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Introduction: The industrial activity constitutes one of the most driving sectors of a nation, as it is often considered at the center of public debate as the fulcrum of development policies. However, considering the climate impacts generated, many industries have necessarily changed, relocated, and/or interrupted their production. Due to the connection of industrial sites with the socio-economic, environmental, and health systems of cities, the real estate market dynamics can be differently affected by the presence of polluting industrial sites. With reference to the Italian context, the goal of the research is to, firstly, verify whether there is a functional relationship between the presence of polluting industrial sites and the residential real estate market dynamics, for then determining its type and the extent of purchase price affection.

Method: The proposed logical-evaluative model is based on the application of an econometric technique for investigating the significance of the industrial sites on the residential real estate dynamics through a set of technological, locational, and health variables.

Results: The obtained results show that the total surface area of the polluting sites, the activity level and the industrial plant opening date are among the most relevant variables, instead the accessibility to the industrial site does not influence the real estate market dynamics.

Discussion and practical implications: The main practical implication of the present research consists of the possibility to provide a support for the activation of strategies aimed at adopting sustainable development models in the industrial sector.
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1 Introduction

In the context of global urban regeneration initiatives, the recovery of sizable disused industrial sites for potential future reuse is a key issue (Dasgupta and Tam, 2009). In fact, the remediation and renovation initiatives of contaminated sites represent a good choice in terms of the environment, economy and society (Green, 2018), even if the high remediation costs and bureaucratic complexity are often considered the most significant obstacles of such initiatives. Given the common technical, regulatory and economic critical issues in the development of regeneration initiatives aimed at introducing new activities - residential, commercial, artisanal, office or functional mix - on areas previously used for industrial production or for the storage of products from the agri-food chain -, in recent decades, public attention toward environmental issues has increased (Alker et al., 2000). With the advent of sensitivity to ongoing climate changes and the increase in awareness in various academic, political and professional fields of having access to natural resources in limited quantities, a progressive desire to move industries toward peripheral urban areas and away from real estate residential properties has inevitably established.

Numerous studies and research have highlighted how the increase in pollution levels, the emergence of diseases, the increase in the mortality rate and the depopulation of some urban areas are all dynamics attributable to the presence of polluting industrial sites. According to the analysis carried out by the European Environmental Agency (EEA), the largest industrial plants contribute a significant share of total emissions of major air pollutants and greenhouse gases, including the release of pollutants into water and soil, the production of toxic and radioactive waste and the reduced consumption of energy from renewable sources (European Environmental Agency, 2020). However, thanks to the contributions deriving from a series of factors such as stricter environmental regulations, progress in energy efficiency, a general trend in European industry toward the abandonment of heavy, more polluting production, and the spread of more responsible industrial models, the environmental impact of European industry has improved in recent years.

There are currently five European regulations aimed at limiting industrial pollution: the European Parliament Council Directive 2010/75/EU (2010) on industrial emissions, the European Parliament Council Directive 2015/2193/EU (2015) and of the Council of 25 November 2015 on the limitation of emissions of certain pollutants into the air from medium combustion plants, the European Parliament Council Directive 2009/125/EC (2009) establishing a framework for the setting of ecodesign requirements for energy-related products, the European Parliament Council Directive 2003/87/EC (2003) establishing a scheme for greenhouse gas emission allowance trading within the Community and amending European Parliament Council Directive 2000/60/EC (2000) of the European Parliament and of the Council of 23 October 2000 establishing a framework for Community action in the field of water policy, the European Council Directive 91/271/EEC (1991) concerning urban waste-water treatment.

As part of the strategic measures established and promoted at European level, the ecological transition is one of the pillars of the European Commission (2019), Next Generation EU (2022) in connection with the Green Deal and, in the Italian context, one of the fundamental components of the National Recovery Resilience Plan (NRRP) (2022). The ecological transition plan refers to a significant transformation process aimed at neutralizing all those phenomena considered harmful to the ecosystem and human wellbeing. 71.6 billion euros of European funds have been dedicated to this goal achievement, divided into three missions articulated into a set of components for different purposes. Within this framework, an essential aspect concerns the costs of damage caused by air pollution. It is estimated that in 2017, air pollution emitted by large industrial sites in Europe cost society between 277 and 433 billion euros. This is equal to about 2–3% of the European Gross Domestic Product (GDP) and is higher than the total economic output of many individual member states in that year. The main polluting facilities are in Germany, the United Kingdom, Poland, Spain and Italy. When these costs are compared to GDP - as an indicator of relative environmental performance per unit of national economic production - the top five countries are Estonia, Bulgaria, the Czech Republic, Poland and Slovakia.

The consequent delocalization, however, has modified the socio-economic sub-stratum of cities and urban fabrics, both in terms of modification of the level of attractiveness in the work-employment context, and in terms of the spread of degraded and now contaminated urban areas due to former abandoned industrial sites (Williams and Dair, 2007). These areas usually result from the loss of once rich inner city districts, leaving behind environmentally risky properties and buildings that can represent significant obstacles in terms of development. They are generally defined as abandoned structures and premises that are totally or partially decommissioned and no longer serve their purpose (Schädler et al., 2011). According to Accordino and Johnson (2000) and Yount (2003), brownfields are real estate properties that are underutilized, neglected, and perhaps contaminated (Accordino and Johnson, 2000; Yount, 2003; Anelli and Tajani, 2022). Several brownfields still exist because they were once used for industrial, agricultural, military, transportation, religious, or communal purposes but were no longer economically viable (Skrabal, 2020; Turečková et al., 2021). Brownfields, however, stay to be a crucial component of both urban and rural areas, therefore they must be carefully considered when planning development (Dubé et al., 2018; Navrátil et al., 2020; Anelli and Tajani, 2023). Although they are a fairly specialized aspect of spatial architecture in post-industrial areas, brownfields are unquestionably important (Martinat et al., 2017). Living near a brownfield or having a property there has disadvantages that aren't always seen favorably. These locations are frequently associated with a number of detrimental effects, involving social, environmental, economic, health, and safety challenges (Accordino and Johnson, 2000). Gaining a better grasp of how brownfield sites affect the values of surrounding properties is the main goal of the following work.

Through the analysis of the real estate market dynamics, it is possible to highlight the influence that the pollution sites have on the demand and supply composition, in order to provide essential basis for the adoption of urban environment improvement strategies. Regardless of whether a property is adjacent to a brownfield, its location beneath communities or regions - whether central or remote - has a substantial influence on its value (Bacot and O'Dell, 2006). If this influence is detrimental, it causes an adverse effect for the owners of surrounding properties, thus as a consequence, the owner works to reduce or remove such an externality (Lange and McNeil, 2004). Being an inspiration in lowering and alleviating social-economic failures is consistent with the public sector's core responsibility. Assistance is urgently needed, particularly in the area where the frequency of neglected brownfields is significantly high and has a detrimental effect on people's standard of life and welfare.

The study map is articulated as follows: Section 2 is intended to report the brownfield's effect on the market value of surrounding properties from the literature on the topic; Section 3 describes the case study and all the considered variables; Section 4 explains the applied method and includes the discussion of the obtained results; Section 5 consists of the conclusion of the work, where the advantages and the limitations of the proposed methodology are reported and the future insights are provided.



2 Brownfields' effect on the market value of surrounding properties

Neglected brownfields have several negative effects, one of which is the decrease in value of nearby houses. There have been several studies on this subject that have examined the relationship between the presence of brownfields and the effect they have on the value of residential properties in the surrounding area (De Sousa, 2002, 2006; Bacot and O'Dell, 2006; Hula and Bromley-Trujillo, 2010; Schädler et al., 2011; Green, 2018). A research of Leigh and Coffin (2005) examined the worth of more than 6,800 properties in the City of Cincinnati (Ohio, USA) that were <2,000 feet (~610 m) from brownfields. They discovered that each percent of residential property was positioned closer to the brownfield, which resulted in a depreciation of the property value of almost 0.1%. On the other hand, market value rose by almost 0.1% for every 1% increase in distance from the closest brownfield. The Authors also noted that the city's property taxes (in their analysis, they cited a loss of 2.2 million US dollars yearly) are affected by the general decline in property values brought on by their proximity to brownfields. The effect of brownfields on property value began to diminish at a distance of 2,000 feet between properties.

The existence of brownfields, according to Gibilaro and Mattarocci (2019) study, has a detrimental effect on the real estate market since it lowers demand for homes, apartments, and other assets while also lowering the rental value. Because of this undesired consequence, the owners of the impacted properties unintentionally suffer a loss (a negative externality), and as a result, their rental income is lower than it could otherwise be. Their research also found something else that is quite important: the district's property prices decrease as the proportion of brownfield sites increases.

A more significant decline in property values can be seen if abandoned and abandoned brownfield sites are in the vicinity of the center (within a 0.5 km radius of the core). In fact, it appears that the value of a property's neighbors may depend on more than just its proximity to a brownfield—in addition, it may depend on how many nearby abandoned sites there are (Gibilaro and Mattarocci, 2019). A similar method was used by Bacot and O'Dell (2006) to analyze the effects of brownfield regeneration on the property values of nearby residential properties in Milwaukee (WI, USA) and Minneapolis (MN, USA) in an effort to quantify the effects of brownfield on property value. They found that the redevelopment of nearby brownfields boosted the net home prices by 11.4 and 2.7%, respectively (Bacot and O'Dell, 2006). This result is corroborated by findings from the Haninger et al. (2017), which found that brownfield regeneration causes rise in home prices ranging from 5.1 to 12.8% (Haninger et al., 2017). According to a different research, it is 5 to 15% for real estate, located no farther than 3/4 mile from the brownfield site (Kaufman and Cloutier, 2006). Haninger et al. (2017) more recent research established that brownfield regeneration had a statistically significant, favorable, but highly localized influence on home prices. According to the study, real estate value rose from 5 to 11.5% when brownfields were cleaned up and restored. This range fits the expected impact range (3 to 36%) based on earlier research (Longo and Alberini, 2006; Braden et al., 2011; Gamper-Rabindran and Timmins, 2013). At this point, it is quite crucial to highlight that, according to a cost-benefit study, the advantages of brownfield regeneration outweigh the costs required. This study also demonstrates how general cleanup and regeneration of brownfield lands enhanced the value of nearby houses and had a favorable impact on the surrounding community's wellbeing (Banzhaf and McCormick, 2006; Angelakoglou et al., 2019).

The value of surrounding properties is impacted by many factors than just the presence of a nearby brownfield. According to the literature, it is primarily the local real estate market's characteristics (Heitz et al., 2019), the desire for other properties (Immergluck, 2008), or how residents see specific areas (Kuethe, 2012). Numerous studies listed above also highlight the significance of how far key properties are from brownfields or from the center of the community. According to Baxter and Lauria (2000), a negative impact of brownfields on the average property value within the neighborhood implies a change in the average income of the inhabitants (a decrease), or alternatively, a change in the social or cultural status of the inhabitants in the relevant locality, as these properties will be traded at a lower price or rented for less (Baxter and Lauria, 2000). As a result, the properties will become more appealing to less wealthy individuals who may eventually relocate into the region. The concentration of such groups of individuals may develop deeper and stronger over time, and in extreme cases, it may lead to the establishment of poor regions. Much research on the perception of abandoned brownfields uses the stigmatization of whole areas where these sites are located as a psychological phenomenon. In his study (McCarthy, 2002), McCarthy underlines that worries about brownfields stem from a lack of knowledge regarding the status of the relevant site (its safety, pollution). Mueller (2005) demonstrates such a concept while also discussing the uncertainty associated with brownfield regeneration initiatives, which is reflected in the values of nearby properties as well as in the brownfield itself. Only strong dialogue with residents and a regular information campaign will be able to eradicate the stigma of pollution and associated health risks (Mueller, 2005). Brownfield regeneration can address the health, ecological, and economic risks posed by site contamination, as well as help to manage the growing population in urban areas and prevent urban sprawl. A component of microeconomic consumer theory is unquestionably worth addressing. It contends that the real price of the property is unimportant, and that the perceived worth appears to be the most important aspect. This value might range greatly from the real price, and the perceived value influences the objective property price (Pan et al., 2014). Numerous more internal and external elements, as well as the distinctiveness of the socio-cultural area around each specific brownfield, affect property prices in brownfield communities. In general, it may be inferred that there is a negative relationship between the value of the nearby properties and the location of abandoned and decaying brownfields.

When addressing the unfavorable consequences that brownfields typically have on their community, redeveloping the brownfield site does appear to be the best course of action. Due to the fact that the majority of these abandoned sites are found in urban settings, it is crucial to regenerate in accordance with sustainability principles, and to take into account urban planning (Potschin and Haines-Young, 2008; Walter and Stützel, 2009; Bleicher and Gross, 2010; Schwilch et al., 2012; Morano et al., 2021; Tajani et al., 2022). The public sector has a significant opportunity to intervene and support brownfield regeneration processes because it is equipped with a number of necessary prerequisites, including financial resources, bargaining power, appropriate tools, and, most importantly, a drive to act that is motivated by the attitudes and interests of the general public (Heberle and Wernstedt, 2006). Reusing and regenerating brownfields improves people's quality of life, helps the environment, increases the value of the land (Dixon, 2006), guards against unwelcome urbanization effects (Schulze-Bäing and Wong, 2012), prevents unwelcome local development (Dixon, 2006), reduces interest in greenfield (Leigh and Coffin, 2005), and prevents socio-pathological phenomena (Haninger et al., 2012).

Additionally, the EU Cohesion Policy (European Commission, 2014, 2015, 2021) encourages integrated development and the redevelopment of brownfield areas rather than greenfield developments. In this setting, brownfield regeneration may address the health, ecological, and economic risks posed by site pollution, as well as assist deal with the growing urban population and prevent urban sprawl (Atkinson et al., 2014). It's worth highlighting a component of the microeconomic consumer theory. According to this argument, the perceived worth of the item appears to be the deciding factor, not the actual amount paid for it. In addition, the perceived worth influences the objective property price in a substantial way, even if it might range greatly from the real price. When determining a property's value, people heavily weigh price (Pediaditi et al., 2005).



3 Case study

The case study relates to the Italian territory. Starting from the classification provided by the Ministry of the Environment and Protection of Land and Sea (now MiTE - Ministry of Ecological Transition), the research focuses on the so-called Sites of National Interest (SINs). These sites, for the purposes of reclamation, are identified by ministerial decree, in agreement with the regions involved, according to the criteria defined by Legislative Decree 152/2006. A SIN consists of a large portion of territory in which the quantity and dangerousness of the pollutants present determine a high environmental and health impact, which includes humans, built heritage, rivers, natural reserves, etc.

Based on the changes to the identification criteria introduced with art. 36-bis of law 7 August 2012, no. 134, in 2012 a survey was carried out of the initial 57 sites classified as SINs, reducing the overall number to 39 with the decree of the Ministry of the Environment and Protection of Land and Sea 11 January 2013 (Approval of list of sites that do not satisfy the requirements referred to in paragraphs 2 and 2-bis of art. 252 of legislative decree 3 April 2006, no. 152 and which are no longer included among the SINs). Now (second semester 2023) there are 41 SIN, for a total surface area of ~170,000 total hectares on land and ~78,000 hectares at sea. Some reclamation procedures have become the responsibility of the regions.

In general terms, SINs, as contaminated areas classified as dangerous by the Italian State, require remediation of the soil, subsoil and/or surface and underground waters to avoid environmental and health damage. In fact, following human activities carried out or underway, for each site an alteration in the qualitative characteristics of the land, surface and underground waters was ascertained. Specifically, the SINs include:

• Abandoned industrial areas;

• Industrial areas undergoing reconversion;

• Active industrial areas;

• Sites affected by asbestos production and extraction activities;

• Ports;

• Areas that have been the subject of accidents in the past with the release of chemical pollutants;

• Former mines, quarries, landfills that do not comply with legislation;

• Illegal landfills.

In such sites, exposure to contaminants can come from professional activity, industrial emissions and from contaminated soil and groundwater. The main contaminants most present within SIN are dioxins, polycyclic aromatic hydrocarbons, heavy metals and organochlorinated solvents and polychlorinated biphenyls.

In all Italian regions there is at least one SIN (Figure 1) in fact 7 of the 58 original SINs are in Lombardy, followed by Campania with 6, Piedmont and Tuscany with 5, Puglia and Sicily with 4, Liguria with 3, Trentino-Alto Adige, Veneto with 2, Friuli-Venezia Giulia, Emilia-Romagna, Marche, Lazio, Abruzzo, Sardinia and Basilicata and finally with 1 Valle d'Aosta, Umbria, Molise and Calabria. The regions with the largest contaminated area are Sardinia with 445,000 hectares and Campania with 345,000 hectares.


[image: Figure 1]
FIGURE 1
 Localization of the SIN within the Italian context. Source: Istituto Superiore per la Protezione e la Ricerca Ambientale (ISPRA) – Authors re-elaboration.



3.1 Variables

According to the aim of the research related to the verification of the existence and, possibly, the extent of the influence that the presence of the 41 SIN determines on the real estate market dynamics, a set of independent variables capable of enucleating the main peculiarities of the SIN is identified. These are technological factors and locational ones and aim to provide a summary of the fundamental intrinsic characteristics of each site with respect to its status quo and location in the geographical context of reference (Angelakoglou et al., 2019; Gibilaro and Mattarocci, 2019). Furthermore, a range of factors which consider the potential influence of the proximity to the polluting site on human health is identified and collected (called health variables). This variables' category is taken as a proxy variable of the health phenomena determined by its closeness and aims to evaluate the perception of the danger of the site by the community in terms of health risks which is reflected in the choices of buyers and sellers (Haninger et al., 2012; Heitz et al., 2019).

Due to the primary frequencies of the indicators' existence in the relevant literature, it was determined to concentrate on the types of indicators mentioned above. In addition, selection was done using uniform individualization criteria that did not anticipate specific, localized circumstances of reference. The relationship between market pricing and environmental quality characteristics has been the subject of several contributions; nevertheless, any parameters of this type should be based on an investigation of each pollution site under review.

Below are the three categories of variables selected for the study:


3.1.1 Technological variables

• Total surface area of the site, expressed in hectares and evaluated as the sum of the extension of the SIN at sea and on land (S);

• Industrial plant opening date, calculated as the difference between the current year (2023) and the construction one (Y);

• State of the site (if it is still operational, decommissioned or partially functional), considered as a ordinal variable (the score 1 is assigned to the decommissioned SIN condition, the score 0 to the active state and the score 0.5 to the partial functionality, or when some activities within the SIN have been discontinued) (D).



3.1.2 Locational variables

• Distance of the SIN from the nearest public green space, calculated in km on foot (V);

• Distance of the SIN from the urban center, calculated in km on foot from the first agglomeration of buildings present (C);

• Accessibility level, assessed in terms of distance from the nearest entrance to the high-speed road, calculated in km by car (A).



3.1.3 Health variables

• Mortality rate from cancer (T);

• Mortality rate from diseases of the nervous system (N).

These variables are determined on the basis of the average value, estimated on a ten-year historical basis (2010–2020) for each study province in which the analyzed SIN fall, referring to the data reported by the database of Health For All of the National Institute of Statistics (ISTAT). The Table 1 summarizes the mean, the min and the max values, the unit of measurement and the type of variable (ordinal/cardinal) of the considered factors.


TABLE 1 Main descriptive statistics of the considered variables.

[image: Table 1]

The dependent variable considered in the analysis is represented by the value differential between the average price recorded at municipal level and the average price of the micro-zone in which the SIN falls, both expressed in €/m2 for the residential market segment and referring to the year 2023. The choice to use the differential of average housing sales prices is linked to the objective of the work of analyzing the influence of the presence of the SIN on the dynamics of the real estate market and, in particular, on the difference existing between the average real estate values in the reference context and those of the specific urban area in which the SIN is located. The assumption underlying the logical evaluation model is, in fact, that the gap detected is associated with the presence of the contaminated site and its specific characteristics and that the value differential is an adequate proxy variable of the preferences of potential buyers.





4 Method

The econometric technique implemented in the present research for the verification of the existence and extension of the correlations between the presence of the SIN and the differential between the municipal average residential prices and the average property selling prices observed in the urban area in which the SIN is included, borrows the operative logic of Hedonic Prices (HP) methods. The technique is called Evolutionary Polynomial Regression (EPR) and is explained in depth in different research papers concerning several fields, among which the real estate one (Tajani et al., 2017; Di Liddo et al., 2020; Morano et al., 2020). In particular, the econometric technique is used in this research for the analysis of the contribution of the different variables on selling prices (i) by identifying the most influencing factors, (ii) by determining the function correlation typology (direct or inverse). The tool is functional to the quantification of the percentage contribution of each factor (independent variable) on property prices differential (dependent variable). Different applications have already attested the potentialities of the EPR technique if compared to HP, Artificial Neural Networks (ANN) and Utility Additive (UTA) approaches (Morano et al., 2018). It should be highlighted that the main advantages of the EPR technique are related to the possibility to obtain the Pareto optimal frontier by considering the following three conflictual objectives: the maximization of the statistical accuracy; the minimization of the complexity of the model and the maximization of the model's parsimony. The implementation of EPR also allows to generate non-linear marginal function of the variables included in the model - the marginal price is not constant - and this demonstrates a higher empirical validity of the mathematical correlations that reflect in a better way the real market behavior. In addition, with reference to the possibility to immediately identify the functional correlation between the explanatory variables and the dependent one, the Artificial Neural Networks is not able to do it, the HP models have minor statistical goodness, whereas EPR automatically selects the optimal functions that are easily interpretable. The UTA approach, instead, even if consents the identification of marginal utility functions divided into sections, is more computationally complex due to the lack of software for the automatic and encoded implementation of the UTA algorithms (Tajani et al., 2016).


4.1 Application of the methodology

After the implementation of the EPR technique to the case study a set of models has been obtained. Each model is expressed in polynomial form in which the dependent variable is the differential in average housing sales prices recorded at municipal level and in the micro-zone to which the SIN belongs (P) and the independent ones are selected by EPR among the factors listed in the sub-paragraph 1 (initially considered). Each additive term of the mathematical expression of the models is assumed as a combination of the input variables raised to the proper numerical exponents. In particular, the candidate exponents selected in the research belong to the set (0; 0.5; 1; 2) and the maximum number of additive terms in final expressions is assumed equal to eight. The several models differ in terms of the statistical performance level (summarized by the Coefficient of Determination) and the complexity of the algebraic expression (in terms of the quantity of the equation terms and the number of variables combined in each term): in this sense, the first choice of the “best” model (i.e., that to be analyzed in accordance with the aim of the paper) should be carried out taking into account these two aspects and, then, the empirical consistence of the coefficient's signs. Among the models generated by EPR, in this analysis the one chosen for the subsequent analysis related to the quantification of the contribution of each selected influencing factor on the price's differential is reported below (Equation 1):

[image: image]

By taking into account the collected input data, among the 8 variables initially selected for the study, seven factors have been included in the model generated by EPR as considered influencing in the residential market dynamics. The only variable initially considered in the analysis but not included in the model generated by EPR and selected by the user is that relating to the accessibility level, assessed in terms of distance from the nearest entrance to the fast road artery. The exclusion of this factor from those most influential in the formation processes of real estate prices attests to a lack of market appreciation for the proximity to a specific urban or extra-urban road.



4.2 Results interpretation

The analysis of the functional correlations between the selected independent variables and the value differential between the average price recorded at municipal level and the average price of the micro-zone in which the SIN falls (Figure 2) has allowed to (i) verify the empirical consistence with the expected outputs and (ii) determine the weight of each explanatory variables on the preferences of potential buyers.


[image: Figure 2]
FIGURE 2
 Functional relationships between the locational, technological, and health variables chosen by the econometric approach and the considered value differentials.


For each of the seven factors selected by EPR technique as the most influencing in the real estate mechanisms, a brief explanation is provided below, according to the following three category categories of variables: technological, locational and health.


4.2.1 Technological variables results

With reference to the technological variables, the total surface area of the SIN (S) represents a relevant factor considered in the choice processes related to the housing market (Gibilaro and Mattarocci, 2019). When the SIN is abandoned (D = 1) a direct link with the extension of the site and the value differential between the prices recorded for the entire municipality and those of the micro-zone to which the site belongs is observed. As the size of the polluted area grows, the gap between prices progressively increases, with the municipal average always higher than that of the micro-zone. The phenomenon described demonstrates how the size of the SIN influences the decision-making processes of potential subjects interested in purchasing a house to satisfy their own needs (and therefore for personal use) or for investment purposes (Zhao et al., 2018). In correspondence with SIN of limited dimensions (in the study sample analyzed the smallest SIN has a total extension of 13 hectares), a negative differential between the average municipal quotation and the micro-zone quotation is detected, i.e., a negative value is established higher average real estate prices in the micro-zone to which the SIN belongs compared to the average recorded in the broader context of the municipality. For SIN with a size of 85 hectares, a substantial coincidence of real estate prices is observed and, therefore, a value differential equal to 0%, which is associated with an almost zero influence of the presence of the SIN on the dynamics of the residential market of reference.

When the SIN is active (D = 0), the trend of the dependent variable observed on the basis of the collected study sample is opposite to that described for decommissioned SIN and, therefore, of an inverse type. Specifically, there is an initial increase in the value gap between average municipal quotations and micro-zone quotations which, starting from positive values (municipal quotation higher than the micro-zone quotation) and in correspondence with SIN of limited size (beyond below 8,000 hectares), is followed by a gradual decrease in the differential. For SIN with a total extension of ~20,000 hectares, equality is verified between the prices recorded at municipal level and those of the reference micro-zone (value differential equal to 0%). Once this threshold is exceeded, there is a reversal of the trend in the value differential with the prices of the micro-zone taking on higher values than those of the municipal ones (negative differentials). Therefore, while maintaining the decreasing trend already noted, the increase in the gap between the municipal and micro-zone quotations referring to each SIN of the study sample is highlighted with a growing appreciation for the urban areas in which the active sites occupy surfaces greater. The result obtained is consistent with the expected one, given the job opportunities that larger active SINs offer compared to smaller ones. In the illustrated scenario (in which the SIN is functioning), the ability of the SIN to attract new potential workers, configuring itself as a receptacle of work and, therefore, a source of wealth, constitutes a significantly influential factor in purchasing choices, distorting the vision of the SIN as a polluted and polluting place, dangerous for human health.

For the technological variable relating to the age of the SIN (Y), the observed trend of the value differential between the average price recorded at municipal level and the average price of the micro-zone in which the SIN falls is of an inverse type both for decommissioned and active SIN. As the difference between the current year 2023 and the year of construction of the SIN increases (i.e., the older the SIN is), a decrease in the differential between the municipal price and that of the micro-zone is found. As the date of creation of the SIN increases, the differential between the municipal and micro-zone quotations diminishes, mainly thanks to different factors that characterize the area in which these SINs are located which, being older, is more urbanized (Warren et al., 2017). In fact, it must be highlighted that, especially in the periods of maximum industrial development, a real urban nucleus was established around the production plants, with private and public services, capable of creating a strong connection between working life and domestic life. In this sense, the oldest industrial plants are located in totally urbanized areas in which the presence of facilities (potentially also easily accessible and well-functioning) constitutes a determining factor in the decisions to purchase properties for residential use.

The status of the SIN in relation to its degree of operation is among the factors included in the model generated by EPR as influential in the dynamics of the real estate market.

The graph in Figure 2 shows that in all three situations (D = 0, D = 0.5, and D = 1), the value differential between the municipal prices and those of the SIN micro-zone is positive, ensuring an average value of prices housing in the larger municipality compared to that of the micro-zone. Furthermore, the trend found with reference to the study sample is increasing (on average by 28% moving from a condition of total inactivity to that of partial functionality and, subsequently, to that of total operation and by 49% in the transition from the situation of complete inactivity to that of full activity) but not constant. In fact, there is an increase of 38% in correspondence with the transition from an active SIN to a partially active one and of 17% when moving from this condition to that in which the SIN is completely decommissioned. In the situation where the SIN is active, this constitutes a potential workplace for the community. Proximity to the job site represents a significant element appreciated by buyers who, ordinarily, show a preference for houses located not too far from the workplace. The result obtained for variable D attests to a significant importance assumed by the economic component strictly associated with the presence of a SIN in full operation, which is reflected in a value differential between the observed prices that is less considerable compared to the condition in which the SIN is decommissioned (Nguyen and Nguyen, 2021).

In fact, if the SIN is decommissioned, the community's general sharing of the presence of the polluting site (a source of risk for human health) and, very often, in a state of abandonment and degradation, determines an increase in the difference in quotations with the average value of prices at municipal level higher than those of the micro-zone to which the SIN belongs.

The considerations made on variable D are in line with the generally valid behavior assumed by communities residing near production plants, which have been the subject of extensive public debate for years due to the health impacts that proximity to such plants causes.



4.2.2 Locational variables results

With regards to the locational variables, the distance of the SIN from the nearest public green space (V) and the distance of the SIN from the urban center (C) are the two variables included in the model obtained from the implementation of the econometric technique and selected for the analysis among the three initially considered (Yao and Stewart Fotheringham, 2016; Soltani et al., 2022).

The functional correlations found for the variable V in the situation of active SIN and in that of decommissioned SIN are consistent with what was expected. As the distance of the SIN from the nearest green area increases, the trend detected in the two situations is parabolic. For the active SIN, starting from the situation observed for the study sample of minimum proximity to the public green space (distance equal to 0.20 km) for which the differential is negative (average price of the micro-zone higher than the municipal one), it stands then a progressive growth of the positive differential between municipal and micro-zone prices. The gradual increase in the gap in real estate values shows its peak at a distance from the nearest green area equal to 13.80 km, beyond which it transforms into the opposite and inverse trend. In this scenario with the site functioning, the proximity of the SIN to the nearest urban green area has a significant influence, constituting a factor positively appreciated in real estate choices. The same trend of the variable V with D = 1 (i.e., decommissioned SIN) differs in correspondence with the condition of V = 0.20 Km for which the recorded difference is almost equal to 0, with the average price of the micro-zone in which the SIN is located similar to the municipal one.

The maximum positive differential (with the municipal quotation higher than that of the micro-zone) is found at the distance from the green area closest to the SIN equal to 16.0 km, beyond which the progressive reduction of the differential is highlighted (corresponding to the second part of the decreasing parabolic trend). The output obtained in the two situations analyzed (D = 0 and D = 1) indicates how the operation of the site takes on a central role in the residential dynamics which are reflected (i) in the preferences shown by potential buyers, and (ii) in the formation of sales prices.

With reference to the location variable C (distance of the SIN from the nearest urban center), as the value of this factor increases, the differential between the average municipal price and that of the micro-zone in which the site is located decreases (Ho et al., 2021). Starting from positive differentials which demonstrate average real estate values recorded at a municipal level that are higher than those of the micro-zone to which the SIN belongs, corresponding to a distance from the production plant to the urban center of ~9.0 km, we observe a differential equal to 0 and therefore substantial uniformity in the market values of residential properties. Once this distance has been overcome, even with the same inverse trend between the distance of the SIN from the urban center and the differential of the real estate prices, negative differentials progressively increase in absolute value are highlighted (the average price of the micro-zone of the SIN is gradually greater than the average municipal price). At SIN further away from the urban center, the price of the micro-zone is therefore higher than that of the municipal one, due to the infrastructural systems and public and private services built around the site which make the neighboring area attractive from a real estate point of view. In this sense, the urban development of the SIN area furthest from already structured urban centers has become necessary over the years, creating real “satellite cities,” in which the SIN constitutes the polarity around which the built spaces diversified in terms of functions and relationships, of various sizes, equipped with primary and secondary urbanization works and the different infrastructures and commercial activities were created. In general terms, the urban context defined starting from the SIN is progressively enriched with services for the community, allowing SIN workers not to travel long distances to reach the workplace.



4.2.3 Health variables results

It must first of all be underlined that both variables initially considered in the analysis are included in the model generated by the econometric technique among the most influential factors in the real estate mechanisms connected to the presence of SIN. For the variable relating to the cancer mortality rate (T) recorded at the provincial level with respect to the location of the SIN analyzed, the constructed trend is fully in line with what was expected. For active SIN, as the mortality rate from cancer increases, the trend in the differential between the municipal price and that of the micro-zone increases. At a rate of up to ~28, the price of the micro-zone in which the SIN falls is higher than that of the municipality, subsequently undergoing a gradual decrease which is reflected in an increase in the differential detected. Beyond this threshold, in fact, the municipal quota is higher than that of the micro-zone in a gradually increasing manner, attesting to a relationship of direct proportionality between the mortality rate from cancer and the differential in real estate values found (Heitz et al., 2019).

The trend obtained demonstrates that, in situations where the mortality rate is low, the danger to human health and the risk of death from tumors is not perceived as linked to the SIN and, therefore, an influencing factor on residential prices (Haninger et al., 2012).

For decommissioned SINs, the trend is like that described, even if the trend reversal of the differential between the municipal price and the micro-zone price is observed for a smaller mortality rate from tumors (26 compared to 28 in the situation of active SINs). This discrepancy can be reasonably justified by considering the state of the SIN, i.e., its functionality or inactivity. In fact, the condition of full productivity of the SIN translates into the general sharing of the site as a place of work, a source of income, which determines the overcoming of the fear felt for the health associated with the industrial site. This leads to real estate prices in the micro-zone being higher than those in the municipal ones, corresponding to higher cancer mortality rates than what was found for abandoned SIN. By assuming that the residential selling prices are a proxy variable of the preferences shown by potential buyers regarding the presence, the result has allowed to attest the relevance of the state of the site (functioning or decommissioned) with respect to other (health) issues and social).

The findings obtained for the second variable health are contrary to those expected. In fact, the direct functional relationship between the mortality rate for diseases of the nervous system (N) and the differential between the municipal prices and those of the micro-zone in which the SIN falls which was empirically expected, does not correspond to the outputs achieved. As the mortality rate due to diseases of the nervous system increases, there is a progressively decreasing differential in real estate values. In this way, the average municipal price gradually approaches that of the micro-zone, decreasing and attenuating the difference in value between the two. The correspondence of the average prices (differential equal to 0) is found for a mortality rate equal to 6.40. From this value, the trend of the differential is the opposite, with the average price of the micro-zone in which the SIN falls greater than that of the municipal one. The result found attests to the absence of the link between mortality connected to neurological pathologies and the presence of the SIN: the possibility of contracting diseases of the nervous system is not, therefore, associated with the proximity of the home to the SIN. The increase in real estate values in the micro-zone to which the SIN belongs is possibly correlated to other specific factors that make the urban area more attractive from a real estate point of view (Gunn et al., 2022).





5 Conclusions

The industrial sector is one of the most relevant items in the ranking of importance for the global Gross Domestic Product (GDP), which can be identified as an ever-present element in a country's sustainable development policies and strategies. However, many existing brownfield sites are former industrial, agricultural, military, transport, religious or community businesses that have lost their economic use but remain an integral part of urban and rural spaces and should therefore be considered appropriately in development planning. Furthermore, the real estate market reflects the influence of the presence of industrial sites in a manner commensurate with their respective importance, the creation of jobs, the activities carried out and, above all, the services and infrastructures created in the surrounding area. For these reasons, the analysis of the influence of the presence of industrial sites that are active, abandoned, polluting and partially active constitutes a topic of international interest, both in the academic literature of reference and in public debates and global development policies. In particular, the presence of industrial sites can influence the dynamics of the local real estate market, to the point of significantly changing supply and demand.

The research is part of the outlined context. The aim was to verify the existence, the extent and the typology of the functional relationships between the presence of industrial polluting sites and a set of 8 technological, locational and health variables detected for 41 SINs in the Italian context. The application of the econometric technique through the EPR software has shown interesting results. First of all, in the analyzed case study the accessibility degree has appeared to be not a considered factors in the demand and supply mechanisms of the reference real estate markets, due to the general good level of urban and extra-urban roads that reach the industrial sites. For the technological aspects, the total surface area (S) of the SIN has been particularly appreciated. In fact, it has been observed that if the SIN is still active the trend of the dependent variable observed based on the collected study sample is opposite to that described for decommissioned SIN and, therefore, of an inverse type. Moreover, the oldest industrial plants are in totally urbanized areas in which the presence of facilities (potentially also easily accessible and well-functioning) constitutes a determining factor in the decisions to purchase properties for residential use. In fact, the activity level of the SIN attested a significant importance assumed by the economic component strictly associated with it. With regards to the locational variables, the nearest green spaces (V) and the city center (C) have highlighted that if an active SIN is near a green space, the latter prevails on the buyers' preferences, and that beyond a certain distance from the city center this feature is no more appreciated. The obtained results for the health variables demonstrated that the possibility of contracting diseases of the nervous system is not, therefore, associated with the proximity of the house to the SIN. The trend obtained for the other one variable demonstrates that, in situations where the mortality rate is low, the danger to human health and the risk of death from tumors is not perceived as linked to the SIN and, therefore, an influencing factor on residential prices.

The proposed logical-valuative model is characterized by high statistical accuracy and robustness, allowing to identify coherent functional relationships between the considered set of extrinsic variables and the real estate dynamics. It can be easily applied to other international context of different territorial scale for mapping the influence of the presence of industrial polluting sites in several further property market segments, such as offices, retail, etc. The limits of the research concern the lack of consideration of other market segments, such as offices, that could be influenced by polluting sites, the use of a small set of explanatory variables and a limited sample of properties.

Further insights of the research will concern the application of the proposed methodology to international industrial contexts and the identification of a novel set of variables that can also be related to the air pollution and air quality levels of urban and rural areas, due to their importance as highlighted by Mei et al. (2020), Tsai (2022), and Chiarazzo et al. (2022) for the significance between the pollution levels and the real estate market. Furthermore, the comparison of the results obtainable from the implementation of other econometric techniques (e.g., ANN, UTA, HP models) with those of the EPR can be useful for testing the validity of the methodology and its potential and/or critical issues.
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