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Abstract

:

Successfully managing heavily visited protected riverscapes requires information about visitor preferences for the social, biophysical and infrastructural attributes of river landscapes. This study analyzed the landscape preferences of 520 on-site visitors to the peri-urban Danube Floodplains National Park using an image-based discrete choice experiment. The study explored the effects of various landscape types (water bodies, terrestrial landscapes), recreational infrastructures (trail types, facilities) and trail use conditions (trail user numbers, activities) on respondents’ preferences. The results indicated that natural features, such as floodplain forests in combination with meadows or xeric alluvial biotopes, were preferred, while dense forests and, particularly, open agrarian structures were less preferred. Water bodies with 50% reed cover, few people on the trail, alleys of trees and gravel trails were favored. The outcomes serve as the basis for design recommendations for planned recreational areas surrounding the national park with the aim of absorbing visitors and reducing use pressure on the protected area.
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1. Introduction


Riverscapes provide a range of ecosystem services to society. They are hotspots for biodiversity, deliver drinking water and food, regulate flood risks and are important for outdoor recreation and nature-based tourism [1,2,3]. Urban riverscapes are specifically under pressure not only because of urban development, but also due to the heavy recreation uses often exceeding ecological and social carrying capacities. Successfully managing heavily visited protected riverscapes requires information about perceived visitor benefits and preferences for river landscapes. Knowledge of visitor preferences is also important for riverine landscape development. Whereas previous research has often addressed human preferences for river landscapes, little research has analyzed whether and how the biophysical, social and infrastructural attributes of riverscapes correspond to visitor aesthetic preferences [4,5,6]. A more comprehensive approach of this kind is particularly important for the urban context, as recreation uses are characterized by high visitor densities, diverse visitor activities and behaviors, and various recreational infrastructures.



1.1. Human Preferences for River Landscapes


Landscape preference theories suggest that humans favor landscapes that afford the basic needs for survival. Water plays a crucial role in human survival, and humans thus prefer landscapes with water bodies [7]. The landscape preference theories also assert that semi-open landscapes, which were characteristic of the African savanna environments of human origin, are preferred over very densely forested or wide-open landscapes [7,8]. Research on aesthetic assessments of rivers has often addressed river restoration measures [9], riparian vegetation, river flow preferences, river planform [8,10], wood in rivers [11,12] and water quality [13,14]. Research has demonstrated that humans prefer larger bodies of open water, natural river landscapes and fast-moving streams. They prefer river landscapes that create a feeling of safety and satisfy human recreational needs [5]. In contrast, humans dislike swampy wetlands, dead wood in rivers, algae blooms, muddy water and waterways filled with litter and debris [9,14].




1.2. Human Preferences for Recreational Trail Environments


Whereas some research exists on preferred recreational trail qualities in terms of trail surface and width, little is known about preferences for trail qualities in riverscapes and specific recreational offers or signage. Research on trail width has shown that preferences depend on the activity type. Hikers prefer trails that are about 2 m wide, while they dislike broader and narrower trail types. Bicyclists prefer broader trails than hikers [15,16,17,18].



Studies on trail surfaces have found that gravel or natural trails are preferred to asphalt ones, and natural trails are preferred to gravel trails [15,16,18]. Litter or dog feces on the trail are disliked [4,15], while a natural trail with few puddles is preferred [16]. Regarding signage, Arnberger et al. [16] found support for trail signage by national park visitors.




1.3. Human Preferences for Social Conditions on Recreational Trails


Crowding perceptions, preferences for visitor use levels, visitor activities and behaviors also must be considered when assessing preferences for riverscapes. Crowding is reported when the social stimulation exceeds the preferred level of contacts with other visitors [19]. Many studies have found that visitors to natural areas prefer low use levels [18,19,20,21,22]. Recreation research has often analyzed water-based river recreation use such as canoeing or kayaking [19,22,23,24], while studies on preferences for visitor use levels of terrestrial riverscape visitors are rare. The majority of water-based recreational studies have found that water-based users prefer low use levels. Regarding terrestrial recreation use in riverscapes, Arnberger, Aikoh, Eder, Shoji and Mieno [20], and Eder and Arnberger [25] observed that visitors prefer low use levels, and perceptions of overcrowding were widespread among visitors to urban riverscapes.




1.4. Research Questions


Most studies on the aesthetics of rivers have either focused on the river corridor itself or concentrated on single elements of riverscapes, but these studies have not investigated the areas typical for natural floodplains nor analyzed the role of tradeoffs between biophysical, social and infrastructural river landscape elements on human preferences. Central European floodplains consist of alluvial forests areas, xeric alluvial biotopes or succession areas, and water bodies of diverse sizes that are subject to different water regimes [26]. In addition, these areas are used by humans for recreation purposes and economic activities, such as nature-based tourism and agriculture. Meadows and fields, as well as various types of recreation infrastructures, can be found in these areas. Therefore, this study used an approach integrating different landscape elements for a more holistic assessment of riverscape preferences. An image-based discrete choice experiment (DCE) was used to understand how people weigh and trade off multiple attributes relevant to their landscape preferences [27]. DCEs are rooted in the traditional microeconomic theory of consumer behavior and preference theory [28]. In a DCE, two or more hypothetical alternatives of landscapes are combined into choice sets, and respondents choose the most or least preferred alternative from each set [27]. The selection of one alternative over the other implies that the utility of that alternative is greater than the utility of any other alternative [28]. Random utility theory postulates that respondents’ choices can be modelled as a function of the factors of the alternatives [29]. This approach makes it possible to identify the most and least preferred features of a diverse and complex river landscape and its surrounding area.



The results of such holistic assessments of riverscape preferences are useful for designing guidelines for attractive recreational riverscape areas. The case study area, the Lobau, is part of the Danube Floodplains National Park, and is located in Vienna, Austria. The continuing housing development for tens of thousands of new residents, which is taking place in the vicinity, is expected to impact the nearby protected alluvial forest area. The Lobau is already heavily used, and the urban development will further increase the high recreation use pressure [30]. This pressure will not only negatively impact the park’s natural resources, but also the quality of the recreational experience, due to crowding and user conflicts [20,25]. Providing alternative recreation areas in the surrounding area, the so-called “Lobau foreland,” may absorb—and thus partially deflect—use pressure from the national park. The overall planning scenario involves transforming the existing large-scale agrarian-dominated areas surrounding the protected area into attractive recreational landscapes. The blue spaces of the Lobau, which are typical for alluvial forests, will likely play a crucial role in the area’s attractiveness.



The main aim of the study was to assess and compare the attractiveness of the Lobau with the existing situation of the Lobau foreland and develop recreational and ecological planning and design recommendations for possible scenarios for the design of the foreland. The following research questions guided the study:



Which terrestrial landscape elements, recreational infrastructure offers and uses are most and least preferred by national park visitors?



What type of water bodies are most and least preferred by national park visitors?



What is the relative importance of terrestrial and water-based landscape elements, recreational infrastructure offerings and recreation uses in riverscape preferences?





2. Materials and Methods


2.1. Study Area


The Lobau is the urban and western part of the IUCN—category II Donau-Auen (Danube Floodplains) National Park (Figure 1). The alluvial forest, with an area of about 2300 hectares, is managed by the Municipal Office of Forestry and Urban Agriculture in Vienna, Austria, and is located about 6 km away from the historic city center. Suburbs of Vienna, rural communities, areas of intensive agriculture and the Danube River border the area. About 150,000 people live within a few kilometers of its borders, and close to 2.5 million people live in the Vienna metropolitan region.



The national park protects the largest natural riparian wetlands in Central Europe, which are still ecologically intact to a comparatively high degree [30]. Whereas parts of the national park area are exposed to the high hydrological dynamics of the Danube River, the wetlands of the Lobau are subjected to limited hydrological dynamics, leading to heterogeneous floodplain areas. This results in ecological gradients related to nutrient dynamics [26,31] and aquatic vegetation [32], as well as a high diversity of habitats and plant and animal species in the national park [33,34]. Characteristic faunal elements are the European pond terrapin (Emys orbicularis), with the only autochthonous population in Austria occurring in the Danube Floodplains National Park [35], the little bittern (Ixobrychus minutus) [36], the European kingfisher (Alcedo atthis), a flagship species for natural dynamic riparian landscapes and floodplains [37], and the European beaver (Castor fiber) [38]. The national park is an important transit area for the population of red deer between the Alps and the Carpathian Mountains [39,40]. It is an open-access area and provides 113 km of various trail types and several natural swimming areas, a dog zone and restaurants in or adjacent to the national park. It is accessible via a network of streets, regional trails and public transportation and has several parking lots. This area is heavily used as documented by more than 600,000 visits annually [41].




2.2. Discrete Choice Experiment


To address the research questions, a stated choice survey was designed with digitally calibrated images. Stated choice approaches, including DCEs, have been applied to study preferences and choice behavior for a range of recreation related issues [15,27,42] or landscape preferences [4,43]. This approach asks respondents to evaluate alternative configurations of existing and/or hypothetical, multi-attribute goods or services [27,28]. Such alternatives—in this case, riverscape scenarios—are defined as combinations of attributes, for example, the biophysical, social and infrastructural characteristics of the peri-urban landscape of the Lobau and directly neighboring areas. By asking participants to choose their most or least preferred scenario in a successive series of scenario sets, evaluations can be modeled as a function of the attributes and their levels. The selection of one riverscape scenario over the other implies that the utility of that scenario is greater than the utility of any other scenario [27,28]. This approach identifies the relative weight of each attribute affecting people’s riverscape preferences. In constructing the DCE, various levels of a given attribute, such as different types of water bodies or trails, or various visitor numbers, represent the range of potential alternatives. The DCE design systematically pairs different combinations of attribute levels in each choice scenario [27]. Although visual choice scenarios using digitally-manipulated photographs have become increasingly used in landscape preference and outdoor recreation studies [15,43,44,45], choice scenarios have typically been presented using verbally specified attributes and attribute levels.




2.3. Scenario Construction


A conceptual framework was developed to assess visitors’ preferences for key landscape elements of the national park area and the surrounding Lobau foreland. This framework consisted of four levels: recreational trail, surrounding landscape, water bodies and recreation infrastructure offers, including access and signage (Table 1).



Recreational Trail



The recreational trail represents a central attribute of the choice model, as trails are the most important recreational infrastructure of the national park and many outdoor recreation experiences are associated with their use. Several social and (bio)physical attributes were associated with the trail and its use. Three social parameters describe the number of visitors represented on the trail, the types of activities recreationists engage in and visitor behavior. Visitor behavior was recorded using dogs on or off leash. Since bicyclists and pedestrians, including dog walkers, account for nearly 97% of recreation visits [41], only these user groups were displayed on the trail. Dog walkers account for under 10% of all visits. Approximately 50,000 dogs are walked in the Lobau each year, with only one-third of the dogs leashed. Scenarios displayed the number of visitors (four levels from 1–16 visitors), user groups (4 levels showing varying proportions of walkers and bicyclists), and number of dogs and dog walkers’ behavior (no dog, 1 dog unleashed, 2 dogs leashed, 2 dogs unleashed). Three trail-related parameters described trail width (0.8, 2, 3 or 4 m), trail surface (asphalt, gravel, natural with or without puddles) and accompanying vegetation at the waysides (no trail vegetation, solitaire tree, tree line, alley of trees). This represent the most important trail types in the Lobau, as well as those of the Lobau foreland.



Surrounding Landscape:



A 6-level attribute described the surrounding terrestrial landscape of the recreational trail. Landscape types that occur in the Lobau or Lobau foreland are represented here. Often, different landscape types are found to the left and right of the existing trail network in the Lobau. Therefore, possible combinations of different landscape types were also included in the design, for example, forest with meadow, or xeric alluvial biotopes with meadow. Over the last few years, some farmland in the Lobau has been cleared and left to natural succession. In the future, according to the area management, all remaining arable land in the Lobau will be abandoned. Consequently, succession areas will be relatively common in the Lobau in future and were thus included in the model.



Another landscape parameter was the view in the direction of walking (landscape background). This 4-level attribute allowed us to model the horizon lying in front of the visitors. The horizon experience plays an important role, especially in the Lobau foreland, due to the openness of the agriculturally dominated landscape. The landscape background was defined either as an alluvial forest with or without a power pole at a distance of 150 or 300 m, or a settlement with a power pole.



Water Bodies



Water bodies in the Lobau are oxbow lakes of various sizes that are subject to different water dynamics. The photos showed two oxbow lake types with different degrees of reed growth (0%, 50% or 100% reed cover). Oxbow lakes can be experienced mainly as punctual vistas and were therefore represented as extra images in the choice model. One level indicated no oxbow lakes visible from trails. The Danube River itself was not included in the DCE, as the river was not a possible design option for planned recreational areas in the Lobau foreland.



Recreational Infrastructure Offers, Access and Signage



In addition to the trail and its surrounding landscape, recreational infrastructures, as well as indirect guidance measures, might impact trail selection. A 4-level attribute presented either a natural swimming area, a small restaurant with beer garden or a large dog zone. If no view on water bodies from the trail was foreseen by the design, then no natural swimming area was presented. Instead, a wildlife enclosure was presented as an attribute level. However, the analysis showed no significant difference between the two levels. Guidance measures were simulated by wayfinding signage. Access-related offers were the provision of parking spaces or public transport stops.



The study used 256 riverscape scenarios, which simultaneously and systematically integrated 11 riverscape attributes each (Table 1). Each riverscape scenario consisted of two images: the digitally calibrated image showed the terrestrial landscape typical for an alluvial forest and/or surrounding areas and the trail, while the other image focused on the body of water. The reed cover was manipulated for the small and large oxbow lakes showing different levels (0%, 50%, 100%) of reed cover. Two pictogram-assisted textual attributes presented the recreational infrastructure and access-related offers. The attribute level signage was part of the digitally calibrated image. The visual factors were displayed through a trail environment because the use of the protected landscape is based on trails. A 2 m wide and 150 m long gravel trail in the Upper Lobau running toward a forest backdrop was selected as the base image (Figure 2). To ensure that the proportions of the people depicted on the path would correspond to reality, a series of photos was created showing people at defined distances. Furthermore, many path users were photographed to have “user dummies” for the representation of the social factors. Afterward, a placement plan, which defines the distances at which the people on the path are to be placed, was created. All presented environments were taken from photos of the Danube Floodplains. Images presented the landscapes during pleasant weather conditions in the vegetation period.



The exact combination of the different levels of the 11 attributes depended on an underlying orthogonal fractional factorial design, thereby avoiding multicollinearity between the attributes and reducing the number of scenarios to 256, organized in 64 choice sets [27,28]. Combining the scenarios with the choice sets, and combining the choice sets with the 16 survey versions, also followed a statistical design plan. Adobe Photoshop was used to produce the digitally calibrated visual scenarios (Figure 3 and Figure 4; see Supplementary Material). All visual attribute levels were stored as separate elements on individual layers. When compiling the 256 scenarios, the layers ensured that the provision of a specific attribute was always the same, independent of the other riverscape settings. This procedure always provided the same settings for those calibrated images required by the statistical design and controlled the effects of the factors and their levels on choices. For visitor activities, we developed a rule for executing the statistical design plan. The highest share of each attribute level was always considered. When the design requested one person and a 75% walker distribution, then a walker was presented. The same process was applied to bicyclists. When the design requested a 50% distribution, then this level was systematically changed: every second scenario showed a walker.




2.4. Data Collection


Data were collected on 9 randomly selected days to reflect the park’s visit patterns and capture a diverse visitor segment. Face-to-face interviews with 549 visitors took place at 5 main, frequently visited, access points on 5 workdays and 4 Sundays throughout the day (9 a.m. to 7 p.m.) between July and September 2009. In total, 29 visitors provided incomplete data and were removed, resulting in a final sample size of n = 520. The response rate was 43%, and joggers predominantly refused to take part in the interviews (response rate of joggers: 29%). No incentives were offered to respondents.



On-site visitors were asked about their least and most preferred landscape scenario. To minimize the respondent burden, each respondent evaluated 1 version showing 16 scenarios, grouped into 4 choice sets with 4 scenarios per set. To avoid starting point bias, the choice sets of the DCE were rotated systematically across successive respondents. Trained interviewers thoroughly explained the DCE to respondents. Interviews took about 25–30 min.




2.5. Data Analysis


A stated choice approach analyzed visitor preferences for riverscape scenarios. Random utility theory postulates that respondents’ choices can be modelled as a function of the attributes of the scenarios. McFadden’s conditional logit model is frequently used in discrete choice modelling in which a choice among alternatives is treated as a function of the characteristics of the alternatives, rather than and/or in addition to the characteristics of the individual making the choice [29]. The maximum likelihood estimation produced part-worth utilities, z-values and standard errors for each attribute level. The attributes of the DCE were effects coded [27,28]. Consequently, for each factor, the reference category was defined as the negative sum of the other level estimates. No base alternative was presented. The most and least preferred choices were aggregated into one dataset.



Data analysis was undertaken in the statistical software Latent Gold Choice 5.1 [46]. The relative importance of each attribute of the conditional logit model on riverscape choices was calculated following the approach proposed by Vermunt and Magidson [46]. The relative importance of each preference attribute was calculated by dividing the maximum range of parameter estimates between the levels of one attribute by the sum of the maximum ranges of all attributes.





3. Results


3.1. Characteristics of Respondents


At 64%, the proportion of men surveyed was higher than that of women, and the average age was 52. More than 80% of the visitors surveyed lived in Vienna, 60% of whom came from the neighboring district Vienna XXII; 13% came from the bordering Lower Austrian municipality of Groß-Enzersdorf. Only 9 respondents were from abroad. Almost half of the respondents used the bicycle to get there (49%), 38% used the car, 10% came on foot and 4% used public transport. Most of the respondents were traveling by bicycle (53%). Other user groups were pedestrians without dogs (22%), pedestrians with dogs (12%), joggers (6%) and Nordic walkers (5%).



On average, the respondents had visited the Lobau 88 times during the past twelve months. Thirty percent of respondents found the number of visitors to the Lobau on Sundays too high, while these were considered pleasant on weekdays. Visitors rated both the Lobau itself and the visitor experience in the Lobau, as very positive: for the degree of satisfaction with the Lobau, the score was 1.4 on average (on an answer scale ranging from 1 = strongly satisfied to 5 = strongly dissatisfied), and for the visitor experience of the recreational quality, 1.8 on average (on an answer scale of 1 to 10), with 1 indicating an excellent visitor experience.




3.2. Results of the DCE


3.2.1. Relative Importance of Attributes


The DCE analysis resulted in a useful model with a pseudo-R2 of 0.16. All 11 attributes of the DCE significantly influenced visitor preferences. The most important attribute for choices was the number of persons on the trail, accounting for 20.5% of total importance of all 11 attributes. The landscape background accounted for the next most important attribute at 16.5% (Table 2). The third most important predictor was the presence of water bodies (14.8%), followed by vegetation along the trail and the terrestrial landscape. Attributes with lower importance were user activity, access and signage, dogs and dog walker behavior.




3.2.2. Evaluation of the Attributes


The combination of a meadow with a forest or xeric alluvial biotopes were the two most preferred levels of the terrestrial landscape attribute, followed by the combinations of forest with succession area and forest with xeric alluvial biotopes. In contrast, fields, the combination of a field with a meadow and meadows only were disliked (Table 3; Figure 5). Forest only was in between.



Trails that did not offer a view of water bodies were rated particularly negatively, followed by a small oxbow lake with 100% reed cover (Table 3; Figure 6). The respondents preferred both large and small oxbow lakes with 50% reed cover, as well as large oxbow lakes without reed cover.



Visitors preferred a nearby forest in the background with or without a power pole, but strongly disliked a settlement with a power pole. The evaluation of the forest 300 m away was in between (Table 3).



The presence of trail vegetation was preferred. Respondents preferred alleys of trees over a tree-lined path or a solitary tree. A narrow trail (0.8 m) was preferred to a broader trail. Trails of 4 m width were disliked. A natural trail, with or without puddles, was preferred to a gravel trail and, particularly, to an asphalt one (Table 3).



One person or four people on the trail were preferred, while higher numbers were disliked. In particular, groups of 16 people were strongly disliked. Scenarios with a 25% or 75% proportion of bicyclists were preferred to a 100% proportion of hikers and a 50% proportion of bicyclists. Visitors preferred the absence of dogs on the trail and specifically disliked one dog off a leash.



Respondents preferred a small restaurant with a beer garden or a natural swimming area with a sunbathing area, and disliked a large dog zone with seating opportunities and drinking water. A public transport stop in close distance was disliked (Table 3).






4. Discussion


This study aimed at understanding whether, and how, key visual characteristics of the Lobau area and its surroundings influence the landscape preferences of park visitors. An image-based choice survey questioned the influence of various landscape features (water bodies, alluvial forests, meadows, fields, settlement), recreational infrastructure facilities (trails, swimming areas…) and social trail use conditions (trail user numbers, visitor activities…) on the preferences for riverscapes of visitors to the protected area. The survey found that visitors’ preferences were influenced by many biophysical, infrastructural and social factors. The presence of water bodies increased the attractiveness of the area. Visitor numbers, terrestrial landscapes and water bodies were important for respondents’ choices, while recreational infrastructures, offerings and specific social attributes were not.



4.1. Landscape Preferences


The results of this study are in line with the landscape preference theories [8,9]. Visitors preferred semi-open landscapes, indicated by a matrix of forests with more open landscape types such as meadows, xeric alluvial biotopes and succession areas. Respondents disliked agriculturally dominated open landscapes consisting of meadows and/or fields. Openness is a key characteristic of the area surrounding the Lobau. However, people disliked this degree of openness, also indicated by their dislike of a forest at a greater distance. In addition, it was very important for participants to see natural areas instead of settlements.



Respondents highly preferred xeric alluvial biotopes, which are typical of the riverscapes of the Danube River. The areas are rare and valuable habitats for threatened species. People’s visual preferences for these habitats indicate an ecological aesthetic [43,47], suggesting that nature conservation efforts associated with that specific landscape element will receive their support.



The presence of water courses was one of the most important landscape features for making choices, and water courses were even more important than terrestrial landscape elements. People preferred water bodies, independent of their size and the amount of reed cover. Previous research found that water is one of the most favored elements in landscape preferences [5]. A small oxbow lake completely covered with reeds was less preferred compared to oxbow lakes with lower reed cover, likely because a 100% cover of reed blocks the view on the water and prevents swimming. Eder and Arnberger [4] also found heterogeneous preferences for reed along rivers among adolescents.




4.2. Preferences for Recreational Trails and Infrastructure Offers


Trails are the most important recreational infrastructures in natural areas, and national park management must make decisions on the type of recreational infrastructure that corresponds to the protected area’s policy and is appropriate for its visitors [48]. However, little research has been conducted regarding preferences for trail qualities of protected urban riverscapes. In addition, managers have scarce knowledge on which and how recreation opportunities, such as trails or other recreational infrastructures, should be provided.



Several studies have analyzed the trail preferences of visitors in rural and urban areas [15,16,17,18], and most have found a preference for more natural trails with a width of about 2 m or even wider. Whereas this study confirms the preference for more natural trails, it showed that respondents were in favor of a very narrow natural trail with puddles. Arnberger and Eder [15] explained the preference for broader trails with the high percentages of bicyclists in their urban sample. This study, however, included even more bicyclists. A recent preference study in a German national park also found that visitors liked a natural trail with puddles better [16]. It seems that visitors to natural areas such as national parks show a higher preference for narrower natural trails compared to visitors to more urban green spaces.



Whereas trail width and trail surface were not very important attributes for respondents’ choices, trail vegetation was a decisive feature. This study found a preference for trail vegetation, and this increased with the number of trees. This preference for trees has also been reported in several other studies [16,43,44].



A main task of riverscape managers in the urban context is the provision of suitable recreation infrastructures. The study respondents preferred natural swimming areas and a small restaurant. These offers exist in and near the park, and managers might pay greater attention to the swimming areas in the park compared to the dog zones.




4.3. Preferences for Social Conditions on Trails


In agreement with many studies on human preferences for visitor numbers in natural areas, this study found that visitor density affects preferences, and few visitors on the trail are preferred [15,19,20,21,22]. The attribute level with 16 visitors on the trail was the strongest predictor among all levels of the DCE. Social aspects play an important role for natural area visits. In particular, too many trail users can be a reason for recreationists not visiting an area or a trail because of exceeded social carrying capacities. One possible explanation for the high importance of visitor numbers in visitor choices might be the high use pressure. Many respondents reported that the number of visitors to the Lobau on Sundays was too high. Most studies using image-based DCEs in the fields of outdoor recreation and landscape preference stressed the important role of visitor numbers in respondents’ choices [4,15,16,18,23,24,44]. However, the findings are mixed. In some studies, visitor numbers were the strongest predictor in landscape choices [15,23,24], but not in others [4,16].



User conflicts between various activity groups—such as between walkers and bicyclists or between bicyclists or walkers and dog walkers—negatively impact the recreation experience [15,16,17,18,19,20,21,22,23,33,49,50,51,52]. Based on visitor evaluations, user composition did not play a strong role in choices. The same results have been found in previous image-based DCEs [15,16,44]. The very high proportion of bicyclists and walkers in the sample may explain the preferences for scenes with higher proportions of bicyclists or walkers. Similarly, dogs and dog walkers´ behavior did not play a major role for respondents’ choices. This study found that dogs are disliked, and the same results applied to a dog zone. It seems that social carrying capacity aspects, in terms of visitor numbers, are more important for respondents than user conflicts between walkers and bicyclists or between dog walkers and other area users.



Multiple-use trails in natural areas create to several management challenges due to frequent user conflicts. Implementing visitor management measures and strategies for reducing use pressure can, for example, address unwanted off-leash dog walking, as well as the implementation of additional green spaces to reduce visitor density. In addition, the human behavior of not keeping dogs on a leash increases the impact on wildlife [33,38].





5. Conclusions


This study investigated visitor preferences for riverscape attributes of the Lobau area and its directly surrounding landscape. The study found tradeoffs in visitor preferences between biophysical attributes, recreational infrastructures and social factors. Thus, specific features of the area can serve as potential substitutes for others of the area because of their similar parameter values.



The study results indicate that the current foreland is not very attractive for visitors, as most preferred water-based and terrestrial landscape elements and trail types that can be found in the national park, but not in the current open agrarian and settlement-dominated landscape of the foreland. This study provides information on visitors’ preferences and criteria for how to transform the Lobau foreland into a more attractive recreational area to deflect some recreational use pressure from the national park. The national park is being confronted with increasingly high-use levels, particularly because of the many new housing projects being developed near the protected area. The recreation use pressure is progressively fragmenting the area, thereby reducing further undisturbed zones and times for wildlife [21,33,38].



The Lobau foreland might be changed through different treatment designs to address visitors’ preferences. Narrow natural trails with alleys of trees, small-scale mixtures of meadows and forest patches, lakes with some reeds, and places to swim increase the attractiveness, while fields, missing water bodies, broad asphalt trails, settlements in the landscape background, crowded trails, a large dog zone, and public transport stops in close distance decrease the attractiveness. Although many of the natural landscape elements of the national park, such as xeric alluvial biotopes, cannot be created in the foreland, a patchy mixture of meadows and forest patches received high or even higher preference scores. Future research may include the river and riverbanks, as well as the impact of traffic noise in preference modeling. Previous research in the area has shown that residents and visitors have strong emotional bonds to the Lobau area [53,54,55]. Linking the emotional bonds of the residents to the riverscape in connection with riverscape preferences [5] is another future research field.
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Figure 1. Location of the Danube Floodplains National Park in East Austria, the Viennese Lobau and the surrounding Lobau foreland. The foreland is dominated by agrarian areas and settlements (Photo: Arnberger). 
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Figure 2. Base photo of a recreational trail in the Lobau used in the construction of the visual choice scenarios. 
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Figure 3. Example of a scenario consisting of 11 visual and pictogram assisted textual attributes with varying attribute levels used in the discrete choice experiment. 
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Figure 4. Example of a choice set. Each choice set was printed on A3 paper. Each respondent viewed 4 out of 64 choice sets and was asked to choose the most and least preferred scenario from each set. 
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Figure 5. Preferences for terrestrial landscapes (n = 520). 
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Figure 6. Preferences for water bodies (n = 520). 
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Table 1. Eleven attributes and their levels and mode of presentation.
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	Attribute
	Attribute Levels
	Presentation Mode





	Terrestrial landscapes
	8 levels
	Digitally calibrated image



	Water bodies
	6 levels
	Extra, partly digitally calibrated image



	Landscape background
	4 levels
	Digitally calibrated image



	Trail vegetation
	4 levels
	Digitally calibrated image



	Trail surface
	4 levels
	Digitally calibrated image



	Trail width
	4 levels
	Digitally calibrated image



	Visitor numbers
	4 levels
	Digitally calibrated image



	Activity types
	4 levels
	Digitally calibrated image



	Dogs and dog walking behavior
	4 levels
	Digitally calibrated image



	Recreational infrastructure offers
	4 levels
	Pictogram assisted text



	Access/signage
	4 levels
	Pictogram assisted text/digitally calibrated image
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Table 2. Relative importance of the attributes for riverscape preferences based on the conditional logit model (n = 520).
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	Attribute
	Relative Importance





	Visitor numbers
	20.5%



	Horizon/landscape background
	16.5%



	Water bodies
	14.8%



	Trail vegetation
	13.1%



	Terrestrial landscapes
	9.9%



	Recreational infrastructure offers
	7.8%



	Trail width
	4.9%



	Trail surface
	4.1%



	Dogs and dog walking behavior
	3.4%



	Access/signage
	2.6%



	Activity type
	2.5%
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Table 3. Parameter estimates and standard errors for attribute levels of the DCE (n = 520).
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Attributes

	
Attribute Levels

	
Parameter Estimate

	
S.E.






	
Biophysical attributes (landscape and water bodies)

	
Terrestrial landscapes

	

	




	
Forest a

	
0.036

	




	
Meadows

	
***−0.192

	
0.054




	
Xeric alluvial biotopes

	
***0.206

	
0.051




	
Fields

	
***−0.321

	
0.055




	
Field & meadow

	
***−0.281

	
0.051




	
Forest & xeric alluvial biotopes

	
*0.135

	
0.053




	
Forest & meadow

	
***0.279

	
0.054




	
Succession area & forest

	
*0.137

	
0.056




	
Water bodies

	

	




	
No water bodies a

	
−0.632

	




	
Small water body with 0% reed cover

	
0.022

	
0.048




	
Small water body with 50% reed cover

	
***0.266

	
0.051




	
Large water body with 0% reed cover

	
***0.215

	
0.052




	
Large water body 50% reed cover

	
***0.226

	
0.050




	
Small water body with 100% reed cover

	
*−0.097

	
0.039




	
Trail vegetation

	

	




	
No trail vegetation a

	
−0.365

	




	
Tree line

	
***0.192

	
0.034




	
Alley of trees

	
***0.435

	
0.036




	
Solitary tree

	
***−0.262

	
0.034




	
Landscape background

	

	




	
Forest in close distance

	
0.283

	




	
Forest in in close distance with power pole

	
***0.328

	
0.033




	
Forest in 300 m distance

	
(*)0.063

	
0.034




	
Settlement with power pole

	
***−0.674

	
0.035




	
Social attributes describing trail use

	
Visitor numbers

	

	




	
1 persona

	
0.525

	




	
4 persons

	
***0.240

	
0.034




	
8 persons

	
−0.047

	
0.034




	
16 persons

	
***−0.719

	
0.035




	
Activity type

	

	




	
100% walkers a

	
−0.034

	




	
75% walkers, 25% bicyclists

	
0.056

	
0.035




	
50% walkers, 50% bicyclists

	
**−0.088

	
0.035




	
25% walkers, 75% bicyclists

	
(*)0.066

	
0.035




	
Dogs and dog walker behavior

	

	




	
No dog a

	
0.113

	




	
2 dogs on leash

	
−0.032

	
0.034




	
2 dogs off leash

	
0.011

	
0.034




	
1 dog off leash

	
**−0.091

	
0.033




	
Recreation infrastructures (trails, infrastructure offers, access & signage)

	
Trail width

	

	




	
0.8 m a

	
0.171

	




	
2 m

	
−0.026

	
0.033




	
3 m

	
−0.018

	
0.033




	
4 m

	
***−0.126

	
0.034




	
Trail surface

	

	




	
Asphalt a

	
−0.135

	




	
Gravel

	
−0.047

	
0.033




	
Natural

	
*0.067

	
0.033




	
Natural with puddles

	
***0.115

	
0.034




	
Recreation facilities

	

	




	
No facilities a

	
−0.032

	




	
Large dog zone with seating opportunities & drinking water

	
***−0.278

	
0.034




	
Natural swimming area with sunbathing area (or wildlife enclosure)

	
***0.193

	
0.033




	
Small restaurant with beer garden

	
***0.118

	
0.033




	
Access & signage

	

	




	
Nothing a

	
0.083

	




	
Signpost

	
(*)−0.064

	
0.034




	
Parking lot accessible within 10 min walking distance

	
(*)0.057

	
0.030




	
Public transport stop accessible within 10 min walking distance

	
**−0.076

	
0.028




	
Pseudo-R2

	
160

	








a Reference category. Significant influence of the attribute levels on respondents’ choices: (*) p < 0.10; * p < 0.05; ** p < 0.01; *** p < 0.001.
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