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Abstract

:

In recent decades the growing interest in forested areas has led to a higher level of appreciation and consideration regarding the various benefits and services provided by forests. Despite this, when it comes to acknowledging their economic value and their capacity to produce income, the production of timber seems to be the main or even the only function that is considered. However, by adopting a sustainable forest management approach, the value related to non-market forest functions could also be considered. The present paper aims to quantify the potential income related to the recreational value of coppice forest by considering three different management systems: traditional coppice, active conversion to high forest and the natural evolution of forest. In order to do so, a contingent valuation method was used, and 248 forest users were surveyed in the region of Tuscany, Italy. The surveys included a revised price-list method, and the results obtained showed the existence of willingness to pay (WTP) for the maintenance of forests. Users showed a strong preference for conversion to high forest, while natural evolution was the least preferred management option. People’s perception on this matter was also assessed based on their specific location, by georeferencing all of the respondents’ answers: considering this, it was observed that belonging to a municipality located in or close to the mountains (i.e., mountain and natural municipalities) influenced the users’ WTP to maintain natural evolution.
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1. Introduction


The interest in the community in the ecosystem services (ES) offered by forests is increasing over the years. As argued by Kubiszevski et al. [1] and Costanza et al. [2,3,4], ecosystems provide a range of goods and services that are important for human well-being and environmental health, which are collectively called ecosystem services.



In the literature it is common to find references to other forest functions, such as soil protection, maintenance of biodiversity, carbon storage, recreational activities, etc. [5,6,7,8,9,10]. In general, traditional forest management approaches (option and approach will be use as synonyms in the article) are aimed mainly at maximizing wood production and enhancing some environmental functions. Both their effectiveness in supporting timber production and their impact on the environmental functions of forests (such as soil protection, water regeneration and maintenance of biodiversity) are widely described in the literature [8,11,12,13,14,15,16]. However, the impact these functions have on other important activities in the forest, like those related to the recreational use, has received little attention [17].



Recreational functions play an important role in contemporary societies and rural economies, as confirmed by the State of Europe’s Forests Report [18]. In this report, about 90% of forests and other rural areas are reported to be important for recreational activities.



Although some authors have already reported the importance of forests’ recreational functions in the literature (see, among others, [19,20,21,22]), they do not provide data with a high level of detail from a spatial point of view, and the different methods they apply to calculate tourism benefits, such as the hedonic price, travel cost method and contingent valuations, generally refer to large forest areas [23,24,25]. Furthermore, the high cost of applying these procedures has often hindered their application on some relatively small forest areas that are considered to be of high value.



In recent years, the so-called “spatialization” of the value of social utility has started to receive more attention in the international literature. This is partly due to the fact that spatial analysis allows the geographical distribution of environmental values to be appreciated and enables these values to be overlaid with other geographically relevant information, such as project data, risk maps, etc. One of the first studies proposed in which the potential applicability of this approach was discussed was conducted by van der Horst [26], although only at a theoretical-methodological level. Later, Baerenklau et al. [22] realized a first application of the spatial allocation of use values for hiking, where the only variable considered at the territorial level was the width of the panoramic view.



Several studies have proposed maps depicting the value of ecosystem services [27,28,29], but most authors focused on evergreen or alpine forests [30,31,32]. Respondents’ perception of forests was considered by De Meo et al. [33] in a study about the attractiveness of alpine forests, but such perception was not spatialized. One of the few examples in which the preferences of the interviewees were spatialized is found in the research of Behr et al. [34]. These authors produced a map depicting the human acceptance of the wolf, based on their location.



In order to enrich the previous literature, and starting from a previous study by Riccioli et al. [35], the present paper focuses on the recreational value of broadleaved forests under coppice management (which have received less attention in terms of recreational assessments) and the analysis of people’s perception thereof by using a spatially explicit approach. Specifically, our work intends to test the hypothesis according to which belonging to a municipality located in or close to the mountains can influence the willingness to pay (WTP) of residents.



Thanks to highly detailed spatialization, it is possible to analyse possible correlations between the recreational value allocated by a random sample of potential users (WTP for maintaining the recreational use of forests) and the territorial or geographical characteristics of the municipalities in which they reside.



Having spatialized the answers of the users, the innovative part of this research is represented by the possibility of investigating the WTP according to the characteristics of the users derived from the social context in which they live (represented by the characteristics of their territory). In particular, a territory with a strong forest element is represented by municipalities located in or close to the mountains, in which not only recreational activities, but also economic activities, are closely linked to the forest component.



This paper is organized as follows. In Section 2 the materials and method are described; in Section 3 results are presented; in Section 4 a discussion is provided; Section 5 is dedicated to conclusions.




2. Materials and Methods


2.1. Case Study


Tuscany is a region located in the centre of Italy. It is mainly hilly (66.5%) with some plains (about 8.4% of the territory), while major mountain ranges cover about 25.1% of the region. The climate is characterized by an average annual temperature of around 16 °C, with annual rainfall of around 600–700 mm.



As reported by the National Forest Inventory [36], about 1,151,000 ha are covered by forest (50% of the total area of the region). Forests are largely composed of oak species, i.e., Turkey oak (Quercus cerris L.), Pubescent oak (Q. pubescens Willd.) and evergreen oaks. Broadleaf species represent 38% of the total forest area (about 414,000 ha). The most popular forest management option is coppice management, that is an ancient form of forest management developed and maintained to efficiently provide rural communities with wood, mainly firewood. Coppice is still abundant throughout Europe today: it covers over 23 million hectares [37], with nine countries having a coppice area forest cover exceeding 1,000,000 ha.



In Tuscany the coppice is applied to 725,000 ha (63% of the total forest area), a substantial difference with high forest, which covers 207,000 ha (18% of the total broadleaf forest area).



The data required for the analysis were collected in five sample areas (Figure 1 and Figure 2), belonging to three provinces that make part of the European project FutureForCoppiceS LIFE14 ENV/IT/000514: the districts of Alpe di Catenaia and Alto Tevere, in the province of Arezzo; the Caselli forests in the province of Pisa; the districts of Colline Metallifere and Alberese, in the province of Grosseto.



The area related to the district of Alpe di Catenaia is approximately 2340 ha. Its forest species are mainly represented by beech, Turkey oak and mixed broadleaved mesophyll species.



The Alta Valle del Tevere District covers an area of 4321 ha; forest species mainly include deciduous oaks (Turkey oak) and black hornbeam.



The area of Colline Metallifere District is approximately 15,230 ha, with deciduous oaks (Turkey oak), hornbeams and Holm oaks (Q. ilex L.) as the most representative forest species.



The Alberese District is located in the southern part of Tuscany and covers an area of 9000 ha. Its main forest species are evergreen broadleaves (Holm oak).



The area of Caselli District is approximately 1370 ha, and forest species are mainly represented by deciduous oaks (Turkey oak).




2.2. Evaluation Method for Willingness to Pay


Taking a previous study of Riccioli et al. [35] as a starting point, a new set of data was collected regarding people’s WTP for maintaining the recreational use of forests under different management options. This was done by using a questionnaire (see Section 1 of the Supplementary Materials) in which respondents were asked about their WTP for the maintenance of the recreational function of forests under three management options: coppice, active conversion to high forest and natural evolution of forest.



The concept of the questionnaire is a relevant phase and needs to be analysed in depth.



Development work typically includes focus groups and in-depth interviews to help determine the plausibility and understandability both of the description of the good provided and the context in which it is being provided. The survey was developed with the assistance of experts of the Forest Research Institute of the CREA (Council for Agricultural Research and Agricultural Economy Analysis) and professors of the Department of Agricultural, Food, Environmental and Forestry Sciences (University of Florence).



In order to organize an effective and efficient questionnaire, we followed some suggestions from the literature. As argued by Green and Tunstall [38] and Rodriguez et al. [39], the introduction needs to describe the knowledge of respondents’ perceptions about goods and services to be valued. At the same time, the survey may ask the questions to explore the knowledge of individual preference for the goods [39]. It is important that the hypothetical scenario corresponds as closely as possible to a real-world situation [40]. In a second part, the survey needs to explain the goods and services in more detail.



Considering what was mentioned above, our questionnaire was structured in two main sections. The first part aimed to elicit some basic information about the respondents (age, gender, educational degree, occupation, type of accommodation). In the second part, after providing the respondents with some information and photos about the three different forest management approaches, they were asked to answer whether they were willing to pay for the maintenance of forests. The hypothetical scenario included a supplement to the regional income tax, i.e., the payment method by which we expected respondents to pay for the maintenance of the recreational value of the forest area.



The core of questionnaires was represented by the elicitation method. Here, respondents are asked to state their willingness to pay (WTP) for environmental goods and services. The choice of the elicitation method is one of the major exercises in Contingent Valuation studies.



Many authors have explored the recreational function provided by a forest from an economic and social point of view, using various methodologies both in a quantitative/qualitative way and with monetary/non-monetary outcomes (e.g., Travel cost, Choice experiment, Contingent valuation MultiCriteria Analysis, Life Satisfaction Approach, etc.) [8,24,41,42,43,44,45]. In this study, the contingent valuation method (CVM) was used. This is widely adopted in the literature for estimating the economic value of forest ecosystem services. Molina et al. [43] analysed the value of the landscape in an area in the south of Spain, Voltaire et al. [46] determined the WTP for the conservation of a salt marsh in France, [47] applied CVM to estimate the value of nature conservation in Finland and [12] estimated the economic value of forest ecosystem services in three counties in China.



A recent study by Kniivilä [47] states that in CVM, through the use of interviews and questionnaires, “individuals are placed in a realistic, credible, but hypothetical market transaction situation, in which they are asked about their willingness to pay for a change in the availability of a given commodity”.



Various types of elicitation techniques have been used [48,49], such as the bidding game, the single- or double-bounded dichotomous choice approaches, the price list and the payment card. Based on a combination of these techniques [50,51], the method used in this study will consist of a revised multiple price list, adopting a payment card (PC) in the second stage.



Using the payment card for the elicitation of the WTP, the values of the card are related to the explanatory variables. An in-depth study conducted by Cameron and James [52] has shown that this approach is not efficient because it ignores the important notion that the values of the chosen cards only reflect the lower limit of a respondent’s WTP.



In this work, the WTP has been adapted in relation to a random-effects interval data regression model. This allows us to take into account that the data are recorded in intervals; and the true WTP of the unobserved respondents is in the known interval.



As already observed by Riccioli et al. [35], “the general assumption behind this model, as noted by Tian et al [53] and Cameron and Trivedi [54], is that a respondent’s WTP is located randomly between the chosen value and the next larger value on the payment card. Moreover, a random-effects analysis allows for inference about the population from which the sample is drawn”.



The respondents provided their maximum WTP for each forest management option using a monetary interval for the WTP with 12 price ranges. A pre-test survey was used to examine the bounds of the payment card: the WTP bid range was fixed between € 0.00 (no WTP) and € 22.00. Each interval was € 2.00. This range was also compared with the work of Bernetti et al. [55] and Sacchelli et al. [56].



The WTPs were provided at the same time for each management option by each respondent, so that they could be compared, and the respondent’s preferences extracted.



By using monetary intervals, the WTP could be estimated using an interval data regression model. The model is shown in Equation (1), with C standing for coppice (set as the baseline), H for conversion to high forest and E for natural evolution.


    WTP   ij   = α +  γ 1  E +  γ 2  H +  ε  ij    



(1)




where WTPij is the dependent variable (WTP) of the i-th respondent related to the j-th forest management option, α is the intercept and γ1 and γ2 are the estimated coefficients, i.e., the WTP differences between the three forest management options. E and H are effect-coded dummy variables representing natural evolution and high forest management options, respectively, while εij is the error term.



A pre-test was performed to ensure that the questionnaire was clearly and properly worded. It was conducted between May and June 2016 at the University of Florence during degree courses of Forest Science. Thirty students were selected to participate in the pre-test survey.



The final survey was conducted between July and September 2016: the full questionnaire was provided along with pictures of the forest management options (see Section 1 of the Supplementary Materials) which were taken at five sample areas belonging to the LIFE project. The survey was randomly applied to forest users or people with certain knowledge about forests (tourists, members of environmental associations, students of the Faculty of Agriculture, etc.).



Out of a total of 251 respondents, 248 questionnaires were used in the final analysis. The descriptive statistics of respondents are displayed in Table 1.



In a second phase, we investigated which territorial characteristics of the respondents’ municipalities influenced the WTP for forest management options.



Therefore, a second model was used to test the relationship between WTP and the territorial characteristics of the municipalities of the respondents (Equation (2)). Introducing the territorial variables, Equation (1) is reformulated as follows:


    WTP   ij   = α +  γ 1  E +  γ 2  H +   ∑   c = 1  C   β  ec   ⋅  (   d  ic    )   E  ij   +   ∑   c = 1  C   β  hc   ⋅  (   d  ic    )   H  ij   +  ε  ij          



(2)




where dic is the c-th territorial explanatory variable of the i-th municipality of the respondent, dicEij and dicHij are the interaction variables between territorial variables and forest management options and βec and βhc are the coefficients of the interaction terms.



Territorial variables are represented by the classification of municipalities into mountain and natural municipalities, which was obtained as follows.



Mountainous municipalities are considered those that have at least 80% of their surface area over 600 metres above sea level (art. 1, National Law 991/1952).



Natural municipalities are considered those that have at least 50% of their surface in natural areas classified via the Recreation Opportunity Spectrum (ROS), which is a Canadian methodology aiming to classify territories [57,58,59]. This methodology has been found useful for defining natural municipalities. However, as suggested by Riccioli et al. [60], it was adapted to the characteristics of the Italian peninsula (which is geographically different from the Canadian territory). Therefore, some variables considered inapplicable to the Italian territory were disregarded. Natural municipalities are areas with a high percentage of forests, at least 1 km from both urban areas and road networks. See Section 2 of the Supplementary Materials for more details.



The research hypothesis this study intends to test is that people living in mountain or natural municipalities are more familiar with forest management options, and therefore tend to value them more than people living in urban or rural areas. Additionally, the hypothesis assumes that certain characteristics related to the location of the municipalities may influence the WTP of their residents, which in turn may have an impact in their environmental footprint levels, depending on their forest use preferences (i.e., people who perceive the forest as a resource to be cut would have a higher environmental footprint than people who perceive it as a good for recreational purposes).



In order to carry out this type of analysis, the data has been spatially analysed as follows (Section 2.3).




2.3. Identification of Management Options and Spatialization of Data


The study was conducted on a state-owned forest, considering three forest management: (i) traditional coppice; (ii) natural evolution of forest; (iii) conversion to high forest.



The total forested area in Tuscany, including privately owned forests, encompasses 339,188 ha, whereas the State-owned forest covers just 61,507 ha. Therefore, the spatial simulations presented in this section account for about 20% of the total forested area in Tuscany.



The regional polygon maps (1:250,000) provided by the Tuscany Forest Inventory [61] contained information regarding management options with a level of detail that presented more options than those needed in the work. For this reason, it was necessary to reclassify the map as follows: (i) coppice: all forests classified as coppice according to their declared management or described as coppice; (ii) natural evolution: all forests classified as old coppices or abandoned; (iii) conversion: all forests classified as conversion and labelled as high forest, transition to high forest or coppice under conversion.



Finally, we obtained 1733 parcels of coppice, 2452 parcels of natural evolution and 3131 parcels of conversion to high forest.



There are several approaches for mapping ecosystem services, depending on the environment (aquatic or terrestrial), the scale of representation, the type of service and the source of the data [62,63,64]. However, mapping cultural ecosystem services (CES), such as recreation, is particularly challenging because the service provided depends not only on environmental factors [65] but also on people’s preferences.



Quantitative mapping may not be fully suited for CES [66,67], but it is possible to achieve mapping by combining quantitative and qualitative methods from environmental and other social sciences in a multidisciplinary approach.



In this study we used a land-use-based mapping technique sensu [67] for mapping the recreational value of the different sustainable forest management (SFM) options [68], linking the mode value of each management type obtained by the survey to the corresponding forest parcel in Tuscany [61]. The results of the questionnaire were also aggregated according to a different spatial reference. The aggregate value represents the most preferred value over a distinct set of respondents’ choices, divided by postal code of belonging (zip code). Instead of a recreational value map, a map of preferences was developed. See Section 3 of the supplementary materials for more details.



Figure 3 shows the flowchart with all the steps performed in the analysis to estimate recreational values (methods and models are in bold and typed in red).





3. Results


Recreational Value of Forests According to Different Management Options


Concerning the analysis of socio-demographic variables, the sample of 248 respondents was composed of 46% males and 54% females. The maximum education levels were mainly high among the respondents: 66% had a high school degree, and 18% had a Master of Science degree. 15% had a secondary school degree, and 2% had a primary school degree. Regarding the age variable, 40% of the sample was represented by young people (18–35 years old), 27% were aged between 35 and 50, 24% were people aged between 50 and 65, and the remaining 9% were people over 65 years old. The occupation variable showed that the highest percentage belonged to employed people (30%), followed by students (29%). Retired people and freelancers were equal to 12%, while homemakers and unemployed people represented 9% and 8%, respectively.



A general analysis of WTP for the three forest management options has been obtained by considering the simple means of the respondents’ WTP: conversion to high forest was shown to be the favourite management option (WTP equal to 8.64 euro per person per year), followed by coppice (WTP equal to 7.44 euro per person per year) and natural evolution (WTP equal to 6.52 euro per person per year).



By using the frequencies of WTP elicited from the respondents, Table 2 shows that conversion to high forest is the favourite management option, with higher levels of WTP, while natural evolution received the largest number of 0 values for WTP.



In order to test the differences in WTP for the forest recreational function under different management options, an interval data regression was performed, following the model in Equation (1). Results are given in Table 3.



In this model, we used 248 respondents and three different management options (744 observations). The overall analysis of the model was explained by Prob > Chi2 number: it was less than 0.05, which reveals how coefficients in the model are different than zero. t-values test the hypothesis that each coefficient is different from 0. The values lower than –2.58 and higher 2.58 (99% confidence level) reveal that the conversion and natural evolution have a significant influence on coppice. Indeed, the results show significant differences (p < 0.01) for the WTP values between coppice and conversion to high forest and between coppice and natural evolution of forest. The highest WTP was allocated to conversion to high forest (€ 7.60 per year), followed by coppice with a WTP of € 6.37 and natural conversion with a WTP of about € 5.18 per year.



These results could indicate that the WTP value for coppices is penalized by forest maintenance activities (i.e., thinning), while the value for natural evolution is penalized by non-utilization, contributing to creating an impenetrable scrub that is not adequate for recreational activities.



In the literature, the relationship between the WTP for natural resources and the socio-demographic characteristics of the sample is widely explored [12,35,47,62,69,70,71,72,73].



The innovative part of this study is based on investigating whether the respondents’ WTP, regarding the perception of forest, is influenced by the place where they live. We selected territories where the forest is an important determinant of life quality (i.e., mountain and natural municipalities).



The recreational values obtained for each forest parcel of the forests owned by the state in Tuscany were overlapped with the map postcodes. A total of 151 questionnaires from respondents were georeferenced. Postcodes did not always overlap with the boundaries of the municipalities, since bigger cities are divided into more than one postal area. Therefore, the postcodes provide a finer scale for representing where people live, compared to municipalities.



The map in Figure 4 shows the recreational value of each parcel of state-owned forests in Tuscany, overlapped with the map postcodes. It is important to note that the interviews covered the region evenly, and in particular both areas with forests and areas without forests, thus capturing the opinions of people living in different environments.



Figure 4 also shows the WTP considering territorial variables. Significant differences can be observed between the WTP values related to the observed management approaches. The WTP related to the baseline approach (traditional coppice) was € 6.70 per year. The highest value of WTP was observed for the evolution to high forest (€ 7.68 per year), while the lowest WTP was obtained for natural evolution (about € 5.60 per year). The results are shown in Table 4.



Four combinations were tested: two territorial variables, i.e., mountain municipalities (Mountain) and natural municipalities (Natural) and two forest management options (the coppice was set as the baseline), i.e., conversion to high forest (Conversion) and natural evolution (N_evolution).



In this model, we used 151 georeferenced questionnaires and three different management options (453 observations). Like the previous analysis, shown in Table 3, the model fitted well: Prob > Chi2 number was less than 0.05, which reveals how coefficients in the model are different from zero. t-values were lower than –2.58 and higher than 2.58 (confidence level equal to 99%), and they reveal that the conversion and natural evolution have a significant influence on coppice: these results show significant differences for the WTP values between coppice and conversion to high forest and between coppice and natural evolution of forest (p < 0.01).



By observing the four combinations tested, only one was shown to be a significant predictor of WTP: belonging to a mountain municipality influences the WTP for maintaining natural evolution: t-test was higher than 1.96 (p > 0.05).



The rho values (interclass correlation), shown in Table 3 and Table 4, are above 50%. This value relates the standard deviations of individual effects (between respondents) and the standard deviation of residuals (between management approaches). We can argue that despite a great heterogeneity of respondents, the differences across panels (i.e., the management systems) produced a large part of the variance results. This confirms the existence of differences in users’ WTP for forest recreational value according to the management systems.





4. Discussion


Forests provide multiple benefits: they influence environmental and climate conditions, provide different kinds of resources, intervene in the health of the environment, influence landscape and favour recreational activities [74]. Ecosystem services provided by forests should be analysed and quantified in order to make the actual forest management sustainable.



This study contributes to this effort by providing a spatial analysis of recreational values and exploring the WTP for state-owned forest under coppice management, in the region of Tuscany.



It has been possible to understand the perceptions of people using an explicit spatial approach. By taking into account the location of the respondents’ municipalities in our analysis, it has been possible to give a particular interpretation of WTP. We tested our initial hypothesis, according to which belonging to a municipality located in or close to the mountains can influence the WTP of residents. In particular, it has been observed that the WTP for conversion to high forest is higher than WTP for coppice and natural evolution, and the people who live in mountain communities have a greater understanding of what natural evolution means.



Natural evolution is probably a misunderstood management option, only comprehensible for those who make use the of forests every day or who have adapted their lifestyles according to the characteristics of their natural environment. From this perspective, it makes sense that the WTP values differ between these types of respondents (i.e., residents in mountain and natural municipalities) and other forest users.



This could be due to the different perceptions that people have about the forest: some users consider it as an abandoned place that has no value for recreation (and described it as an impenetrable deep forest where it is not possible to carry out recreational activities such as mushroom picking, hiking, mountain biking, picnicking, etc.). For others, natural evolution represents a “self-managed” system where there is no need to pay for its maintenance, as forms of intervention are not planned: this aspect is demonstrated by the negative coefficient between people living in more mountainous areas and WTP for natural evolution (Table 4). This could also be related to the fact that they prefer the familiar land use of traditional coppice and would rather have it transformed into high forest than see this coppice be abandoned to natural succession.



The results we have achieved are supported by some authors. De Meo et al. [33] showed that the perception of the forest in the Italian Alps is affected both by the respondents’ geographical location and by their social background: people belonging to communities located in the mountains are more familiar with, and thus place more value upon, services linked to forest exploitation (logging and grazing), compared to urban dwellers who place more value upon the aesthetic and recreational use of the forest. Age also affects such perceptions, which is reflected in the values assigned to forests, as young people tend to be less linked to the traditional and cultural context of the natural environment [75]. Moreover, in Italy, young people nowadays are used to the current extension of forested areas, which is different compared to the coverage extension of the previous century, when the pastures were kept clear of the forest, especially in mountain areas [76].



One limitation of our work is related to the typical distortions of contingent valuation: they represent several ongoing issues concerning the respondents’ answers and the description of a hypothetical scenario. These issues can lead to misunderstandings, with the result that respondents attribute generic value to the good by overestimating or underestimating the WTP [48,77,78]. Indeed, it was difficult to explain or discuss which recreational values might be associated with the forest types, which recreation actually takes place, which recreation might be pursued and which problems related to recreational values might occur if the forest it not maintained and runs wild.



It is also important to consider the subjectivity of the answers. Respondents may indicate a WTP that is not only related to the recreational value of forest: their WTPs could contain a value for protecting biodiversity, legacy values to the next generations or cultural aspects related to the type of landscape they feel connected with. Furthermore, some of these respondents may prefer some type of management because it provides more jobs in their area or because they consider that a particular forest structure reduces wildfire risk.



Another issue is related to the fact that these results must be interpreted carefully at the regional scale, because they are limited to state-owned forests and do not cover privately-owned forests, which may be managed in a different way.



Another element to take into account is the possible evolution of the results collected in 2016 to the present date (2020). It should be considered that the forest landscape evolves slowly (turnover is 50 years, on average) and perceptions do not change considerably in a short time (under 10 years).



Another issue to be taken into consideration could be a greater environmental awareness acquired especially with regard to air pollution (i.e., due to the effects of COVID) [79,80,81,82]. This could lead to a reformulation of the outcomes, focusing on the fact that coppice represents an efficient form of forest management in all its forms (simple, compound, in conversion) and is therefore able to decrease CO2 levels in the environment.



In addition, in this period (2016-2020) the inflation rate could also be taken into consideration. According to the ISTAT (National Institute of Statistics), it has increased from −0.1% to 0.5% [83]. Nevertheless, the change in inflation has little effect on WTP values (for example, considering a real rate of 2% out of 6 euros in 2016, inflation would change the value in 2020 by a few cents).



Despite the previous considerations, our results lead to interesting scenarios and should be considered by stakeholders when planning their strategies, in order to better manage the coppices. In Tuscany, the current forest management policies tend to favour the production of timber over other goods and services (Measure 8 and other sub-measures [84]). Even though in several areas the current trend is focused on the conversion of coppice into high forest, in some other areas, people appreciate and value the coppice, since it has become important for social and traditional reasons. For this reason, although conversion is the most valued management option, every management option must be analysed from different points of view.



Conversion to high forest combines high values of standing biomass and the possibility of wood exploitation by means of processes like thinning. This scenarios has a high degree of influence on forest management, and even though it has been characterized by long turnovers and income delays over time, it shows positive effects on aspects related to the environment (e.g., species diversity) and socio-economics (e.g., net revenue), particularly on those related to recreation. This scenario also reveals higher values of recreation, that are related, as argued by Riccioli et al. [85], “to the perception that people have of the forest. In this case, conversion is the option that most resembles a high forest, therefore it is pleasing to visitors. This treatment is preferred with respect to coppice that is more influenced by the cuts and to natural evolution, which can represent a form of abandonment less suitable for recreational activity”.



Contrastingly, as argued by Fabbio et al. [86] and Ciccarese et al. [87], traditional coppice promotes higher productivity in terms of wood provision and periodic felling, both of which are linked to a maximization of productivity and the improvement of socio-economic aspects, especially those derived from the use and commercialization of wood and non-wood products. On the other hand, they lead to a reduced standing biomass and a lower carbon stock.



From a socio-economic point of view, natural evolution is more likely to lead to a loss of income, since wood and other resources are not used. Natural evolution is perceived as a form of abandonment of the land that represents a management option less suitable for recreational activities. However, a significant WTP for its maintenance was observed. This is probably due to the fact that users tend to interpret the word “natural” as a synonym for wilderness or naturalness, which has been widely documented in the literature [88,89,90,91,92,93]. Despite this, it is important to point out that these scenarios also have advantages because they enhance the contribution to the carbon cycle and the health and vitality of forest ecosystems [8,85]. Natural evolution also allows the restoration of natural ecological dynamics and an increase in biodiversity.



For the above-discussed reasons, the planning strategies should consider the maintenance of all three forms of management options in order to guarantee high levels of sustainability in terms of income, employment and resources. To this end, the following considerations could be also addressed.




5. Conclusions


The aim of this study is to test whether the perceptions of respondents towards forests, which affect their WTP, are related to the place where they live. This way, policy makers and other stakeholders involved will be able to use this evidence as a tool and an important component in forest management and planning scenarios.



By getting to know the different perceptions of the forest in a territory, local decision makers will be able to understand and attend more efficiently to the social demands relating to forest usage, which will enable them to improve the forest management processes relating to the needs of the different groups of stakeholders.



More specifically, the following outcomes have been achieved. The WTP for conversion to high forest is higher than the WTP for both coppice and natural evolution. Despite this, each management option deserves attention when strategies are planned. In fact, (i) conversion to high forest provides high values of standing biomass and, at the same time, the thinning ensures some wood production; (ii) traditional coppice promotes higher productivity in terms of wood provision and felling not delayed over time; (iii) natural evolution is important in terms of biodiversity and carbon sequestration. As mentioned above, all three forms of management should be maintained, taking into account their socio-economic and environmental implications.



The lesson learned is that it is crucial to convey all the relevant information about ecosystem services and forest management systems, taking into account the background of the people involved. Identifying the most effective way to do this is a challenge for future studies, requiring a multidisciplinary approach involving foresters and social scientists.



Thanks to highly detailed spatialization, it was possible to analyse possible correlations between the recreational value and the place where users live. Future implementations could be aimed at increasing the sample of interviews, especially if stratified on several social groups. Moreover, the photos could be integrated by high-resolution satellite images with the possibility of implementing different scenarios through Artificial Intelligence capable of recreating the three management options through augmented reality. In this regard, several studies have been conducted involving sophisticated reality simulation technologies [94,95,96,97]. This can lead to better answers to respond to the main hypothesis raised in the manuscript.
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Figure 1. Location of Tuscany region in Italy. 
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Figure 2. Detail of the study area, location of the sample sites, provinces, coverage of the European Forest Types (Reclassification of CLC 2012) and elevation. 
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Figure 3. Flowchart with all steps performed in the analysis. 
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Figure 4. WTP for each management approach and spatialization of the sampled data. 
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Table 1. Descriptive statistics of respondents.
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Variable.

	
Description

	
Mean

	
SD






	
Age

	
1 = 18–35 years old; 2 = 36–50; 3 = 51–65; 4 = >65

	
2.02

	
1.01




	
Gender

	
Dummy variable 1 = female; 0 = male

	
0.54

	
0.50




	
Educational

degree

	
1 = primary school; 2 = secondary school; 3 = high school; 4 = Master of Science or above

	
3.01

	
0.64




	
Occupation

	
1 = student; 2 = retired; 3 = housekeeper; 4 = employee; 5 = freelance; 6 = unemployed

	
3.08

	
1.66




	
WTP

	
Values in the payment card (interval values from 0 to 22 euros per year)

	
(1) Coppice

	
7.44

	
5.13




	
(2) Conversion to high forest

	
8.64

	
5.31




	
(3) Natural evolution

	
6.52

	
5.66
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Table 2. Frequencies of WTP.
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	Euros/year
	0 €
	2 €
	4 €
	6 €
	8 €
	10 €
	12 €
	14 €
	16 €
	18 €
	20 €
	22 €
	Total



	Coppice
	15
	39
	38
	36
	40
	26
	18
	13
	11
	2
	5
	5
	248



	Conversion
	5
	32
	37
	34
	33
	41
	13
	14
	15
	12
	10
	2
	248



	Nat. Evolution
	49
	34
	27
	44
	19
	24
	18
	11
	4
	8
	6
	4
	248
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Table 3. Interval data regression for forest management approaches.






Table 3. Interval data regression for forest management approaches.












	Variables
	Coef.
	Std. Err.
	t
	p > |t|





	Conversion
	1.23
	0.20
	6.06
	0.000 **



	N_evolution
	−1.19
	0.21
	−5.78
	0.000 **



	Constant
	6.37
	0.30
	21.48
	0.000



	σu a
	4.08
	0.25
	16.60
	0.000



	σe b
	3.84
	0.16
	24.63
	0.000



	ρ
	0.53
	0.04
	
	



	Log likelihood
	−1644.28
	
	
	



	Wald Chi2(10)
	46.70
	
	
	



	Prob > Chi2
	0.000
	
	
	



	Observation
	744
	
	
	



	Groups
	248
	
	
	







a Standard deviation of individual effect. b Standard deviation of residual.** p < 0.01.
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Table 4. Interval data regression with selected municipality-related explanatory variables.






Table 4. Interval data regression with selected municipality-related explanatory variables.












	Variables
	Coef.
	Std. Err.
	t
	p > |t|





	Conversion
	0.98
	0.31
	3.16
	0.0020 **



	N_evolution
	−1.10
	0.31
	−3.49
	0.0000 **



	Natural*Conversion
	−0.68
	0.94
	−0.72
	0.4710



	Natural*N_evolution
	0.93
	0.95
	0.99
	0.3240



	Mountain*Conversion
	1.24
	0.88
	1.41
	0.1580



	Mountain*N_evo
	−1.84
	0.88
	−2.09
	0.0370 *



	Constant
	6.70
	0.37
	18
	0.0000



	
	
	
	
	



	σu a
	3.94
	0.31
	12.7
	0.0000



	σe b
	3.91
	0.17
	22.55
	0.0000



	ρ
	0.50
	0.05
	
	



	
	
	
	
	



	Log likelihood
	−1008.54
	
	
	



	Wald Chi2(10)
	35.58
	
	
	



	Prob > Chi2
	0.000
	
	
	



	Observation
	453
	
	
	



	Groups
	151
	
	
	







a Standard deviation of individual effect. b Standard deviation of residual. ** p < 0.01, * p < 0.05.
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