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Abstract

:

This article focuses on the role that the provisions of the Natura 2000 Network play in affecting land-taking processes by looking at the Italian region of Sardinia, where strict rules on land development have been enforced since 1993 through regional landscape plans and where an extensive Natura 2000 Network, covering nearly 19% of the regional land mass, was established in compliance with Directive 92/43/EEC on the conservation of natural habitats and of wild fauna and flora and Directive 2009/147/EC on the conservation of wild birds. The results and inferences of our study could be easily generalized to other European Union regions, provided that similar geographic datasets are available. By shedding some light on the relation between land take on the one hand, and nature conservation and landscape protection on the other, it is possible to enhance regional planning policies to prevent or hinder land-taking processes, and, by doing so, to help implementing the European Commission recommendation on no net land take by 2050 into the EU regional policies.






Keywords:


Natura 2000 Network; land take; regression models








1. Introduction


Natura 2000 is a coherent network of areas established under Directive 92/43/EEC (“Habitats” Directive), which includes sites of community importance (SCIs) and special areas of conservation (SACs) identified under the provisions of the Habitats Directive itself, as well as special protection areas (SPAs), identified under the provisions of the “Birds” Directive (Directive 2009/147/EC).



An SCI is a site that significantly contributes to the maintenance or restoration of a natural habitat at a favorable conservation status [1], whereas a SPA is established to protect bird species threatened with extinction, vulnerable to changes in their habitat, or considered rare because of their small populations or restricted local distribution. Member States must designate the most suitable areas as SPAs on the basis of scientific data [2].



For both SACs and SPAs, mandatory conservation measures must be established; moreover, legal definitions of key concepts such as “natural habitats”, “conservation”, and “conservation status of a natural habitat” are provided in Article 1 of the Habitats Directive [3]. As a consequence, protection of Natura 2000 sites is expected to significantly boost maintenance and restoration of natural habitats and of the populations of flora and fauna. Moreover, the area where an SCI or an SPA has been established is bound to maintain its present status of mostly non-artificial land cover, since any plan or project that is not necessary to the management of the site but could possibly impact adversely on it must undergo a specific environmental assessment (termed “appropriate assessment” [4]) aimed at preventing human activities from adversely affecting the integrity of Natura 2000 sites (N2Ss).



In its “Roadmap to a Resource Efficient Europe”, the European Commission established an ambitious goal for the European Union, that of achieving no land take by 2050; a key milestone for the year 2020 was set accordingly, by establishing that in the programming period 2014–2020 European policies should take account of their impacts on land use. “Land take” (or “land uptake”) is a Euro-English expression variously defined and associated to urban and other artificial land developments and to the loss of agriculture, forest, and other natural or semi-natural land. It is a significant issue in the European Union, as it amounted to approximately 1000 km2 per year between 1990 and 2000, falling to around 920 km2 between 2000 and 2006 [5] (p. 15), with an average yearly growth pace in the countries of the European Union for the 1990–2006 time interval estimated at 0.5 percent by the European Environment Agency [6] (p. 17). At the National (Italian) level, a recent report [7] shows that the amount of artificial land (that is, land “taken” by urban and other developments) has increased steadily, reaching 21,000 km2 (7.0%) in 2014, and that remarkable differences can be found across the Italian NUTS2 (acronym for “Nomenclature of Territorial Units for Statistics”, from the French Nomenclature des Unités Territoriales Statistiques, second level) Regions.



Several studies analyze the complex and multifaceted relationships between land-taking processes and N2Ss. It is widely recognized that land-taking processes are limited and mitigated by protection measures concerning habitats and species [8], and that ecological integrity, preserved by the establishment of N2Ss, prevents widespread land-use change [9]. However, sound quantitative relationships between the presence and location of N2Ss and land take mitigation have not been identified yet [10], even though in the literature it is generally taken for granted that the level of natural protection measures and the intensity of artificialization are negatively correlated (among many [11,12,13]).



Mücher et al. [14] analyzed land-use change patterns related to the presence of N2Ss by processing aerial photographs dating back to 1950, 1990, and 2000. Their results show inconsistency, since the relationship between land-use changes and distance from N2Ss depends on the CORINE [15] land cover levels: at level 1, a decreasing trend of land-use change (from agricultural to urban) with respect to distance from N2Ss is detected, whereas no such relationship is found in case of level 2 or level 3. With respect to the Dutch Natura 2000 Network, Hazeu et al. [16] analyzed aerial photographs and argued that the presence and size of N2Ss seem to mitigate land-use changes, especially close to already-urbanized land.



A significant approach to detect possible correlations between land use changes and the presence of SCIs, SACs, and SPAs was proposed by Martínez-Fernández et al. [10], who assessed land use changes in Spain. Martínez-Fernández et al. identify a comparatively higher persistence of natural areas in protected areas than in N2Ss, whereas the latter show a more significant persistence in terms of agricultural land covers. Martínez-Fernández et al.’s approach was based on transition matrices that detect land cover changes by comparing the 1987 and 2006 CORINE land cover maps. They build upon previous studies by Pontius et al. [17] and by Alo and Pontius [18], who analyzed the dynamics of: (i) forests, open areas, residential areas, and others in Massachusetts; and, (ii) forests in Southwestern Ghana. The assessments are based on land-cover transitions analyzed through: (i) MassGIS maps dating back to 1971 and 1999 [19]; and, (ii) Geographic information systems (GIS) and remote-sensing techniques, making use of satellite images dating back to 1990 and 2000.



All of the above-mentioned studies analyzed relationships between land-taking processes and N2Ss either by using direct comparisons of descriptive statistics [10,17,18] or by assessing land-use changes on a 1-to-1 correlation to the presence and size of Natura 2000 sites [14,16]. Our research perspective, in this paper, builds upon the hypothesis that land take depends on a set of factors, one of which is the presence and size of N2Ss, and that the relationship between land take and N2Ss can be better understood and explained in the context of a quantitative analysis which includes a set of variables that represent the factors. In other words, we try to better explain the relationship that Mücher et al. and Hazeu et al. have detected, and to do so in quantitative terms by going beyond descriptive, non-inferential, analyses such as the Martínez-Fernández’s et al.’s ones.



Some previous studies have analyzed what the main drivers of land take at the regional level are by means of GIS-based analyses coupled with regression models by including a reasonably wide range of factors comprising physical, planning-related, and social drivers [20,21]. By building upon such studies, our goal in this paper is to focus on the role that the provisions of the Natura 2000 Network, which consists of SCIs and SPAs [22], play in affecting land-taking processes by looking at the NUTS2 Italian region of Sardinia.



In Section 2 we provide background information on our case study. In Section 3 the definition of land take and of the variable we use to measure the size of land-taking processes are presented and the variables representing factors which influence land take and the role of N2Ss in mitigating land-taking processes are discussed. Section 4 presents the results of the econometric model we use to relate land take to its potential drivers identified in the previous Section, with particular reference to the presence and size of the Sardinian N2Ss. Finally, in Section 5 we propose a discussion on the relation between land take on the one hand and nature conservation and landscape protection on the other hand, which shows that it could be very possible to enhance regional planning policies to prevent or hinder land take, and, by doing so, to help implementing the European Commission’s recommendation on no net land take by 2050 into the European Union’s regional policies.




2. Study Area: The Sardinian Natura 2000 Network


Our empirical study concerns Sardinia, one of the two insular regions of Italy, located to the southwest of the Italian Peninsula.



The reason for this selection is that strict rules on land development have been enforced since 1993 through regional landscape plans, which have also singled out areas (especially coastal ones) in which new developments are almost completely forbidden; furthermore, an extensive Natura 2000 Network, covering nearly 19% of the regional land mass, was set up in compliance with the Habitats and Birds Directives. Moreover, a dynamic study of land take in Sardinia is possible since data on land-taking processes are available with reference to two years characterized by an adequate temporal distance; in addition, because Sardinia is an island, the boundaries of the region where the Natura 2000 Network is defined are straightforwardly identified by the coastline, hence, the correlation between the presence and size of the regional N2Ss and land take, if any, is clear-cut.



Soon after the approval of the Habitats Directive, a national project titled “Biotopes Inventory of Italy” (BioItaly), aimed at drafting a preliminary list of proposed SCIs, was launched in Italy. By June 1995, the first stage of the project closed and a first list of proposed SCIs was circulated [23]. In 2000, the National Minister for the Environment issued a Decree that contained a list of SPAs (9 of which are in Sardinia) and a list of proposed SCIs (114 in Sardinia), which meant that the provisions of Article 6 of the Habitats Directive entered in force in the listed sites. Political and civic debates followed as regards the selection of the sites; hence, the preliminary list of proposed SCIs was deeply revised in Sardinia, to the extent that, out of 114, 92 SCIs were actually designated in 2006, when the first list of SCIs for the Mediterranean biogeographical region was approved by the European Commission [24]. A small number of further SCIs were designated in Sardinia between 2012 and 2013, so they do not fall within the scope of this study. As far as the SPAs are concerned, after the first group of nine sites was designated in 2000, a second group comprising six further sites followed in 2004 [25] and a third comprising 22 sites in 2007 [26]. These additional designations were required to fulfill national obligations under the Birds Directive, after the Judgment of the European Court of Justice Court of 20 March 2003 (case C378/1) ruled that Italy had failed to classify an appropriate size of the national territory as SPAs. Since then, no further SPAs have been designated in Sardinia; hence, the regional 37 Natura 2000 network contains 37 SPAs.



To sum up, in the time frame we investigate in this study, the regional Natura 2000 network gradually evolved from 123 sites in 2000 (114 proposed SCIs and 9 SPAs) to 126 sites (92 SCIs and 37 SPAs) in 2007. It has to be underlined, however, that some SCIs coincided with, or overlapped, some SPAs. At present no SACs have yet been established in Sardinia. The spatial distribution of N2Ss as of 2007 is shown in Figure 1.



N2Ss’ characteristics, irrespective of their type, are described in a standardized way across the European Union through the so-called “Natura 2000 standard data forms” [27]. A standard data form lists habitats and species of community interest that can be found in a given site, and provides quantitative data (for instance, area covered for habitats and population size for species) and qualitative information concerning conservation status for both habitats and species. Furthermore, other important pieces of information concerning a given site’s quality and importance and a coded list of human activities that generate (or may generate) impacts on the site are also provided in the standard data forms.



Hence, quantitative and qualitative information on habitats and species at various levels (site level, regional, national, biogeographic) can be gathered from the standard data forms, which represent a powerful descriptive and dynamic tool, since they are regularly updated. However, the standard data forms need to be complemented by other tools, as they do not provide information on the spatial distribution of habitats of community interest and of habitats of species of community interest. In the European Union, some large scale projects that attempt to map the potential distribution of habitats and ecosystems have been carried out [28]. At the regional (Sardinian) level, two main spatial datasets have been implemented, namely the so-called “carta della natura” (Nature map), and the so-called “carta degli habitat” (Habitat map); they describe the actual distribution of habitats by using two different classification schemes. The former, having a scale of 1:50,000, maps habitats in the whole island according to the CORINE [15] biotopes nomenclature [29], while the latter, which has a scale of 1:10,000, only maps habitats of community interest within the boundaries of N2S according to the Habitats Directive nomenclature [30]. The latter is, therefore, more useful for the purposes of the Habitats Directive, and especially for defining conservation measures and for granting development and planning permissions under the already mentioned “appropriate assessment” procedure.



To provide the reader with an example of the information provided by the map (whose attributes, in a GIS environment, can be joined with those contained in the standard data forms), Figure 2 shows the spatial layout of two habitat types, forests and sand dunes, within Sardinian N2S, while Figure 3 provides a detailed representation of the spatial layout of habitats within a single N2S.




3. Materials and Methods


We use an ordinary-least-squares (OLS) econometric approach to analyze, detect, and discuss relationships between land take and its possible determinants, in order to enhance the explanatory potential of previous studies based on descriptive statistics for the following reasons. First, in the relevant literature (see, among many, the essays cited in the Introduction) land take and related factors are mostly represented trough quantitative variables. Since econometric models are generally set up and implemented in order to detect interactions and possible causality nexus in quantitative multiple-variable contexts, to use this type of models to study land-taking processes is pretty straightforward.



Moreover, substantial enhancements related to the use of econometric models with respect to descriptive approaches are identified, on the one hand, by the capability of these models to deal with, and analyze, the simultaneous effects of multiple explanatory variables on the dependent, land take-related, variables and, on the other hand, by their capability to put in evidence the impact of changes in each factor, not only in qualitative terms, but also from a quantitative point of view. In other words, econometric models not only allow their users to understand if a factor influences land take in a multiple-variable context, but also by how much, which is very important as regards policy recommendations implied by the outcomes of the model implementation.



Third, the outcomes and implied policy recommendations are important in qualitative terms as well, since the whole implementation process of the econometric model we use to analyze and explain land-taking processes is intrinsically qualitative. The use of factors we include as determinants of land take is based on qualitative considerations (as per the model definition in Section 3.2), and the policy recommendations implied by the model outcomes, presented in Section 5, are intrinsically aimed at improving the quality of life of the local communities by means of mitigating land-taking processes.



3.1. Defining and Measuring Land Take


Among the various definition of “land take” that have been put forward, for its operational character we choose the one proposed by the European Environment Agency (EEA), according to which land take is the “change of the amount of agriculture, forest and other semi-natural and natural land taken by urban and other artificial land development” [31]. Accordingly, land take can be regarded as a subset of the complete set of land cover change types and processes, which, in the European Union, are often identified using the CORINE Land Cover (CLC) dataset [32] provided by the EEA for different time series [33].



The widespread use of the CLC to analyze land cover changes in general, and land take in particular, is due to a number of reasons, among which the wide coverage of the dataset [34], the unified methodology of data collection over time [35] and the standardized, hierarchical classification scheme. However, several studies have put in evidence CLC limitations and shortcomings. Some research has highlighted the presence of classification errors, especially due to semantic ambiguities at the third (and most detailed) level of the hierarchy [35]; moreover, a number of studies have argued that the mapping scale and minimum cartographic unit are quite large for analyses at the local scale, which may lead to underestimating artificial land cover when small-size developments and urban fragments are involved (among many, [35,36,37]); nevertheless, the scale is deemed suitable for analysis of land-cover change processes not only at the European, but also at the national and regional level [37].



At the first level, the broadest and most general, the CLC classification has the following non-artificial-surface categories: (i) agricultural areas; (ii) forests and semi-natural areas; (iii) wetlands; and (iv) waterbodies. We, therefore, define land take between 1990 and 2008 as the change of a land parcel from a non-artificial condition in 1990 to an artificial condition in 2008. We take into consideration the period 1990–2008 because this time interval is characterized by a starting point in which N2Ss were not established and protected yet, since the provisions of the Habitats and Birds Directives were far from being implemented (actually, the Habitats Directive had not even been approved yet), and a final point where the most part of the Habitats and Birds Directives was implemented in terms of established N2Ss in Sardinia.



Due to the already mentioned limitations related to the scale, rather than using the CLC European maps available from the EEA, we chose to refer to more detailed data.



As regards today, in Italy land take cannot be derived from a detailed descriptive cartography, in order to detect its dynamics for large time periods. A national map of land take was recently produced by ISPRA, the Italian Superior Institute for Environmental Protection and Research [38]; however, it cannot be used to assess land take dynamics because only one time series (i.e., the 2016 edition, using data from 2012 and 2015) is available.



We, therefore, chose to use the following two map sources:

	
the European Environment Agency’s Urban Morphologic Zones maps as of 1990 [39]; urban morphologic zones are “sets of urban areas laying less than 200 m apart”, and are defined as regards to appropriately selected subclasses of the CLC class named “artificial surfaces”, that feature urban tissues and their spatial frameworks;



	
the regional CLC map implemented by the Sardinian administration, available from the geoportal of the Sardinian administration [40]; from this dataset we select polygons representing “artificial surfaces”, the first level class of the CLC.








The use and interpretation of CLC maps adopted in this study is consistent with [41,42,43,44].



Since these datasets differ in terms of spatial resolution, we eliminate inconsistencies by preprocessing the 1990 map using a third map displaying historic settlements as of 1960 as a reference point (see Figure 4).



Notwithstanding the mismatch in resolution between the two data sources and the consequent need for preprocessing, we feel that this was the best possible choice to assess land take at the regional scale in the 1990–2008 time period in Sardinia.



Other spatial datasets provided by authoritative sources and describing built-up areas do exist, but they are not fit for the purpose. Among such spatial data sets, the most prominent is possibly the one produced and made available by the Italian National Institute of Statistics (ISTAT), that provides the spatial layout of the so-called “inhabited places” for the years 1991, 2001 and 2011 [45]. Since it is a census-driven classification, inhabited places (“località”, in the original Italian) result from an aggregation of single census tracts and are defined as areas consisting by at least fifteen buildings; their boundaries include such buildings and their premises (courtyards, vegetable gardens, etc.); buildings that are farther apart than 70 m (within the main settlements) or 40 m (outside the main settlements) are not included therein [46] (p. 28).



Inhabited places are classed into four groups: (i) main settlements; (ii) hamlets; (iii) industrial areas and transport facilities; and (iv) areas with sparse buildings. Any piece of land must belong to one of the four groups; as a consequence, forests and agricultural areas are classed in the fourth group, as well as any other land with detached houses farther than 40 m from one another, or with fewer than fifteen grouped buildings. We tested the 1991 and 2011 datasets in order to understand whether such data could be used to measure land take between 1991 and 2011 (an alternative time range to the one we used) and found out that the answer to this question is negative for a number of reasons: first, boundaries in the 1991 map are much coarser than in the 2011 map, hence, vast areas are classed as either main settlements or hamlets in 1991 but belong to the fourth group (“areas with sparse buildings”) in 2011 (this would paradoxically lead to negative local land take); second, the third group, meaning industrial areas and transport facilities, only started being mapped in 2001 [46], (p. 28) (this would overestimate local land take); third, a number of hamlets mapped in 1991 are not mapped in 2011 (this would again lead to negative local land take); fourth, because of the aim of these datasets, and of the very definition of inhabited places, artificial areas, such as detached buildings in the countryside or infrastructure networks, are not mapped (this would lead to greatly underestimated artificial land in both years). Figure 5 provides some cartographical examples of these issues.




3.2. Natura 2000 Sites and Other Factors Influencing Land Take


We estimate an OLS model to identify if and to what extent the model covariates influence Sardinian land-taking process in the 1990–2008 period. In this Section we, therefore, identify what variables could tentatively be assumed to influence land take and what our preliminary expectations are.



N2Ss are established to maintain and restore natural habitats in a favorable conservation status. As we put in evidence in Section 1, natural habitats are areas which entail natural or semi-natural conditions due to their biotic and abiotic characteristics. A favorable conservation status of natural habitats implies the long-run maintenance and possibly improvement of its natural distribution, structure and functions, and the survival of its characterizing species as well. Hence, since maintenance and restoration of natural characteristics of habitats, and species therein, are the founding reasons of Natura 2000 Network, land take should be minimized in the N2Ss; as a consequence, the presence and size of these sites should be negatively correlated to land-taking processes.



Moreover, habitats areas belonging to N2Ss are intrinsically non-artificial areas and whichever project or plan is likely to generate significant negative impacts on the non-artificial and non-urbanized status of a N2S has to be appraised through an appropriate assessment procedure, which aims at defining and offering to public and private stakeholders, planners and practitioners a basket of planning policies that may be effective: (i) to help mitigating the effects of planned developments related to land-use change; (ii) to help building future spatial layouts as concrete alternatives to scenarios entailed by the implementation of the ongoing planning policies, which may very possibly cause serious damages to habitats and species [47]. In other words, the appropriate assessment procedure is very close to a strategic environmental procedure in case of a plan or program, or to an environmental assessment procedure, in case of a project [48]. These procedures imply the identification of measures which address the issue of impacts on natural resources.



Hence, since appropriate assessments are mandatory in case a plan or a project might affect a N2S, and since land-taking processes within N2Ss are minimal, if any, there are two possible relationships between the presence and size of N2Ss within municipalities. The first and, perhaps, the most intuitive, is that land take is negatively correlated to the N2S area, since the greater the N2Ss, the less the land uptaken. However, there is another way of looking at this correlation, which is related to the following argument, proposed and discussed by Dewi et al. [49] and Zoppi and Lai [20], among many, and termed “leakage” in Meyfroidt et al. [50]. If a strict environmental protection regime is established on a land parcel, and land take is forbidden, e.g., due to conservation of natural resources, a proximity effect may be detected so that land-taking processes may eventually develop in areas close to the protected parcel. Dewi et al. and Meyfroidt et al. put in evidence a proximity effect related to areas where tropical forests exploitation is prevented, whose neighboring plots are often characterized by heavy forest exploitation. Zoppi and Lai discuss a proximity effect related to the coastal strip of Sardinia, where new developments are by and large prevented under the provisions of the regional landscape plan. In the Sardinian case, the most important land-taking processes occurred in urban areas almost immediately adjacent to the coastal strip.



In order to control for the presence of a proximity effect, we weight the municipality area included in N2Ss by the total land area of the municipality. By doing so, we consider land take as dependent on the share of the municipality area included in N2Ss, whose lowest values should imply that comparatively more room is available in the municipality for land-taking processes to occur, possibly in the parcels immediately adjacent to protected areas, while less room should be available were the N2Ss share larger.



Another variable related to land take which is connected to the presence of N2Ss is the quantity of land uptaken within the N2Ss belonging to a municipal land area, which puts into evidence if, and to what extent, appropriate assessments have been effective in preventing negative impacts of the implementation of planning policies on N2Ss. This implies that we expect that the higher the land take size, the higher the land uptaken from N2Ss within a municipality.



A control variable related to the planning rules in force that needs to be included in the set of factors we use to detect the impact of the presence and size of N2Ss on land-taking processes is the municipal land area included in the coastal strip which is part of a N2S as well, since, as we stressed above, under the provisions of the regional landscape plan, changes in land cover in the coastal strip are almost totally prevented, which means that if an area is included in the coastal strip, then land take is forbidden regardless of whether the area is part of a N2S.



Another control variable that we consider as a determinant of land take is the municipal land area that in the Nineties and in the first five years of the new century was classified, under the provisions of the regional planning code, as areas where land take and whichever new development were prevented and which overlaps N2Ss parcels, which, once again, indicates that land take is in any case forbidden, since these areas are still protected under the provisions of the regional landscape plan.



Moreover, we use control variables that concern:

	
two classes of the CLC classification, namely “Wetlands” and “Waterbodies” (first level, non-artificial-surface categories); this variable is almost invariant between 1990 and 2008, since very few parcels of land included in these non-artificial land cover types and in N2Ss have changed their status of non-artificial surface in the period 1990–2008;



	
the average slope of the municipal land area included in N2Ss, which contributes to the stability of a N2S in terms of land take.








The impacts of the presence of areas belonging to the two classes and to N2Ss on land take and of the slope of the N2Ss are expected to be negative, everything else being equal, as it is fairly intuitive that the larger the invariant municipal land area that belongs to N2Ss, the lower the municipal land area that can eventually change its status from non-artificial to artificial. It has to be put into evidence that the classes of the first level (non-artificial-surface categories) of the CLC classification other than wetlands and waterbodies, that is, agricultural areas and forests and semi-natural areas, can possibly change their status from non-artificial to artificial, and, as consequence, they do not entail an invariant character.



We use the following two variables related to social and economic aspects of municipalities as well:

	
residential density, in order to detect if it is positively correlated to land take, which would imply an agglomeration impact, as many essays put into evidence [20,51,52,53,54];



	
per capita income, which may either be negatively correlated to land take, in case, for example, a comparatively high municipal per capita income pushes up investments in agriculture, or, to the contrary, investments are diverted to, say, new building developments [55].








Finally, a spatially-lagged variable which takes into account autocorrelation of the variable which indicates land take in the period 1990–2008 is used in the set of dependent variables, and it is defined according to Anselin’s [56,57] methodology.



Table 1 reports the definitions and descriptive statistics concerning land take and factors tentatively considered as likely determinants and, moreover, it lists the data sources we used for each variable. The values that the dependent variable (LANDTAKE) and the variables that we tentatively assume as drivers were all calculated in a GIS environment, but for data on income, that were available off the shelf from the website of the Italian Ministry of Economy and Finance.



Artificial areas as of 2008 were mapped by simply selecting the appropriate polygons (meaning: those polygons whose land-cover first digit attribute equals “1”) from the Sardinian CLC-based land-cover maps for 2008, while the layout of artificial areas as of 1990 was obtained by preprocessing the urban morphologic zones for 1990 as previously mentioned. A third shapefile that describes those parcels of land which became artificial between 1990 and 2008 was next derived, which made it possible to calculate, for each Sardinian municipality, the share of municipal land that was taken in the 1990–2008 period (variable LANDTAKE).



In addition to the above data on land cover, we used other spatial data available from the regional spatial data infrastructure (such as digital terrain models, administrative borders, landscape units of the regional landscape plan currently in force, and zoning scheme of the former landscape plans) and non-spatial data concerning population and income. A geographic dataset was, therefore, developed and the value of each variable for each municipality was calculated in a GIS environment through geoprocessing analyses and more advanced techniques (such as, for instance, the Moran’s I test performed in GeoDa, a software program developed by the Center for Spatial Data Science of the University of Chicago, IL, USA [62]), allowing us to analyze the spatial distribution of the variables.



From now on, we consider only the subset of municipalities for which the value of the variable NAT_2000 is greater than zero, that is, the 167 Sardinian municipalities (out of 377) whose territory overlap at least one SCI or SPA.





4. Results


Sardinian figures related to 1990 and 2008 put into evidence that an increase in artificial land did occur from 1990 to 2008 of about 1.66 percent, starting with 38,132 hectares in 1990, and ending up with 78,379 hectares in 2008, which corresponds to a land take amount of about 3.25 percent [63]. In Figure 6, some maps accounting for land take at the municipal level between 1990 and 2008 for five Sardinian municipalities are presented.



4.1. Analysing Correlations


The coefficients ρ, which measures the linear correlations between the dependent variable and its potential drivers, are reported in Table 2, which puts into evidence that (leaving the autocorrelation variable aside) the most significant positive correlations are those between the dependent variable LANDTAKE, on the one hand, and the variables INCOME2008 (ρ = 0.483), DENSITY1990 (ρ = 0.439), and LT_N2000 (ρ = 0.415), on the other hand, all being positive and having similar values. This signals a positive correspondence between the magnitude of land take at the municipal level between 1990 and 2008 and, respectively, per capita income in 2008, residential density at the beginning of the time interval under consideration, and the amount of municipal land taken within N2Ss. This indicates that the magnitude of land take is larger in municipalities characterized by higher per capita incomes and by higher population densities, and that the greater land take is within the Natura 2000 network, the greater it is within the whole municipality.



The other positive correlations are not as strong as the previous one, as the coefficients amount to 0.054 (COASTRIP) and 0.172 (WATER), meaning that land take at the municipal level does not appear to correlate with the amount of municipal land which is included both in the Natura 2000 network and in the coastal strip or with the amount of wetland and freshwater that is also part of N2Ss. The three remaining correlations (with SLOPE, NAT_2000, OLDPLAN) show a negative sign and are not as relevant as the highest positive ones.



Figure 7, where polygons represent cities and towns, shows the geography of the dependent variable LANDTAKE while Figure 8 shows three maps that describe the spatial configuration of the potential determinants having the highest correlations, i.e., INCOME2008, DENSITY1990, and LT_N2000.




4.2. The Outcomes of the Regression Model


An OLS model was run to identify if and how the covariates identified in Section 3.2 influence Sardinian land-taking process in the 1990–2008 period.



At the outset, we implement two OLS models, whose covariates are the levels and the logarithms of the variables of Table 1. The level-based model shows a higher goodness of fit than the logarithmic model (see Appendix A). The estimates of the coefficients of the covariates of the two models are consistent with each other. The adjusted R-squared coefficient of the first model is higher than 54 percent, while it is slightly lower than 50 percent in the logarithmic model. Since the two OLS models show consistent results in qualitative terms and the goodness of fit of the level-based model is higher than that of the logarithmic one, we discuss the results related to the former model.



Furthermore, the land take-related covariates can be non-stationary. The most suitable approach to deal with non-stationary explanatory variables is represented by geographically-weighted regressions (GWRs) [64], which are based on the implementation of as many regression models as the records concerning land take. This implies as many regressions as the number of municipalities, whose estimates are based on the observations belonging to neighborhoods defined through an optimal bandwidth centered in every municipality. The optimal bandwidth is calculated by means of a fixed kernel function, or by means of an ad hoc kernel function based on the Akaike algorithm [65], or through an algorithm related to the minimization of the residuals sum of squares [66]. The optimal bandwidths identified through Akaike’s or Fotheringham’s algorithms are equal-sized sets of observations [64,67]. In the case of our dataset, we do not have any prior hypotheses concerning the size of the optimal neighborhood (bandwidth); on the other hand, the implementation of Akaike’s and of Fotheringham’s algorithms identifies large local sets of observations (close to three quarters) and the resulting estimates of the coefficients of the covariates are very similar to one another and to the global regression model.



This outcome, which does not exclude non-stationarity, shows that our dataset is not suitable to study the non-stationarity character of land take. Indeed, at least one thousand records would be necessary [68], which would generate bandwidths with very limited overlapping areas. In conclusion, this issue is put in evidence as a possible future development of the research presented in this study.



In light of this result, it could be questioned if the set of explanatory variables used to estimate the model is the most suitable in terms of goodness of fit or, in other words, if different combinations of variables would be preferable. So, we tested three more models, whose estimates are shown in Table A2, Table A3 and Table A4 of Appendix A. In Table A2 we estimate a model where two variables (COASTRIP and OLDPLAN) are excluded from the set of explanatory variables. In Table A3 and Table A4 we selectively exclude either OLDPLAN or COASTRIP. The estimated coefficients of the three models imply the following observations:

	
in all three cases the estimated coefficients of the covariates whose coefficients are significant in the model reported in Table 3 are significant as well, and their size and sign are also almost entirely consistent with the estimates of Table 3;



	
the estimated coefficients of Table A2, Table A3 and Table A4 related to COASTRIP and OLDPLAN (Table A2), COASTRIP (Table A3), and OLDPLAN (Table A4) are not significant in terms of p-values;



	
the values of the adjusted R-squared statistics of the model reported in Table 3 are greater than the adjusted R-squared values of Table A2, Table A3 and Table A4.








From the three points highlighted above, we derive the following implications. First, the entire set of covariates, whose estimates are reported in Table 3, is better, in terms of goodness of fit, than models which imply the exclusion of one of the two variables whose coefficients are not significant in terms of p-values or both of them, since the adjusted R2 statistic of the model shown in Table 3 is greater than the corresponding values of the models reported in Table A2, Table A3 and Table A4. In other words, the explained variance of the land take-related variable (dependent variable) of model of Table 3, adjusted by eliminating the effect of the number of variables on R2, which, if not adjusted, monotonically increases as the number of covariates increases, is greater than the explained variable of models of Table A2, Table A3 and Table A4.



Second, the estimates of the coefficients of the covariates of Table 3 and Table A2, Table A3 and Table A4 are consistent with each other in terms of sign, size, and p-values. In particular, in all four cases the estimated coefficients of all covariates, except for COASTRIP and OLDPLAN, are significant in terms of p-values. SE: standard error.



These two implications entail that the model whose estimates are shown in Table 3 is the best in terms of goodness of fit. For this reason, in the rest of this Section we make reference to Table 3.



Table 3 reports the coefficients of the covariates; the estimates are significant (p-values lower than 1.2 percent) in all but two cases: (i) municipal land area included in the coastal strip which is part of a N2S (COASTRIP), which indicates that there is no evidence of a correlation between land take and the location of the N2Ss, or, in other words, there is no significant difference in terms of land take whether N2Ss are located in the ultra-protected coastal strip or elsewhere; (ii) municipal land area that in the 1990s and in the first five years of the new century was classified, under the provisions of the regional planning code, as areas where land take and whichever new development were prevented and which overlaps N2Ss parcels (OLDPLAN); this outcome is consistent with the previous one.



The estimated coefficients of the other covariates are significant in terms of p-values and show the expected sign.



As expected, land take is negatively correlated to the presence and size of N2Ss belonging to Sardinian municipalities (NAT_2000). This finding indicates that the presence and size of N2Ss prevent the uptake of land and that in the surroundings of the protected area the possible rebound effect indicated by Dewi et al. [49] is quite weaker than the conservative effect, if any. In quantitative terms, we estimate that, on the average, if the municipal area belonging to N2Ss increases by 10%, the municipal land uptaken will decrease by 2.2%. However, a proximity effect can be put in evidence, as we discuss in Section 4.3 below.



Moreover, as it was expected as well, land-taking processes which take place within N2Ss (LT_N2000) have a positive impact on land take, since, everything else being equal, if the municipal area uptaken within N2Ss increases by 10%, that is LT_N2000 increases by about two hectares, which implies a 2.1% decrease of the municipal non-artificial area.



The presence and size of wetlands and water bodies, and the slope of the municipal land area included in the municipal N2Ss (WATER and SLOPE), are negatively correlated to land take as expected, since the invariant character in terms of land take related to aquatic and steep areas within N2Ss is fairly intuitively connected to the resilience of their non-artificial feature. In quantitative terms: (i) the marginal effect of WATER is weak, since, on average, ceteris paribus, if aquatic areas included in N2Ss increase by 10%, that is, WATER increases by about 11.5 hectares, the land uptaken will decrease by less than 1.4%; and, (ii) the marginal effect of SLOPE is greater than the LT_N2000’s, since, on average, if SLOPE increases by 10%, this will imply a 2.7% decrease of the municipal non-artificial area, which is somewhat relevant in terms of mitigating land-taking processes.



Finally, the impacts of the two socioeconomic variables, that is, residential density and per-capita income (DENSITY1990 and INCOME2008), are positive; this indicates that a higher demand for areas for residential development, and more money in the residents’ pockets, increase land take. In particular: (i) the marginal effect of DENSITY1990 is weak, since, on average, ceteris paribus, if municipal residential increases by 10%, that is, DENSITY1990 increases by about 7.8 residents/km2, the land uptaken will increase by about 1.4%; and, (ii) the marginal effect of per capita income is weak as well, since, on average, if INCOME2008 increases by 2%, that is by about €150, which is quite a difficult per-capita income increase to achieve, this will imply a 1.6% increase of the municipal non-artificial area.



These outcomes imply that the impact of the presence and size of N2Ss is very important to implement policies aimed at mitigating land-taking processes, and, possibly, at decreasing the land uptaken. Our estimates indicate that mitigation of land take occurring within N2Ss is important as well. This finding entails significant implications in terms of appropriate assessments concerning proposed land transformations in the N2Ss. Indeed, the integration of policies which increase the size of N2Ss and decrease land uptaken within N2Ss would be very powerful in mitigating land take. For example, an average 20% increase of the size of N2Ss coupled with a 20% decrease of the share of land uptaken within N2Ss, which is not so difficult to achieve if, for instance, the new N2Ss are non-artificial areas which are bound to maintain their non-artificial-area status, the land take will decrease by about 4.5%. In level terms, this entails that, on average, if the municipal area of N2Ss increases by 180 hectares and the land uptaken within N2Ss decreases by 1.3 hectares, the net impact on land take will be a decrease by about five hectares per municipality.



The findings related to DENSITY1990 and INCOME2008 put in evidence an agglomeration and income effects.



An agglomeration effect on land take is detected when the more the quantity of land that changes from a non-artificial to an artificial status, the greater the municipal residential density [51,52,54]. In other words, an agglomeration effect implies that land-taking processes are positively related to intensive urbanization rather than to extensive urbanization. From a quantitative perspective, our estimates show that, on average, a 10-residents-per-hectare increase in residential density is related to a 3.4% increase of land uptaken.



An income effect is identified by a positive correlation between land take and the household wealth, which is quite intuitive since a more affluent community should show a comparatively higher demand for new developments, related to residential housing, tourism, and leisure-related services and infrastructure, tourist houses, etc. In quantitative terms, we estimate that, on average, a €5000 increase in per-capita income would imply a 1% increase in land take, which is quite a weak income effect, even though significant and with the expected sign.



In the following section, we try to assess whether the areas where the N2Ss boundaries are very close to urban areas can be regarded as being more problematic in terms of land take.




4.3. Assessing the Influence of Proximity between N2Ss and Urban Areas


An important issue to address is whether proximity between N2Ss and urban areas makes any difference in terms of land take. In order to understand this, we selected four thresholds (250, 500, 750, and 1000 m). For each threshold, the 167 Sardinian municipalities object of our study were grouped into two groups. One group comprised those municipalities for which the minimum distance between at least one of the main settlements (as defined and mapped by the Italian National Institute of Statistics as of 2011, see Section 3.1) belonging to that municipality and the closest N2S was below the threshold, and the other group those for which that distance exceeded the threshold. Next, for each threshold a Student’s t-test was implemented, preceded by an F-test to compare the variances of the two groups.



The results of the Student’s t-tests are provided in Table 4, which shows that, regardless of the threshold, the means of LANDTAKE in Groups 1 (i.e., below the thresholds) are always greater than the means of LANDTAKE in the corresponding Groups 2 (i.e., above the thresholds), and that the null hypothesis that the means of the two groups are equal can always be rejected at the significance level 0.05. Hence, taking only into account those municipalities in which at least a N2S site is established, we can observe that land take is greater in those municipalities having their main settlements closer to N2Ss and, therefore, the mitigating power that N2Ss exert as regards land take is weakened when the site is closer to a settlement.




4.4. Scenario Building


Building upon the outcomes of the OSL models, that is, upon the results reported in Table 3, a “what-if” scenario was simulated. For each local authority, we calculated the magnitude of the effect on the 1990–2008 land take-related variable (LANDTAKE) that would have occurred if the covariate related to the size of N2Ss (that is, NAT_2000) had increased in each municipality by ten percentiles in that variable’s distribution.



Figure 9 visually presents the results of this scenario: to the left, the values of the simulated LANDTAKE variable are mapped (these can be compared and contrasted to the actual values, mapped in Figure 7), while to the right for each municipality we map the difference between actual and simulated values of LANDTAKE and show that an increase by ten percentiles in the share of municipal land included in N2Ss brings about a decrease in land take ranging from −0.03875 percent to −0.2763 percent.





5. Discussion and Conclusions


The outcomes of the regression model show an important and significant correlation, at the municipal level, between land take and the presence and size of N2Ss. Moreover, since the coefficients of the variables representing the factors that were tentatively assumed as determinants of land take are mostly significant and the goodness of fit of the model is relatively high (see Table 3), we can conclude that our research perspective is effective in explaining, in quantitative terms, the relationship between land take and the presence and size of N2Ss. Therefore, as regards the research issue we indicated in the introduction, the results of the implementation of our methodological framework provides the descriptive approaches of Mücher et al. [14], Hazeu et al. [16] and Martínez-Fernández et al. [10] with a substantial explanatory enhancement.



Our study puts in evidence four important implications concerning the relationship between land-taking processes and environmental protection policies related to the establishment and management of N2Ss.



First, our estimates highlight a robust negative influence of N2Ss on land take. This implies that, everything else being equal, the presence and size of N2Ss is correlated to a decrease in land take. The reduction in land take as a consequence of N2Ss is significant in quantitative terms.



Moreover, there is no evidence of the effect indicated by Dewi et al. [49] in the immediate neighborhoods of the boundaries of N2Ss, since the estimated marginal effects of N2Ss is positive in terms of the share of the municipal area that does not change its status from non-artificial to artificial. This implies that land saving spreads over the whole municipal land area as a consequence of the presence and size of the municipal N2Ss. Subsequently, our results show no sign of a somewhat strategic behavior on behalf of the municipalities, which do not seem to concentrate new developments outside the N2Ss, where conservation measures are not established. In other words, the presence and size of N2Ss seem to have a negative net effect on municipal land take. This finding is entirely consistent with the appropriate assessment-related policies whose implementation is mandatory for plans and projects which may possibly have negative impacts on conservation of species and habitats of N2Ss. According to the Habitats Directive, the appropriate assessment procedure must be applied not only in case of plans and projects concerning land parcels located within N2Ss, but also in case plans and projects related to areas outside the N2Ss boundaries, if such plans and projects may possibly damage habitats and species within the N2Ss.



A third important policy implication connected to the positive impact of Natura 2000-related policies on the conservation of the non-artificial status of land is that, because the impact of N2Ss-based environmental protection on land take is not related to other conservative planning rules, there is no need for severely restrictive planning codes, if N2Ss are properly established. Indeed, the establishment of N2Ss does not imply that there are land uses or developments which are forbidden in general terms. However, the mere presence of a N2S entails that developers, public administrations, planners, and practitioners, have to show that their projects or planning proposals will not damage or generate loss of habitats and/or species, which, according to the outcomes of our analysis, significantly reduces land-taking processes.



Fourth, a proximity effect does exist concerning N2Ss and urban areas. The closer urban areas are to N2Ss, the higher land take is detected in the municipal land area. This finding shows that pressure for land artificialization is much higher in the proximity of N2Ss when they are located near the already-urbanized areas, while it is comparatively weaker when they are far from the existing settlements.



The four points highlighted above entail important implications for planning policies, both at the local (municipal) and regional levels. A first consequence is that policies aiming at reducing land take should imply the establishment of new N2Ss, or the enlargement of existing ones. Both policies need effective and continuous cooperation of the local and regional administrations, since the complex and long-lasting time period concerning the establishment of new or enlarged N2Ss needs a substantial integration of planning visions on behalf of the local and regional authorities. Cooperation is necessary since the identification of conservation objectives and subsequent establishment of conservation measures, needed for a SCI to take the status of SAC under the provisions of the Habitats Directive [69], entails that the local authorities propose these measures, possibly in the context of a management plan, and the regional administration approves and brings to the attention of the National Office the approved proposal. Cooperation and integration of the local and regional planning processes would imply an important enhancement in the quality of Sardinian public planning, which has been characterized by a lack of coordination in recent years [70].



A second significant implication is that in public planning processes, especially at the municipal level, experts in nature conservation should systematically participate and cooperate with spatial planners and developers in the process of definition and approval of local plans, in order to support the identification of sites to be proposed for inclusion in the Natura 2000 Network. At present, this expertise is not considered as a necessary component of local planning teams [71].



Thirdly, particular attention should be paid to the possibility of proposing new N2Ss in the strategic environmental assessment processes of local plans. These processes entail the inclusion of objectives related to the protection of environmental resources and to the sustainability paradigm into the definition of spatial plans, which implies the possibility of the integration of such goals into the plan even though they were not considered in the first place [48].



Moreover, since the presence and size of N2Ss are effective against land take, conservation measures consistent with those adopted for the N2Ss could be extended over areas located outside SCIs, SPAs and SACs. From this perspective, complete and detailed maps concerning the spatial distribution of habitats are needed.



A fifth point is related to the necessity of a comprehensive coordination of conservation measures between plans of cities and towns whose municipal areas are adjacent to each other. From this point of view, a fundamental role should be played by the planning office of the regional administration, which coordinates local plans under the provisions of the Sardinian rules concerning the approval of regional and local plans [72].



Finally, as widely recognized in the literature, conservation measures may prevent the implementation of traditional land uses related to urbanization, agriculture and pastures, and, by doing so, they may possibly generate conflicts between local communities and municipal authorities [71,73]. The issues of information, participation and consensus-building should not be undervalued in the definition and implementation of local plans that entail conservation measures and policies against land take, and inclusive participatory processes should be carefully designed in detail long before plans are discussed and approved.



It has to be put in evidence that the econometric model we implement assesses the existence and magnitude of correlations between land take and the explanatory variables at the municipal level. It could be interesting, as a future development of our research, to implement studies which assume N2Ss as reference spatial units [11,74,75,76,77,78,79] and to compare outcomes and implied consequences.



Moreover, the availability of different land-use data at better resolution than the CLC maps could certain enhance the significance and explanatory power of the methodological approach here proposed.



Our methodology and results are based on regression models that include the presence of N2Ss as an explanatory variable and, as a consequence, our assessment needs the presence of N2Ss in the spatial units of our regression model. From this perspective, it has to be put in evidence that it would be interesting to detect what happens in municipalities where N2Ss are not established, but this issue is definitely outside the scope of our study. A promising further development of our research work would be to compare land-taking processes that occur in municipalities where N2Ss are established to those concerning municipal areas where they are not. Moreover, since the other side of the coin has not been explored yet, our findings and inferences should be cautiously considered in terms of points of reference for the definition and implementation of mitigating policies concerning land take.



A relevant issue related to the future development of our research work concerns the analysis of the non-stationarity of land take and its covariates. As we put into evidence above, the implementation of GWRs implies the availability of a much larger number of records than our 167 municipality-related observations. Information collected at the under-municipal level, which is not available at present, would possibly entail data related to small land parcels which change from a non-artificial to an artificial status. This would make our findings and inferences more robust.



Our results offer insights into the comprehensive character of land-taking processes, that is, into its features at the regional level. A substantial enhancement would be represented by analyses implemented at the local level, through the GWRs-based approach, which would make the inferences concerning the influence of the covariates on land take and the implied mitigation policies much more clear and robust.
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Table A1. OLS results, dependent variables log(LANDTAKE): the regression model includes the logarithms of the covariates of Table 1.







Table A1. OLS results, dependent variables log(LANDTAKE): the regression model includes the logarithms of the covariates of Table 1.







	
Variable

	
Coefficient

	
SE

	
t-Statistic

	
Hypothesis Test: Coefficient = 0






	
Constant

	
−8.1773

	
2.4340

	
−3.360

	
0.0010




	
Log(NAT_2000)

	
−0.1222

	
0.0439

	
−2.786

	
0.0060




	
Log(LT_N2000)

	
2.32 × 10−5

	
1.30 × 10−5

	
1.780

	
0.0771




	
Log(COASTRIP)

	
2.26 × 10−5

	
1.54 × 10−5

	
1.463

	
0.1456




	
Log(OLDPLAN)

	
6.82 × 10−6

	
1.41 × 10−5

	
0.482

	
0.6304




	
Log(WATER)

	
1.85 × 10−5

	
1.13 × 10−5

	
1.637

	
0.1037




	
Log(SLOPE)

	
−0.0349

	
0.0438

	
−0.796

	
0.4274




	
Log(DENSITY1990)

	
0.3236

	
0.0709

	
4.561

	
0.0000




	
Log(INCOME2008)

	
0.8541

	
0.2811

	
3.039

	
0.0028




	
AUTOCORR

	
0.1625

	
0.0581

	
2.796

	
0.0058








Adjusted R2 = 0.5049.
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Table A2. OLS results, dependent variable LANDTAKE: the regression model includes the covariates of Table 1, except COASTRIP and OLDPLAN.







Table A2. OLS results, dependent variable LANDTAKE: the regression model includes the covariates of Table 1, except COASTRIP and OLDPLAN.







	
Variable

	
Coefficient

	
SE

	
t-Statistic

	
Hypothesis Test: Coefficient = 0






	
Constant

	
0.0365

	
0.7945

	
0.046

	
0.9634




	
NAT_2000

	
−0.0148

	
0.0063

	
−2.366

	
0.0192




	
LT_N2000

	
0.0177

	
0.0048

	
3.663

	
0.0003




	
WATER

	
−0.0023

	
0.0005

	
−4.400

	
0.0000




	
SLOPE

	
−0.0311

	
0.0107

	
−2.898

	
0.0043




	
DENSITY1990

	
0.0036

	
0.0011

	
3.121

	
0.0021




	
INCOME2008

	
0.0002

	
0.0001

	
1.588

	
0.1142




	
AUTOCORR

	
0.7909

	
0.1634

	
4.842

	
0.0000








Adjusted R2 = 0.5575.
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Table A3. OLS results, dependent variable LANDTAKE: the regression model includes the covariates of Table 1, except OLDPLAN.







Table A3. OLS results, dependent variable LANDTAKE: the regression model includes the covariates of Table 1, except OLDPLAN.







	
Variable

	
Coefficient

	
SE

	
t-Statistic

	
Hypothesis Test: Coefficient = 0






	
Constant

	
−0.0560

	
0.8099

	
−0.069

	
0.9450




	
NAT_2000

	
−0.0141

	
0.0064

	
−2.197

	
0.0295




	
LT_N2000

	
0.0181

	
0.0049

	
3.707

	
0.0003




	
COASTRIP

	
−0.0001

	
0.0001

	
−0.619

	
0.5368




	
WATER

	
−0.0022

	
0.0005

	
−4.229

	
0.0000




	
SLOPE

	
−0.0304

	
0.0108

	
−2.807

	
0.0056




	
DENSITY1990

	
0.0035

	
0.0011

	
3.063

	
0.0026




	
INCOME2008

	
0.0002

	
0.0001

	
1.669

	
0.0972




	
AUTOCORR

	
0.7896

	
0.1637

	
4.824

	
0.0000








Adjusted R2 = 0.5555.
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Table A4. OLS results, dependent variable LANDTAKE: the regression model includes the covariates of Table 1, except COASTRIP.







Table A4. OLS results, dependent variable LANDTAKE: the regression model includes the covariates of Table 1, except COASTRIP.







	
Variable

	
Coefficient

	
SE

	
t-Statistic

	
Hypothesis Test: Coefficient = 0






	
Constant

	
−0.1076

	
0.8085

	
−0.133

	
0.8943




	
NAT_2000

	
−0.0130

	
0.0065

	
−1.996

	
0.0476




	
LT_N2000

	
0.0188

	
0.0050

	
3.786

	
0.0002




	
OLDPLAN

	
−0.0001

	
0.0001

	
−0.965

	
0.3359




	
WATER

	
−0.0022

	
0.0005

	
−4.274

	
0.0000




	
SLOPE

	
−0.0266

	
0.0117

	
−2.272

	
0.0245




	
DENSITY1990

	
0.0034

	
0.0012

	
2.909

	
0.0042




	
INCOME2008

	
0.0002

	
0.99 × 10−4

	
1.619

	
0.1075




	
AUTOCORR

	
0.8206

	
0.1663

	
4.936

	
0.0000








Adjusted R2 = 0.5572.
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Figure 1. Spatial layout of the Natura 2000 network in Sardinia as of 2007. 
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Figure 2. Spatial distribution of habitats of community interest in Sardinia: type 2 “Coastal sand dunes and inland dunes” and type 9 “Forests”. A “type” here corresponds to the set of habitat codes listed in Annex I of the Habitats Directive that begin with the same first-level digit. 
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Figure 3. Spatial distribution of habitats of community interest within the site of community interest (SCI) “ITB 020015—Area del Monte Ferru di Tertenia” as mapped in 2013 within the regional project titled “Monitoring the conservation status of habitats and species of community interest within Natura 2000 sites (N2S) in Sardinia”, funded through the ERDF (European Regional Development Fund), Sardinian Regional Operational Program for the 2007–2013 period. Habitats are coded following the nomenclature provided in Annex I of the Habitats Directive and grouped together when two or more habitats are intertwined. The asterisk indicates priority habitats, as defined in Article 1 and listed in Annex I of the Habitats Directive. 
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Figure 4. Analysis of changes in artificial land cover between 1990 and 2008: an example showing correction of inconsistencies due to differences in the two maps’ resolutions. 
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Figure 5. Cartographical visualization of some issues arising when using census data to assess land take (time interval: 1991–2011): (a) boundaries in the 1991 map are much coarser than in the 2011 map; (b) industrial areas and transport facilities are not mapped in the 1991 map (the oil refinery showed in the map was built in the 1960s); (c) a number of hamlets mapped in 1991 are not mapped in 2011; (d) artificial areas, such as detached buildings in the countryside that can be detected in the regional CORINE land cover (CLC) map are not mapped, per se (they belong to the class “area with sparse buildings”, together with forests, beaches or agricultural areas without any buildings). 
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Figure 6. Land take between 1900 and 2008 at the local scale in Sardinia: an example from five municipalities. 
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Figure 7. Spatial distribution of the dependent variable LANDTAKE (quantiles). Grey polygons represent municipalities whose territory overlaps at least one Natura 2000 site; darker shades of grey correspond to increasing significance of land take per unit of municipal land area. 
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Figure 8. Spatial distribution of the three potential drivers having the highest correlation coefficient (all quantiles). Grey polygons represent municipalities whose territory overlaps at least one Natura 2000 site; darker shades of grey correspond to increasing significance of each driver. 
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Figure 9. Spatial distribution of policy implications: ratio of the total municipal area whose land cover would have changed from non-urbanized to urbanized between 1990 and 2008 to the municipal land area if an increase in size of N2Ss had occurred (left) and difference between actual and simulated values of LANDTAKE (right) (both quantiles). Polygons represent municipalities. 
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Table 1. Definition of variables related to land take in the period 1990–2008 and covariates, and descriptive statistics (for all the variables, the spatial unit is the municipal administrative land area).
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Variable

	
Definition

	
Mean

	
SD.






	
LANDTAKE

	
Ratio of the total municipal area whose land cover changed from non-urbanized to urbanized between 1990 and 2008 to the municipal land area (%, ha/ha) (sources: CORINE Land Cover 1990, next CLC90 [58]; 2008 Regional CORINE Land Cover Map, level 1, next CLCMS08 [59])

	
1.86

	
2.45




	
NAT_2000

	
Ratio of the total municipal land area belonging to the Natura 2000 network in 2008 to the municipal land area (%, ha/ha) (source: Spatial Dataset of the Regional Geographic Information System of Sardinia, next SDRGISS [59])

	
31.16

	
24.65




	
LT_N2000

	
Total municipal area whose land cover changed from non-urbanized to urbanized between 1990 and 2008 within the Natura 2000 network (ha) (sources: CLC90; CLCMS08; SDRGISS)

	
20.40

	
35.07




	
COASTRIP

	
Municipal land area classed as Natura 2000 and included in the coastal strip (ha) (sources: SDRGISS; Regional Landscape Plan’s spatial dataset [59])

	
690.23

	
1785.09




	
OLDPLAN

	
Municipal land area classed in planning code in force before 2006 as areas where land transformations and new developments were almost totally forbidden (ha) (source: SDRGISS)

	
1357.25

	
2558.73




	
WATER

	
Total municipal area classed as 4 “Wetlands” or 5 “Water bodies” in the 2008 regional land-use map and included in the Natura 2000 network (ha) (source: SDRGISS)

	
114.83

	
388.38




	
SLOPE

	
Municipality’s weighted average slope of areas included in the Natura 2000 network; weight = area of the share of the municipality designated as Natura 2000 site(s) (%) (source: SDRGISS)

	
18.85

	
13.30




	
DENSITY1990

	
Municipality’s residential density in 1990 (residents/km2) [60]

	
77.85

	
194.62




	
INCOME2008

	
Municipality’s per-capita income in 2008 (€) [61]

	
7442.91

	
1727.64




	
AUTOCORR

	
Municipality’s spatially lagged dependent variable 1990–2008 (ref: LANDTAKE)

	
1.67

	
1.16
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Table 2. Pearson product-moment correlation coefficients between the dependent variable (LANDTAKE) and all of the covariates listed in Table 1.
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Variable

	
ρ






	
NAT_2000

	
−0.192




	
LT_N2000

	
0.415




	
COASTRIP

	
0.054




	
OLDPLAN

	
−0.038




	
WATER

	
0.172




	
SLOPE

	
−0.279




	
DENSITY1990

	
0.439




	
INCOME2008

	
0.483




	
AUTOCORR

	
0.591
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Table 3. Ordinary least squares (OLS) results, dependent variable LANDTAKE: the regression model includes the covariates of Table 1.
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Variable

	
Coefficient

	
SE

	
t-Statistic

	
Hypothesis Test: Coefficient = 0






	
Constant

	
−0.1040

	
0.8137

	
−0.128

	
0.8985




	
NAT_2000

	
−0.0130

	
0.0066

	
−1.990

	
0.0484




	
LT_N2000

	
0.0188

	
0.0050

	
3.774

	
0.0002




	
COASTRIP

	
6.52 × 10−6

	
0.0001

	
0.056

	
0.9551




	
OLDPLAN

	
−6.46 × 10−5

	
8.74 × 10−5

	
−0.740

	
0.4607




	
WATER

	
−0.0022

	
0.0005

	
−4.232

	
0.0000




	
SLOPE

	
−0.0264

	
0.0121

	
−2.191

	
0.0300




	
DENSITY1990

	
0.0034

	
0.0012

	
2.890

	
0.0044




	
INCOME2008

	
0.0002

	
0.0001

	
1.567

	
0.1192




	
AUTOCORR

	
0.8224

	
0.1698

	
4.843

	
0.0000








Adjusted R2 = 0.6441.
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Table 4. Student’s t-test results (variable LANDTAKE).
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Threshold 1: 250 m

	
Threshold 2: 500 m

	
Threshold 3: 750 m

	
Threshold 4: 1000 m






	

	
Group 1 (D < 250 m)

	
Group 2 (D > 250 m)

	
Group 1 (D < 500 m)

	
Group 2 (D > 500 m)

	
Group 1 (D < 750 m)

	
Group 2 (D > 750 m)

	
Group 1 (D < 1 km)

	
Group 2 (D > 1 km)




	
Mean

	
2.35065

	
1.32240

	
2.21688

	
1.33790

	
2.16729

	
1.26354

	
2.08861

	
1.32390




	
Variance

	
9.59658

	
1.55960

	
8.65806

	
1.70335

	
8.28682

	
1.06572

	
7.91396

	
1.13303




	
Observations

	
88

	
79

	
100

	
67

	
111

	
56

	
118

	
49




	
t stat

	
2.86516

	
2.62639

	
2.95262

	
2.54632




	
p-value

	
0.00247

	
0.00477

	
0.00182

	
0.00590








D: minimum distance between a main settlement belonging to a given municipality and the closest N2S.
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