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Abstract

:

Environmental justice has been a relevant object of analysis in recent decades. The generation of patterns in the spatial distribution of urban trees has been a widely addressed issue in the literature. However, the spatial distribution of monumental trees still constitutes an unknown object of study. The aim of this paper was to analyse the spatial distribution of the monumental-tree heritage in the city of Valencia, using Exploratory Spatial Data Analysis (ESDA) methods, in relation to different population groups and to discuss some implications in terms of environmental justice, from the public-policy perspective. The results show that monumental trees are spatially concentrated in high-income neighbourhoods, and this fact represents an indicator of environmental inequality. This diagnosis can provide support for decision-making on this matter.






Keywords:


environmental justice; urban trees; spatial distribution












1. Introduction


Environmental justice refers to the principle by which environmental costs and benefits must be equitably distributed among the population [1]. In the urban context, environmental justice depends on the level of equity in the spatial distribution of costs and benefits to the population groups that make up the socio-residential structure of the city. This distribution depends mainly on the territorialized implementation of green intervention policies and their link with the socio-spatial and residential structure of the population.



Environmental justice has been a relevant object of analysis in recent decades, as a consequence of the growing prominence of green issues on the urban agenda. Much of the research has focused on issues such as the accessibility and spatial distribution of green infrastructure, and its relationship with the socio-residential composition of neighbourhoods. As a key part of the urban green infrastructure, the generation of patterns in the spatial distribution of urban trees has been a widely addressed issue in the literature [2,3,4,5,6,7,8]. Urban trees provide several ecosystem benefits, such as temperature regulation [9,10], air-pollution reduction [11], stormwater-runoff control [12] or preserving biodiversity [13], among others. Urban trees can also provide social benefits by contributing to the physical and psychological health of citizens and community economic development [14]. However, the spatial distribution of urban monumental trees still constitutes an unknown object of study, despite its remarkable singularity and great botanical, cultural, symbolic or landscape value.



The approval, in 2006, of the law on the monumental-tree heritage of the Valencian Community involved the implementation of a pioneering legislative framework for the protection and management of monumental trees. The law defines as monumental-tree heritage the set of trees whose botanical characteristics of monumentality or extraordinary circumstances of age; size; or other types of historical, cultural, scientific, recreational or environmental events linked to them and their legacy make them worthy of protection and conservation. It is applied to the specimens of higher plants, both angiosperms and gymnosperms, autochthonous or allochthonous, that have one or more sufficiently differentiated trunks. This concept applies equally to trees with horizontal or creeping growth, palm trees, certain shrubs and the thick trunk shapes of lianas or climbing plants.



The law established a generic protection framework for trees that meet at least some of the specified criteria regarding age and size: 350 years old, 30 m high, 6 m of trunk perimeter (measured at a height of 1.30 m from the base), or 25 m of greater diameter of the canopy (measured in projection on the horizontal plane). Generic protection is also established for the different species of the Palmae family that exceed 12 m in stipe, with the exception of Washingtonia robusta H.A. Wendland, whose threshold is set at 18 m. The specimens declared invasive by the regulations are not included when they are a source of dispersal to the natural environment.



The management of monumental trees is carried out at two levels of government. The regional government is the main responsible entity for the protection and cataloguing of the trees. However, the responsibility to propose the inclusion of the candidate specimens in the Catalogue of Monumental and Singular Trees of the Valencian Community falls to local governments. Local governments also have some responsibilities in the protection of monumental trees.



Alternatively, competences were instituted for both regional and local governments in mechanisms for the express protection of monumental trees. Apart from this generic protection framework, municipalities can declare monumental trees of local interest for those specimens or arboreal groups that stand out at the local level due to their biological, landscape, historical, cultural or social characteristics and that are made deserving of protection and conservation policies. Municipalities must communicate this statement to the regional government for inclusion in the appropriate section of the catalogue of monumental trees. At the same time, some municipalities have established their own protection mechanisms that follow the same pattern set by regional legislation. This is the case of the city of Valencia, which has its own local-interest-tree catalogue, with trees not included in the regional catalogue.



Monumental and singular trees offer numerous possibilities within the field of environmental education and sustainable development. The extraordinary characteristics of these trees confer greater tourist [15], residential, educational and environmental attractiveness to the environments in which they are located and allow promoting the sustainable development of these places. Analogously, uneven spatial distribution patterns for these trees would imply negative consequences in terms of environmental justice.



The aim of this paper is to analyse the spatial distribution of the monumental-tree heritage in the city of Valencia, in relation to different population groups, and to discuss some implications in terms of environmental justice, from the public-policy perspective.




2. Materials and Methods


2.1. Study Area


Valencia (Figure 1) is the capital of the Valencian Community and of the province of the same name. Its urban region encompasses a total of 45 municipalities [16]. According to data from the Statistic National Institute (INE) for 2017, it has a total of 787,808 inhabitants and an approximate area of 134.65 km2, being the third-largest municipality in Spain by population and the largest in its autonomous community. The municipality is territorially articulated with a total of 19 districts, 88 neighbourhoods and 596 census sections (Supplementary Materials Shapefile S1).



From the middle of the 20th century, coinciding with the beginning of the development phase, until today, Valencia has undergone a remarkable process of social and urban transformation. In this period, the city has gone from having an agricultural sector with a significant weight in the productive structure to becoming a service metropolis and a cultural and tourist enclave with international projection [17,18]. This transition has been accompanied, since the 1990s, by various processes of tourist and commercial gentrification in deprived neighbourhoods, mainly led by the local government [17,18,19,20,21,22]. Green infrastructure has played a significant role in this transformation process. Let us note, as an example, the conversion of the old Turia riverbed into a green corridor that crosses the city from the extreme west to the historic basin of the port of Valencia, despite the initial plan to occupy this space with transport infrastructure.



The approval of the regulations on monumental-tree heritage, in 2006, has favoured the gradual incorporation into the Catalogue of Monumental and Singular Trees of the Valencian Community of 352 specimens subject to generic protection, located in the municipality of Valencia. Outside this protection scheme are the trees and arboreal groups of local interest, expressly declared by the city council. In this work, we consider the 352 specimens subject to generic protection included in the catalogue, and 165 trees declared of local interest (Shapefiles S2–S4).



Figure 2 (top left) shows the spatial distribution of these trees, located both in urban roads and in green spaces. Figure 2 (top right) presents the values of the gaussian kernel density estimates of all the trees (Table S1), with bandwidth selection based on the likelihood cross-validation criterion proposed by Duin [23] and Habbema et al. [24]. The colour scale fluctuates between dark green (indicating maximum locational density) and yellow (indicating lower density). The areas without chromatic assignment correspond to the lower interval, in which the values are closer to 0. In the same way, the kernel density estimates (Tables S2 and S3) of the generic-protection trees (bottom left) and of the local-interest trees are represented (bottom right). This means of representation allows one to observe, in greater detail, the spatial differences in the locations of the specimens.



As can be seen, the area with the highest density extends around the boundaries of the Ciutat Vella, Eixample, Pla del Real and La Saïdia districts, which are contiguous with one another. A high concentration of trees is also located in the axes constituted by the Gran Vía del Marqués del Turia and the Avenida Reino de Valencia. In the case of generic-protection trees, there is also a notable concentration in the Botanical Garden, located in the Extramurs district.




2.2. Data and Methods


One of the main purposes of this work was to compare the spatial distribution of monumental trees with that of different population groups, to determine whether there were spatial location patterns of the population related to high-value green spaces, represented, in this case, by monumental trees. That would demonstrate the existence of a relationship between the location of green infrastructures and environmental inequality in the city. In particular, we considered the relative weight (in %) of three population groups defined according to demographic and socioeconomic criteria: the population with incomes per consumption unit above 200% of the median, single-person households, and the population aged 65 or over (Table S4). Thus, to assess the extent to which the relative weight of each population group was distributed following a spatial-clustering pattern, dispersion or randomness, we used Moran’s I Index [25]. This statistic of spatial autocorrelation is particularly useful for assessing the similarity in the socio-residential composition of each census tract with respect to its closest environment. The values obtained by the indicator range from −1 (maximum negative autocorrelation) to 1 (maximum positive autocorrelation), with 0 indicating the absence of autocorrelation or randomness.



This autocorrelation, however, is global and does not inform about the spatial heterogeneity present between territorial units. For this reason, we also use the local version of this indicator: the local Moran’s index [26]. For a better interpretation, statistically significant clusters were represented in Local Indicators of Spatial Association (LISA) maps. The clusters of census sections with the highest weight of each population group were identified with the High–High typology; the clusters with the lowest weight were identified as Low–Low, and the Low–High and High–Low types indicated that the statistical relationship between the values of the reference section and the neighbouring sections was negative. Statistically non-significant results are represented in white.



In the framework of the Exploratory Spatial Data Analysis (ESDA), the use of both indicators together is remarkably widespread in the literature and has been frequently applied in order to analyse the spatial distribution patterns of a wide range of cases, such as the locations of the Airbnbs [27,28], evictions [29,30], foreign population [31,32], or wage income [33].



To more rigorously assess the bivariate statistical association between the density-estimate spatial distribution and that of the different population groups, we used Pearson’s r correlation coefficient, the bivariate version of the global Moran’s index (IB) and the LX,Y statistic from Lee [34]. Pearson’s r coefficient is configured as a non-spatial bivariate measure of association, while the remaining two statistics present an intrinsically geographical formulation. Thus, IB represents an extension of the univariate index logic to the relationship between two different variables. In essence, this procedure captures the relationship between the value of one variable at location i, xi, and the average of the neighbouring values j for another variable y. However, this measure must be interpreted with some caution, since, unlike in the case of Pearson’s r coefficient, it does not consider the in situ correlation between the two variables but rather that between a variable in the reference place and another spatially “lagged” variable [35]. For its part, the LX,Y statistic represents a methodological integration of Pearson’s r coefficient and global Moran’s index.



As in the previous case, these statistics are global in nature and do not report on the spatial heterogeneity implicit in the relationships between variables. In the case of the IB, its local version follows a logic very similar to that of the local autocorrelation statistic, but including a second “lagged” variable instead of the reference variable. In a similar way to that described above, the identification of "hot spots" was carried out by representing LISA cluster maps. For its part, the local version of the LX,Y statistic by Lee, Li, indicates the relative contribution of an individual area to the global LX,Y statistic and also allows exploring the spatial heterogeneity derived from local instability in the relationships between two variables [34].



The implementation of the proposed measures faces the problem of the data’s statistical aggregation to the same territorial unit. Thus, values from the kernel-density estimates were aggregated to a grid of cells homogenously distributed in space, while the variables relative to the different population groups were aggregated at the census-section level. To overcome this problem, the grid of cells and the polygons corresponding to the census sections were intersected, and the values of the density estimates were averaged for each census section to which they belonged (Table S4). One of the main advantages of the kernel-density estimate is that it produces a spatial isotropic smoothing, which, in this case, can be interpreted as a “zone of proximity”, with intensity based on location density. In this sense, the aggregation of the average values to the census section to which they belong does not produce notable biases when the territorial unit has a small size, not much larger than the cells of the grid.



Population-group data were obtained from the Household Income Distribution Atlas, published by the INE [36]. The geolocation of the generic-protection trees was possible thanks to the Catalogue of Monumental Trees, which contains the coordinates of each specimen. For its part, the geolocation of the local-interest trees came from the open-data website of the Valencia City Council [37].



All the maps presented in this paper were prepared using the free software QGIS 3.10. The kernel-density estimates were implemented using the R package “spatstat” [38,39]. The calculation of the I and IB statistics was carried out using the free software GeoDa 1.14 [40]. Finally, the values of the Lee statistics were calculated using the R package “spdep” [41,42].





3. Results


Figure 3, Figure 4 and Figure 5 present the quintile maps (on the left) of the spatial distribution of the relative weight (in %) of each population group and its corresponding LISA cluster map (on the right). The values of the global I are 0.707 for the population with incomes per unit of consumption above 200% of the median, 0.502 for single-person households and 0.313 for the population aged 65 or over. The population with incomes per unit of consumption above 200% of the median shows the highest degree of spatial autocorrelation, followed by single-person households and the population aged 65 or over, which indicates that socioeconomic status is the element with the greatest impact on the socio-residential articulation of the Valencian population.



Compared with the kernel-density maps of monumental trees (Figure 2), LISA cluster maps suggest a certain positive relationship between the spatial distribution of the monumental trees and that of the different population groups, particularly evident in the case of the population with incomes per consumption unit above 200% of the median. The spatial distribution of this population group (Figure 3) is characterized by the formation of High–High-type clusters in most of the sections belonging to the districts of Ciutat Vella, L’Eixample, Extramurs and Pla del Real, as well as in the neighbourhoods of Penya-Roja (Camins al Grau district), Trinitat (La Saïdia), Benimaclet, Sant Pau (Campanar) and La Carrasca (Algirós). Low–Low-type clusters are mainly distributed in peripheral areas, covering part of the Benicalap, Rascanya, Patraix and Jesús districts, and several neighbourhoods of Pobles del Sud, Quatre Carreres and L’Olivereta districts, Malvarrosa - Cabanyal (Poblats Marítms) and Benimàmet (Pobles de l’Oest).



The spatial distribution of single-person households (Figure 4) leads to the formation of High–High-type clusters mainly in Ciutat Vella and in several neighbourhoods of the expansions belonging to the Extramurs and Eixample (Russafa neighbourhood) districts. High–High-type clusters are also located in the neighbourhoods of Morvedre (La Saïdia), Ciutat Jardí (Algirós) and Cabanyal-Canyamelar (Poblats Marítims). Low–Low-type clusters are distributed peripherally, following a centrifugal spatial projection.



The population aged 65 and over, for its part, shows its own differentiated territorial projection with respect to the previous population groups (Figure 5). High–High-type clusters are more dispersed and smaller in size, but they are located mainly around the urban axis determined by the boundaries of the contiguous districts of Ciutat Vella, Eixample, Pla del Real and La Saïdia. High–High-type clusters are also located in several neighbourhoods of Patraix district, Campanar, Arrancapins (Extramurs), Ciutat Jardí (Algirós), Nou Moles (L’Olivereta) and Marxalenes (La Saïdia). Again, Low–Low-type clusters follow a peripheral territorial projection, although with a less marked pattern than in the case of single-person households.



Table 1 presents the values of the different bivariate association statistics between the relative weight of each population group and the average kernel-density estimate, obtained by the method described in the previous section. The totality of monumental trees represented in Figure 2 (top left) are considered globally. The same measures of statistical association are applied with respect to the generic-protection trees and to the local-interest trees, considered separately.



As can be seen, all the statistics are significant at 0.01. The spatial distribution of monumental trees is more closely related to the population with incomes per unit of consumption above 200% of the median. This population group has a Pearson r coefficient of 0.644, an IB of 0.605 and an LX,Y of 0.582 with respect to the average kernel-density estimate for monumental trees. Single-person households have an r of 0.233, an IB of 0.241 and an LX,Y of 0.24. For its part, the population aged 65 and over has an r coefficient of 0.226, an IB of 0.2 and an LX,Y of 0.186.



The results obtained indicate that the areas with the highest locational density of monumental trees and their neighbouring areas have a greater presence of high-income population. Conversely, areas with a lower locational density of monumental trees have a lower relative weight of high-income population. This association has a markedly higher intensity than that which exists between the locational density of monumental trees and the spatial distribution of the other two population groups, which indicates that the spatial-insertion pattern of monumental trees in the city of Valencia has some implications with respect to the socioeconomic characteristics of the population. For their part, single-person households and the population aged 65 or over also show a positive association with the density of monumental trees, although of a lower magnitude.



Comparing between protection typologies, the values corresponding to the different association statistics do not differ significantly, which indicates that the spatial patterns of monumental-tree protection followed by both levels of government have been similar. Although there is a slight decrease in the values of the statistics in the case of local-interest trees, this is probably an effect of the decrease in population size.



Figure 6, Figure 7 and Figure 8 present the natural-breaks maps (on the left) of the spatial distribution of the local statistic Li (Table S5) for the association between each population group and the average kernel-density estimate, and the bivariate LISA cluster maps (right). As noted above, Li describes the relative contribution of an individual area to the global statistic and also allows exploring the spatial heterogeneity in the relationships between two variables. Figure 6 (left) clearly illustrates this property: the relative contribution of the Li statistic in the census sections located in the area with the highest locational density of monumental trees is notably greater than that in the rest of the cases, again accounting for the greater intensity of the association between the population of high socioeconomic status and the concentration of monumental trees. By comparison, the relative contribution of these census sections in the case of the variables single-person households (Figure 7 left) and elderly population (Figure 8 left) is notably lower. The local version of IB, for its part, presents a spatial distribution similar to that of its univariate counterpart, as shown by the cluster maps.




4. Discussion


As noted above, urban trees provide several ecosystem and social benefits. In addition, due to their size and particular biological and cultural characteristics, monumental trees garner great environmental interest. The results obtained in this research indicate that the areas with the highest density of monumental trees and their neighbouring areas have a greater presence of high-income population. The main outcome that these results suggest is that these ecosystem and social benefits could be unevenly distributed among the population, benefiting the high-income population to a greater extent.



The environmental-justice issue in urban settings has been widely analysed and discussed in the academic literature. Most studies reveal that green-space distribution often disproportionately benefits predominantly white and high-income communities [43]. However, the socio-spatial insertion of green areas in cities is shaped by multiple circumstances and particular contexts. This diversity of circumstances is exposed in several comparative studies that assess the environmental-justice issue in different cities.



As an illustration, Talen [44] analysed the equity of the US urban-park distribution in Macon (Georgia) and Pueblo (Colorado), comparing the spatial grouping of urban-park access scores with the spatial clustering of socioeconomic variables. The results showed a marked contrast between the two cases: in Macon, the spatial pattern of low accessibility corresponded to certain areas shaped by high housing values and low percentages of non-white residents, while in Pueblo, the inverse was true. In another more recent case comparison, Sousa Silva et al. [45] show the existence of inequalities in accessibility to green spaces linked to the ethnic composition of certain neighbourhoods in Tartu (Estonia) and Faro (Portugal). In Tartu, less accessibility was revealed in the Soviet-era housing districts, where a large part of the Russian minorities resides, while the Roma communities in Faro were located in districts without access to public green spaces. Other studies applied to Atlanta, Georgia, US [46], or Porto, Portugal [47], show a comparatively lower accessibility in socioeconomically disadvantaged areas.



As a key part of urban green infrastructure, the spatial distribution of urban trees determines how its ecosystem benefits are distributed among different population groups. The available empirical evidence shows that there is a relationship between the spatial distribution of urban trees and the socio-residential composition of the neighbourhood, which tends to penalize disadvantaged urban areas to a greater extent, highlighting yet another element in the urban social-inequality processes. Some case studies have assessed this relationship in very different cities. For example, in Boston, Massachusetts [5]; Milwaukee, Wisconsin [2]; Guadalajara, Mexico [8]; and Tampa, Florida [3], and regions such as the Eastern Cape, South Africa [4], different applied studies have revealed the existence of spatial inequalities in the provision of urban trees, which mainly fall on disadvantaged neighbourhoods. However, there are cities where this situation is not appreciated or the data are not conclusive. This is the case of Barcelona in Spain, where there is insufficient evidence of a significant and positive association between the distribution of low-income residents and a lower amount of benefits from urban trees [7]. This is also the case in cities in other countries, such as Boston (US), where the contrast between the results of some case studies yields an inconclusive picture about the nature of the relationship between the spatial distribution of urban trees and the sociodemographic composition of neighbourhoods [5,6].



The spatial distribution of the monumental trees and its link with high-income urban areas has certain implications in terms of socio-spatial justice. On the one hand, the special status of these trees could be framed in a broader set of green-intervention strategies, as part of urban public policies, focused on consolidating or reconfiguring the position of certain neighbourhoods in the urban spatial hierarchy, improving their tourist and socio-residential attractiveness and capturing high incomes. In this sense, green gentrification is defined as “new or intensified urban socio-spatial inequities produced by urban greening agendas and interventions, such as greenways, parks, community gardens, ecological corridors, or green infrastructure” [48].



There is a remarkable body of literature on the impact of green urban policies on the socio-residential fabric of neighbourhoods [43,49,50]. Different primary studies applied to cities such as Barcelona [51], Philadelphia [52] or Leipzig [53] show reconfigurations in the urban socio-spatial structure over time, as a direct or indirect consequence of green-intervention policies. This reconfiguration, however, does not always occur in a univocal sense. In the case of Barcelona, Anguelovski et al. [51] showed that new green spaces created during the 1990s and early 2000s in the historic complex and formerly industrialized neighbourhoods experienced a green-gentrification process, while most economically deprived areas and working-class neighbourhoods more isolated from the city centre gained vulnerable populations as they became greener. In Philadelphia, Pearsall and Eller [52] examined the gentrification patterns associated with eighteen new public green spaces created around 2010, noting that neighbourhoods with new public green spaces located near other gentrified neighbourhoods were more susceptible to gentrification than those located further afield, as well as that the green spaces created in gentrified neighbourhoods were less accessible than the new spaces created in richer and non-gentrifiable neighbourhoods. In Leipzig, Ali et al. [53] showed that the Lene-Voigt-Park case acted as a catalyst for a gentrification process triggered by the real-estate sector.



A fact that supports this approach is the planning, promotion and dissemination, by the local government, of several routes of monumental trees for tourist purposes. Likewise, the transplantation of several specimens has been a helping factor for the spatial concentration patterns of monumental trees. However, a distinction should be made between urban interventions specifically focused on modifying the socio-residential composition of neighbourhoods and those that exert this impact in a secondary way or as a by-product. The concept of green gentrification and its applicability should be treated with caution, as it could imply that urban greening itself can lead to or trigger gentrification and the displacement of vulnerable population groups [53].



Although the argument can be transferred in the same way, it is unrealistic to assume that, by itself, the declaration of monumentality can act as a catalyst for processes of gentrification or the consolidation of the socio-residential fabric of neighbourhoods. However, the spatial concentration of monumental trees and their relationship with high-income areas can constitute indicators of intervention priorities in the urban environment and the strategic framework of territorial public policies.



On the other hand, political–economic factors play a key role in the production of urban settings, even where urban trees are planted and or allowed to grow [2]. The urban-territorial development of the city of Valencia, together with the different land uses, has been a key element in the configuration of these patterns. Thus, the aesthetic, landscape, symbolic or environmental value of certain urban environments with greater socioeconomic status could be the fundamental cause of the greater number of trees located in these spaces declared monumental or included in the catalogue. In this sense, the greater spatial concentration of monumental trees in affluent neighbourhoods would only represent one more indicator of their position in the urban spatial hierarchy. In other words, the distribution of trees that meet the characteristics of monumentality is linked to urban public policies that have facilitated their strategic location and subsequent development, and would constitute a by-product of the inequalities that characterize the urban socio-spatial structure.



Both approaches are not intrinsically exclusive but rather mutually reinforce each other and make sense together.




5. Conclusions


This work aimed to analyse the spatial distribution patterns of the monumental-tree heritage in the city of Valencia in relation to different socioeconomic and demographic characteristics of the urban environment, in order to establish whether this distribution was linked to environmental and socio-spatial justice criteria. For this purpose, different ESDA and spatial-point-analysis techniques were implemented.



The geolocation of generic-protection trees and of local-interest trees showed that, in general terms, monumental trees present a higher locational density in certain areas of the city. These areas are made up, in comparative terms, of a larger population with high incomes. The bivariate statistical analysis revealed a remarkable and statistically significant relationship between the density of the spatial distribution of monumental trees and the population with incomes per consumption unit above 200% of the median. Likewise, the presence of monumental trees showed a statistically significant relationship, although of a lesser magnitude, with the population aged 65 years and over and with single-person households.



The intra-urban distribution of monumental trees constitutes an issue linked to the field of spatial justice. The fact that it has a significant relationship with the distribution of the high-income population can be seen from a double perspective. On the one hand, the protection of these trees could be part of a set of green-intervention strategies focused on consolidating or reconfiguring the position of certain neighbourhoods in the urban spatial hierarchy, which is known as “green gentrification”. On the other hand, the aesthetic, landscape, symbolic or environmental value of certain urban environments with greater socioeconomic status could constitute the fundamental cause of there being more trees located in these spaces declared monumental or included in the catalogue. In this sense, the greater spatial concentration of monumental trees in affluent neighbourhoods would only constitute one more indicator of their position in the urban spatial hierarchy.



The main strength of this paper is that it shows a strong association between the spatial distribution of monumental trees and that of the high-income population. The results obtained have made it possible to describe the socio-spatial insertion of monumental trees in the city of Valencia and its relationship with environmental justice. Monumental trees are spatially concentrated in high-income neighbourhoods, and this fact represents an indicator of environmental inequality that penalizes the rest of the neighbourhoods that make up the socio-residential mosaic. Its main limitation, however, is that the methods used do not allow the estimation of to what extent each exposed involvement approaches reality, that is, if the uneven spatial distribution of the monumental trees constitutes one of the causes of the socio-spatial differentiation or, analogously, it constitutes an output of the historical and territorial patterns of green-intervention policies in high-status neighbourhoods. Future research should advance in this direction. Other interesting aspects to be addressed by the research would be the differential ecosystem and social benefits that, due to their particular characteristics, monumental trees would provide in relation to the rest of the urban trees; how they would contribute at the local level to mitigate the effects related to climate change; or, based on an economic analysis, their relationship, for example, with the sensitivity of the economic performance of the local companies to climate change [54].



This diagnosis can provide support for decision-making on this matter and particularly on those aspects related to distributive intervention in the urban environment. A more even distribution of monumental and singular trees could be more desirable, from the point of view of environmental and socio-spatial justice. However, this raises certain problems in terms of public intervention mechanisms.



One option would be to make the protection criteria more flexible so that more trees could be included in the protection framework. The outcomes of this policy, however, may not be clear. On the one hand, it could increase the dispersion of the spatial distribution of the monumental trees, due to the inclusion of trees further from the centre, expansions, and areas with greater historical and territorial implantation, which could translate into greater evenness. On the other hand, it could increase the concentration of trees declared monumental in green spaces located in areas of high socioeconomic status, which would worsen the starting situation. Posing a redistribution scenario, however, is outside the scope of this research.



Another option would be to improve the governance network for monumental trees, so that both associations and citizens become more involved in the processes of declaration of monumentality. Although the law currently provides for a request for the express protection of monumental trees by interested persons or entities, it does not structure an authentic channel for citizen participation. The city of Valencia has advanced in this direction by creating a Municipal Tree Observatory, which has promoted participation in the protection framework for monumental trees. However, in general, it continues to be a poorly institutionalized process.



These suggestions, however, would not represent any improvement over the starting situation if the distribution of the urban green infrastructure were notably uneven or there was a marked contrast in the physical and social environment between the different neighbourhoods. Therefore, rebalancing the spatial distribution of urban greenery or preventing the physical and social degradation of neighbourhoods through green-intervention policies and avoiding abrupt socio-spatial transformations that could lead to gentrification are good options for environmental and socio-spatial justice. It is hard to improve the evenness of the spatial distribution of monumental trees if the distribution of urban greenery or urban historical development is deeply uneven.
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Figure 1. Valencia’s municipal boundaries and census districts. 






Figure 1. Valencia’s municipal boundaries and census districts.



[image: Sustainability 12 07760 g001]







[image: Sustainability 12 07760 g002 550] 





Figure 2. Spatial distribution of monumental trees (top left), and gaussian kernel density estimates with bandwidth selection based on cross-validation likelihood of total trees (top right), generic-protection trees (bottom left) and local-interest trees (bottom right). 
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Figure 3. Quintile map of the distribution of the population with incomes per consumption unit above 200% of the median (in %) (left), and Local Indicators of Spatial Association (LISA) cluster map (right). 
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Figure 4. Quintile map of the distribution of the single-person households (in %) (left), and LISA cluster map (right). 
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Figure 5. Quintile map of the distribution of the population aged 65 and over (in %) (left), and LISA cluster map (right). 
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Figure 6. Association statistics between the average kernel-density estimate and the population with incomes per consumption unit above 200% of the median (in %)—Li map of natural breaks (left)—and bivariate LISA cluster map (right). 






Figure 6. Association statistics between the average kernel-density estimate and the population with incomes per consumption unit above 200% of the median (in %)—Li map of natural breaks (left)—and bivariate LISA cluster map (right).



[image: Sustainability 12 07760 g006]







[image: Sustainability 12 07760 g007 550] 





Figure 7. Association statistics between the average kernel-density estimate and the single-person households (in %)—Li map of natural breaks (left)—and bivariate LISA cluster map (right). 
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Figure 8. Association statistics between the average kernel-density estimate and the population aged 65 and over (in %)—Li map of natural breaks (left)—and bivariate LISA cluster map (right). 
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Table 1. Bivariate association statistics.
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	Variables
	r
	IB
	LX,Y





	Monumental trees
	
	
	



	Single-person households (%)
	0.233 *
	0.241 *
	0.240 *



	Population aged 65 years or over (%)
	0.226 *
	0.200 *
	0.186 *



	Population with incomes above 200% of the median (%)
	0.644 *
	0.605 *
	0.582 *



	Generic protection trees
	
	
	



	Single-person households (%)
	0.249 *
	0.253 *
	0.249 *



	Population aged 65 years or over (%)
	0.211 *
	0.184 *
	0.172 *



	Population with incomes above 200% of the median (%)
	0.608 *
	0.570 *
	0.548 *



	Local interest trees
	
	
	



	Single-person households (%)
	0.188 *
	0.195 *
	0.193 *



	Population aged 65 years or over (%)
	0.188 *
	0.174 *
	0.165 *



	Population with incomes above 200% of the median (%)
	0.575 *
	0.551 *
	0.532 *







* p-value < 0.01.
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