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Abstract

:

Understanding of people’s landscape preferences is important for decision-making about land planning, particularly in the disturbance patterns that usually occur in rural-urban gradients. However, the use of different types of images concerning the same landscape may influence social preferences and thus perceptions of landscape management and planning decisions. We evaluated landscape preferences and perceptions in four landscapes of southern Chile. We specifically: (1) compared people’s perceptions related to living in, visiting, the scenic beauty, well-being, risks, and level of landscape disturbance; and (2) evaluated the influence of the type of scene (i.e., eye-level or aerial images) in these preferences and perceptions. Preferences and perceptions resulted to be better when using eye-level (4.0 ± 1.1) than aerial (3.7 ± 0.6) images. In general, we observed a negative association between preferences and perceptions and the landscape disturbance; however, it was consistent when using aerial images but was masked when valuing landscape through eye-level images. Implications of these results are relevant because by far, most landscape preference studies use traditional eye-level images. Different types of scenes should be considered in order to embrace the landscape preferences and perceptions of all those involved and help decision-making in landscape planning.
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1. Introduction


People give subjective values to landscapes, highlighting the need to understand better the interconnectedness of their relationships with their environment [1]. In this sense, landscapes may be an area that emerges from the result of the interactions between people and their environment [2]. To better understand a landscape, the biophysical properties, the human dimensions, and the linkages between them need to be addressed. The characteristics and intensity of these linkages vary as a function of the people in question and the biophysical context, having further consequences on the landscape structure, function, and societal values that will determine land-planning decisions [3].



Landscape preferences and perceptions may be a reliable predictor of how well people will function within a particular environment [4]. Understanding these preferences and perceptions is essential for shaping guidelines and decision-making about land planning and management. It is even more important considering the human well-being that people associate with a landscape not only depends on objective conditions (e.g., income), but these conditions are increasingly assessed in conjunction with subjective perceptions (e.g., satisfaction with income) [1]. The permanent preservation and development of valuable landscapes and their ecosystems is a general broad social consensus; however, it is difficult to achieve a consensus on the preferred or the most favorable characteristics that the landscape should have [5].



Particularly, cultural ecosystem services such as recreational and spiritual values are closely linked to landscape preferences [6]. These services can have an “economic” or “market” value [7] but also an intrinsic value (e.g., spiritual enjoyment or enjoyment). The ecosystem-services contribution to human well-being is represented by the value that people acknowledge these services to have (e.g., economic, social, or cultural) and shape the demand for them [8]. These cultural ecosystem services do not require significant human action to be enjoyed, since people recognize the direct values of landscape characteristics, such as natural waterfalls or lakes [6].



Certain biophysical factors such as naturalness, presence of water, type of vegetation, land cover or structural characteristics of the landscape can be good predictors of how people perceive the landscape [9,10,11]. These biophysical factors do not depend on individual perceptions; culture can also influence landscape preferences in terms of people’s perceptions, thoughts, feelings, and behavior. Specific sociocultural variables can affect landscape preferences, such as place of residence, familiarity, or cultural elements [12,13,14]. It means that people with a different cultural background potentially perceive and experience a landscape differently. However, if the human perception of environment and landscape is subjective and differs from person to person [15], thus the benefits from landscapes can also be interpreted individually.



Landscape perception has three core assumptions [16]: (1) the way people perceive landscapes is influenced but not determined by physical landscape attributes; (2) the “physical” and the psychological landscapes are mediated by a complex mental process of information reception and processing; and (3) various factors can exert influence on this mental process, divided into biological, cultural, and individual factors. It implies that the analysis of perceptual information on landscape preferences is challenging, considering that social preferences do not necessarily match with empirical measurements, which have scarcely been studied. For example, some studies have shown positive correlations between perceived (e.g., preferences) and objective (e.g., spatial metrics) characteristics of the landscape, showing the importance of using both types of information to adequately capture the role of landscape in quality of life [17,18].



An issue largely ignored in the literature on landscape preferences is that respondents might also answer differentially according to the type of scene when evaluating a landscape [19], thus adding more subjectivity. Thus, it is not only important to carefully select the questions for the survey, but that it is equally important to pay attention to the presentation of the different landscapes and interpreting indicators [17]. For instance, preferences obtained in situ and using photographs may correlate [20]. When landscape preferences are assessed using images some characteristics like clarity, presence of water, vegetation and structure, and wilderness may influence preferences, and thus these characteristics have often been considered potential features that may promote positive responses by people, such as subjective judgments of aesthetic or visual quality and scenic beauty [21].



The perspective of images could present other preferences concerning the same landscape. Mostly traditional photographs (e.g., eye-level panoramic color images) have been used to evaluate landscape preferences and perceptions [11,17,18,22,23,24,25]. People perceive landscapes at eye-level; measurements from eye-level may more accurately reflect a person’s actual perception of a particular landscape [26,27]. A recent shift toward Google Earth satellite images as a dominant tool has occurred, mainly due to it being free, easy to use, and widely available. Aerial photographs show an average condition over a large section of the landscape which may not accurately capture the person’s experience [28]. Nevertheless, few studies have used satellite images to assess landscape preferences and perceptions [29,30]. In this study, we assess landscape preferences and perceptions in southern-central Chile, representing a gradient of landscape disturbance and the potential influences of type of scene on their perceptions. We used four landscapes in the Araucanía Region of Chile as a study case to specifically: (1) compare people’s perceptions related to living in, visiting, scenic beauty, well-being, risk, and level of disturbance of the four landscapes and; (2) evaluate the influence of the type of scene (i.e., eye-level and aerial images) on the perceived landscape. Our main goal is understanding how these types of scenes may produce different perceptions of the landscape disturbance, and not particularly compare two methodological approaches (i.e., types of the scene). Ultimately, this information may help to anticipate people’s attitudes to public decisions on land planning, and eventually include them in the decision-making process, especially in the disturbance patterns that usually occur in rural-urban gradients. Results from this study will be particularly useful to promote public participation in landscape management, planning, design, and conservation [19,31], and are relevant for elaborating local and regional policies such as the Latin American Landscape Initiative [32] or the European Landscape Convention [2].




2. Materials and Methods


2.1. Study Site


Our study site corresponds to the La Araucanía Region in south-central Chile, which covers an area of approximately 20,000 km2. This region is included among the 35 global biodiversity hotspots [33,34] and, at local levels, has been promoted as a primary conservation target considering its high levels of species endemism and extinction threats [35]. In this region, we selected four landscapes: Freire, Lumaco, Pucón, and Curarrehue (Figure 1), which are similar in terms of their extension and biophysical characteristics, but different in terms of their main land-use and land-cover types and economic activities (Table 1). These areas represent a disturbance gradient which is rather representative of landscapes of south-central Chile where we find more conserved areas near to the Andean mountains.



Several empirical measures are used to assess landscape patterns, the simplest being composition indicators such as richness, diversity, land-cover proportion, and matrix identification. They are relevant general landscape descriptors of the disturbance degree. However, most landscape patterns stem from disturbances, where land use and land cover are the most relevant [36]. Therefore, the identification of land-use and land-cover patterns is a useful empirical measure to identify the degree of landscape disturbance. Some specific land covers (e.g., native forest) represent a clear indicator of naturalness or a low disturbance degree. Indicators such as the dominance of natural forest cover, deforestation rate, degradation, or regeneration have also been used as a proxy for naturalness or disturbance degree [37,38]. Other relevant land covers, particularly anthropic-induced ones, are the main drivers of land-use/cover change. A good example of this occurs in the Chilean global biodiversity hotspot where the area with the highest species richness of native forests has been mainly converted to exotic tree plantations [39]. In this context, we define a disturbance gradient according to the land-use type proportion in each landscape, decreasing in disturbance as described below.



Freire is located in the Central Valley. Historical intensive agricultural activities have produced a high level of intervention in this landscape, where agricultural and pasturelands are the dominant land-use types (≈73%). Tree plantations represent a low proportion in the landscape (≈3%); however, Freire has the lowest proportion (≈17%) of native forests. Lumaco is located in the Coastal Range. It also presents a high level of human intervention mainly because the matrix of the landscape is represented by commercial forest plantations that occupy ≈43% of its area. When considering the area of agricultural land, the figure rises to ≈67% of the landscape. Pucón is located in the Pre-Andean Range, and its most important land-uses/covers are native forest (≈61%) and shrublands (≈11%). Here, the area of tree plantations and agricultural land is about 2% of the landscape, making it a municipality with a lower level of intervention. Its principal economic activity is tourism; hence, the high amount of native forest, which is popular among nature tourists. Curarrehue is the least disturbed landscape, located in the Andean Range. It is widely dominated by native forest (≈65%). Both tree plantations and agricultural land represent a small proportion of the landscape (<1%), having the lowest level of disturbance degree. The main economic activities are livestock farming and forestry as well as tourism.




2.2. Type of Scene


We used eye-level and aerial images (Figure 2). Eye-level images were taken during fieldwork using a conventional reflex digital camera. Over 100 images were available for our selection. The photographs were taken at eye-level on clear or less cloudy days, from about 10:00 a.m. to 4:00 p.m. to control for similar lighting conditions in mid-summer 2015, during which time the vegetation retained a relatively constant appearance. The images finally selected were aesthetically equal to each other; they were not influenced by the weather and represented the landscape with a certain amount of depth. If water and snow are typical for the landscape concerned, then they were represented in the chosen aerial images.



For aerial images, 50 sample points were taken from Google Earth with a scale of 1:10,000 in each landscape. From these 50 points, we selected images that represented the main landscape characteristics (i.e., its land-use/cover patterns). All images were captured in a window from 2010 to 2015 during spring and summer to guarantee that deciduous trees were not yet defoliated and had fully developed canopies. The final selection of images was made using a survey based on input from local experts, as suggested by Palmer and Hoffman [40]. Local experts were selected according to the following criteria: verified working on environmental topics and knowledge about the region. A total of 10 local experts were consulted to select the final eye-level and aerial images. Local experts selected three images for each type of landscape (Appendix A and Appendix B).




2.3. Survey on Landscape Preferences


To test responses to the different landscape preferences and perceptions, we used an online questionnaire. We used the KU Leuven web survey service to create the survey and conducted it through this platform. A cross-sectional correlational study was conducted on a non-probabilistic sample aimed at a general adult population. Our recruitment technique was a snowball strategy, a combination of professional and social networks, undergraduate and graduate students, and personal contacts, were invited to participate and share this invitation among their contacts. Participants had been informed of the nature of this study and marked their decision to participate voluntarily and anonymously. Furthermore, people from different faculties of the University of La Frontera were invited to answer the questionnaire in the computer lab. A researcher received them, explained the ethical and objective aspects of the study, and gave general instructions.



First, the survey collected demographic information about the respondent to determine whether the interviewees constituted a representative sample and to check for any significant correlations with landscape preferences and perceptions. The following social variables were further collected: gender, age, current professional activity, the current location of residence, time of residence, type of residence, and education level.



Second, we presented the participants with landscape images one at a time. We presented the selected three eye-level, and three aerial images of each of the four landscapes (24 images in total; Appendix A and Appendix B). Participants were not informed about which community the images came from. Images did not include any particular place or specific touristic point, and images were presented at random order to each respondent. We first presented the participant with the 12 eye-level images (Appendix A) and then the 12 aerial images (Appendix B). For each image, respondents were asked about the following preference and perception measures: preference for living in, preference for visiting, perceived scenic beauty, perceived well-being, perceived risk, and perceived disturbance degree. Each image was accompanied by some sentences related to the preference aspects (Appendix C).



We assessed the effect of a function of the setting as suggested in previous research [41,42], where preference was measured the same way, using the following sentences: “I like this place for living”, “I like this place for visiting”, “This place is nice”, “This place makes me feel good”, “This place makes me feel at risk”, and “This place is natural”. Given that preferences sometimes influence actions or decisions, it is essential to understand the steps that people can and should take as they express their preferences [43,44].



Among the measures of positive human response to landscapes, personal judgments of aesthetic and scenic beauty have been most frequently used [45,46]. Preference is also understood as the initial response to an environment that has developed through human evolution [47,48] and thus, to whether an environment can support human survival and well-being [49]. One classical approach in landscape preference studies assumes that this appreciation reflects on how well the given environments support sufficient well-being [50]. Most of these studies emphasize the physical characteristics of restorative and preferred environments [21]. To survive, human responses to environments, based primarily on the differentiation of habitable from inhabitable settings, must be motivationally robust [47]. Some empirical research has concluded that to plan landscapes, it is necessary to incorporate amenities and risk reduction [51]. Moreover, the inclusion of perceived risk measures helps to understand the innate human needs for protective spaces (refuge) and perceptions of safety and danger because these are relevant landscape attributes [52,53]. Finally, the degree of wilderness (e.g., the presence of well-preserved human-made elements, the percentage of plant cover, the amount of water, the presence of mountains) may be a factor contributing to the overall visual preference [10]. Thus, we included a measure of the perceived disturbance degree for different landscapes to compare and validate experts’ and lay people’s judgments.



The specific questions for each preference aspect are detailed in Appendix C. These questions were the same for each image. The questions were asked in three different ways. For the first three questions (a–c), we used a seven-point Likert scale to ask the respondent their agreement level with each sentence, with one being “completely disagree” and seven “completely agree”. For the second three questions (d–f), we used a semantic differential scale with opposite adjectives at both ends [54]. This required subjects to rate whether the image agreed with one of the two opposite adjectives. The scale contained “neutral” in the middle and “a little bit”, “a lot”, and “too much” on the two sides. The bipolar adjectives were considered with the same seven-point Likert scale with bipolar values like the previous questions.



We collected responses from October 2015 to February 2016. It was done by sharing the survey on social media and by organizing meetings with people. The time needed to complete the survey was 40 min. Beforehand, the participants were asked to sign an agreement stating the risks and conditions of the survey.




2.4. Data Analysis


We first checked for normal distribution of perception values, running 1000 iterations of Shapiro tests using 30-data samplings. We also checked for mean and median values in the histogram. Data showed a normal distribution. We tested differences between image types (i.e., eye-level and aerial) and perceptions (i.e., the six questions) using a two-way ANOVA. When necessary, we then used Tukey’s HSD post hoc comparisons to evaluate interaction terms, which have higher power and are readily available in many statistics packages. Furthermore, to analyze potential relationships between perceptions on the different landscapes and image types, we used a two-way randomized block ANOVA, in which we included landscape and image types as fixed factors and the questions as blocks.



To explore potential relationships between perceptions and the disturbance level of the landscapes, we built multiple correlation matrices for each question and land-cover type. We included the percentage cover of four individual cover types (i.e., native forest, tree plantation, croplands, grasslands) and six cover type combinations representing natural and anthropic land uses: (1) native vegetation (native forest + shrublands); (2) forested areas (native forest + tree plantations); (3) agriculture (croplands + pastures); (4) anthropic areas (croplands + pastures + tree plantation); (5) native forest importance (proportion of native forest from the total forested area); and (6) forested area importance (proportion of forested areas from the total landscape extent, including both native and non-native forests). Finally, we described the relationships between the preference and perception values concerning the cover types selected by correlation tests.





3. Results


We collected a total of 107 responses through the online survey, and all participants answered all questions. There were 52 females (49%) with an average age of 27 years old (SD = 8.03); and 55 male respondents (51%) with an average age of 27 years old (SD = 7.2). There were 86 participants (80%) from Temuco, 9 (8%) lived in other locations of the Araucanía Region, 12 participants (11%) lived in another Chilean region (Santiago, Talca, Chillán and Osorno), or country (Venezuela, Colombia, Mexico, and Spain), and 13 respondents (12%) identified as having a Mapuche ethnic background. Also, 53 participants were students (50%), 47 were employed (44%), and 7 participants did not work or study at the time of the survey (7%). There were 88 participants (82%) with a university or a graduate degree, and 19 participants (18%) had a technical degree or lower. Additionally, 92 participants (86%) lived in the urban zone, 10 (9%) in the rural zone, and 5 participants (5%) lived in a semi-rural zone. At least 14 participants have lived in the region for less than a year (13%), 17 for 1–5 years (16%), another 17 for 5–10 years (16%), and 59 for more than 10 years (55%). The tests to assess the influence of these variables in the perceptions/preferences mostly showed no significant influence.



3.1. Landscape Preferences and Perceptions


Perceptions varied in terms of the dimension evaluated and the type of image used (Table 2). In all dimensions (except for risk perception), some landscapes were perceived below the median value, while others were rated above it (Figure 3). In terms of absolute values, perception resulted to be different among locations (F = 129.51; p < 0.001), and among questions (F = 137.21; p < 0.001). Perception values for living, visiting, beauty, and well-being were higher than for risk and disturbance, suggesting that people tend to perceive these four landscapes more positively based on aesthetic features rather than perceiving them as unsafe or unpleasant.



Perceptions of scenic beauty, well-being, and visiting the landscape showed a similar pattern (Figure 3): the highest values for Curarrehue and the lowest for Lumaco when using eye-level images, but Curarrehue and Freire respectively when using aerial images. Perception for living was also the lowest for Lumaco and Freire when using eye-level and aerial images, respectively, but the highest for Pucón in both cases. Interestingly, when asked about risk and disturbance, Freire and Curarrehue were considered the best (lowest values), respectively, when using both image types. In contrast, Lumaco was considered the worst (highest values) and Curarrehue and Freire the best (lowest values), respectively, when using eye-level and aerial images.



Overall, we observed a negative association between landscape preferences and perceptions and the landscape disturbance gradient (Figure 4; Appendix E). Landscapes with lower human intervention showed higher preferences by respondents and vice versa. This pattern is clearly observed for preferences for visiting, perceived scenic beauty and well-being, where there were significant differences between all landscapes. Likewise, the pattern is also observed in the preference for living, where we found marked differences among disturbed and conserved landscapes, but Pucón showed a higher but similar preference for living compared to Curarrehue. However, differences between these two landscapes, which have the lowest disturbance degree values, were non-significant. By contrast, the perceived risk showed an opposite pattern to the other preferences. The perceived risk was higher at both extremes of the gradient, the highest and the lowest disturbed landscapes, although there were no significant differences between these two landscapes. Low perceived risk was observed in the medium human-intervened landscapes, and no significant differences between these landscapes were found.



The results of multiple correlations supported these patterns. Preferences (for living in and visiting) and positive perceptions (beauty, well-being) were directly associated with native forested areas, and inversely with anthropic land uses (i.e., agriculture, pastures, and tree plantations) when using eye-level images (Appendix F). People significantly prefer and perceive better those landscapes with a higher proportion of the native forest cover, being all r2 significant and varying between 0.50 and 0.62. However, the perception of this pattern was not evident when using aerial images, being all r2 < 0.12, and the patterns were even less evident for negative perceptions (disturbance degree and risk). The disturbance degree was inversely associated with native vegetation covers when using both image types (r2 = −0.48 and −0.43 for eye-level and aerial images, respectively). Interestingly, perceived risk showed a low correlation with land-use covers (r2 < 0.18 for all land uses).




3.2. Type of Scene


Most preference and perception values were different for the comparison between eye-level and aerial images for each landscape (Figure 4; Appendix E). Changes in the preferences and perceptions showed similar patterns for all landscapes except Lumaco. In all cases, the “positive” perceptions (i.e., living, visiting, scenic beauty, and well-being) decreased when aerial images were used (p < 0.01; Figure 3). However, the “negative” perceptions (i.e., disturbance degree and risk) increased in Freire but not in Curarrehue and Pucón. Similarly but with an opposite pattern, Lumaco showed an increase in all preference values except the perceived disturbance degree, which increased, while the perceived risk did not change.



When using aerial images, the perceived landscape disturbance was consistent with the landscape disturbance gradient based on empirical attributes of landscapes, but not when using eye-level ones (Figure 4). When using eye-level images, Lumaco (and not Freire) was perceived as the landscape most disturbed, consistently with our correlation analyses, which showed that the tree plantation cover explained the perceived disturbance when using such images, but not when using aerial ones (Appendix F).





4. Discussion


Our results show that when assessing landscape preferences and perceptions based on images, using eye-level images or aerial images can produce different results. Although eye-level images tend to reveal preferences and perceptions more strongly than aerial images, the latter ones are more correlated to human intervention than eye-level images. The use of aerial images allows the perception of a larger area and the level of human intervention more accurately. Less human intervention is correlated to more preference for living in, visiting, scenic beauty, well-being, and risk level. We discuss below the implications of these results on land planning.



4.1. Landscape Preferences and Perceptions


Overall, landscape preferences and perceptions coincided with the disturbance gradient when using aerial images. People significantly prefer and perceive better those landscapes with greater native vegetation cover extent. Prior studies have suggested that the exposure to less disturbed and more “natural” environments (with higher tree cover), may be associated with greater stress reduction [55,56,57,58], affective restoration—including improvement in mood [59], enhancing people’s ability to focus their attention [60,61], and increasing the strength of neighborhood social ties [62]. Landscape preference studies have consistently found strong preferences for natural areas by both urban and rural dwellers [63]. Naturalness was consistently found to be a reliable predictor for people’s preferences, which was explained by the theory of evolution [19]. Nevertheless, despite this, we detected some contradictions: we found that landscapes less disturbed scored a higher risk and that the perceived risk also increased when using aerial images. Preferences and perceptions related to visiting and living resulted similarly, because people prefer the most conserved landscape in terms of visiting but not living in. Natural environments may contain several potential hazards, such as dangerous animals, unseen obstacles, or offenders in hiding, and the prediction of these dangers along with worries of getting lost may evoke a sense of fear [64]. Trees are widely recognized to provide multiple benefits, but they may sometimes be perceived as a burden [28], so the sense of safety (or conversely, perceived risk) may remain a consistent predictor of landscape preference [65]. Human factors such as gender or age could be predictors of the sense of safety; people with deeper connections to nature may be expected to feel safer [66].



Here we used a group comparison mostly referring to a single set of landscape images and focusing on familiarity and social construction by comparing differences among landscapes with similar spatial, cultural, and ecological attributes but varying percentage levels of native forest cover. It is possible, however, that a slight difference in environmental attributes may have impacted preference. A landscape is about a vaguely bounded area as a whole; thus, the aesthetic experience of the landscape requires that we consider the whole place. We might be attracted to details or particular features, but the feeling of the whole is our focus [67]. Few studies have analyzed how several or particular landscape features (e.g., native forest cover, land-use diversity, presence of livestock) may contribute specifically to these preferences, but see [68]. Future research should include specific landscape features related to the sociocultural background characteristics of the respondents. For instance, most of our respondents (92%) were from urban areas; therefore, we should explore the effect of the respondents’ territorial origin on their landscape preferences and perceptions. Further research may analyze demographic issues deeply. For instance, we found some gender-specific outcomes in environmental preferences [69]. Men scored the eye-level images of Pucón and Freire for the variable “disturbance degree” higher than women did, while women scored higher for the variable “preference to live”, “beauty” and, “perceived well-being”.




4.2. Type of Scene


Our most remarkable result is that assessment of landscape preferences is strongly affected by the type of images used. All preference values varied in most municipalities when image types were considered. When using aerial images, we found a match between the perceived and empirical measures of the landscape disturbance, but not when using the traditional eye-level images. Therefore, disturbance gradients may be masked when valuing landscape through eye-level images. In particular, the landscape most disturbed in terms of empirical measures (Freire) is perceived as the most disturbed when using aerial but not eye-level images. In this last case, Lumaco was perceived as the landscape with the highest disturbance degree, mainly due to its high cover of tree plantations, which is not perceived by people as a disturbance or risk. Identifying these classes at larger scales is problematic due to the current remote sensing techniques [70]. Therefore, people do not distinguish between plantations and native forests since these specific features can only be detected by people with some expertise in remote sensing visual analysis, so people just see green areas. This reason also explains how the overall preferences and perceptions are higher when using eye-level rather than aerial images. At the same time, Curarrehue was considered the least disturbed landscape, but also the highest risk when using aerial images, which is associated with the greenness that is of particular note in such images, reinforcing the idea that people may perceive fairly natural environments as potentially risky [64]. By contrast, Freire was considered the lowest risk landscape, but also the most disturbed when using aerial images, which is mainly associated with its dominant agricultural landscape matrix.



Implications of these results are relevant because, by far, most landscape preference studies use traditional eye-level images [11,17,18,22,23,24,25], and few studies have specifically assessed the impact of the type of scene on landscape preferences and perceptions, but see [29,30]. As our results show this type of image offers several advantages (free availability, easy to use, spatial resolution) but is not suitable for the assessment of some preferences (e.g., scenic beauty). However, Andrew et al. [71] point out that increased incorporation of the current generation of remotely sensed data products into ecosystem services assessments (e.g., cultural services which are closely linked to landscape preferences) can help drive a shift from reliance on simple proxies of ecosystem services to a more empirical focus.



Objective measures of the landscape such as texture, disturbance, or naturalness can be obtained using satellite images. An important point is that more abstract data sets like satellite images are more homogeneously assessed because personal factors that influence individual preferences are less critical [29]. Therefore, considering some specific preferences might not be appreciated when these traditional images are used, both types of images are useful to evaluate landscape preferences and perceptions better.




4.3. Implications for Landscape Management and Land Planning


Assessing the local natural landscape through the combination of eye-level and aerial images results in a useful tool to understand the relationship between people and their physical environment. Understanding how different approaches (i.e., type of scene) may be associated with different perceptions of landscape disturbance may help to evaluate people’s expectations for decisions on land planning and eventually consider in the decision-making process. Based on this resource, it is possible to make more informed judgments, improve the quality of environmental assessments in order to better plan and manage land and protection decisions [72]. Moreover, our results reveal that the use of traditional eye-level images (photographs) or aerial images (satellite) has enormous implications on landscape preferences and perceptions. The landscape disturbance gradient coincided with a decrease in the preference when using aerial images in terms of empirical measures. However, it was masked when valuing landscape through eye-level images, mainly due to people identifying non-native forested areas as anthropic in the latter case. In this light, we conclude that different types of scenes should be considered in order to embrace everyone’s landscape preferences and perceptions. It would make it possible to capture the whole picture, which is especially relevant for decision-making in landscape planning. Our findings can be useful for the design, management, and participatory planning of landscape, in which the different groups involved are often consulted. Some municipalities as Pucón have intense urbanization pressure in the last years, which is reflected in the increased urban area and derived conflicts [73]. Curarrehue has similar amenities as Pucón (e.g., naturalness, hot springs, snow) and connectivity has increased in the last years. So, urgently, some regulations and participatory planning should be considered for the near future of this municipality. A different conflict appears in Lumaco where exotic tree plantations dominate the landscape [74] and have helped the increase of forest fires in recent times and other undesirable effects [75]. So, in this area landscape planning focused on land-use management and other practices can be addressed to reduce forest fires. Lastly, Freire, as a dominant agricultural matrix, has great opportunities to improve landscape connectivity and combine production activities and conservation through landscape restoration. This type of landscape has important areas not used for agricultural production which can be restored through the planning buffer strips and hedgerow networks [76].





5. Conclusions


People’s preferences and perceptions are not neutral to the landscape disturbance gradient, but this relationship strongly depends on the type of scene used. A landscape disturbance gradient may be consistent with a decrease in preference when valuing the landscape using aerial images, but not through eye-level images. Eye-level images (and not aerial ones) appear to be more evident to evincing non-native forested areas to people. For decision-making on landscape planning, different scene types should be used, in order to embrace the landscape preferences and perceptions of all those involved. Current remote sensing data can help to better landscape assessments, in particular cultural ecosystems services, which are more related to landscape preferences. Our findings offer an opportunity for the design, management, and participatory planning of landscapes subjected to different human pressure, in which the different groups involved are often consulted to improve the provision of multiple ecosystem services.
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Figure A1. Eye-level images used: (A) Freire, (B) Lumaco, (C) Pucón, (D) Curarrehue. 






Figure A1. Eye-level images used: (A) Freire, (B) Lumaco, (C) Pucón, (D) Curarrehue.
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Figure A2. Google Earth aerial images used: (A) Freire, (B) Lumaco, (C) Pucón, (D) Curarrehue. (Scale of 1:10,000). 






Figure A2. Google Earth aerial images used: (A) Freire, (B) Lumaco, (C) Pucón, (D) Curarrehue. (Scale of 1:10,000).
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Appendix C


Questionnaire



	
Personal data 1






On a scale from one to ten, please answer the following questions. *



Please select the appropriate response for each concept:


















	
	1 (Not at All)
	2
	3
	4
	5
	6
	7
	8
	9
	10 (Completely)



	In general, how satisfied are you with your life currently?
	 [image: Land 09 00306 i001]
	 [image: Land 09 00306 i001]
	 [image: Land 09 00306 i001]
	 [image: Land 09 00306 i001]
	 [image: Land 09 00306 i001]
	 [image: Land 09 00306 i001]
	 [image: Land 09 00306 i001]
	 [image: Land 09 00306 i001]
	 [image: Land 09 00306 i001]
	 [image: Land 09 00306 i001]



	In general, to what extent do you feel that the things you do in your life are worth it?
	 [image: Land 09 00306 i001]
	 [image: Land 09 00306 i001]
	 [image: Land 09 00306 i001]
	 [image: Land 09 00306 i001]
	 [image: Land 09 00306 i001]
	 [image: Land 09 00306 i001]
	 [image: Land 09 00306 i001]
	 [image: Land 09 00306 i001]
	 [image: Land 09 00306 i001]
	 [image: Land 09 00306 i001]



	In general, how happy did you feel yesterday?
	 [image: Land 09 00306 i001]
	 [image: Land 09 00306 i001]
	 [image: Land 09 00306 i001]
	 [image: Land 09 00306 i001]
	 [image: Land 09 00306 i001]
	 [image: Land 09 00306 i001]
	 [image: Land 09 00306 i001]
	 [image: Land 09 00306 i001]
	 [image: Land 09 00306 i001]
	 [image: Land 09 00306 i001]



	In general, how anxious did you feel yesterday?
	 [image: Land 09 00306 i001]
	 [image: Land 09 00306 i001]
	 [image: Land 09 00306 i001]
	 [image: Land 09 00306 i001]
	 [image: Land 09 00306 i001]
	 [image: Land 09 00306 i001]
	 [image: Land 09 00306 i001]
	 [image: Land 09 00306 i001]
	 [image: Land 09 00306 i001]
	 [image: Land 09 00306 i001]






	
Personal data 2



	○

	
Gender: *



	▪

	
Please select only one of the following options: Female/Male











	○

	
Age: *



	▪

	
Please write your response here:











	○

	
Occupation/Profession: *



	▪

	
Please select only one of the following options: Work/Study/I don’t work/study











	○

	
In what program? *



	▪

	
Only answer this question if you fulfill the following conditions:




	▪

	
The answer was “Study” in the Occupation/Profession question




	▪

	
Please write your response here:











	○

	
What kind of work? *



	▪

	
Only answer this question if you fulfill the following conditions:




	▪

	
The answer was “Work” in the Occupation/Profession question




	▪

	
Please write your response here:











	○

	
Where do you live? *



	▪

	
Please select only one of the following options:








	Angol
	Loncoche
	Saavedra



	Carahue
	Lonquimay
	Temuco



	Cholchol
	Los Sauces
	Teodoro



	Collipulli
	Lumaco
	Schmidt



	Cunco
	Melipeuco
	Toltén



	Curacautín
	Nueva Imperial
	Traiguén



	Curarrehue
	Padre Las Casas
	Victoria



	Ercilla
	Perquenco
	Vilcún



	Freire
	Pitrufquén
	Villarrica



	Galvarino
	Pucón
	Other



	Gorbea
	Purén
	



	Lautaro
	Renaico
	









	▪

	
If you select “Other:”, please explain your choice in the text area that accompanies it.











	○

	
Do you live in an urban/rural/semi-rural area? *



	▪

	
Please select only one of the following options:




	▪

	
urban




	▪

	
rural




	▪

	
semi-rural











	○

	
Origin:







	○

	
Time you have been living in the area: approx. *



	▪

	
Please select only one of the following options:




	▪

	
0–1 years




	▪

	
1–5 years




	▪

	
5–10 years




	▪

	
>10 years











	○

	
Your EDUCATION is: *



	▪

	
Please select only one of the following options:




	▪

	
Elementary




	▪

	
Secondary




	▪

	
Technical




	▪

	
University




	▪

	
Graduate studies














Photo (1–24)



Instructions:



Please take a few moments to observe the following image. Next, you will find a list of sentences or statements that can be used to describe what you feel or think about this place. Please mark or say how close each sentence is to what you feel or think about this place in particular.



If you think that the sentence does not correspond at all with what you feel or think, mark “1” to indicate your complete disagreement with this sentence; if it is only a little close, mark “2” or “3”… and up to “7”, which you would mark if the sentence matches very closely what you feel or think about this place and you totally agree with the sentence.



Please select the appropriate response for each concept:















	
	1 (Totally Disagree)
	2
	3
	4
	5
	6
	7 (Totally Agree)



	I like this place for living.
	 [image: Land 09 00306 i001]
	 [image: Land 09 00306 i001]
	 [image: Land 09 00306 i001]
	 [image: Land 09 00306 i001]
	 [image: Land 09 00306 i001]
	 [image: Land 09 00306 i001]
	 [image: Land 09 00306 i001]



	I like this place for visiting.
	 [image: Land 09 00306 i001]
	 [image: Land 09 00306 i001]
	 [image: Land 09 00306 i001]
	 [image: Land 09 00306 i001]
	 [image: Land 09 00306 i001]
	 [image: Land 09 00306 i001]
	 [image: Land 09 00306 i001]



	This place makes me feel at risk.
	 [image: Land 09 00306 i001]
	 [image: Land 09 00306 i001]
	 [image: Land 09 00306 i001]
	 [image: Land 09 00306 i001]
	 [image: Land 09 00306 i001]
	 [image: Land 09 00306 i001]
	 [image: Land 09 00306 i001]



	This place is nice.
	 [image: Land 09 00306 i001]
	 [image: Land 09 00306 i001]
	 [image: Land 09 00306 i001]
	 [image: Land 09 00306 i001]
	 [image: Land 09 00306 i001]
	 [image: Land 09 00306 i001]
	 [image: Land 09 00306 i001]



	This place makes me feel good.
	 [image: Land 09 00306 i001]
	 [image: Land 09 00306 i001]
	 [image: Land 09 00306 i001]
	 [image: Land 09 00306 i001]
	 [image: Land 09 00306 i001]
	 [image: Land 09 00306 i001]
	 [image: Land 09 00306 i001]






This place is:



Please select the appropriate response for each concept:
















	
	Too
	Very
	Not Very
	Not at All
	Not Very
	Very
	Too
	



	Natural
	 [image: Land 09 00306 i001]
	 [image: Land 09 00306 i001]
	 [image: Land 09 00306 i001]
	 [image: Land 09 00306 i001]
	 [image: Land 09 00306 i001]
	 [image: Land 09 00306 i001]
	 [image: Land 09 00306 i001]
	altered






To what extent do you consider that this place affects the people who live in it?



Please select the appropriate response for each concept:
















	
	Too
	Very
	Not Very
	Not at All
	Not Very
	Very
	Too
	



	Positively
	 [image: Land 09 00306 i001]
	 [image: Land 09 00306 i001]
	 [image: Land 09 00306 i001]
	 [image: Land 09 00306 i001]
	 [image: Land 09 00306 i001]
	 [image: Land 09 00306 i001]
	 [image: Land 09 00306 i001]
	Negatively
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Table A1. Mean score and standard deviation (in brackets) of preferences and perceptions valued using images of different sources for four landscapes in the La Araucanía Region, south-central Chile.






Table A1. Mean score and standard deviation (in brackets) of preferences and perceptions valued using images of different sources for four landscapes in the La Araucanía Region, south-central Chile.












	Type of Image
	Lumaco
	Freire
	Pucón
	Curarrehue





	Eye-Level Images
	
	
	
	



	Preference to live
	2.52 (1.41)
	4.19 (1.55)
	4.84 (1.54)
	4.63 (1.76)



	Preference to visit
	2.99 (1.55)
	4.42 (1.46)
	5.26 (1.42)
	6.10 (1.22)



	Perceived scenic beauty
	2.93 (1.47)
	4.48 (1.43)
	5.24 (1.31)
	6.18 (1.13)



	Perceived well-being
	2.90 (1.50)
	4.42 (1.42)
	5.21 (1.35)
	6.11 (1.18)



	Perceived risk
	3.26 (1.141)
	2.50 (1.26)
	2.57 (1.35)
	3.12 (1.52)



	Perceived disturbance degree
	4.59 (1.68)
	3.62 (1.39)
	3.09 (1.33)
	1.82 (1.21)



	Aerial Images
	
	
	
	



	Preference to live
	3.48 (1.65)
	3.30 (1.60)
	3.80 (1.43)
	3.52 (1.71)



	Preference to visit
	4.13 (1.68)
	3.42 (1.60)
	4.59 (1.36)
	4.86 (1.57)



	Perceived scenic beauty
	4.17 (1.62)
	3.36 (1.53)
	4.53 (1.29)
	5.12 (1.42)



	Perceived well-being
	4.00 (1.60)
	3.26 (1.50)
	4.35 (1.26)
	4.75 (1.53)



	Perceived risk
	3.12 (1.36)
	2.68 (1.31)
	2.93 (1.18)
	3.67 (1.48)



	Perceived disturbance degree
	3.27 (1.58)
	4.30 (1.51)
	3.02 (1.22)
	2.03 (1.05)
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Table A2. ANOVAs for six questions on preference values for four landscapes using two image types (eye-level and aerial). For results on Tukey’s post hoc comparisons for the interaction terms, see Figure 4 in the main text. ***: p < 0.001, **: p < 0.01, *: p < 0.05, n.s.: no significant.






Table A2. ANOVAs for six questions on preference values for four landscapes using two image types (eye-level and aerial). For results on Tukey’s post hoc comparisons for the interaction terms, see Figure 4 in the main text. ***: p < 0.001, **: p < 0.01, *: p < 0.05, n.s.: no significant.





	
(1) Preference for Living in

	

	

	

	

	

	




	

	
df

	
Sum Sq

	
Mean Sq

	
F-Value

	
Pr(>F)

	
Significance




	
Landscape

	
3

	
212.5

	
70.82

	
28.2

	
<2 × 10−16

	
***




	
Image type

	
1

	
58.7

	
58.66

	
23.36

	
1.60 × 10−6

	
***




	
Landscape: Image type

	
3

	
157.6

	
52.53

	
20.91

	
4.45 × 10−13

	
***




	
Residuals

	
848

	
2129.9

	
2.51

	

	

	




	
(2) Preference for visiting

	

	

	

	

	

	




	

	
df

	
Sum Square

	
Mean Square

	
F-Value

	
Pr(>F)

	
Significance




	
Landscape

	
3

	
503.7

	
167.89

	
75.66

	
<2 × 10−16

	
***




	
Image type

	
1

	
42.3

	
42.32

	
19.07

	
1.41 × 10−5

	
***




	
Landscape: Image type

	
3

	
188

	
62.66

	
28.24

	
<2 × 10−16

	
***




	
Residuals

	
848

	
1881.8

	
2.22

	

	

	




	
(3) Perceived scenic beauty

	

	

	

	

	




	

	
df

	
Sum Square

	
Mean Square

	
F-Value

	
Pr(>F)

	
Significance




	
Landscape

	
3

	
583.2

	
194.4

	
98.1

	
<2 × 10−16

	
***




	
Image type

	
1

	
36.2

	
36.18

	
18.26

	
2.15 × 10−5

	
***




	
Landscape: Image type

	
3

	
201.9

	
67.31

	
33.97

	
<2 × 10−16

	
***




	
Residuals

	
848

	
1680.5

	
1.98

	

	

	




	
(4) Perceived well-being

	

	

	

	

	

	




	

	
df

	
Sum Sq

	
Mean Sq

	
F-Value

	
Pr(>F)

	
Significance




	
Landscape

	
3

	
518

	
172.66

	
85.27

	
<2 × 10−16

	
***




	
Image type

	
1

	
69.4

	
69.38

	
34.27

	
6.87 × 10−9

	
***




	
Landscape: Image type

	
3

	
204.9

	
68.3

	
33.73

	
<2 × 10−16

	
***




	
Residuals

	
848

	
1717.1

	
2.02

	

	

	




	
(5) Perceived risk

	

	

	

	

	

	




	

	
Df

	
Sum Sq

	
Mean Sq

	
F-Value

	
Pr(>F)

	
Significance




	
Landscape

	
3

	
90.3

	
30.099

	
16.195

	
3.04 × 10−10

	
***




	
Image type

	
1

	
12.3

	
12.295

	
6.615

	
0.0103

	
*




	
Landscape: Image type

	
3

	
13.5

	
4.491

	
2.416

	
0.0651

	
n.s.




	
Residuals

	
848

	
1576.1

	
1.859

	

	

	




	
(6) Perceived disturbance degree

	

	

	

	

	

	




	

	
df

	
Sum Sq

	
Mean Sq

	
F-Value

	
Pr(>F)

	
Significance




	
Landscape

	
3

	
583.2

	
194.4

	
98.1

	
<2 × 10−16

	
***




	
Image type

	
1

	
36.2

	
36.18

	
18.26

	
2.15 × 10−5

	
***




	
Landscape: Image type

	
3

	
201.9

	
67.31

	
33.97

	
<2 × 10−16

	
***




	
Residuals

	
848

	
1680.5

	
1.98
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Table A3. Pearson correlation coefficients between land-use types (% cover) and preference values obtained using eye-level and aerial images. All coefficients were significant at p < 0.05, except those in italics.






Table A3. Pearson correlation coefficients between land-use types (% cover) and preference values obtained using eye-level and aerial images. All coefficients were significant at p < 0.05, except those in italics.





	

	
Native Forest

	
Tree Plantation

	
Proportion of Native Forest

	
Native Vegetation

	
Forested Area

	
Proportion of Forested Area

	
Agriculture

	
Grasslands

	
Agri + Grass

	
Anthropic 2

	
Anthropic 3

	
All Non-Native






	
Preference for living in




	
Eye-level

	
0.35

	
−0.49

	
0.50

	
0.32

	
−0.06

	
0.03

	
0.04

	
−0.08

	
−0.04

	
−0.49

	
−0.34

	
−0.32




	
Aerial

	
0.08

	
−0.02

	
0.03

	
0.08

	
0.08

	
0.08

	
−0.08

	
−0.08

	
−0.08

	
−0.05

	
−0.08

	
−0.08




	
Preference for visiting




	
Eye-level

	
0.53

	
−0.56

	
0.59

	
0.52

	
0.08

	
0.19

	
−0.10

	
−0.25

	
−0.20

	
−0.62

	
−0.52

	
−0.52




	
Aerial

	
0.30

	
−0.05

	
0.10

	
0.31

	
0.29

	
0.31

	
−0.29

	
−0.32

	
−0.32

	
−0.18

	
−0.31

	
−0.31




	
Perceived scenic beauty




	
Eye-level

	
0.55

	
−0.59

	
0.62

	
0.54

	
0.07

	
0.19

	
−0.09

	
−0.25

	
−0.20

	
−0.65

	
−0.54

	
−0.54




	
Aerial

	
0.35

	
−0.06

	
0.12

	
0.37

	
0.34

	
0.37

	
−0.34

	
−0.38

	
−0.37

	
−0.21

	
−0.36

	
−0.37




	
Perceived well-being




	
Eye-level

	
0.54

	
−0.58

	
0.61

	
0.53

	
0.07

	
0.19

	
−0.09

	
−0.25

	
−0.20

	
−0.64

	
−0.53

	
−0.53




	
Aerial

	
0.31

	
−0.05

	
0.10

	
0.32

	
0.31

	
0.33

	
−0.31

	
−0.34

	
−0.33

	
−0.18

	
−0.32

	
−0.32




	
Perceived risks




	
Eye-level

	
0.01

	
0.15

	
−0.13

	
0.03

	
0.16

	
0.13

	
−0.15

	
−0.12

	
−0.13

	
0.09

	
−0.02

	
−0.03




	
Aerial

	
0.16

	
0.00

	
0.03

	
0.18

	
0.18

	
0.19

	
−0.18

	
−0.20

	
−0.19

	
−0.08

	
−0.17

	
−0.18




	
Perceived disturbance degree




	
Eye-level

	
−0.48

	
0.46

	
−0.49

	
−0.48

	
−0.11

	
−0.21

	
0.12

	
0.26

	
0.22

	
0.52

	
0.47

	
0.48




	
Aerial

	
−0.43

	
0.07

	
−0.14

	
−0.45

	
−0.42

	
−0.46

	
0.42

	
0.47

	
0.46

	
0.25

	
0.44

	
0.45
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Figure 1. Location of the four landscapes in the La Araucanía Region, south-central Chile. 
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Figure 2. Examples of eye-level images used for four landscapes in the La Araucanía Region, south-central Chile: (A) Freire, (B) Lumaco, (C) Pucón, and (D) Curarrehue. See Appendix A and Appendix B for the full list of images. 
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Figure 3. Minimum and maximum values (empty circles) for the perception for six questions on four landscapes in the La Araucanía Region using eye-level and aerial images. The name of the community with those values is showed beside the circles. For details on each question and image type, see the main text. Full circles show the mean value for the four landscapes. * p < 0.01 in Tukey’s post-hoc comparisons among the type of images. 
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Figure 4. Mean score (Likert scale) of landscape preferences and perceptions using eye-level and aerial images for four landscapes of the La Araucanía Region, south-central Chile. n.s: not significant; * p < 0.01 for individual comparisons for each landscape in each question. For the exact values of the lower panel of the figure, see Appendix D. Different letters show significant differences (p < 0.05) in Tukey’s post-hoc comparisons in the interaction term of two-way ANOVAs for six questions on preference values for four landscapes using two image types (eye-level and aerial). 
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Table 1. Characteristics of four landscapes in the La Araucanía Region, south-central Chile.
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	Freire
	Lumaco
	Pucón
	Curarrehue





	Location
	
	
	
	



	Geomorphology
	Central Valley
	Coastal range
	Pre-Andean range
	Andean range



	Area (km2)
	90,268
	110,684
	123,944
	116,460



	Topography
	
	
	
	



	Elevation (mean) (m) 1
	130
	350
	800
	1150



	Slope (mean) (%) 1
	2
	10
	15
	20



	Biophysical characteristics
	
	
	
	



	Annual mean temperature (°C) 2
	12.3
	12.8
	11.3
	11.1



	Annual precipitation (mm) 2
	1539
	1075
	2238
	1643



	Climate
	Temperate
	Temperate
	Temperate
	Temperate



	Socioeconomic
	
	
	
	



	Population (inhabitants) 3
	24,600
	9500
	28,500
	7500



	Main economic activities
	Agriculture
	Commercial plantations
	Tourism
	Livestock; tourism



	Land cover types (%) 4
	
	
	
	



	Native forest
	17.3
	22.2
	61.2
	65.4



	Shrublands
	6.2
	10.9
	11.2
	16.9



	Tree plantations
	2.8
	43.5
	2.4
	0.4



	Agricultural lands
	17.8
	0.4
	0.1
	<0.1



	Pastures and grasslands
	55.2
	23.0
	13.9
	10.1



	Water bodies and wetlands
	0.4
	<0.1
	7.3
	0.4



	Bare and impervious lands
	0.3
	0.1
	3.6
	6.4



	Snow, ice, and other cover types
	<0.1
	0
	0.4
	0.4







1 Global land Cover Facility (2018, http://www.landcover.org). 2 Hijmans et al. 2005. 3 Censo de Población y Vivienda año 2017, Instituto Nacional de Estadísticas (INE). 4 Zhao et al. 2016.
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Table 2. Randomized Block ANOVA comparing image types and landscapes for six preference questions (blocks).






Table 2. Randomized Block ANOVA comparing image types and landscapes for six preference questions (blocks).













	
	df
	Sum Square
	Mean Square
	F-Value
	Pr(>F)





	Image type
	1
	120
	119.9
	46.62
	<0.0001



	Landscape
	3
	633
	210.9
	81.99
	<0.0001



	Question
	5
	1913
	382.7
	148.75
	<0.0001



	Image type: Landscape
	3
	282
	94.1
	36.6
	<0.0001



	Residuals
	5123
	13,179
	2.6
	
	











© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).
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