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Abstract

:

The aim of this study was to investigate the role of the ES assessment within a “place-based policy-mix model” for urban planning testing and integrating three ES assessment methodologies: (1) mapping and assessment, (2) expert-based evaluation and (3) social perception. The results indicate that (1) mapping assessment provides higher values to the regulating ecosystem services, (2) expert-based evaluation provides slightly lower values to the regulating ecosystem services and (3) social perception highlights the importance of cultural ES but tends to underestimate other ecosystem functions. These three methodologies translate into sectorial and nondialoguing policies for which decisions are made on partial and nonintegrated information. In order to design integrated policies with a view to the sustainability of the local food system, our results indicate that the planning of urban and peri-urban agricultural areas should rely on tools capable of integrating both spatial mapping methods and human-based assessment methodologies.
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1. Introduction


According to United Nations prospects, in 2020, 56% of the world’s population lived in urban settlements. While in 1990, this ratio was almost perfectly inverted, the outlook for 2050 foresees that the population living in urban areas will achieve 68%, with a total population of close to 10 billion individuals [1]. This trend is likely to expand, and the urban density will grow. In Europe, in 2020, three-fourths of the population lived in urban areas, while in 2050, the ratio of the urban population to the total EU population is expected to reach 83% [2]. In this context, it is crucial to maintain, recreate and/or enhance natural and semi-natural ecosystems producing regulating, supporting, provisioning and cultural (e.g., recreation opportunities) ecosystem services (ES) [3]. As ES can be positively and negatively affected by land use change [4], their assessment and analysis can be useful in urban planning, especially when a plan or a project can have a significant impact or when alternative choices can have very different effects on ES [5], for example, in situations where co-use seems to be impossible (e.g., housing development vs. nature conservation) or when two or more desired ES either cannot be delivered at the desired magnitude or strongly inhibit each other, e.g., agriculture vs. flood control. The topic of ES evaluation-driven choices is strictly linked to the increased presence of urban and peri-urban agriculture (UPA) discourses in the debate on urban planning [6]. UPA is emerging as an element of urban planning policies and practices, and it is increasingly recognized as a key practice concerning sustainability, particularly of food systems [7]. Furthermore, Wilhelm and Smith recognize that UPA can represent a mechanism for preserving and protecting sensitive natural ecosystems and their associated ES [8]. As recognized, the incorporation of agri-ecosystems into cities represents a significant paradigm shift in urban planning and design [9,10], and its success will require a sufficiently broad inquiry from the scientific community that addresses existing (e.g., environmental) concerns [11]. However, despite “a groundswell of interest” [12], little is known about the cumulative impact of UPA on the provision of ES. Furthermore, the disparity of methods to quantify ecosystem services has brought their lack of application when it comes to land management, economic and policy decisions [13]. Against this backdrop, urban food policies (UFPs) increasingly consider UPA as a strategic asset for tackling challenges ranging from food production to biodiversity and landscape, climate-resilient cities to recreational and training objectives, and nutrition to circularity of production [14,15,16]. In the city of Rome, many food-related topics have emerged over the last decade, seeking to re-engage citizens and reignite the debate on sustainable, healthy and local food, including multifunctional urban and peri-urban agriculture projects [17,18]. Despite the discourse on UPA undergoing large momentum within the Rome Food Policy Council, it has still not been stated which methodological areas for UPA will be chosen and based on which ES evaluations. For this reason, the objective of this research was to identify and test different ES evaluation methodologies to provide the most realistic information for the planning of UPA. Given the relevance of UPA in Rome, the test was performed on a city agricultural park, with the aim of testing a multicriteria method versus a single-method scenario.




2. The Research Design


In order to contribute to the discussion on urban planning, particularly regarding the planning of agricultural urban areas, in this research, we investigated the role of multiple approaches to ES assessment testing and integrated three different techniques for assessing ES in the area of Casal del Marmo Agricultural Park (CMAP) in the city of Rome (see Figure 1). Our approach combined three different assessment levels to define and select the main ES:




	
Mapping and assessment of the potential ES provision according to MAES approach [19].



	
ES ranking and evaluation through an expert-based analysis.



	
ES ranking and evaluation based on residents’ perception.








For the context analysis, we referred to the existing literature on the Casal del Marmo Agricultural Park area and the regulatory plan of the city of Rome for this area. To assess the ES provided by the agricultural park, we adopted an approach based on the European Union (EU) initiative for Mapping and Assessment of Ecosystems and their Services (MAES) that utilizes Corine land cover/land Use classes from 0 to 3 [20]. As for the expert-based analysis and the residents’ perception analysis, two different questionnaires were used to collect data on the ES associated with the agricultural park, and an ES ranking was consequently performed. The details of the methodologies utilized are shown in the paragraph 3.2 (see Supplementary Materials).




3. Materials and Methods


3.1. Description of the Study Area and Planning Context


The Casal del Marmo Agricultural Park (CMAP) is one of the most important of Rome’s agricultural parks, as noted by the Provincial Land Master Plan (PTPG). The CMAP is a complex agroecosystem that represents one of the main remaining portions of the traditional Roman countryside (“agro romano”) before the rapid expansion and intensive urbanization of Rome [21,22]. It is situated in the northwest of the Metropolitan City of Rome, within the so-called “GRA”, the main ring road surrounding the city, in a neighborhood with an especially high population density. The CMAP measures 604 hectares, 74% of which are covered by “nonirrigated arable land”, while the remaining 26% consists of “land principally occupied by agriculture, with significant areas of natural vegetation” (respectively, Corine Land Cover classes 2.1.1 and 2.4.3 [23]). It must be clarified that the Corine classification, for some classes, reaches the 5th level of study. In the study area, the class 2.1.1.1. “Arable land in nonirrigated areas” is present. However, the methodology adopted in this research relies on that deriving from the LIFE + Making Good Natura project (see Section 3.2.1), which reaches the 3rd level. For this reason, in the text, we used the wording 2.1.1 “Intensive crops”.



CMAP also includes several archaeological sites, nineteenth-century buildings and some relevant public infrastructure, such as a hospital, a high school, a juvenile prison and an ex-mental hospital. It is also surrounded by other large green areas that are now protected as a natural reserve or nature park, included in Roma Natura, the regional authority in charge of managing natural protected areas in the municipality of Rome, (approximately 16,000 ha, mainly used for farming activities). In Figure 2, the different “patterns” (i.e., urban, public green areas, private green areas and agricultural areas) and “pathways” have been highlighted, defined as both linear elements of the ecological network (hydrological network and tree lines) and roadways for people (cycle paths, railway, roads and accesses to green areas) as well as potential connections between major green spaces. In the urban pattern, there are still unsealed areas, classified as protected areas or public or private agricultural areas. These are surrounded by a variety of private and public green remnants (urban gardens, playgrounds, etc.).




3.2. ES Assessing Methods


Approaches using ES value comparisons are well-known and widely used in the literature [24], especially with respect to evaluations using land use analysis (GIS mapping) and expert evaluation (bullet points 1 and 2). In our research, we added social perception to these two types of analysis through a methodology described below (see Section 3.2.3). Furthermore, the three methodologies were compared using an adapted framework from Mapping and Assessment of Ecosystems and their Services (MAES), a program launched by the European Commission with the aim of improving and promoting evaluation methods [25]. Particularly, the framework was adapted in order to provide a sound set of comparison elements:




	
Resource needed/costs: costs related to each methodology;



	
Preconditions/needs: skills, activities, previous information and ex-ante analysis needed to carry out the methodology;



	
Output/products: typology of output and related considerations deriving from each methodology;



	
Results: insights from the results’ analysis, providing considerations deriving from the research.








3.2.1. The Analysis of the ES (Potential Provision)


The MAES initiative intends to map ecosystem services to control and monitor the state of the environment, an action that supports the recognition of the role of ecosystems that planning and decision-making processes must consider. The mapping work is also valid to explain environmental problems by locating them in space and to help define the economic value of the ES. In addition to this, the maps on ES potential supply are acknowledged communication tools among the stakeholders involved in managing ecosystems, capable of providing help for the implementation of decisions to safeguard, protect and control the supply of the ES. The methodology for the analysis was based on the potential provision of ES in the CMAP from different land uses. This approach has been developed in several studies and research projects (e.g., LIFE + Making Good Natura—Making public good provision the core business of Natura 2000 [26,27,28]) inspired by Costanza and his team’s studies [29,30]. The shapefile with the boundaries of the CMAP and one containing the land cover [31] were overlaid. According to the classification of the EU CORINE project, the CMAP area was obtained with the selection of all the non artificial polygons contained or intersecting the perimeter of the CMAP. Taking the third level of detail as a reference from the Corine Land Cover (CLC), a relevance class was attributed to each land use class (3—very relevant, 2—moderately relevant, 1—with some relevance and 0—no significant relevance) [26]. This class was determined considering: (a) previous similar assessments [32,33], (b) expert opinions, (c) function density, (d) potential distance from demand and (e) intrinsic biodiversity [27]. This approach has been tested and applied in published studies [34,35]. The final result was a matrix that showed the ES provided by the individual Corine land cover classes and the related map.




3.2.2. Expert-Based Analysis


A group of national and international experts, ranging from researchers, architects, planners, engineers, agronomists, economists and local committees and public administrators, were surveyed in 2015 over a 3-day workshop for collaborative planning of the CMAP, held in Rome. The representativeness of the experts was inherent in the type of persons invited, in line with stakeholder engagement methodologies. Indeed, the workshop was organized by the European project TURAS (Transitioning towards Urban Resilience and Sustainability) and focused on creating sustainable and resilient cities and financed by the EU Seventh Framework Programme. A total of 29 questionnaires were collected and analyzed. The questionnaire was designed to identify and qualitatively evaluate the main ES provided by the CMAP area. It was structured based on the survey instruments in the Toolkit for Ecosystem Service Site-based Assessment (TESSA) [36], which was modified to include the local context and the features of this specific urban area. The experts were asked to score the importance—from 0 to 3—of the ES provided in the CMAP area. The list of ES (see Figure 2) was adapted to the CMAP context from different classification proposals [37,38]. Then, respondents were asked to draw the number of the corresponding ES within a circle on a map of the area where they believed the ES was provided. Finally, they indicated actions to be taken in the next 10 years to improve each ES within the CMAP area.




3.2.3. Residents’ Perception


During the TURAS workshop, thirty residents and daily visitors to the CMAP were interviewed. The significance of the interviewees with respect to knowledge of the ES offered by the CMAP was enhanced by the fact that the survey was carried out during a stakeholder engagement operation within the European-funded project TURAS. The residents’ selection was carried out taking into account gender, age, education, occupation and income in order to define a representative sample of the local population. However, due to the heterogeneity of the residents in terms of knowledge and interests for this relatively small area of the city of Rome, any sample (even larger) would produce a biased estimation. The questionnaire was aimed to assess the ES and the main ecosystem disservices related to the CMAP area. The questionnaire was structured based on the SolVES methodology [39], which allows for evaluating and mapping the social values attached to natural and semi-natural ecosystems. Each interviewee was asked to allocate 100 points among the 12 social and cultural values associated with the CMAP area. They could allocate all the points on just a value or assign them differently among the listed values. However, the final amount for all the points allocated had to total 100. The choice to use social and cultural values is explained by the fact that residents may not be aware or have a poor understanding of other types of ES, such as regulating ones. Therefore, in order to have more aware answers and on which all residents could express a judgment, the list of ES was slightly different.






4. Results


4.1. Mapping and Assessing ES (Potential Provision)


The spatial distribution of the six overall priority ES is shown in Figure 3. Globally, “agricultural areas with significant natural vegetation” potentially provide a total value of 12, being more balanced in respect to “intensive crops” (total ES value: 9) in its anthropic and natural components.



The regulating ES were those most valued through the mapping and evaluation methodology. Indeed, four of the six ES that achieved the highest values refer to regulating services (Figure 4).




4.2. Expert-Based Analysis


An analysis of the data shows that the ES assigned by the panel of experts were divided between the two different land uses. However, 84% of the ES were provided by “crops”, especially “intensive crops”. The ecosystem functions of regulation and maintenance were mainly provided by agricultural areas with the presence of natural spaces. The cultural ES were rated to a lesser extent by the panel experts. Only “landscape aesthetic” was present in the list of the priority ECs.



Figure 5 shows that from the expert-based analysis, the key priority in this field was the growth of agricultural and leisure activities as well as the protection of landscape features within the metropolitan area; this is especially evident when looking at the ES “landscape aesthetics”, which experts rate higher for the area of the park with intensive crops (Figure 6). This means that the perception of the landscape and the natural features become greater in the presence of activities that highlight the characteristics of the rural landscape as an identity factor. In fact, the agro romano, with natural and agricultural elements that characterize it, offers precisely this type of perception in which farming is mixed with the natural landscape features, in an important connection between natural and cultural capital.




4.3. Residents’ Perception


The residents predominantly ranked the cultural ES (CES). In fact, out of the six most ranked ES, three belonged to the domain of CES: “future value” (“I value CMAP area because it is a resource for future generations”), “learning value” (“I value CMAP area because we can learn about the environment through scientific observation or experimentation”) and “recreational value” (“I value CMAP area because it provides a place for my outdoor recreation activities”). In this case, unlike the GIS analysis and the one based on the expert evaluation, a differentiation was not provided on the basis of the Corine land use classes (Figure 7). This choice was made already in the questionnaire-setting phase, since the main objective was to investigate the perception of the residents on the value of the ES associated with the entire area.




4.4. Overall Results


While the previous paragraphs showed the scores obtained by the most ranked ES per each assessment method, here, the results were combined to allow for a comparison. To this aim, merging the values derived from the three evaluation methods, it is possible to report the overall results (Table 1). The latter evidence that the total value of the six priority ES through GIS mapping and assessment was the highest (21; see Figure 4). The total value derived from the social perception was 14.9, while the total value assigned by the experts to the six ES considered by them as priorities was slightly lower (14.8).



The aggregate values per ES category (provisioning, regulating and cultural) assessed through the three methodologies show some insight (Figure 8). The evaluations of the experts and the assessment through mapping predominantly assigned the highest values to regulating ES. In contrast, they assigned lower values to the cultural ES. It is also interesting to note that experts and mapping methods assigned very similar relative values for the three categories of ES; however, experts expressed higher absolute values. This can be explained by the fact that the direct perception of the characteristics of the CMAP area played a significant role in the assignment of values by experts. This perceptual aspect is, however, absent in the evaluation through mapping, which instead, although proportionally very similar to the expert evaluation, expressed lower absolute values. In this context, the other relevant data are the perception of the ES provided by the CMAP area expressed by the residents, as other studies have already shown [23]. In fact, residents tended to assign a very high value to the cultural ES, while for the regulating and provisioning services, they provided the lowest values, also in comparison to the other two methodologies. This could be explained by the fact that residents, probably in the absence of knowledge and informational tools for an integrated analysis of the ES offered by the park, tend to valorize those for which they had a direct perception and from which they directly benefited [40,41].





5. Discussion


The aim of this research was twofold: to investigate the intrinsic features of three different evaluation methodologies that are usually used in the field of ES quantification and to seek an approach for urban planning that overcomes and integrates different methodologies that separately may have deficits and biases.



5.1. ES Values Evaluation


Comparing the results, it is possible to draw some considerations concerning the combination and complementarity between the different methodologies, which can be used for strengthening the assessment of ES in urban areas [42]. In fact, while the residents’ perception highlighted the importance of cultural ES, it underestimated the ecosystem functions that are more difficult to observe without specific technical–scientific knowledge. This entails that promoting a more active and aware citizenship as well as strengthening residents’ perception concerning local ES is crucial for planning, managing and maintaining different elements of urban green infrastructures [43], especially in the case of a lack of public financial resources. Participatory mapping allows for the identification of areas and specific elements that provide a particular ES. Combined with conservation areas and environmental restoring areas, the overlapping of information allows to define ES hotspots [44]. This method is also useful for describing and analyzing stakeholders’ perceptions on ES by creating a collective vision for landscape planning and design. This helps to understand the social and cultural features of local communities, including the diversity of sources of knowledge, human relationships and values systems [45]. The expert evaluation tended to provide higher values to the regulating ecosystem, probably because the knowledge available to the panel of experts allows for recognizing the functions that can be inferred from the environmental and agricultural characteristics of the area. However, the results show that the experts’ evaluation of cultural ES tended to be lower than for residents. At the same time, the expert evaluation allows for greater objectivity of the evaluation and the enhancement of ES that might have been overlooked or underestimated by residents and visitors. The discourse can be replicated and takes on an even greater entity in the case of evaluation via GIS mapping. In fact, they grasp the importance of the regulating ES but assign lower values to cultural ES. An analysis of the different ES assessment methods is presented in Table 2, where a comparison was conducted using five criteria: resource needed and costs, precondition and needs, outputs, results and added value.



Table 2 provides evidence of the methodological value of the research, drawn from the results of the three different evaluations. In fact, the application of the three models and the relative results obtained allow us to understand how each of them favors or limits the acknowledgement of the value of certain categories of ES. Each of the three methodologies contains a certain added value and their integration in the tools of territorial planning is necessary for an integrated and comprehensive ES assessment of a given area.




5.2. Policy Implications


On the evidence obtained from this study, each methodology presents both success factors and critical elements for the evaluation of the ES (Table 2). For example, as emerged during the debate session of the international conference “How to Achieve the SDGs through Local Action”, the overestimation of cultural ES by residents can be an indication of a bias in the evaluation of “invisible” ES (provisioning and regulating). At the same time, tools based on technologies with little relevance to human interpretation factors, tend to underestimate cultural services and to provide a more detailed estimate of “invisible” ES [46], regardless of their actual direct enjoyment by the population. Consequently, UPA planning models based on just one of the three methodologies risk being incomplete and do not represent the full range of ES provided by an agricultural park, an urban green area or a peri-urban agricultural area [47]. Territorial governance models based solely on one methodology have led to scenarios in which individual policies acting on the same territory have been carried out independently of each other, producing biases deriving from partial evaluations [48,49]. This type of approach can be referred to as “stand-alone policies”, characterized by policies, measures or market instruments that do not involve dialogue and, therefore, risk triggering a series of risks: competition for the use of resources (land), overlapping of contrasting measures and tools, lack of coordination, lack of integration between intensive and extensive agricultural models, uncertainties, and absence of a vision of the area in the broader perspective of the local agri-food system (Figure 9). In the “place-based policy-mix” model, the three methodologies were considered for their intrinsic characteristics and compared to obtain a completer and more integrated picture of the study area. While this approach can be more demanding, time consuming and expensive in terms of financial and human resources, economies of scale can be applied in the use of the three methodologies [50]. These multiscale and multifactor assessments can then be considered within a coordinated and pluralistic policy mix, which considers the fact that each methodology can provide detailed indications for each category of ES. Regarding the integration of ES in the strategic environmental assessment of spatial planning [23,51], this entails greater integration of policy tools, greater coordination between the actors responsible for their application, greater understanding by the beneficiaries and safety on the future of the area, and better integration between agricultural models, especially in Mediterranean areas characterized by strong landscape fragmentation [52].



In the context of the city of Rome, where the CMAP is located, the results of the research evidence several implications. Indeed, several discourses around the role of UPA have developed recently, concomitantly with the momentum given by the Municipal Resolution through which a food policy for the city of Rome was adopted. Among the twelve objectives settled, indeed, the UPA is a transversal element, consistent with the scope and relevance of agriculture within the city’s borders (see Section 3.1) [17]. Nevertheless, in the framework of the Food Policy Council, the debate often revolves around issues of the definition of areas to devote to UPA and the criteria to define them. Against this backdrop, a place-based policy-mix scenario can represent a valid approach to overcome the biases that could occur when a single method is adopted. In particular, the authors argue that the institutionalization of the food policy and the resources mobilized are two factors that aim to better plan UPA in the city of Rome. Indeed, a multicriteria approach, such as the one carried out through the place-based policy-mix approach, can overcome the normative vacuum of the evaluation of ES in urban and peri-urban agriculture plots, thus contributing to defining UPA zoning and its valorization consistently with the urban food policy goals.





6. Conclusions


In urban planning, the approach proposed in this article allows to integrate different types of knowledge and to make stakeholders more aware of the benefits provided by urban ecosystems, especially by agricultural areas. These areas within or adjacent to the city, as the case study of the CMAP demonstrates, are fundamental for reconnecting the fragments of ecosystems produced by the urbanization processes and constitute a new starting point for the environmental and socioeconomic improvement of urban areas [16]. The proposed model “place-based policy-mix” was based on the evidence that urban agriculture planning models relying on just one of the three ES assessing methodologies risk being incomplete and not reflecting the full range of ES provided by a complex area, such as an urban or peri-urban agricultural area. Furthermore, the research findings are coherent with Milcu et al., when they state that because of the complexity of urban ecosystems, it is suggested that a multidisciplinary approach should be used to evaluate ES [30,31].



6.1. Research Limitations


Nevertheless, the research contains some limits, both methodological and regarding the site object of the case study. From a methodological perspective, despite the representativeness of the experts being guaranteed by the principles and activities of the TURAS project, a different composition of invited individuals could have implied slight differences in the results of the methodology based on the evaluation of the experts. However, this bias was partially resolved thanks to the balance between the different disciplines covered by the experts (see Section 3.2.2) and, in the case of the residents, the ability to intercept regular visitors to the agricultural park and the adjacent food market. The latter factor ensured that interviewees had direct and ongoing knowledge of the site (see Section 3.2.3). Furthermore, a possible issue that might arise from a decision-making viewpoint is how to assign priorities to the different ecosystem services ranked according to the three methodologies. However, different solutions could be adopted to assign different levels of priority and usability to the available evaluation methodologies, such as expert focus groups [53] and multicriteria decision analysis [54]. From the point of view of the case study, the limits of the research are, on the one hand, the limited transferability of the results to other agricultural areas; on the other hand, the two land uses analyzed in this study generally provide less cultural ES than more natural ecosystems, for example, forests, wetlands and natural pastures. However, in the partial balancing of this weakness, the position of the CMAP within the urban mosaic of the city of Rome increases the usability and, therefore, the ability to also have perception of cultural ES.




6.2. Suggestions for Further Research


In order to improve the sustainability of urban planning, the understanding and evaluation of ES is a first move toward increasing the awareness of the value of agricultural urban areas within urban populations. Without knowledge of the variables affecting the quantity and importance of ecosystem resources, as noted by Nelson et al. [55], it is impossible to devise strategies, benefits or payment systems that will maximize their provision.



Together with an ES assessment, it is therefore important to define new ways of management starting from a political and social negotiation [4]. This means, for example, promoting private–public partnerships for new green jobs as well as following social cohesion objectives together with NGOs and other local associations. In turn, this implies the definition and implementation of new models of agreement, where the provision of ES is explicitly acknowledged in order to promote more flexible urban planning tools and leave more room to local green economy initiatives (e.g., landscape agreements), which consist of agreements and contracts among local communities and public institutions, or payment for ecosystem services (PES), which are voluntary transactions where at least one “buyer” acquires a well-defined environmental service from at least one provider (“seller”).
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Figure 1. Research design (source: authors’ elaboration). 
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Figure 2. Land uses and protected areas in the Municipality of Rome, scale 1:100,000 (Source: Cavallo et al. (2014), using data from Corine Land Cover, 2006) (Left). Land use and paths surrounding CMAP (Right). 
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Figure 3. List of the six most ranked ES through mapping and assessment. 
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Figure 4. CMAP area: ES mapping and assessment. 
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Figure 5. List of the six most ranked ES by experts on a Likert scale from 0 to 3. 
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Figure 6. CMAP area: ES participatory mapping of the main ES. 
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Figure 7. While previously the scores obtained by the most ranked ES per each assessment method were shown, here, the results are combined to allow for a comparison. The values of the six most ranked ES by residents on a Likert scale from 0 to 3. 
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Figure 8. Aggregated values assigned to each ES category (provisioning, regulating and cultural) by the three evaluation methodologies considered in the study. 
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Figure 9. Comparison of the “stand-alone policies” scenario and the “place-based Policy-mix” model. 
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Table 1. Six most ranked ES values per methodology. The columns identify the category and typology of ES, the methodology used for their assessment and the value scored.
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ES Category

	
ES

	
Method

	
Value






	
Provisioning

	
Crops

	
ES mapping and assessment

	
5




	
Regulating

	
Water flow regulation

	
ES mapping and assessment

	
3




	
Regulating

	
Pollination and seed dispersal

	
ES mapping and assessment

	
4




	
Regulating

	
Air purification

	
ES mapping and assessment

	
3




	
Regulating

	
Habitat for biodiversity

	
ES mapping and assessment

	
3




	
Cultural

	
Landscape aesthetic

	
ES mapping and assessment

	
3




	
Total ES Value through ES mapping

	
21




	
Provisioning

	
Crops

	
Expert-based

	
2.82




	
Regulating

	
Water flow regulation

	
Expert-based

	
2.14




	
Regulating

	
Pollination and seed dispersal

	
Expert-based

	
2.6




	
Regulating

	
Air purification

	
Expert-based

	
2.27




	
Regulating

	
Habitat for biodiversity

	
Expert-based

	
2.48




	
Cultural

	
Landscape aesthetic

	
Expert-based

	
2.48




	
Total ES Value through expert-based assessment

	
14.79




	
Provisioning

	
Economic value

	
Social perception

	
2.25




	
Regulating

	
Biodiversity value

	
Social perception

	
2.5




	
Regulating

	
Life sustaining value

	
Social perception

	
2.38




	
Cultural

	
Future value

	
Social perception

	
2.5




	
Cultural

	
Learning value

	
Social perception

	
3




	
Cultural

	
Recreational value

	
Social perception

	
2.25




	
Total ES Value through social perception assessment

	
14.87
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Table 2. Analysis of ES evaluation methods. The columns represent the three methodologies tested, and the rows identify the domains that were chosen for their transversal evaluation.
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	ES Mapping and Assessment
	Expert-Based Assessment
	Social Perception





	Resource needed/costs
	Software and technical skills;

Low costs of application (no field work required)
	High costs of application: field work is required
	High costs of application: field work is required



	Precondition/needs
	An ex-ante and/or direct knowledge of the site is not required
	Gathering of the panel of experts;

Guaranteeing a balanced representativeness of experts from different fields
	Administration of questionnaires to a large number of individuals;

Construction of a sampling plan



	Output
	GIS mapping;

Highly technical language and graphical output, with the risk of not being understood by residents and policy makers
	ESs ranking;

Qualitative evaluation of the site’s ecological interrelations
	ES ranking



	Results
	Objective evaluation based on informatic tools;

A direct perception of the site is missing;

Underestimation of cultural ES
	More comprehensive evaluations of the ecosystem functions of the site;

Direct perception (can be both positive and negative according to experts’ preparation and background);

Ability to directly further examine ecosystem functions;

Underestimation of cultural ES
	Involvement of the citizens in policy making;

Underestimation of Regulating ES;

Correct estimation of Cultural ES;

Partial evaluation;

Lack of scientific and technical assessment



	Added value
	Mapping of large areas, compared to expert- and social-based evaluation
	Specific environmental and landscape scientific background
	Stratified and “historical” knowledge of the area
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