however, our findings showed more sophisticated relationships in terms of various infrastructural elements. The analysis presented here has been applied in this Hungarian case study. Further CES-related research in CEE can provide a deeper and more generalizable insight into CES and their role in landscape planning and management in this geographical context.
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Appendix A


Z-scores of CES calculated over international and national protected areas. Z-scores greater than +1.96 (pink cells) or less than −1.96 (yellow cells) indicate significant deviations from expected proportions of CES marks.











	
	Aesthetic
	Recreational
	Historic
	Spiritual
	Educational



	International protected areas
	7.52
	−2.15
	−7.96
	−12.88
	−8.77



	National protected areas
	13.82
	36.61
	3.90
	0.21
	41.37









Appendix B


Observed and expected numbers of CES marks together with adjusted standardized residuals of cultural ecosystem services over international and national protected areas. Shaded cells indicate significantly higher (pink) or lower (yellow) CES marks than expected based on adjusted standardized residuals above 1.96 or below −1.96, respectively.



	

	

	
Aesthetic

	
Recreational

	
Historic

	
Spiritual

	
Educational




	
International protected areas

	
Observed

	
207.00

	
109.00

	
51.00

	
2.00

	
41.00




	
Expected

	
83.21

	
82.30

	
82.15

	
82.00

	
80.33




	
Adjusted Residual

	
16.50

	
3.57

	
−4.17

	
−10.73

	
−5.31




	
National protected areas

	
Observed

	
30.00

	
73.00

	
11.00

	
4.00

	
81.00




	
Expected

	
40.39

	
39.95

	
39.87

	
39.80

	
38.99




	
Adjusted Residual

	
−1.90

	
6.08

	
−5.31

	
−6.59

	
7.80










Appendix C


CES bundles obtained by hierarchical cluster analyses based on Ward method with squared Euclidean distances.
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Figure 1. Location of study area, Vác microregion in Hungary. 
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Figure 2. Spatial distribution of CES mapped over the 11 land cover classes in the study area. 
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Figure 3. CES hotspots in the study region calculated as kernel density surface with 50 m grid cell size and 500 m search radius. 
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Table 1. Selected CES with operational descriptions mapped in the study (adapted from [4,6,48]).
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	Ecosystem Services
	Operational Description





	Aesthetic
	Areas of beautiful landscapes



	Recreation
	Areas of importance because they provide recreational opportunities



	Spiritual
	Areas of spiritual, religious meaning



	Historic
	Areas of importance because of their relevance to local history and culture



	Educational
	Areas of importance because these provide information about the nature and environment
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Table 2. Sociodemographic characteristics of participants (n = 184).
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	n
	%





	Municipality
	
	



	Acsa
	16
	8.7



	Csörög
	11
	6.0



	Csővár
	14
	7.6



	Galgagyörk
	7
	3.8



	Kisnémedi
	5
	2.7



	Kosd
	9
	4.9



	Őrbottyán
	15
	8.2



	Penc
	10
	5.4



	Püspökhatvan
	11
	6.0



	Püspökszilágy
	5
	2.7



	Rád
	9
	4.9



	Sződ
	6
	3.3



	Sződliget
	15
	8.2



	Vác
	26
	14.1



	Vácduka
	9
	4.9



	Váchartyán
	5
	2.7



	Váckisújfalu
	6
	3.3



	Vácrátót
	5
	2.7



	
	184
	100.0



	Gender
	
	



	Men
	60
	32.6



	Women
	124
	67.4



	
	184
	100.0



	Age category
	
	



	≤24 yrs
	17
	9.2



	25–34 yrs
	26
	14.1



	35–44 yrs
	39
	21.2



	45–54 yrs
	42
	22.8



	≥55 yrs
	60
	32.6



	
	184
	100.0
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Table 3. Z-scores of CES calculated over land cover classes. Z-scores greater than +1.96 (pink cells) or less than −1.96 (yellow cells) indicate significant positive or negative deviations from expected proportions of CES marks, respectively.
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	Aesthetic
	Recreational
	Historic
	Spiritual
	Educational





	Urban fabric
	16.50
	24.40
	53.15
	63.04
	45.94



	Mine, dump, construction
	10.61
	−1.49
	−0.81
	−1.48
	−0.78



	Artificial, non-agricultural vegetated
	16.55
	27.69
	8.30
	1.25
	27.64



	Arable land
	−13.95
	−13.03
	−16.37
	−16.09
	−16.06



	Permanent crops
	−3.06
	−2.71
	−3.04
	−2.70
	−3.01



	Grassland and pastures
	−3.10
	−2.14
	−3.76
	−3.53
	−2.53



	Heterogeneous agricultural areas
	−1.90
	−1.26
	−4.72
	−4.99
	−5.02



	Forests
	0.14
	−5.85
	−11.19
	−13.33
	−9.53



	Shrub and/or herbaceous vegetation associations
	0.35
	−3.34
	−1.53
	−6.43
	−5.20



	Wetlands
	−0.87
	1.79
	−0.86
	−1.52
	−0.83



	Water bodies
	10.94
	10.63
	−2.14
	−2.13
	−0.89
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Table 4. Observed and expected numbers of CES marks together with adjusted standardized residuals of cultural ecosystem services by land cover class. Shaded cells indicate significantly higher (pink) or lower (yellow) CES marks than expected based on adjusted standardized residuals above 1.96 or below −1.96, respectively.
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Aesthetic

	
Recreational

	
Historic

	
Spiritual

	
Educational






	
Urban fabric

	
Observed

	
162.00

	
214.00

	
407.00

	
473.00

	
354.00




	
Expected

	
318.99

	
323.21

	
325.01

	
325.01

	
317.78




	
Adjusted Residual

	
−15.58

	
−10.78

	
8.08

	
14.58

	
3.60




	
Artificial, non-agricultural vegetated areas

	
Observed

	
43.00

	
68.00

	
24.00

	
8.00

	
67.00




	
Expected

	
41.61

	
42.16

	
42.39

	
42.39

	
41.45




	
Adjusted Residual

	
0.25

	
4.64

	
−3.29

	
−6.16

	
4.62




	
Arable land

	
Observed

	
50.00

	
59.00

	
21.00

	
24.00

	
22.00




	
Expected

	
34.87

	
35.33

	
35.53

	
35.53

	
34.74




	
Adjusted Residual

	
2.96

	
4.61

	
−2.82

	
−2.24

	
−2.50




	
Grassland and pastures

	
Observed

	
6.00

	
10.00

	
3.00

	
4.00

	
8.00




	
Expected

	
6.14

	
6.22

	
6.26

	
6.26

	
6.12




	
Adjusted Residual

	
−0.06

	
1.70

	
−1.47

	
−1.02

	
0.85




	
Heterogeneous agricultural areas

	
Observed

	
45.00

	
49.00

	
24.00

	
22.00

	
21.00




	
Expected

	
31.90

	
32.32

	
32.50

	
32.50

	
31.78




	
Adjusted Residual

	
2.67

	
3.39

	
−1.72

	
−2.13

	
−2.20




	
Forests

	
Observed

	
146.00

	
83.00

	
28.00

	
6.00

	
43.00




	
Expected

	
60.63

	
61.43

	
61.77

	
61.77

	
60.40




	
Adjusted Residual

	
13.01

	
3.27

	
−5.11

	
−8.44

	
−2.66




	
Shrub and/or herbaceous vegetation associations

	
Observed

	
43.00

	
20.00

	
31.00

	
1.00

	
8.00




	
Expected

	
20.41

	
20.68

	
20.79

	
20.79

	
20.33




	
Adjusted Residual

	
5.70

	
−0.17

	
2.56

	
−4.96

	
−3.11




	
Water bodies

	
Observed

	
34.00

	
33.00

	
1.00

	
1.00

	
4.00




	
Expected

	
14.46

	
14.65

	
14.74

	
14.74

	
14.41




	
Adjusted Residual

	
5.82

	
5.44

	
−4.06

	
−4.06

	
−3.10
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Table 5. Z-scores of CES by distance bands of infrastructural elements. Z-scores greater than +1.96 (pink cells) or less than −1.96 (yellow cells) indicate significant deviation from expected proportion of CES marks.
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Distance Bands

	
Roads

	
Motorways

	
Railways

	
Bicycle Paths

	
Hiking Trails

	
National Blue Hiking Trail






	
Aesthetic

	
< 200 m

	
5.53

	
−2.19

	
−0.43

	
24.25

	
18.30

	
4.57




	
200–500 m

	
3.51

	
−2.47

	
2.75

	
8.46

	
1.01

	
6.27




	
500–1000 m

	
−0.78

	
−2.59

	
2.75

	
1.13

	
−5.70

	
4.44




	
1000–1500 m

	
−4.07

	
0.72

	
−1.39

	
−0.22

	
−6.53

	
2.49




	
>1500 m

	
−4.32

	
3.19

	
−2.36

	
−16.39

	
−7.15

	
−9.01




	
Recreational

	
< 200 m

	
7.84

	
−3.07

	
7.00

	
28.55

	
21.13

	
−1.35




	
200–500 m

	
8.67

	
−2.19

	
4.53

	
11.95

	
2.94

	
−1.10




	
500–1000 m

	
−0.74

	
−2.15

	
6.45

	
3.36

	
−8.50

	
−3.17




	
1000–1500 m

	
−6.08

	
1.56

	
0.06

	
0.96

	
−8.58

	
−1.24




	
>1500 m

	
−10.12

	
2.62

	
−10.51

	
−22.09

	
−6.96

	
3.65




	
Historic

	
< 200 m

	
23.54

	
−2.77

	
3.60

	
29.22

	
28.78

	
−2.54




	
200–500 m

	
1.40

	
−3.42

	
16.37

	
16.78

	
−1.03

	
−2.87




	
500–1000 m

	
−7.51

	
−2.53

	
5.06

	
2.00

	
−8.79

	
−3.16




	
1000–1500 m

	
−5.95

	
−2.51

	
−1.16

	
−2.17

	
−10.03

	
−2.27




	
>1500 m

	
−10.21

	
5.81

	
−13.91

	
−22.58

	
−8.86

	
5.57




	
Spiritual

	
< 200 m

	
17.33

	
−2.76

	
5.05

	
32.12

	
26.76

	
−2.54




	
200–500 m

	
10.30

	
−2.92

	
9.95

	
16.24

	
−0.70

	
−2.86




	
500–1000 m

	
−7.40

	
−2.52

	
12.67

	
4.48

	
−9.58

	
−3.46




	
1000–1500 m

	
−9.20

	
2.17

	
−4.97

	
−1.02

	
−9.12

	
−2.61




	
>1500 m

	
−10.64

	
2.71

	
−13.69

	
−25.61

	
−7.16

	
5.92




	
Educational

	
< 200 m

	
21.29

	
−2.42

	
7.95

	
26.41

	
26.83

	
0.31




	
200–500 m

	
6.33

	
−2.37

	
3.05

	
15.33

	
0.50

	
−1.04




	
500–1000 m

	
−8.19

	
−3.22

	
3.24

	
1.56

	
−9.62

	
−1.93




	
1000–1500 m

	
−8.49

	
−1.04

	
0.67

	
0.20

	
−9.79

	
−2.23




	
>1500 m

	
−10.07

	
4.69

	
−8.32

	
−21.48

	
−7.81

	
2.66
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