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Abstract

:

Peri-urban forests often have extensive greenway networks that allow for outdoor recreation. However, information associated with these greenways often does not include their degree of naturalness, which is usually reduced to descriptions of the flora and fauna and often overlooks the factors that reduce naturalness. Therefore, in some cases, the naturalness of these greenways is lower than expected. Quantifying their naturalness would be helpful, especially for hikers interested in appreciating and enjoying nature. Additionally, this information would help outdoor recreation managers to design trails or decide which ones to promote as “greenways”. The objectives of this study are (1) to design a method to calculate and map the naturalness of greenways using two approaches, one based on perceptual fieldwork and the other on geographic information systems (GIS); (2) to apply the designed method to a specific greenway; and (3) to compare both methodological approaches. The results show that, for the greenway studied, the naturalness scores obtained are low in all three types of analyses used. Around 70% of the greenway sections in the GIS visibility analysis and 80% in the GIS proximity analysis have a low naturalness index. In comparison, this value is reduced to 40% with the fieldwork analysis. Although the results of the GIS approach (proximity and visibility) generate naturalness indices and spatial patterns that are very similar, they differ significantly from those derived from the fieldwork analysis. The discussion of the results suggests that the three methodologies used are valid for analyzing the degree of naturalness of the trails. However, if used together, it could add flexibility to the type of variables incorporated in the analysis.
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1. Introduction


In the present day, urban populations are subjected, on the one hand, to an overload of work motivated by their work or academic activity, and on the other hand, to living in a degraded environment resulting, among other factors, from pollution. The confluence of these two situations can cause negative impacts on people’s health: higher levels of physiological and psychological stress and a higher risk of chronic pathologies, including cardiovascular diseases and mental health problems [1].



In order to counteract these adverse effects on health, the World Health Organization (WHO) recommends regular physical activity as it is beneficial for preventing and treating non-communicable diseases (such as cardiovascular diseases) and for mental health [2]. Additionally, according to Kerr et al. [3], the amount of time spent outdoors is related directly to the improvement of individuals’ physical and emotional states. The combination of these two elements, physical activity and outdoor exposure, gives rise to outdoor recreation, which provides psychological, sociological, educational, and physical benefits to people’s health [4].



When physical activity is performed outdoors in natural environments, it is generally referred to as “green exercise”. Several authors [1,5,6,7] consider that “green exercise”, when carried out in pleasant natural environments, may positively affect mental health and blood pressure, an important indicator of cardiovascular health. In addition, “green exercise” in natural green spaces may have advantages over that carried out in urban green spaces, especially concerning mental health [1,8]. This may be because natural vegetation provides a sense of privacy, encourages personal relationships and physical exercise, and allows one to distance oneself from routines, which implies isolating oneself from sources of stress [9,10]. The COVID-19 pandemic has encouraged outdoor activities, and, therefore, the use of hiking trails has increased. Obradović and Tešin’s work [11] states that, as a result of the pandemic, there was an increase in the number of people who practiced hiking, that people became more involved in this activity, but that perhaps this situation was motivated because other types of activities could not be carried out. Despite this, a large percentage of those surveyed stated that they would continue to practice outdoor hiking when the situation normalized.



Peri-urban forests often feature extensive networks of greenways, paths, or trails that offer a unique opportunity to escape the stress of urban life through sport and recreation [12,13,14,15,16]. It has also been found that the availability and accessibility of trails promote an active lifestyle, increasing the likelihood that users will meet physical activity recommendations prescribed by experts [17,18,19,20,21,22,23,24]. Moreover, from a semi-rural or peri-urban location perspective, trails allow for interaction with the natural environment, which, along with the benefits of physical activity, can improve the quality of life for its users [18,21,25].



The satisfying experience of a hike is conditioned by whether the trail’s characteristics align with the user’s motivations or preferences [11]. If a trail features elements preferred by the user, such as a pleasant landscape, their motivation to walk the trail will increase [8]. Several authors [13,18] have established that trails are mainly used for physical activity. However, in addition to physical exercise, other motivations, such as culture, heritage, or contact with nature drive physical activity on trails [18,22,26,27,28,29,30]. For example, Farías-Torbidoni [26] analyzed the motivations of hikers in natural areas and concludes that the main reason for walking the trail is related directly to nature (connecting with nature, relaxing and disconnecting, and enjoying the landscape). Cordeiro and Alves [31] obtained a similar result by establishing that hikers’ most important motivating factors are relaxation in the first place and exploration of nature in the second place. A study by Mayer and Lukács [32] revealed the desire to escape from everyday life and be in a natural environment as the main motivational factors for hiking trails. The results of Keith et al. [13] established that, after physical activity, relaxing and escaping from city life, spending time with friends or family, and discovering and experiencing nature are the main motivations for using a trail. Thus, contact with nature is one of the recurring motivations for trail use. Therefore, hiking in forests or natural environments is one of the most sought-after hiking experiences [33]. As shown, several studies confirm a high level of preference for environments with abundant natural vegetation, with natural beauty and contact with nature being one of the main reasons people use trails [31,33,34,35]. Therefore, evaluating the degree of naturalness or natural interest of the trails would allow potential users to plan their open-air activities based on their primary motivation. This way, their level of satisfaction would increase, since their expectations would be adjusted to the experience along the trail.



Naturalness is one of the dimensions of human perception of the environment [36]. In addition, naturalness is a subjective concept with aesthetic and biophysical dimensions [36,37]. However, it can be quantified through scientific assessment, for example, based on the number of native versus non-native species in a forest [37]. In outdoor recreation, naturalness relates to protected nature, nature-based recreational experiences, or wildlife [38]. In terms of trails, naturalness is deeply linked to the degree of conservation of the natural environments around them [39].



According to Fredman et al. [38], naturalness is synonymous with predominantly natural rather than built or artificial, and the degree of naturalness can increase depending on the distance from a human settlement. In addition, the impacts (such as visual, odorous, or acoustic) derived from the activities in urban settlements and their peripheries can compromise a landscape’s perceived degree of naturalness. For example, in the case of sound, it is an element of the landscape that, on the one hand, forms part of the place’s identity and its attractiveness, both in natural and cultural terms. On the other hand, noise (for example, associated with road or rail traffic) not only masks the characteristic sounds of the region but also represents a threat to the nature and naturalness of the place, causing environmental fragmentation and general ecological stress [40].



Traditional methodologies that study the characteristics of trails use a series of factors such as the attractiveness of the environment, the type of ground, the conditions of the trail itself, or the natural monuments and attractions present [41]. This method is in line with those applied by hiking federations, such as the European Rambler’s Association that issues trail quality seals, such as the “Leading Quality Trails—Best of Europe”, and that, to certify them, relies on the quality seal acquisition guide proposed by the “Deutsche Wanderverband Service”. The collection and evaluation of these factors have traditionally been based on fieldwork, relying mainly on observation and perception, but in recent decades, these methods have been supplanted by geographic information systems (GIS) [37,42,43,44,45].



In summary, not all hikers have the same interests and motivations, with some prioritizing the athletic aspect, others the ecological and naturalistic aspect, and others the recreational and cultural motivation [29,46]. Additionally, user experience improves if the trail characteristics align with their preferences, so evaluating and communicating the degree of naturalness of the trails is a priority for users motivated by contact with nature. Thus, a detailed understanding of the relationships between users’ motivations and trail characteristics can contribute to the design of strategies that increase user satisfaction and provide greater health benefits [27,46]. However, in analyzing and evaluating trails, the traditional fieldwork method has been substituted by GIS tools. The research question posed by this article is whether GIS tools effectively replace traditional fieldwork methods or whether they are complementary.



This study aims to calculate the naturalness of a greenway, that is, its affinity for the “nature-minded hiker” profile [26], whose main motivation is to appreciate, enjoy, and have direct contact with nature. The objectives of the study are: (1) to design a method that allows the calculation and mapping of the naturalness of greenways based on two approaches, one based on fieldwork and the other on GIS; (2) to apply the designed method to the selected greenway and assess its degree of naturalness; and (3) to compare both methodological approaches to contrast the different results, highlighting their respective strengths and weaknesses.



The study is applied to a local and circular greenway called Anella Verda (“Green Ring”), which is 34 km long and mainly runs through the peri-urban forests of the city of Tarragona (Spain). This was chosen because it is one of the most used greenways in the area [47] and because the responsible administration (Tarragona city council) promotes it as “green”, meaning that it has a strong ecological and naturalness component.




2. Materials and Methods


The methodology is divided into 4 steps (Figure 1). Except for the first step, the following steps are commonly used in methodologies based on multi-criteria analysis techniques in GIS environments. The first step consists of selecting a greenway and defining its sections to operationalize the analysis of its degree of naturalness. The second step is to determine a list of factors that influence the naturalness of the selected greenway, either positively or negatively. The third step refers to collecting data on the selected factors, and in this phase, two different approaches are proposed: GIS and perceptual fieldwork. We compare these two methodologies because they are some of the most widely used for collecting data on factors in multi-criteria analysis. In turn, the GIS method is subdivided into two approaches: proximity analysis and visibility analysis. It is considered that a certain factor, although not directly visible from the greenway, may be nearby and impact the user’s perception in some way. For example, no direct visual contact between a greenway user and a nearby wastewater treatment plant may exist; however, this element will potentially produce a different negative impact (acoustic and/or odoriferous) that the user will perceive equally, compromising the degree of naturalness of the greenway. Therefore, it is appropriate to use proximity and visibility analyses referring to the GIS method in this study. Finally, the fourth and last methodological step consists of calculating the naturalness index of each section of the greenway according to the three approaches and mapping it.



The segmentation of the greenway into sections (step 1 of the methodology) and its reference length as well as the selection of most of the factors that influence the naturalness of a greenway (step 2 of the methodology) are based on the Qualitätsweg Wanderbares (Quality Hiking Trail) guide (Deutscher Wanderverband Service GmbH, Kassel, Germany), promoted by the Deutscher Wanderverband (German Hiking Association, DWV) which is available online at https://www.wanderbares-deutschland.de/service/qualitaetsinitiativen/qualitaetswege (accessed on 4 February 2021). This guide details the requirements that a trail in Germany must meet to be certified as Qualitätsweg Wanderbares Deutschland (Quality Hiking Trail of Wanderbares Deutschland). To achieve this, different parameters of the trail are measured (materials, location, capacity to be enjoyed), the trail’s development as a means of communication, signage, the landscape and natural environment, cultural aspects, and the humanization of the route, among others. This guide is widely recognized and used by prestigious outdoor recreation associations such as the European Ramblers Association (ERA), which awards a seal called Leading Quality Trails—Best of Europe (ERA-EWV-FERP, Praha, Czech Republic) to the highest quality trails in Europe with the support of this guide (https://www.era-ewv-ferp.org/lqt/, accessed on 4 February 2021).



2.1. Study Area


The Anella Verda (“Green Ring”) runs through the peri-urban area of Tarragona (Catalonia, Spain). This space is a highly fragmented traditional agricultural landscape due to the proliferation of industrial, logistical, commercial, and leisure areas and a dense network of infrastructures. The environment of this greenway is considered a chaotic area with many interstitial spaces, although with great potential for outdoor recreation as it has an extensive network of trails [48].



Through two variants, the selected greenway connects the rivers that flow into the municipality of Tarragona (the Francolí and the Gaià), resulting in a great excursion of 34 km in length. Its interior variant mostly runs through peri-urban forests, while the other variant runs along the coastline (Figure 2). The route covers a large part of the extensive historical and cultural heritage of the municipality, passing through a Roman aqueduct (Figure 2a), medieval farmhouses, defense towers (Figure 2c), Roman quarries, orchards, river mouths, villages of interest (Figure 2e), and coves or beaches of high natural value (Figure 2b,d). Although there are specific locations within the itinerary with the presence of tourists (such as the Roman aqueduct), the entire greenway is used mainly by the inhabitants of its surroundings [47].




2.2. Trail Segmentation


The greenway layer has been downloaded from the website of the Tarragona City Council in GPX format and has been subdivided into different sections in order to operationalize data collection. For this purpose, the greenway has been segmented using satellite images through photointerpretation based on two criteria. The first (1) considers the morphology of the path and is based on detecting sudden changes, for example, when its width or type of surface is radically modified. The second (2) establishes a travel distance of around 4 km, following the Qualitätsweg Wanderbares guide.




2.3. Factor Selection and Sources


For analyzing the naturalness of the sections of the Anella Verda, a set of factors has been selected that are mainly based on the Qualitätsweg Wanderbares guide and other studies that evaluate naturalness using multi-criteria analysis techniques integrated into GIS, such as those by Vías and Ocaña [45] and Khazaee Fadafan et al. [43]. The selected factors are grouped into two sets (Table 1), similar to the approach used by Khazaee Fadafan et al. [43]. On the one hand, there are factors related to the intensive use of space that may reduce the naturalness of the greenway, which could be considered negative factors. On the other hand, there are factors that add naturalness, i.e., those that shape natural landscapes and their figures of protection that determine their relevance from a natural perspective, and all of them are positive factors.



Although there are many factors to use in the analysis, for this study, only those present in the study area have been considered. Specifically, through a previous exploration of the cartography associated with the Landscape Catalog of Camp de Tarragona from the Landscape Observatory of Catalonia [49], only the factors within a 500 m influence area from the greenway are included. Those that cannot be measured by the three approaches (GIS visibility, GIS proximity, and fieldwork) at the same time are excluded. In the case of approaches that require the use of GIS (proximity and visibility), the corresponding layers in ESRI shapefile format have been obtained from the different official organizations detailed in Table 1.




2.4. Factor Data Collection


The fieldwork was entirely perceptual or experiential. For each section, the presence of each factor was analyzed, considering a single scale of values from 1 to 5, with 1 indicating very little presence and 5 the opposite situation. The fieldwork was carried out in July 2021 by two of the authors of this article, having printed support cartography of all of the factors to be assessed. During data collection, the weather conditions were favorable, i.e., no episodes of wind or rain were experienced. The collected data were entered on analog fieldwork sheets by both operators independently and then the simple average of the evaluations made by each of them was calculated.



In the case of the GIS-based approaches, the analysis was restricted to an influence area of 500 m. According to Booth et al. [50], landscape characteristics can be separated into two categories based on their proximity to the viewer: aesthetic of view and aesthetic of landscape. The former is determined by the perceived characteristics at great distances, while the latter is limited to the perceived characteristics within a much closer range, typically by viewers within a natural area looking at a patch of landscape around them. Their landscape aesthetic model is limited to evaluating the characteristics of the 1000 m around the observer, based on their professional judgment and knowledge of the study area. However, they argue for the possibility of adapting this distance to the characteristics of the analyzed zone. Following the same criteria, and taking into account the characteristics of the study area, this work considers it appropriate to restrict both GIS analyses to the 500 m around each section of the greenway.



For the visibility analysis, visual basins were calculated using the “visibility analysis” plugin, accessible from the free and open-source software QGIS 3. As a previous step, a layer of viewpoints or observers was created for each of the greenway sections. To achieve this, the line layer, which represents the different sections, was transformed into a point layer based on its vertices, which generated 3716 observation points distributed, according to the section, as shown in Table 2. Attributes related to the observer’s height (the default program value which is 1.60 m) and visibility radius (which is 500 m) are associated with this point layer.



After configuring the observation points, the visual basins were calculated for each section using the default program values for the sphericity of the Earth and the atmospheric refraction index. In this study, due to its advantages in terms of precision and accuracy in modeling the terrain [51,52,53], a digital surface model (DSM) was used for calculating the visual basins, as they integrate the height of trees and buildings in the visibility calculations. This DSM was downloaded from the Spanish National Geographic Institute website.



This calculation process was performed 10 times, one for each set of points representing a section of the greenway. The resulting values were transformed into binary values: 0 (not visible) and 1 (visible). Then, the visible surface area in square meters was calculated for each of the 10 sections of the greenway. The visible surface area results from multiplying the number of pixels with a value of 1 by the surface area of each pixel, which in this study was 100 square meters. Finally, to determine the percentage of the visible surface area of each factor, its surface area was calculated by overlaying the layers representing the factors and the visual basin from each section.



In the case of the proximity analysis, the percentage of the surface area of each factor within a 500 m buffer around each section was calculated. For this, the “buffer” algorithm of QGIS 3 was used to calculate the 10 buffers for each section of the greenway. Next, all of the layers related to the different factors were clipped using each buffer as the clipping entity. Once the factors were clipped, they were overlaid with the buffers of each section to calculate the proportion of the surface area of each factor relative to the total surface area of each buffer. However, for the factor “F4b_transport”, the percentage of the distance of each section that directly intersects with the layer of noise from interurban roads and railways was calculated. Therefore, unlike in the visibility analysis, proximity to the communication routes is not measured, but rather to the noise they generate, one of the negative impacts these infrastructures can cause [40].




2.5. Naturalness Index Calculation and Mapping


To calculate the naturalness index, the ideal point method is used, adapted from Malczewski [54] and expressed by the following equation:


  N a t u r a l n e s s   i n d e x = 1 −        ∑  1   n          x   i   − p     2         N   ( a − p )   2         



(1)




where xi is the value of factor n in section i; p is the ideal point; a is the anti-ideal point (opposite to the ideal), and N is the total number of factors.



The ideal point method reflects the statistical distance of each case from the ideal situation. It is used in this study because, like in Vías and Ocaña [45], it is more appropriate than a mere linear aggregation since the compensation derived from using the arithmetic mean balances situations with different dissimilarity values.



In the analyses derived from the GIS method, the value considered the ideal point for all factors is 100%, while for the data collected in the fieldwork, this value is 5. As a preliminary step to calculating the formula, the values of the factors belonging to group 1 (intensive use—negative factors) are inverted since, being factors that harm naturalness, the lower the original value collected, the closer they will be to the ideal point of naturalness. For example, if the original value of factor 1 (F1_Industry) was 4.52%, it is inverted and becomes 95.48%, considering 100% as the ideal point.



Considered as a measure of similarity, the result of calculating the part of the formula included in the parentheses means that the value 0 is the ideal point, while 1 is its antithesis. However, following the study of Vías and Ocaña [45], and in order to maintain a logical order of scores (0 indicating lower degree of naturalness and 1 indicating higher degree of naturalness), the value resulting from calculating the parentheses is inverted.



Once the naturalness index of each section was calculated, they were mapped using an equal interval classification to be comparable: low naturalness degree (from 0 to 0.33), medium naturalness degree (greater than 0.33 to 0.66), and high naturalness degree (greater than 0.66 to 1).





3. Results


3.1. Trail Sections’ Characteristics


The segments that make up the analyzed greenway can be classified into three main groups: those that run along the river courses and are located at the eastern and western ends (S1, S2, and partially S6); those in the interior (S3, S4, S5, and partially S6); and finally, the coastal ones (S7, S8, S9, and S10) (Figure 3). In the first group, the presence of the river is the main factor shaping the characteristics. However, there are some differences: S1 is an entirely urban section that has been configured as a river park and is equipped with urban furniture (fountains, benches, trash cans, etc.) and roads with different surface characteristics (artificial, dirt, etc.) or users (bike lane or pedestrian lane); the S2 section corresponds to a wide riverbed, with little riparian vegetation and multiple trail and path options; while the second part of S6 coincides with the final stretch of the Gaià river and has a dense and well-preserved riparian vegetation since it is included in the protected natural space of the mouth of the Gaià river.



The interior sections display differences in land use, unique cultural elements, and the distance to fast traffic routes. Thus, in S3, there is the Roman aqueduct of Ferreres, and in the first part of S6, the Roman quarry of Mèdol, both of which are first-rate historical and cultural attractions. In addition, examples of scattered traditional architecture (farmhouses) appear throughout the set of interior sections. S3 runs mostly through wooded areas and is located away from fast traffic routes, while in S4 and S5, and the first part of S6, there is a mosaic of forests, abandoned or non-abandoned agricultural areas, and low-intensity residential areas. Finally, it is noteworthy that the entirety of S4 runs parallel and adjacent to fast-traffic routes.



The coastal sections are arranged from east (S7) to west (S10) and are characterized by a greater or lesser degree of urbanization in their immediate hinterland and by the distance to the railway line. Thus, S7 starts at Tamarit Castle and corresponds to a beach surrounded by low-density urbanization. S8 runs through the protected natural space of the Bosc de la Marquesa, which has been preserved thanks to the railway line acting as a barrier to urbanization. S9 and S10 correspond to beaches, with the railway line parallel to the coast and very close, with an urban or practically urban hinterland.




3.2. Factor Mapping


Figure 4a shows the factors used to assess the naturalness of the greenway, which have been described previously. The factors that detract from the naturalness of the extensive surface landscape have different spatial distributions. Industry (F1_industry) is concentrated in the western sector, while urban areas (F5_urban) have a large surface area corresponding to the city of Tarragona adjacent to the industry and a series of randomly distributed patches in the entire study area (low-density residential area). The linear factors (F2_voltage, F4_transport in both variants) cross the territory horizontally, from east to west, although the network of communication routes is denser in the western sector. It should be noted that the transportation factor used in the proximity analysis (F4b_transport) corresponds to a polygon that, in its western section, occupies a good part of the territory. The factors that add naturalness to the landscape are mostly superficial in nature, from F6 to F9, with a greater profusion in the eastern sector of the study area, most of them located in the interior zone, except for the aesthetic coastal landscape located on the coast, also in the east. Finally, it should be noted that in the river factor (F10_rivers), they are located at the ends and have a vertical (N–S) disposition.



Since the GIS analysis is carried out using two approaches, visibility and proximity, a visual basin has been generated for the first case (Figure 4b), which covers an area of 17.53 km2, and an influence area or buffer for the second case that delimits a polygon equidistant to 500 m from the Anella Verda and has an area of 37.98 km2 (Figure 4c).




3.3. Trail Naturalness Assessment


The results of the naturalness index calculated for each section are different for the three methodological approaches proposed (Figure 5). First, according to the GIS visibility analysis, 70% of the sections have a naturalness score of less than 0.33 and the remaining 30% (S7, S8, and S9) have an intermediate naturalness. No section with a high naturalness index is identified. Spatially, the three sections with an intermediate level of naturalness are contiguous and entirely on the coastal axis of the greenway.



Secondly, the proximity GIS analysis results follow a very similar pattern to the previous one, with 80% of the sections having a low degree of naturalness. The remaining 20% (S7 and S8) do not exceed a score of 0.66, placing them in an intermediate level of naturalness. With this analysis, no sections appear to have a naturalness index higher than 0.66. The spatial pattern is identical to the previous one, except for S9, with a score of 0.32, which is located at a low level of naturalness.



Thirdly, in the fieldwork, more significant variability is observed, both in the sections’ scores and their spatial pattern. Specifically, less than half of the sections (40%) obtain a low naturalness score, half obtain an intermediate level of naturalness, and the remaining section (S8) is the only one that obtains a high naturalness score (0.70). From the spatial pattern, it can be deduced that the coastal sections have higher naturalness indices than the rest, with S8 standing out, having several positive factors (F6_forest, F7_n2000, F8_coast, F9_faunaflora, and F11_sea) that coincide spatially while lacking negative factors that reduce naturalness.




3.4. Comparison of Methods


The results obtained through the three methodological approaches to the naturalness of the greenway sections show, in general, low values of naturalness, which are consistent with the degree of human intervention in this territory. This area is located near the city of Tarragona, with many urbanized areas occupied by various human activities.



Out of the 10 sections analyzed, in half of them (S1, S2, S4, S5, and S7), the three methodological approaches coincide in the naturalness class (Figure 6). In contrast, at least two methodological approaches coincide in the other half of the sections (S3, S6, S8, S9, and S10). There was no section where the three approaches offered a different naturalness class in each one. In all sections, at least two approaches coincide.



Sections S1, S2, S4, and S5 have the same value of naturalness, which is low, meaning they have little naturalness. The main feature that identifies them is the high presence of low-density residential areas, except in S2 where the low naturalness is due to industrial areas and power lines.



In section S7, the three methodological approaches also agree. However, this time the naturalness increases to the medium class due to the lower residential urbanization and the increase in positive elements such as the presence of forests, protected areas, coastal landscape, and relevant species of flora and fauna.



The coincidence of the degree of naturalness, according to the three approaches, has been observed primarily in the eastern area (highly urbanized), the northern area, and one section in the southern area. On the other hand, the southern area is the most heterogeneous in terms of naturalness results. Of the four sections in this area, only one is coincident in the three approaches, while the other three (S8, S9, and S10) only coincide in two. S10 and S8 are coincident in the methodological approaches with GIS (proximity and visibility), in which the values of natural and water landscapes dominate. In contrast, in S9, where the results of visibility and fieldwork coincide, the presence of the sea is significant.





4. Discussion


The information associated with an official trail usually does not provide an indicator that quantifies its degree of naturalness; the signs, brochures, and other available documentation typically only describe the characteristics of the fauna and flora of the greenway in question [55]. The availability of information on the degree of naturalness of a trail when choosing a greenway or a section of it to travel would be very useful for users, but especially for the profile of hiker interested in appreciating and enjoying nature. Despite the advantages that knowledge of the degree of naturalness of a trail could provide its users, a limited number of studies address this topic (e.g., [36,37,39,40,45,56]).



This study demonstrates that, although the administration promotes the analyzed greenway as “green” and “natural”, it does not have the degree of naturalness that a nature-minded hiker would likely expect to find. In this regard, similarities have been found with the study by Vías and Ocaña [45], in which a multi-criteria evaluation model integrated into a GIS approach was used to assess the suitability of a network of trails for hiking. One of the criteria included in the generated model was natural interest. As a result of this criterion, they found that more than three-quarters of the analyzed sections had a below-average natural interest, which can be considered a low value in the context of that study area (the Sierra de las Nieves natural protected area in southern Spain). Similarly, in the work by Pavão et al. [37], the hypothesis was made that natural forests could have a relevant role as a tourist attraction for trails in the Azores (Portugal). To demonstrate this hypothesis, a quantitative analysis based on GIS was applied to determine the predominant types of cover found along these trails. They concluded that the predominant ground cover along the routes in this nature tourism destination correspond to anthropogenic landscapes of low naturalness (e.g., reforested forests, artificial pastures, or invasive forests).



Table 3 summarizes the applied methodologies in this study. Regarding the analysis speed, establishing the perception of naturalness through fieldwork is considered the slowest method. On the other hand, the fastest method is proximity to the trail using GIS tools. More layers are needed for the visibility analysis (the third method used), and the calculation of visual basins requires more processing time. The cost behavior also shows differences between fieldwork and GIS methods. The former requires a high and continuous budget for personnel to carry out data collection campaigns, while in GIS, the investment is initial and dedicated to the purchase of hardware, since free GIS software can be used, and the necessary information layers are usually available free of charge from institutions responsible for cartography. This cost difference is accentuated if we consider that, although computer equipment is not necessary during the collection of information in perceptual fieldwork, it is used in the subsequent treatment of the data.



One crucial aspect to consider is the selection of factors that will be part of the analysis model for the degree of naturalness. In the case of perceptual fieldwork, the limitations in selecting factors are very low since, based on perception, any factor can be collected, such as bad smells or the presence of garbage. The only limitation detected is based on the time dedicated to this task, which is very demanding. In the case of GIS, the selection of factors is based on technical criteria considering the availability and scale of cartography, which for some factors are difficult to find or there is an absence of information or it is not at an appropriate scale. Furthermore, in visibility analysis with GIS, these limitations are increased since, in addition to obtaining information layers, an additional layer, the digital surface model (DSM), is required to calculate the visual basins. In the selection of factors, it is considered that fieldwork is more versatile since it can incorporate factors easily since it is only based on perception. Due to the characteristics of perception-based fieldwork, the risk of variations in the assessment of factors is very high since, despite having detailed descriptors for each category of the range, external factors such as weather conditions or the experience and judgment of the technicians performing the assessment can be different. This situation is diametrically opposed to the use of GIS, which obtains equivalent results for any section and situation by applying the same parameters.



Regarding the initial research question, the results obtained from comparing the methods show that if a quick analysis is required, the best option is to use a GIS-based proximity analysis. However, if the time and budget are available, the fieldwork technique can be used, providing greater flexibility when selecting factors.



According to the results obtained from this study, it is not possible to affirm that GIS can be a complete substitute for fieldwork, but rather that both methodologies are complementary. The three methods applied are valid independently when measuring the degree of naturalness of a trail. However, GIS would provide a quick and objective analysis in an integrated methodology. At the same time, fieldwork could introduce, on the one hand, factors that are not usually available in cartographic layers, such as the presence of trash or foul odors and, on the other hand, information related to the user’s emotions or experiences, such as the attractiveness of a picturesque place or the tranquility of a forest. Other authors have already used this complementarity between GIS and fieldwork in other contexts, leading to satisfactory results (e.g., [57,58,59]).



In any case, it is considered that the administration should expand the available information on the degree of naturalness of the trails with the intention that when the user makes their choice, it fits their motivations and preferences to increase their level of satisfaction [11]. In addition to increasing satisfaction, having this information can encourage outdoor recreational and sports activities with potentially positive effects on the health and well-being of people.



The main methodological limitations of this study are related to the segmentation of the original greenway into sections and the area of influence used. In this work, criteria related to the longitudinal homogeneity of the sections and their characteristics are used to segment the trail. Other works, such as Vías and Ocaña [45], use intersections with other trails to establish the different section breakpoints. Therefore, depending on how the criterion is established to locate these section breakpoints, the segmentation of the itinerary can directly influence the final calculations of naturalness for each section. Additionally, in the specific case of the GIS approach, determining the area of influence (both for visibility analysis and proximity analysis), which in this study was 500 m, can also affect the results.



Additionally, it is essential to consider that the adaptation of the factors to each specific case study limits the replicability of this method. That is, depending on the characteristics of the analyzed greenway and the study area in which it is located, the factors to include, both for GIS analysis and fieldwork analysis, may vary. This makes it difficult to replicate the method in another study area without first conducting a diagnosis of the factors present to customize the selection. For example, the same factors cannot be used to measure the degree of naturalness of a path that runs through a desert area, a forest, or an inland area versus a coastal area.




5. Conclusions


This study contributes to the international literature by adapting multi-criteria analysis techniques to calculate and map the level of naturalness of greenways, a field scarcely explored so far. It also provides a comparative analysis of the data collection methods used to detect and discuss their strengths and weaknesses.



The three analyses applied in this study (two through GIS and the other with fieldwork) are shown to be valid for calculating the degree of naturalness of a greenway. However, from the discussion of the results, it is concluded that integrating both techniques (GIS and fieldwork) can lead to more precise and detailed results in trail naturalness assessment.



The two GIS analyses obtain similar naturalness indices for this case study, although the values are consistently lower than those derived from the fieldwork analysis. Additionally, although the greenway analyzed in this study is promoted as “green”, the resulting naturalness indices are generally low in all three methods. This suggests that this type of itinerary or trail only sometimes meets expectations, meaning it does not have the degree of naturalness that users would expect to find. Moreover, it would be interesting for the local administration to consider these results to, on the one hand, transfer the level of naturalness of each section to the users of this greenway (for example, with the implementation of informative panels or signs on the greenway). On the other hand, if appropriate, implement the necessary measures to increase the levels of naturalness of the sections that require it, primarily to mitigate the negative impacts potentially produced by the factors considered in this study as negative or intensive use.



The results obtained from both the analyzed greenway and the replication of this methodology in other study areas could be of great use for land and outdoor recreation managers. On the one hand, it could help them design trails by selecting those segments with the highest naturalness, and on the other hand, it could help them promote these trails. For hikers, it means having more and higher quality information about the naturalness of greenways for their decision-making process before using a particular greenway or section thereof.
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Figure 1. Outline of the methodological steps. 
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Figure 2. Study area with the representation of the analyzed greenway and some relevant photographs. (a) Roman aqueduct, (b) Platja Llarga beach, (c) La Mora defense tower, (d) La Mora coves and (e) Ferran village. 
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Figure 3. Mapping of the greenway sections and some representative photographs (own elaboration) of each one. 
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Figure 4. Mapping of the factors used (a), visual basin (b), and buffer (c) of all sections. 
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Figure 5. The naturalness index (NI) obtained for each section (S) according to the three methodological approaches used. 
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Figure 6. Coincidence in naturalness class of the sections according to the different methodological approaches used. 
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Table 1. Factors included in the analysis.
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Group

	
Factor Codes

	
Factor Description

	
Source (Geographic Information Systems—GIS)






	
Group 1: intensive use (negative factors)

	
F1_industry

	
Industrial areas

	
Urbanistic Map of Catalonia (MUC)




	
F2_voltage

	
High-voltage towers and lines

	
Topographic Map (IGN)




	
F3_treatment

	
Water treatment plants

	
Hypermap (Generalitat de Catalunya)




	
F4a_transport

	
Roadways and railways

	
Urbanistic Map of Catalonia (MUC)




	
F4b_transport *

	
Acoustic pollution from roads and railway

	
Noise Pollution Information System (SICA)




	
F5_urban

	
Urban centers

	
Urbanistic Map of Catalonia (MUC)




	
Group 2: natural landscapes (positive factors)

	
F6_forest

	
Woodland and forest

	
Hypermap (Generalitat de Catalunya)




	
F7_n2000

	
Protected natural areas (Natura 2000 network)

	
Hypermap (Generalitat de Catalunya)




	
F8_coast

	
Scenic coastal landscapes

	
Landscape Catalogue of the Camp de Tarragona (Landscape Observatory of Catalonia)




	
F9_faunaflora

	
Areas of faunal and floral interest

	
Hypermap (Generalitat de Catalunya)




	
F10_rivers

	
Watercourses (rivers, torrents, etc.)

	
Urbanistic Map of Catalonia (MUC)




	
F11_sea

	
Sea

	
Hypermap (Generalitat de Catalunya)








In the factor codes column, the “x” of “Fx” means the number assigned to each factor. * For the analysis of the transportation factor, with proximity analysis (F4b_transport), the layer indicating the influence area of noise from interurban roads and railway lines has been used (Ldia: average noise level during the day from 7 a.m. to 7 p.m.).
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Table 2. Number of observation points for each section (S).
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	Sections
	S1
	S2
	S3
	S4
	S5
	S6
	S7
	S8
	S9
	S10





	Number of vertices
	209
	201
	790
	509
	517
	444
	196
	270
	144
	436
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Table 3. Comparison of the three analyses used.
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	Perceptual Fieldwork
	GIS Visibility
	GIS Proximity





	Implementation speed
	Slow
	Moderate
	Fast



	Costs
	High and continuous
	Medium and initial
	Medium and initial



	Conditioning factors in the selection of factors
	Low
	High
	Medium



	Risk of variation in the evaluation of the factors
	High
	Low
	Low
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