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Abstract: Soil loss and peri-urban settlement expansion are key issues in urban sustainability, with
multi-disciplinary implications that go beyond individual ecological and socioeconomic dimensions.
Our study illustrates an assessment framework diachronically evaluating urbanization-driven soil
quality loss in a Southern European metropolitan region (Athens, Greece). We tested the assumption
that urban growth is a process consuming high-quality soils in a selective way analyzing two spatial
layers, a map illustrating the diachronic expansion of settlements at five time points (1948, 1975, 1990,
2000, and 2018), and a geo-database reporting basic soil properties. The empirical results showed
that the urban expansion in the Athens region took place by consuming higher- quality soil in fertile,
mostly flat, districts. It entailed a persistent soil quality decrease over time. This trend globally
accelerated in recent years, but in a heterogeneous way. Actually, newly built, more compact areas
expanded on soils with lower erosion risk than in the past. Besides, low-density land take is likely
to be observed in soils with moderate-high or very-high qualities. These evidences reflect the need
for a comprehensive evaluation of complex processes of land take informing spatial planning for
metropolitan sustainability.

Keywords: land take; urban sprawl; compact settlements; indicators; Mediterranean

1. Introduction

Soil is a dynamic, environmental matrix, assuring necessary support to any form of
life on Earth and needing strict protection regulations [1]. The notion of “soil quality”
(often known as “soil health”) is the ability of soil to work as a “living system”, since
it plays an active role in shaping the interaction between the biotic component (such
as animals and plants) and the abiotic component (e.g., light, rocks, water, and air) of
ecosystems [2–4]. Soil quality is intended as “the capacity of a soil to function, within land
use and ecosystem boundaries, to sustain biological productivity, maintain environmental
quality, and promote plant, animal, and human health” [5] (p. 4). Preserving soil quality is
therefore essential to guarantee the balance between human intervention and the resilience
of natural systems [6–8]. Soil conditions not only affect the overall functioning of the
ecological infrastructure they belong to [9], but also food and hydrogeological safety, the
protection of biodiversity, the effects of climate change, and trade deriving from ecosystem
services [10].

Sustainability 2021, 13, 2042. https://doi.org/10.3390/su13042042 https://www.mdpi.com/journal/sustainability

https://www.mdpi.com/journal/sustainability
https://www.mdpi.com
https://orcid.org/0000-0002-5230-6103
https://orcid.org/0000-0002-2983-8785
https://orcid.org/0000-0002-3509-4807
https://orcid.org/0000-0003-0349-781X
https://orcid.org/0000-0002-7536-3901
https://doi.org/10.3390/su13042042
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/su13042042
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com/2071-1050/13/4/2042?type=check_update&version=3


Sustainability 2021, 13, 2042 2 of 12

Soil is, by definition, a fragile resource, since its health depends on physical conditions,
environmental context, and the interlacing of inevitable natural processes (including ex-
treme weather conditions: constant strong wind, heavy rain, floods, etc.), in relation to the
intensity of human interventions, e.g., urbanization, industrialization, and local contamina-
tion [7]. These factors expose soils to intense and constant degradation processes, such as
the deterioration of physical, chemical, and biological properties [11] that includes erosion,
landslides, floods, salinization, decrease in biodiversity and organic matter, compaction,
sealing, acidification, desertification, increased global warming and heat islands, loss of
fertile soils in rural areas, as well as impairment of valuable landscapes [2,12,13]. The
irreversible loss of natural soil—capable of providing environmental services—is related
to different components that act simultaneously and contribute to further compromising
its “quality”.

Urbanization-driven soil sealing is one of the most pervasive mechanisms of degrada-
tion of fertile land around cities [14–16] in Europe [17–19]. According to an interdisciplinary
study, Western Europe stands out for the huge threats associated with the sealing of soils
through urbanization [20]. The widespread urbanization in peri-urban areas was demon-
strated to proceed at a speed four times faster than the sealing of urban areas [21–23]. This
phenomenon exerts negative effects on agricultural production, resulting in reduced soil fer-
tility; loss of continuity, variation, and quality of crops; increased severity and frequency of
hydrogeological instability; and habitat fragmentation of the ecological network, resulting
in loss of biodiversity and green areas, low-soil carbon stocks, as well as increasing energy
costs and services [18,24–28]. Various motivations indicate Mediterranean Europe as an
interesting case study for understanding long-term dynamics of land consumption [29–31].
Although urban planning is nowadays inspired by the European Spatial Planning Perspec-
tive guidelines provided by the European Commission in 1999 (e.g., [32–34]), deregulation
and, in some cases, informality have inspired policies regulating urban growth and the
economic development in the entire region [35]. Finally, the European Mediterranean
landscape is recognized worldwide as a hotspot for bio-diversity, rural traditions, and a
millenary interaction between humans and nature. Mediterranean landscapes and soils can
be considered, at the same time, as ecologically fragile because of dry climate, a generally
steep terrain reflecting a locally restricted availability of land for edification or agriculture,
poor vegetation cover, important soil degradation (erosion, salinization, compaction, and
pollution), and increased human pressure.

In this context, it was hypothesized that urban growth may concentrate on soils with
the highest capability for agriculture, thus determining a net loss in the natural resource
base at the regional scale. However, this assumption needs a more intense field verification
based on long-term studies. Zambon, et al. [36] proposed a logical framework for the
assessment of urbanization-driven soil consumption and applied this methodology to a
specific case study to evaluate if edification was consuming the highest quality available
soils [36]. There is a definite need to enlarge and adapt this approach to monitor soil
consumption in larger (metropolitan) regions, and to evaluate the effect of settlement ex-
pansion in peri-urban and rural contexts characterized by infrastructural development and
intense restructuring of the economic base. From this perspective, an accurate assessment
of soil sealing in mixed urban–rural landscapes characterized by intermediate-low soil
imperviousness rates is particularly effective for large-scale quantification of the possible
soil resource loss due to edification. Earlier studies indicate that standard land-use maps
(e.g., Corine Land Cover maps), together with topographic and building maps, can allow a
dynamic evaluation of soil sealing [37].

Based on these premises, the aim of this study is to illustrate an assessment framework
evaluating long-term soil consumption by edification. Compared with earlier studies, this
work focuses on an urban region in Southern Europe (Athens, Greece) that has experienced
rapid urban growth since the late 1940s. Interestingly, this process involved both fringe
areas and agricultural/forestry-specialized areas progressively further away from the main
city. The expanding discontinuous and low-density settlements were mainly associated
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with the road network and pre-existing villages. This study hypothesizes that urban
expansion consumes high-quality soil in a larger proportion than soils of a lower quality,
possibly altering the spatial distribution of the soil resource base. This assumption was
verified through the analysis of two spatial layers: a map illustrating urban settlements at
five points in time (1948, 1975, 1990, 2000, and 2018), and a map evaluating basic properties
of soils. Results indicate trends over time in soil consumption and form the base for long-
term monitoring approaches to inform policies for the preservation of high-quality soils in
peri-urban areas. Such knowledge may inform design of specific strategies to mitigate the
environmental impact of soil sealing at vastly different scales, from local to national.

2. Materials and Methods
2.1. Spatial Analysis

The area encompasses the Athens’ Metropolitan Region (AMR), extending more
than 3000 km2 in the administrative region of Attica, Central Greece [38]. All mainland
municipalities, including those belonging to Salamina island, close to Piraeus harbour,
were included in this study (Figure 1). While mostly consisting of mountains bordering
the flat area occupied by the Greater Athens’ (GA) district, three coastal plains (Messoghia,
Marathon, and Thriasio) are located in Attica. Climate is characterized by a Mediterranean
semi-arid regime, with average annual rainfalls amounting to 400 mm and a mean annual
temperature of about 19 ◦C [39]. A continuous, radio-centric expansion of settlements
was characteristic of the Athens’ urban history since the First World War [40]. Settlements
initially irradiated from the main centres of Athens and Piraeus, diffusing across the whole
GA district since the 1950s [41–43]. Compact urban expansion, based on dense/semi-dense
settlement growth—mostly residential and industrial—was mainly observed between the
late 1940s and the late 1980s, although with different characteristics at the local scale [44].
The early 1990s acted as a sort of breakpoint from a (more or less) compact model of
urban expansion to a more evident dispersed pattern, losing the main feature of mono-
centrism while being unable to follow a purely polycentric-model of growth [45]. Before
the economic crisis, the city was aiming to attract enough foreign investment to sustain
peri-urban growth [46]. The 2004 Olympics have had a major impact on the development
of the city in terms of investment and infrastructure [47]. Overall, population density in the
study area doubled from 1500people per km2 in 1951 to 3000people per km2 in 2011 [48].
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 Figure 1. Maps of the study area illustrating the position of the investigated region in Mediterranean
Europe (left) and municipal boundaries in the Athens’ metropolitan region—downtown Athens as
white arrow, Greater Athens bonded by a dashed blue line (right).
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2.2. Elementary Data

Urban settlements were mapped at five years (1948, 1975, 1990, 2000, and 2018)
on the base of a census and surveys mapping at polygons level. Given our context of
possibly heterogenous patterns of urban settlement, this methodology has been preferred
to sampling point procedure. Mapping has been carried out according to homogeneous
sources covering the whole region: (i) a comprehensive soil map of Attica realized by
the Institute of Pedology and Chemistry (Piraeus, Greece) in 1948 at 1:100,000 scale that
includes a spatial layer representing urban settlements (polygons representing urban areas
were digitalized from a geo-referenced high-resolution TIFF image provided by Joint
Research Centre, Ispra); (ii) the LaCoast (LC) digital cartography available for 1975 at
1:100,000 scale appropriately integrated with other information sources, including the
results of agricultural, population, and building censuses at the regional scale in Attica);
(iii–iv) the Corine Land Cover (CLC) pan-European digital cartography available at the
same resolution scale for 1990, 2000, and 2018. The first-level land-use class, coded 1,
“urban settlements”, which incorporated the various 1.xx classes of the third hierarchical
level of the CLC nomenclature system, was adopted to map settlements. A raster map
referring to 2015, disseminated by the GMES Land Copernicus initiative and illustrating
built-up and non-built-up areas with a continuous degree of soil sealing ranging from 0%
to 100% in aggregated spatial resolution (100 × 100 m), was used to assess the current
degree of soil imperviousness in the study area.

To monitor soil quality loss, the following indicators were adopted in the present
study to stress the complexity and the multidimensional definition of a concept such as
soil degradation: (i) a standard soil erosion risk, (ii) soil depth, (iii) a composite index
of Soil Quality (SQI), and (iv) a Climate Quality Index (CQI) as a control variable. Soil
erosion and depth were derived from a digital topographic map of Greece delineating a
number of soil properties at 1:50,000 spatial resolution [39]. According to their intrinsic
characteristics, soils have been grouped into seven classes of land capability, specifically
addressing agriculture, forestry, and pasture requirements. The erosion risk index has
classified soils in 7 classes (ranging from 1: low risk to 7: high risk). Soil depth has also
been classified into 7 classes (ranging from 1: the highest depth to 7: the lowest depth in
the area). The Soil Quality Index (SQI), realized by the European Environment Agency,
was considered here and computed using the information contained in the European
Soil Database produced by the Joint Research Centre, Ispra (www.jrc.eu (accessed on 1
February 2021)). This index was widely used in the Environmentally Sensitive Area (ESA)
framework to assess the level of sensitivity to soil and land degradation [36]. Based on
data provided by [15], the SQI is based on four variables: parent material, soil depth,
texture, and slope angle. A set of sensitivity scores derived from fieldwork and statistical
analysis was assigned to each of the four analyzed variables. The SQI was thus estimated
as the geometric mean of the different scores attributed to the four selected variables and
ranges from 1 (the highest soil quality) to 2 (the lowest soil quality). Additionally, climate
quality—determining a supposedly higher level of sensitivity to land degradation—was
investigated based on the Climate Quality Index (CQI) derived from the same information
source of the SQI. Intended as a control variable, CQI is an aridity index based on the ratio
of average annual precipitation to the average potential evapotranspiration. The index
showed positive values increasing with wetness. An arid climate is generally depicted by a
value of the index below 0.5 [36].

2.3. Spatial Analysis

The polygon layer of each of the five settlement maps (1948, 1975, 1990, 2000, and 2018)
has been overlaid to the soil map described above. The ArcGIS (ESRI Inc., Redwoods, USA)
“zonal statistics” tool was adopted to calculate an average score for each indicator (i–iv, see
above), separately, associated with urban settlements for each study year. Changes over
time in the distribution of the indicators between 1948 and 2018 were analyzed through a
non-parametric Mann–Whitney U statistic testing against a “no-change” null hypothesis

www.jrc.eu
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at p < 0.05. The ”zonal statistics” tool was also used to calculate an average score for SQI
and CQI at increasing degrees of soil imperviousness (from 0% to 100% by a 1%step), by
overlapping the SQI (or CQI) map with the soil imperviousness layer map (Section 2.2).
The pair-wise correlation between soil-sealing intensity and SQI (or CQI) was evaluated
using Pearson correlation coefficients and testing for statistical significance at p < 0.05.

3. Results

Built-up areas in the Athens’ region expanded from 53 km2 (1948) to 794 km2 (2018),
displaying the highest growth rate between 1948 and 1975. Table 1 illustrates basic char-
acteristics of soils (erosion risk, depth, and soil quality) progressively converted to urban
use and finally built-up between 1948 and 2018 as shown in Figure 2. Soil quality de-
creased continuously over time (−2.5%), reflecting settlement expansion on soils with
significantly higher quality; decline rates accelerated during the most recent time intervals.
The statistical distribution of the SQI was significantly different between 1948 and 2018
(Mann–Whitney U test, p < 0.05). At the same time, newly built-up areas expanded on soils
with lower erosion risk than in the past. This process is an indirect confirmation of soil con-
sumption in fertile, mostly flat, districts. In line with this trend, our analysis indicates how
deep soils were especially consumed when Athens grew. Conversion of high-quality soils
to urban use was relatively heterogeneous over time: less intense conversion rates have
been observed in the first time interval (1948–1975) corresponding to huge, compact, and
mostly radio-centric expansion of Athens. More intense conversion rates were recorded in
recent periods, in parallel with low-density, dispersed urban expansion.

Table 1. Classification of built-up land considering a soil quality index, soil erosion rate, and soil
depth by year in the study area.

Year Built-Up
Area (km2)

Soil Quality
Index

Soil Erosion
Risk Soil Depth

Absolute values
1948 53.1 1.629 2.39 3.77
1975 392.9 1.618 2.27 3.22
1990 496.1 1.612 2.16 3.22
2000 577.5 1.602 2.23 3.37
2018 794.0 1.590 1.96 3.23

Per cent annual change
1948–1975 23.8 −0.03 −0.19 −0.54
1975–1990 1.8 −0.02 −0.32 −0.01
1990–2000 1.6 −0.06 0.32 0.47
2000–2018 2.1 −0.04 −0.67 −0.23

Per cent change—whole time period
1948–2018 19.9 −0.03 −0.26 −0.21
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Correlations between soil sealing intensity and soil quality (or climate quality) have
been illustrated in Figure 3 and delineate results in line with earlier evidence of this study.
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Similar findings were derived from the analysis of climate and soil quality: compact settle-
ments (high sealing rate) were built-up on lower-quality soils with higher rates of climate
aridity. The reverse pattern was observed for dispersed settlements with medium-low (or
low) sealing rate built-up mainly on soil with moderate-high or very-high qualities. The
relationship between soil quality and sealing rate was found to be linearly and statistically
significant, empirically confirming how compact urban growth consumed soils mostly
with lower environmental quality.

1 
 

 
(a) 

 
(b) 

 Figure 3. The relationship between land take (estimated as sealing intensity, %) and quality of soils
(a) and climate (b) in the Athens metropolitan region.

The reverse correlation was found between soil sealing rate and climate quality.
Compact settlements (with high sealing rates) were built-up mainly on land classified as
low climate quality (i.e., dry, semi-arid, or arid lands). Conversely, dispersed settlements
(with low sealing rates) expanded into lands classified as higher climate quality (i.e., less
arid soils). Taken together, these findings confirm the empirical evidence of Table 1 and
delineate the negative impact of recent urban expansion on land with high-quality soils
(less arid, deep soils with high fertility and low erosion risk). In other words, urban
settlements have selectively consumed the soils with the highest available quality in the
study area.

4. Discussion

The key ecological role of soils is demonstrated by the long list of ecosystems services
they provide, including (i) support (e.g., main biomass container and storage of a quarter
of the planet’s biodiversity), (ii) provisioning (e.g., supplier of 95% of the food income),
(iii) regulating (e.g., main natural carbon sink after the oceans, regulator of 3.8 million liters
of water in a non-urbanized hectare), and (iv) preservation of cultural and archaeological
heritage [49–53]. Assuming soil as a slowly renewable natural resource resulting from
complex actions and interactions of ecological processes in time and space, the present
paper evaluates the impact of urban expansion on soil quality in a large Mediterranean
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urban region. Assuming urban expansion in fringe land as a threat for soil quality—in
relation with habitat loss and landscape fragmentation—a spatial analysis evaluating the
quality of soil consumed by the city’s development was implemented into a Geographic
Information System interface using diachronic land-use maps and a high-resolution soil
geo-database.

Results of the present study provide empirical demonstration of the working hypothe-
sis that urban expansion consumes soils with high land capability and low susceptibility
to soil degradation that is mostly represented by water (or wind) erosion in the study
area. Moreover, the inverse relationship observed between soil-sealing intensity and soil
quality (or climate quality) indexes suggests how compact and dense settlements represent
a more sustainable urban model in the study area compared to discontinuous, dispersed
settlements. In the long term, dispersed settlements may consume soils with the highest
quality in the region, impacting landscape resilience and altering ecosystem stability at the
regional scale [21]. This phenomenon can be more intense in peri-urban Mediterranean
regions undergoing climate aridification and increasing anthropogenic pressure [54–57].
The empirical findings of our work confirm earlier evidence on urban growth as a factor
of degradation and physical loss of soil [58–61]. In most socioeconomic contexts typical
of advanced countries, consensus has been reached on the assumption that settlement
expansion may concentrate on soils with high suitability for agriculture (e.g., [62–65]),
determining cropland reduction and loss of approximately 2% of the world’s current arable
land [66]. Negative consequences on a social, economic, and environmental level as regards,
e.g., food security, hydrologic systems, habitat fragmentation and its impact on ecosystem
services [67], biodiversity (with very likely introduction of invasive species), and urban
sustainability have been also delineated [68].

Recent transformations in Greek landscape due to (uncontrolled) settlement pattern
are a concern for policy makers since they will have repercussions on the natural and
cultural heritage of the Athens’ area and the region of Attica as a whole. This is a place that
constitutes an important tourist destination that attracts (national and foreign) visitors. This
context raises the issue of pursuing and managing Sustainable Urban Tourism activities
and development [69]. Earlier studies that looked at sustainable tourism implementation
highlighted that local and central government should play a relevant role in managing,
including financially, tourism flows. They enjoy huge influence on related policy areas that
affect land take and spatial planning, such as (tourism) infrastructure, real estate pressure
or residentialism, transport and smartization, planning of natural areas and parks, as well
as recreational economic zoning for the region [56,70,71]. Thus, land use planning assumes
tourism as an integral factor of sustainable development. Furthermore, sustainable tourism
practices can also be achieved by promoting community management, with commitment
and cooperation at multiple levels, leveraging visitors and residents’ attitudes toward
sustainability in the realm of reducing waste, overconsumption, and education toward
preservation of the natural and cultural heritage that, ultimately, can promote a more
environmental use of soil [72–74].

These results consolidate basic knowledge on the intrinsic relationship between land
take and soil quality, an increasingly topical and urgent issue, and the containment of its
negative effects [75]. The goal is to inform sustainable regional planning and development
policies with an in-depth quantification of soil loss due to different phases of urban expan-
sion [76–78]. Land-saving urban forms should be especially promoted for their indirect,
beneficial effects on soil conservation [79–81]. Moving toward this direction means that, in
addition to triggering an accurate investigation to estimate current soil loss rates, important
steps should be taken to introduce soil loss estimates based on a monetary quantification
of ecosystem services [50]. Besides being a valuable and equitable approach, it could bring
practical recommendations about, for instance, building new settlements where it has less
impact from several points of view (e.g., economic, agronomic, social, territorial, political,
and ecological), stimulating urban containment and preventing sprawl in other contexts. It
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may also represent a viable solution to reconnect valuation of existing ecosystem services
at a certain location to sustainability on a larger regional level.

The establishment of an information system is key to developing a dynamic assessment
of soil resource depletion [82–84]. In these regards, sensitivity of land to degradation is
not a static attribute and it needs permanent monitoring [85]. In addition to measuring
the effects of soil sealing, one of the most complicated aspects of the problem is the
ability to control and manage the process through policies, regulatory frameworks, plans,
and specific actions [37,57,86]. This occurs in the Mediterranean region, where there is
a partial lack of tools evaluating land take risk by urban growth [42,56,87]. It adds to
the failure of procedural initiatives for soil protection and to the resulting insolvency of
the instruments responsible for monitoring land take [88–91]. The integrated political-
administrative and planning territorial system of monitoring land take is still full of
(cognitive) gaps, (regulatory) contradictions, and (strategic) delays and limitations. It
therefore requires a strong effort of fine tuning with field knowledge and evidence from
mainstream scientific literature [12,92–94].

5. Conclusions

The metropolitan area of Athens has undergone a vast growth process since 1948. This
study showed that peri-urban settlements have been consuming the highest quality avail-
able soils, thus determining a net loss in the natural resource base of the entire region. An
inverse relationship between land take intensity, and soil and climate quality indexes, pro-
vides evidence that compact and dense settlements can be considered a more sustainable
urban growth model than discontinuous, dispersed settlements. Assuming soil is a slowly
renewable natural resource resulting from complex actions and interactions of ecological
processes in time and space, an overall reduction in the provision of ecosystem service
of soil is expected. These threats necessitate an active policy implementation, including
actions towards urban tourism sustainability, to contain negative effects and to restore
environmental sustainability in the long run. The empirical results of our study definitively
outline the importance of a comprehensive assessment of ecological-economic factors
associated with loss of soil quality in peri-urban areas. The quality, reproducibility, and pre-
cision of such assessments may limit the operational/planning activity of decision-makers,
on which the sustainability of the choices and the resulting actions depend substantially.
Introducing practices of identification and monetary quantification of ecosystem services
may prove highly successful in containing soil degradation in a specific location. Overall,
implementation of forecasting policies for the control of soil quality loss is imperative in
peri-urban areas; this would involve focusing on the resolution of locally- based “terri-
torial issues” rather than on activities that are generalizable to broader contexts but not
completely pertinent to the peculiarity of the specific area.

Author Contributions: Conceptualization, S.S.N. and B.E.; methodology, F.P. and B.E.; software,
G.E.; validation, F.G. and R.S.; formal analysis, G.E. and F.G.; investigation, G.Q.; resources, G.Q.;
data curation, R.S.; writing—original draft preparation, S.S.N. and F.P.; writing—review and editing,
B.E. and F.G.; visualization, G.Q.; supervision, G.E.; project administration, G.Q.; funding acquisition,
S.S.N. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Data Availability Statement: Open Access official statistics where used in this study and specifically
derived from the Hellenic National Statistical Authority (ELSTAT) at www.statistics.gr (accessed on 1
February 2021).

Conflicts of Interest: The authors declare no conflict of interest.

www.statistics.gr


Sustainability 2021, 13, 2042 9 of 12

References
1. Brevik, E.C.; Cerdà, A.; Mataix-Solera, J.; Pereg, L.; Quinton, J.N.; Six, J.; Van Oost, K. The interdisciplinary nature of SOIL. Soil

2015, 1, 117–129. [CrossRef]
2. Karlen, D.L.; Mausbach, M.J.; Doran, J.W.; Cline, R.G.; Harris, R.F.; Schuman, G.E. Soil quality: A concept, definition, and

framework for evaluation. Soil Sci. Soc. Am. J. 1997, 61, 4–10. [CrossRef]
3. Karlen, D.L.; Ditzler, C.A.; Andrews, S.S. Soil quality: Why and how? Geoderma 2003, 114, 145–156. [CrossRef]
4. Dominati, E.; Patterson, M.; Mackay, A. A framework for classifying and quantifying the natural capital and ecosystem services

of soils. Ecol. Econ. 2010, 69, 1858–1868. [CrossRef]
5. Gregorich, E.G.; Carter, M.R. (Eds.) Soil Quality for Crop Production and Ecosystem Health; Elsevier Science B.V.: Amsterdam, The

Netherlands, 1997; Volume 25, ISBN 0-444-81661-5.
6. Palm, C.; Sanchez, P.; Ahamed, S.; Awiti, A. Soils: A contemporary perspective. Annu. Rev. Env. Resour. 2007, 32, 99–129. [CrossRef]
7. Robinson, D.A.; Hockley, N.; Dominati, E.; Lebron, I.; Scow, K.M.; Reynolds, B.; Emmett, B.A.; Keith, A.M.; de Jonge, L.W.;

Schjønning, P.; et al. Natural Capital, Ecosystem Services, and Soil Change: Why Soil Science Must Embrace an Ecosystems
Approach. Vadose Zone J. 2012, 11. [CrossRef]

8. Koch, A.; Mcbratney, A.; Adams, M.; Field, D.; Hill, R.; Crawford, J.; Minasny, B.; Lal, R.; Abbott, L.; O’Donnell, A.; et al. Soil
Security: Solving the Global Soil Crisis. Glob. Policy 2013, 4, 434–441. [CrossRef]

9. Bristow, K.L.; Marchant, S.M.; Deurer, M.; Clothier, B.E. Enhancing the ecological infrastructure of soils. In Proceedings of the 9th
World Congress of Soil Science, Soil Solutions for a Changing World, Brisbane, Australi, 1–6 August 2010; pp. 13–16.

10. McBratney, A.; Field, D.J.; Koch, A. The dimensions of soil security. Geoderma 2014, 213, 203–213. [CrossRef]
11. Gardi, C.; Jeffery, S.; Saltelli, A. An estimate of potential threats levels to soil biodiversity in EU. Glob. Chang. Biol. 2013, 19,

1538–1548. [CrossRef]
12. Glæsner, N.; Helming, K.; de Vries, W. Do current European policies prevent soil threats and support soil functions? Sustainability

2014, 6, 9538–9563. [CrossRef]
13. Rubio, J.L.; Bochet, E. Desertification indicators as diagnosis criteria for desertification risk assessment in Europe. J. Arid Env.

1998, 39, 113–120. [CrossRef]
14. European Environment Agency. Urban Sprawl in Europe—The Ignored Challenge; EEA Report no. 10; EEA: Copenhagen, Denmark, 2006.
15. European Environment Agency. Soil Quality Index Map. København; 2009. Available online: http://www.eea.europa.eu/data-

and-maps/figures/soil-quality-index-map (accessed on 1 January 2021).
16. Artmann, M. Assessment of soil sealing management responses, strategies, and targets toward ecologically sustainable Urban

land use management. Ambio 2014, 43, 530–541. [CrossRef]
17. Hennig, E.I.; Schwick, C.; Soukup, T.; Orlitová, E.; Kienast, F.; Jaeger, J.A.G. Multi-scale analysis of urban sprawl in Europe:

Towards a European de-sprawling strategy. Land Use Policy 2015, 49, 483–498. [CrossRef]
18. Eigenbrod, F.; Bell, V.A.; Davies, H.N.; Heinemeyer, A.; Armsworth, P.R.; Gaston, K.J. The impact of projected increases in

urbanization on ecosystem services. Proc. R. Soc. B Biol. Sci. 2011, 278, 3201–3208. [CrossRef] [PubMed]
19. Koprowska, K.; Łaszkiewicz, E.; Kronenberg, J. Is urban sprawl linked to green space availability? Ecol. Indic. 2020, 108,

105723. [CrossRef]
20. Angel, S.; Parent, J.; Civco, D.L.; Blei, A.; Potere, D. The dimensions of global urban expansion: Estimates and projections for all

countries, 2000-2050. Prog. Plann. 2011, 75, 53–107. [CrossRef]
21. Antrop, M. Why landscapes of the past are important for the future. Landsc. Urban Plan 2005, 70, 21–34. [CrossRef]
22. Bruegmann, R. Sprawl: A Compact History; University of Chicago Press: Chicago, IL, USA, 2005; ISBN 978-0226076911.
23. Hermant-de Callatay, C.; Svanfeld, C. Cities of Tomorrow. Challenges, Visions, Ways Forward; Publications Office of the European

Union: Luxembourg, 2011; ISBN 978-92-79-21307-6.
24. Chen, X.; Xia, X.; Wu, S.; Wang, F.; Guo, X. Mercury in urban soils with various types of land use in Beijing, China. Env. Pollut.

2000, 158, 48–54. [CrossRef]
25. Salata, S.; Gardi, C. From quantitative to qualitative analysis of Land-Take. The application of a Composite Indicator for targeted

policies of Land Take reduction. CSE City Saf. Energy 2015, 1, 15–31.
26. Scalenghe, R.; Ajmone-Marsan, F. The anthropogenic sealing of soils in urban areas. Landsc. Urban Plan. 2009, 90, 1–10. [CrossRef]
27. Tan, M.; Li, X.; Xie, H.; Lu, C. Urban land expansion and arable land loss in China—A case study of Beijing–Tianjin–Hebei region.

Land Use Policy 2005, 22, 187–196. [CrossRef]
28. Xia, X.; Chen, X.; Liu, R.; Liu, H. Heavy metals in urban soils with various types of land use in Beijing, China. J. Hazard. Mater.

2011, 186, 2043–2050. [CrossRef]
29. Catalàn, B.; Sauri, D.; Serra, P. Urban sprawl in the Mediterranean? Patterns of growth and change in the Barcelona Metropolitan

Region 1993–2000. Landsc. Urban Plan. 2008, 85, 174–184. [CrossRef]
30. De Rosa, S.; Salvati, L. Beyond a ‘side street story’? Naples from spontaneous centrality to entropic polycentricism, towards a

‘crisis city’. Cities 2016, 51, 74–83. [CrossRef]
31. Salvati, L.; Ciommi, M.T.; Serra, P.; Chelli, F.M. Exploring the spatial structure of housing prices under economic expansion and

stagnation: The role of socio-demographic factors in metropolitan Rome, Italy. Land Use Policy 2019, 81, 143–152. [CrossRef]

http://doi.org/10.5194/soil-1-117-2015
http://doi.org/10.2136/sssaj1997.03615995006100010001x
http://doi.org/10.1016/S0016-7061(03)00039-9
http://doi.org/10.1016/j.ecolecon.2010.05.002
http://doi.org/10.1146/annurev.energy.31.020105.100307
http://doi.org/10.2136/vzj2011.0051
http://doi.org/10.1111/1758-5899.12096
http://doi.org/10.1016/j.geoderma.2013.08.013
http://doi.org/10.1111/gcb.12159
http://doi.org/10.3390/su6129538
http://doi.org/10.1006/jare.1998.0402
http://www.eea.europa.eu/data-and-maps/figures/soil-quality-index-map
http://www.eea.europa.eu/data-and-maps/figures/soil-quality-index-map
http://doi.org/10.1007/s13280-014-0511-1
http://doi.org/10.1016/j.landusepol.2015.08.001
http://doi.org/10.1098/rspb.2010.2754
http://www.ncbi.nlm.nih.gov/pubmed/21389035
http://doi.org/10.1016/j.ecolind.2019.105723
http://doi.org/10.1016/j.progress.2011.04.001
http://doi.org/10.1016/j.landurbplan.2003.10.002
http://doi.org/10.1016/j.envpol.2009.08.028
http://doi.org/10.1016/j.landurbplan.2008.10.011
http://doi.org/10.1016/j.landusepol.2004.03.003
http://doi.org/10.1016/j.jhazmat.2010.12.104
http://doi.org/10.1016/j.landurbplan.2007.11.004
http://doi.org/10.1016/j.cities.2015.11.025
http://doi.org/10.1016/j.landusepol.2018.10.030


Sustainability 2021, 13, 2042 10 of 12

32. Couch, C.; Petschel-held, G.; Leontidou, L. Urban Sprawl in Europe: Landscapes, Land-Use Change and Policy; Blackwell: London,
UK, 2007; ISBN 978-14-05-13917-5.

33. Jones, A.; Panagos, P.; Barcelo, S.; Bouraoui, F.; Bosco, C.; Dewitte, O.; Gardi, C.; Hervás, J.; Hiederer, R.; Jeffery, S.; et al. State of
Soil in Europe; Publications Office of the European Union: Luxembourg, 2012. [CrossRef]

34. Podmanicky, L.; Balázs, K.; Belényesi, M.; Centeri, C.; Kristóf, D.; Kohlheb, N. Modelling soil quality changes in Europe. An
impact assessment of land use change on soil quality in Europe. Ecol. Ind. 2011, 11, 4–15. [CrossRef]

35. Giannakourou, G. Transforming spatial planning policy in Mediterranean countries: Europeanization and domestic change. Eur.
Plan. Stud. 2005, 13, 319–331. [CrossRef]

36. Zambon, I.; Benedetti, A.; Ferrara, C.; Salvati, L. Soil Matters? A Multivariate Analysis of Socioeconomic Constraints to Urban
Expansion in Mediterranean Europe. Ecol. Econ. 2018, 146, 173–183. [CrossRef]

37. Salvati, L.; Zambon, I.; Chelli, F.M.; Serra, P. Do spatial patterns of urbanization and land consumption reflect different
socioeconomic contexts in Europe? Sci. Total Environ. 2018, 625, 722–730. [CrossRef]

38. Salvati, L.; Ferrara, A.; Chelli, F. Long-term growth and metropolitan spatial structures: An analysis of factors influencing urban
patch size under different economic cycles. Geogr. Tidsskr.-Dan. J. Geogr. 2018, 118, 56–71. [CrossRef]

39. Christodoulou, M.; Nakos, G. An approach to comprehensive land-use planning. J. Environ. Manag. 1990, 31, 39–47. [CrossRef]
40. Pili, S.; Grigoriadis, E.; Carlucci, M.; Clemente, M.; Salvati, L. Towards sustainable growth? A multi-criteria assessment of

(changing) urban forms. Ecol. Indic. 2017, 76, 71–80. [CrossRef]
41. Chorianopoulos, I.; Pagonis, T.; Koukoulas, S.; Drymoniti, S. Planning, competitiveness and sprawl in the Mediterranean city:

The case of Athens. Cities 2010, 27, 249–259. [CrossRef]
42. Salvati, L.; Serra, P. Estimating Rapidity of Change in Complex Urban Systems: A Multidimensional, Local-Scale Approach.

Geogr. Anal. 2016, 48, 132–156. [CrossRef]
43. Salvati, L.; Sateriano, A.; Grigoriadis, E. Crisis and the city: Profiling urban growth under economic expansion and stagnation.

Lett. Spat. Resour. Sci. 2016, 9, 329–342. [CrossRef]
44. Cecchini, M.; Zambon, I.; Pontrandolfi, A.; Turco, R.; Colantoni, A.; Mavrakis, A.; Salvati, L. Urban sprawl and the ‘olive’landscape:

Sustainable land management for ‘crisis’ cities. GeoJournal 2019, 84, 237–255. [CrossRef]
45. Rontos, K.; Grigoriadis, E.; Sateriano, A.; Syrmali, M.; Vavouras, I.; Salvati, L. Lost in protest, found in segregation: Divided cities

in the light of the 2015 “Oχι” referendum in Greece. CityCult. Soc. 2016, 7, 139–148. [CrossRef]
46. Di Feliciantonio, C.; Salvati, L.; Sarantakou, E.; Rontos, K. Class diversification, economic growth and urban sprawl: Evidences

from a pre-crisis European city. Qual. Quant. 2018, 52, 1501–1522. [CrossRef]
47. Salvati, L. The Dark Side of the Crisis: Disparities in per Capita income (2000–12) and the Urban-Rural Gradient in Greece.

Tijdschr. Voor Econ. En Soc. Geogr. 2016, 107, 628–641. [CrossRef]
48. Gavalas, V.S.; Rontos, K.; Salvati, L. Who becomes an unwed mother in Greece? Sociodemographic and geographical aspects of

an emerging phenomenon. Popul. Space Place 2014, 20, 250–263. [CrossRef]
49. Adhikari, K.; Hartemink, A.E. Linking soils to ecosystem services—A global review. Geoderma 2016, 262, 101–111. [CrossRef]
50. Baveye, P.C.; Baveye, J.; Gowdy, J. Soil “ecosystem” services and natural capital: Critical appraisal of research on uncertain

ground. Front. Environ. Sci. 2016, 4, 41. [CrossRef]
51. Comerford, N.B.; Franzluebbers, A.J.; Stromberger, M.E.; Morris, L.; Markewitz, D.; Moore, R. Assessment and Evaluation of Soil

Ecosystem Services. Soil Horizones 2013, 54, 1–14. [CrossRef]
52. Keesstra, S.D.; Bouma, J.; Wallinga, J.; Tittonell, P.; Smith, P.; Cerdà, A.; Montanarella, L.; Quinton, J.N.; Pachepsky, Y.; Van Der

Putten, W.H.; et al. The significance of soils and soil science towards realization of the United Nations sustainable development
goals. Soil 2016, 2, 111–128. [CrossRef]

53. Robinson, D.A.; Jackson, B.M.; Clothier, B.E.; Dominati, E.J.; Marchant, S.C.; Cooper, D.M.; Bristow, K.L. Advances in Soil
Ecosystem Services: Concepts, Models, and Applications for Earth System Life Support. Vadose Zone J. 2013, 12, 1–13. [CrossRef]

54. Serra, P.; Vera, A.; Tulla, A.F.; Salvati, L. Beyond urban-rural dichotomy: Exploring socioeconomic and land-use processes of
change in Spain (1991–2011). Appl. Geogr. 2014, 55, 71–81. [CrossRef]

55. Kelly, C.; Ferrara, A.; Wilson, G.A.; Ripullone, F.; Nole, A.; Harmer, N.; Salvati, L. Community resilience and land degradation in forest
and shrubland socio-ecological systems: Evidence from Gorgoglione, Basilicata, Italy. Land Use Policy 2015, 46, 11–20. [CrossRef]

56. Cuadrado-Ciuraneta, S.; Dura-Guimera, A.; Salvati, L. Not only tourism: Unravelling suburbanization, second-home expansion
and rural sprawl in Catalonia, Spain. Urban Geogr. 2017, 38, 66–89. [CrossRef]

57. Zambon, I.; Serra, P.; Sauri, D.; Carlucci, M.; Salvati, L. Beyond the Mediterranean city’: Socioeconomic disparities and urban
sprawl in three Southern European cities. Geogr. Ann. Ser. B Hum. Geogr. 2017, 99, 319–337. [CrossRef]

58. Redman, C.L.; Jones, N.S. The Environmental, Social, and Health Dimensions of Urban Expansion. Popul. Environ. 2005, 26,
505–520. [CrossRef]

59. Li, X.; Yang, L.; Ren, Y.; Li, H.; Wang, Z. Impacts of urban sprawl on soil resources in the ChangChun–Jilin economic zone, china,
2000–2015. Int. J. Environ. Res. Public Health 2018, 15, 1186. [CrossRef]

60. Bueno-Suárez, C.; Coq-Huelva, D. Sustaining what is unsustainable: A review of urban sprawl and urban socio-environmental
policies in North America and Western Europe. Sustainability 2020, 12, 4445. [CrossRef]

61. Yasin, M.Y.; Mohd Yusoff, M.; Abdullah, J.; Mohd Noor, N. Is urban sprawl a threat to sustainable development? A review of
characteristics and consequences. Malays. J. Soc. Sp. 2020, 16, 56–68. [CrossRef]

http://doi.org/10.2788/77361
http://doi.org/10.1016/j.ecolind.2009.08.002
http://doi.org/10.1080/0365431042000321857
http://doi.org/10.1016/j.ecolecon.2017.10.015
http://doi.org/10.1016/j.scitotenv.2017.12.341
http://doi.org/10.1080/00167223.2017.1386582
http://doi.org/10.1016/S0301-4797(05)80013-1
http://doi.org/10.1016/j.ecolind.2017.01.008
http://doi.org/10.1016/j.cities.2009.12.011
http://doi.org/10.1111/gean.12093
http://doi.org/10.1007/s12076-015-0160-4
http://doi.org/10.1007/s10708-018-9848-5
http://doi.org/10.1016/j.ccs.2016.05.006
http://doi.org/10.1007/s11135-017-0532-5
http://doi.org/10.1111/tesg.12203
http://doi.org/10.1002/psp.1761
http://doi.org/10.1016/j.geoderma.2015.08.009
http://doi.org/10.3389/fenvs.2016.00041
http://doi.org/10.2136/sh12-10-0028
http://doi.org/10.5194/soil-2-111-2016
http://doi.org/10.2136/vzj2013.01.0027
http://doi.org/10.1016/j.apgeog.2014.09.005
http://doi.org/10.1016/j.landusepol.2015.01.026
http://doi.org/10.1080/02723638.2015.1113806
http://doi.org/10.1080/04353684.2017.1294857
http://doi.org/10.1007/s11111-005-0010-1
http://doi.org/10.3390/ijerph15061186
http://doi.org/10.3390/su12114445
http://doi.org/10.17576/geo-2020-1604-05


Sustainability 2021, 13, 2042 11 of 12

62. McGregor, D.; Simon, D.; Thompson, D. The Peri-Urban Interface: Approaches to Sustainable Natural and Human Resource Use;
Earthscan: London, UK, 2006.

63. Zhang, X.; Chen, J.; Tan, M.; Sun, Y. Assessing the impact of urban sprawl on soil resources of Naijing city using satellite images
and digital soil databases. Catena 2007, 9, 16–30. [CrossRef]

64. D’Amour, C.B.; Reitsma, F.; Baiocchi, G.; Barthel, S.; Güneralp, B.; Erb, K.H.; Haberl, H.; Creutzig, F.; Seto, K.C. Future urban land
expansion and implications for global croplands. Proc. Natl. Acad. Sci. USA 2017, 114, 8939–8944. [CrossRef] [PubMed]

65. Youssef, A.; Sewilam, H.; Khadr, Z. Impact of Urban Sprawl on Agriculture Lands in Greater Cairo. J. Urban Plan. Dev. 2020, 146,
05020027. [CrossRef]

66. Salomon, M.J.; Watts-Williams, S.J.; McLaughlin, M.J.; Cavagnaro, T.R. Urban soil health: A city-wide survey of chemical and
biological properties of urban agriculture soils. J. Clean. Prod. 2020, 275, 122900. [CrossRef]

67. Shao, Z.; Sumari, N.S.; Portnov, A.; Ujoh, F.; Musakwa, W.; Mandela, P.J. Urban sprawl and its impact on sustainable urban
development: A combination of remote sensing and social media data. Geo-Spat. Inf. Sci. 2020, 1–15. [CrossRef]

68. Zipperer, W.C.; Northrop, R.; Andreu, M. Urban Development and Environmental Degradation. Oxford Res. Encycl. Environ. Sci.
2020, 1–25. [CrossRef]

69. UNWTO/UNEP. Making Tourism More Sustainable—A Guide for Policy Makers; World Tourism Organization: Madrid, Spain, 2005;
Available online: https://www.e-unwto.org/doi/book/10.18111/9789284408214 (accessed on 6 February 2021).

70. Mowforth, M.; Munt, I. Tourism and Sustainability: Development, Globalization and New Tourism in the Third World, 3rd ed.; Routledge:
New York, NY, USA, 2009.

71. Grah, B.; Dimovski, V.; Peterlin, J. Managing sustainable urban tourism development: The case of Ljubljana. Sustainability 2020,
12, 792. [CrossRef]

72. Zamfir, A.; Corbos, R.A. Towards sustainable tourism development in urban areas: Case study on Bucharest as tourist destination.
Sustainability 2015, 7, 12709–12722. [CrossRef]

73. Maxim, C. Sustainable tourism implementation in urban areas: A case study of London. J. Sustain. Tour. 2016, 24, 971–989. [CrossRef]
74. Lerario, A.; Di Turi, S. Sustainable urban tourism: Reflections on the need for building-related indicators. Sustainability 2018, 10,

1981. [CrossRef]
75. Duvernoy, I.; Zambon, I.; Sateriano, A.; Salvati, L. Pictures from the other side of the fringe: Urban growth and peri-urban

agriculture in a post-industrial city (Toulouse, France). J. Rural Stud. 2018, 57, 25–35. [CrossRef]
76. Conway, T.M.; Lathrop, R.G. Alternative land-use regulations and environmental impacts: Assessing future land-use in an

urbanizing watershed. Landsc. Urban Plan. 2005, 71, 1–15. [CrossRef]
77. Aguilar, A.G. Peri-urbanization, illegal settlements and environmental impact in Mexico City. Cities 2008, 25, 133–145. [CrossRef]
78. Alberti, M. Maintaining ecological integrity and sustaining ecosystem function in urban areas. Curr. Opin. Environ. Sustain. 2010,

2, 178–184. [CrossRef]
79. Latorre, J.G.; Garcia-Latorre, J.; Sanchez-Picon, A. Dealing with aridity: Socio-economic structures and environmental changes in

an arid Mediterranean region. Land Use Policy 2001, 18, 53–64. [CrossRef]
80. Paul, V.; Tonts, M. Containing urban sprawl: Trends in land-use and spatial planning in the Metropolitan Region of Barcelona. J.

Environ. Plan. Manag. 2005, 48, 7–35. [CrossRef]
81. Marull, J.; Pino, J.; Tello, E.; Cordobilla, M.J. Social metabolism, landscape change and land-use planning in the Barcelona

Metropolitan Region. Land-Use Policy 2009, 27, 497–510. [CrossRef]
82. Schloter, M.; Dilly, O.; Muncha, J.C. Indicators for evaluating soil quality. Agric. Ecosyst. Environ. 2003, 98, 255–262. [CrossRef]
83. Shukla, M.K.; Lal, R.; Ebinger, M. Determining soil quality indicators by factor analysis. Soil Tillage Res. 2006, 87, 194–204. [CrossRef]
84. Yli-Viikari, A.; Hietala-Koivu, R.; Huusela-Veistola, E.; Hyvonen, T.; Perala, P.; Turtola, E. Evaluating agri-environmental

indicators (AEIs)—use and limitations of international indicators at national level. Ecol. Indicat. 2007, 7, 150–163. [CrossRef]
85. Salvati, L.; Zitti, M. Assessing the impact of ecological and economic factors on land degradation vulnerability through multiway

analysis. Ecol. Indic. 2009, 9, 357–363. [CrossRef]
86. Teissier, J.; Chape, M. Outils Opérationnels de Gestion et D’aménagement du Territoire Dans L’optique de la 13Preservation Des Sols;

Sydel du Pays Coeur d’Hérault: Saint-André-de-Sangonis, France, 2013.
87. Carlucci, M.; Grigoriadis, E.; Rontos, K.; Salvati, L. Revisiting a Hegemonic Concept: Long-term ‘Mediterranean Urbanization’ in

Between City Re-polarization and Metropolitan Decline. Appl. Spat. Anal. Policy 2017, 10, 347–362. [CrossRef]
88. Gisladottir, G.; Stocking, M. Land degradation control and its global environmental benefits. Land Degrad. Dev. 2005, 16,

99–112. [CrossRef]
89. Montanarella, L. Trends in land degradation in Europe. In Climate and Land Degradation; Sivakumar, M.V., Ndiang’Ui, N., Eds.;

Springer: Berlin, Germany, 2007.
90. Chelleri, L.; Schuetze, T.; Salvati, L. Integrating resilience with urban sustainability in neglected neighborhoods: Challenges and

opportunities of transitioning to decentralized water management in Mexico City. Habitat Int. 2015, 48, 122–130. [CrossRef]
91. Kazemzadeh-Zow, A.; Zanganeh Shahraki, S.; Salvati, L.; Samani, N.N. A spatial zoning approach to calibrate and validate urban

growth models. Int. J. Geogr. Inf. Sci. 2017, 31, 763–782. [CrossRef]
92. Jansson, Å. Reaching for a sustainable, Resilient urban future using the lens of ecosystem services. Ecol. Econ. 2013, 86, 285–291. [CrossRef]

http://doi.org/10.1016/j.catena.2006.04.020
http://doi.org/10.1073/pnas.1606036114
http://www.ncbi.nlm.nih.gov/pubmed/28028219
http://doi.org/10.1061/(ASCE)UP.1943-5444.0000623
http://doi.org/10.1016/j.jclepro.2020.122900
http://doi.org/10.1080/10095020.2020.1787800
http://doi.org/10.1093/acrefore/9780199389414.013.97
https://www.e-unwto.org/doi/book/10.18111/9789284408214
http://doi.org/10.3390/su12030792
http://doi.org/10.3390/su70912709
http://doi.org/10.1080/09669582.2015.1115511
http://doi.org/10.3390/su10061981
http://doi.org/10.1016/j.jrurstud.2017.10.007
http://doi.org/10.1016/j.landurbplan.2003.08.005
http://doi.org/10.1016/j.cities.2008.02.003
http://doi.org/10.1016/j.cosust.2010.07.002
http://doi.org/10.1016/S0264-8377(00)00045-4
http://doi.org/10.1080/0964056042000308139
http://doi.org/10.1016/j.landusepol.2009.07.004
http://doi.org/10.1016/S0167-8809(03)00085-9
http://doi.org/10.1016/j.still.2005.03.011
http://doi.org/10.1016/j.ecolind.2005.11.005
http://doi.org/10.1016/j.ecolind.2008.04.001
http://doi.org/10.1007/s12061-016-9186-2
http://doi.org/10.1002/ldr.687
http://doi.org/10.1016/j.habitatint.2015.03.016
http://doi.org/10.1080/13658816.2016.1236927
http://doi.org/10.1016/j.ecolecon.2012.06.013


Sustainability 2021, 13, 2042 12 of 12

93. Barbosa, A.; Vallecillo, S.; Baranzelli, C.; Jacobs-Crisioni, C.; Batista e Silva, F.; Perpiña-Castillo, C.; Lavalle, C.; Maes, J. Modelling
built-up land take in Europe to 2020: An assessment of the Resource Efficiency Roadmap measure on land. J. Environ. Plan.
Manag. 2017, 60, 1439–1463. [CrossRef]

94. Salvati, L.; Zitti, M. Territorial disparities, natural resource distribution, and land degradation: A case study in southern Europe.
Geojournal 2007, 70, 185–194. [CrossRef]

http://doi.org/10.1080/09640568.2016.1221801
http://doi.org/10.1007/s10708-008-9124-1

	Introduction 
	Materials and Methods 
	Spatial Analysis 
	Elementary Data 
	Spatial Analysis 

	Results 
	Discussion 
	Conclusions 
	References

