The impact of anthropogenic land use changes
on the ecological quality of (selected) areas in Northern Italy

Luca Simone RIZZO 1, Raffaela Gabriella RIZZO 2, Paolo TIZZANI 3

"Universita degli Studi di Padova, Centro interdipartimentale di Ricerca e Servizi “Giorgio Lago” (ltaly)
2Universita Cattolica del Sacro Cuore di Brescia (Italy)
3Universita degli Studi di Torino, Dip. di Produzioni Animali, Epidemiologia ed Ecologia (Italy)
lucasimone.rizzo@unipd.it; RaffaelaGabriella.Rizzo@unicatt.it; paolo.tizzani@unito.it

1. Introduction

1.1 Land use/cover change in Italy: trends
in the last fifty years

Due to the adoption of a “development at all costs” model in
many EU member states, day after day, and at a steady pace,
the intended use of thousands of hectares has been changed
(Munafo, Lupia, Marinosci 2012, p. 38). Between 1990 and 2000,
the annual increase in the occupied land was equal to 1,000 km?
(that is 275 hectares per day). Between 2000 and 20086, this fig-
ure dropped slightly and reached about 920 km? (252 hectares
per day) (EC 2012, p. 5). For this reason, the inefficient use of
the land is now a documented fact. England already suffered
from this twenty years ago as did Belgium and the Netherlands.
For a long time, in Germany and Austria, new buildings have
continued to be constructed on virgin land, at the same time
abandoning spaces or buildings within cities (Prokop et al. 2011;
EC 2012, p. 9).

In Italy, there has been extensive building for several decades,
at the expense of losing even very fertile land. Since the 1970s,
there has been a significant increase in such phenomena as
sprawl, increasing densities, and industrialization, jeopardizing
core functions and reducing landscapes, for example, or — as we
shall see below - ecological processes. The processes of urbani-
zation, suburbanization, rurbanization, counterurbanization
and urban sprawl are documented in a large number of studies
from various disciplines. The resulting morphologies have given
rise to specific compact manifestations, to conurbations, to large
urban centers and metropolitan complexes. For Italy, see the
summary in the tables 100-101- 103 and 104 of the Geographic
Atlas (IGM 2004). At the same time, urban growth has also stimu-
lated a marked polycentrism, and from there it has expanded,
producing frequent linear or diffuse patchy configurations, up
to the smallest dispersions. The Veneto region is an eloquent
testimony of this (Ferrario 2009; Indovina 2009; Robiglio, Rizzo
2009; Cosgrove 2007; Indovina et al. 2005; Turri 2004). All of
these forms - indicated by various terminologies — have been a
subject of specific studies and have been investigated and rep-
resented with complementary methods; all of them, however,
can be attributed to land consumption and change of intended
use — often to the detriment of agricultural and natural land -
which clearly has not stopped (EC 2012; Settis 2010; Arcidiacono
et al. 2010; Fedrigo 2010; Robiglio 2010; EEA-JRC 2006).

In recent years, the land loss in Italy has been documented
at an average of 8 m? per second, rising from 2.8% in 1956
to 6.9% in 2010. Thus, more than 20,500 km? have been lost
(Munafo 2013a, p. 20). The development in this sphere has not
been homogeneous, mainly affecting northern Italy (Figures
1-2) - with the exception of Trentino Alto Adige (Figure 3)
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(Rizzo L.S. 2013) - and the (macro) areas where artificialization
and urbanization phenomena are the most relevant: for exam-
ple, Rome (Salvati et al. 2009), the Lombardy-Venetian Region
(Fregolent 2013; Calzavara et al. 2013; Messina 2013; Cruciani
et al. 2012), Emilia-Romagna (Regione Emilia Romagna 2009;
Bonora 2013; Ferrara et al. 2014) or along the coasts (Munafo
2013b). Although the proportion of land consumption is higher
in the North-West, it is in the Padana-Venetian-Emilia plain that
the sprawl continues (Bolocan 2008, see the map by Ministero
Infrastrutture-DICOTER, p. 37).

In general, the phenomenon is more marked (and worry-
ing) in urban areas. Milan and Naples are examples of this: by
now, they have wasted more than 60% of their municipal area
(Munafo, Marinosci et al. 2012, p. 25). Processing indexes on
data at the municipal level, drawn from the Urban Atlas database
(after having produced a consolidation of the classes contained
in the dataset in seven clusters), Marinosci et al. (2013) nicely
illustrate this trend. For example - and focusing on just one of
the possible indices to be commented on - Rome, Milan and
Turin contain more than 2,000 hectares if, with respect to the
municipality, the value associated with the class “Continuous
fabric residential areas” is considered. Rome, Sassari, Perugia,
Palermo, and Genoa contain 3000 hectares, if the class “Discon-
tinuous fabric residential areas” is considered. With regard to the
class “Industrial, commercial and infrastructural areas”, the data
emerge on which to reflect the situation associated with Rome
or Milan, Verona and Venice (all totaling over 4,000 hectares).

In addition to the phenomena described above, between 1990
and 2008 there was an increase of about 500,000 hectares of
woodland, especially at the expense of other woodland, arable
crops, grassland, pastures and fallow land (Marchetti et al.
2012, p. 177). The phenomenon - as in Veneto (Povellato 2013,
pp. 13-16) - is mostly related to the abandonment of less produc-
tive agricultural land in rural areas, which is also associated with
the triggering of natural processes of reconquest by shrub and
tree species in marginal areas.

States and supranational institutions are increasingly
emphasizing the need for complete knowledge of the land use
in the area of competence (not just artificial), and they require
complete surveys that can be declared as land cover, land use,
or as a mixed form of detection (Munafo, Ferrara 2012). In the
course of time, similar detection systems manifest the need
for harmonization at the global level (Herold et al. 2009). For
Europe, in this regard, the CORINE program was adopted, with
subsequent modifications; this, on the one hand, regarding the
various legislative temporal scanning was implemented by insti-
tutional mapping services (by the EEA 2006, for Europe and in
Italy by the Regional Territorial Plans of Coordination — PTRC
[e.g. Regione Veneto 2009]) or, on the other hand, by other bod-
ies, such as university departments, to assess the outcome of the



Fig. 1 - Example of urban sprawl near Verona (municipality of San Martino Buon Albergo).
Settlements in place of vineyards. Source: R.G. Rizzo 2012.

Fig. 2 - Land use class changes between the eastern coast of Garda Lake and Verona (Italy).

Source: The .KML-converted file was uploaded to view a portion of the exemplary Veronese area on the orthophotos

in Google Earth (Lake Garda, a famous area with a high touristic propensity) and the changes in the intended land use
that occurred in the period 1990-2006. Zooming in, the need for expeditious surveys was obviated that would simply
validate the results of the analysis and test their accuracy. Map created by R.G. Rizzo 2012.
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Fig. 3 - Land use class changes in the province of Bolzano (Italy).

Source: As an example, the map reproduces the area of the Province of Bolzano, in 2.5D.To the DEM - in raster
format - the informative layer has been superimposed, which relates to the polygons that have changed their
intended use in the period 1990-2006. The colors indicate the class "of arrival” [red: artificially modeled areas;
green: agricultural land; brown: forest and arable areas; blue: water bodies]. Note: the edges of polygons have
been deliberately magnified in order to make the colors and the location of the changes clearly visible (and to
counteract the partial interference given by the false colors assigned to the DEM shading to create the illusion of
three-dimensionality). Map created by L.S. Rizzo 2013.
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investments due to regional programming. Examples of land use/
cover change are included for entire regions (Sardinia, see: Lai,
Zoppi 2012).

1.2 Land use/land cover change and the impact
on ecological integrity: an overview of the current debate

Over the past 50 years - as said - the country has been hit
by rising anthropogenic phenomena, which have led to dra-
matic changes in the land surface characteristics, and habitats
(Falcucci et al. 2007). This is not surprising, since the Medi-
terranean basin is considered one of the most altered areas of
the Earth’s surface (Myers et al. 2000), and where the impact
due to human activities is highly visible and profound (Covas,
Blondel 1998; Lavorel et al. 1998; Blondel, Aronson 1999; Vallejo
et al. 2005). The importance of this finding is evident when it
is considered that only 4.7% of primary vegetation is still pre-
sent in this area, while almost all of the land cover is due to
direct or indirect human activities (Falcucci et al. 2007). In past
centuries, environmental changes, particularly changes in land
cover, were gradual and allowed a partial adaptation of plant
and animal species to the new habitat conditions. The study by
Falcucci particularly highlights that from 1960 to 2000 there
were unprecedentedly rapid environmental changes, which
led, on the one hand, to an expansion of the forested areas in
mountainous zones (depopulation of the mountains) and, on
the other hand, to the increase in man-made areas territories
in the lowlands and in the coastal areas (urbanization of the
population).

Considering that the loss and alteration of habitats are uni-
versally recognized among the factors that are most responsible
for the current biodiversity crisis (Sala et al. 2000), the investiga-
tion of the extent of this phenomenon is of crucial importance,
not only at the macro scale, but also on the local level. The
protection of habitats and species, with the objective of letting
natural areas of high conservation value escape the progressive
human erosion, must be addressed through the establishment
of a network of protected and restricted areas (Schullery 1997;
Chandrashekara, Sankar 1998). In the 20t century, the protec-
tion of biodiversity was primarily managed by protecting natu-
ral areas: since 1975, protected areas have doubled worldwide
(Ervin 2003). “The protection of biodiversity in the Veneto region
[as in other Italian regions, ed.] is primarily implemented with
the creation and subsequent management of protected natural
areas (parks and reserves) and of the areas constituting the Euro-
pean ecological Natura 2000 network” (www.regione.veneto.it/
web/ambiente-e-territorio/reti-ecologiche; last consultation date:
18/11/2013). Natura 2000 is currently the main instrument of
EU policy for biodiversity conservation. It is an ecological net-
work widespread throughout the European Union. The Natura
2000 network consists of “territorial areas designated as Sites of
Community Importance (SCI) that at the end of the constitutive
process will become Special Areas of Conservation (SAC) and
Special Protection Areas (SPAs)” [(Directive 92/43/EEC “Habitat”
and Directive 79/409/EEC “Birds”, rectified in 1996 (Ibidem)]. An
innovative element of the Natura 2000 network is the recogni-
tion of the importance of certain elements of the landscape that
play a connecting role for the flora and fauna (Art. 10). Member
states are encouraged to maintain and develop these elements
to improve their ecological coherence. The Natura 2000 network
has, therefore, identified a key problem of biodiversity conserva-
tion: the protection of natural areas is not sufficient if the con-
nections between them are not safeguarded at the same time. In
fact, many protected areas safeguard the territory within them,
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but have little influence on the conservation of the areas outside
them, and in particular on the “ecological corridors” that ensure
ecological connectivity. In a situation such as that in Italy, we are
facing protected areas that are becoming increasingly isolated
within a territory that is progressively being attacked by brutal
anthropization. If unopposed, this phenomenon will make con-
nectivity between areas increasingly difficult and despite having
a very high natural value they will remain “white elephants”,
as demonstrated by studies of several authors (McKinney 2002,
20086).

1.3 Structure of the contribution

Initially (§ 2, 3, 4), we will illustrate the research design (focus-
ing on the overall objective and the operative objectives, on the
characteristics of the study area and on the method used). We
will then move on to the discussion of the results (§ 5). Firstly
(§ 5.1), we will discuss the trends of land use that affect the
entire territory on which the provinces of Verona and Vicenza
are situated, and which involve: impermeabilization, fragmen-
tation, and consumption. It is worth studying the territories
mentioned because they are situated in the Padana-Venetian
plain, as mentioned above (§ 1.1), one of the territories in Italy
that maintains high land consumption rates due to the persistent
urban and anthropic sprawl, and that therefore is more at risk
to the impact on the equilibrium of the ecosystem. The aim
is to give a brief introduction and framework to support the
results of the case study conducted on the Natura 2000 areas
(discussed in paragraph § 5.2, 5.3). In addition (§ 5.4), we will
concisely examine what was carried out by the Rural Develop-
ment Program of the Veneto Region 2007-2013, which deals
with this topic. This is with the intent to understand if space
has been dedicated to the theme, subject of the work, and what
results have been achieved by the implemented measures. In
fact, territorial permeability to the movement of the natural
fauna is now part of - or should be part of - land-use planning
per se (Guccione, Schilleci 2010).

2. Objectives

The general aim is to estimate the ecological integrity of the
area studied, by means of an approach that is based on two
operational objectives:

1. evaluating the extent of the anthropic use of the land - and
its fragmentation - in the provinces of Verona and Vicenza.
It is, in fact, likely to undermine or severely constrain the
possibility of having functioning ecological corridors;

2. verifying the effect of anthropization, particularly in the
Natura 2000 Network. We try to understand if, and to what
extent, the territorialization processes in place lead to isola-
tion of the areas in question, preventing their adequate inter-
relationship. The work was carried out as such, in order to
assess the direct effect of anthropization on the sites, and the
indirect effect surrounding it.

3. Area covered by the study: features
of the environmental contexts

Veneto covers an area of approximately 18,000 km? and is mor-
phologically very differentiated. Within this region, there are
very heterogeneous alternate physical-geographical typologies:
a high mountain alpine zone (Dolomites), a mid-mountain zone
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Fig. 4 - Protected areas in Veneto, Italy.
Source: Data by the Regione Veneto. Map created by L.S. Rizzo 2013.
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Fig. 5 - SCland SPA, and morphological and altimetric structure in the provinces of Verona and Vicenza.
Source: Data by the Regione Veneto. Map created by R.G. Rizzo 2014.
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(Venetian Prealps), some (large) hilly, morainic and isolated foot-
hills, (Euganean Hills, Berici Hills) and a vast plain whose area
is crossed by a multiform and extensive hydrographic network.
The mountains and foothills consist of the Piave River basins
and stretches of the Adige, Astico and Brenta Rivers; rivers that
continue in the plains where there are also numerous streams
fed by springs (Menago, Busse, Bacchiglione and Sile, etc.). The
geopedological context reflects the great variety of environmen-
tal settings cited.

The case study focuses on the provinces of Verona and Vice-
nza. [t is a clearly identifiable area on a visual level, moving from
the prealpine mountains (Monte Baldo and Lessini, Pasubio and
the Asiago plateau) to the high, medium and low hills. At the end
areas of the low hills, there are alternating landscapes of val-
leys with rounded ridges that gently descend to meet the plain
to the south, which opens up there into an arc (Robiglio 2010)
(Figure 5).

3.1 The areas under nature conservation

The Veneto region has six natural parks (5 regional and 1 national),
19 nature reserves (13 state and 6 regional) and two wetlands of
international importance for a total of about 93,000 hectares, 5%
of the regional area (Povellato 2013 p. 17) (Figure 4). The Natura
2000 network, including 104 SCI and 67 SPAs, covers 403,000
hectares. In a large part, the SCI and SPAs overlap with each
other, and with the protected areas. Overall, the area subject
to nature conservation includes 23% of the regional territory
(417,380 ha) and is primarily in mountainous areas. Only 7% of
the regional Utilised Agricultural Area (UAA) - half in mountain-
ous areas - is affected by conservation areas. It should be noted
that the presence of agricultural systems of high and medium-
high natural value (for example, permanent grassland) gives a
significant contribution both to the biodiversity and to the rural
landscape.

The western Venetian region - The study has considered
the sites belonging to the “Natura 2000 Network” located in the
provinces of Verona and Vicenza, in which 25 SPAs are located
(31.6% of the regional ones) along with 32 SCI (26.6% of the
regional total), with a total expansion equal to 108,249 hectares
(Figure 5).

The provinces of Verona and Vicenza alone host 26.1% of the
Natura 2000 network, second only to the province of Belluno.
In their case as well, all SPAs coincide with as many SCI when
considering the administrative boundaries that they character-
ize. It follows that of the 32 SCI of the two provinces 25 have a
double attribution (SCI and SPA) and are therefore protected by
both the “Habitat” Directive and the “Birds” Directive.

4. Methodology
4.1 Sources of information used

To fulfil the objectives set, the following datasets were used:

- Limits of the spatial units examined in .shp format (geopor-
tal of the Veneto Region): NUT2 (provinces of Verona and
Vicenza) and LAU2 (Vicenza and Verona municipalities);

- Corine Land Cover (CLC) for Italy (1990, 2000, 2006) [data-
base downloaded from SINAnet in .shp format]. For the class
“nomenclature system” at the various hierarchical levels, see:
Bonora et al. (2010, p. 9); Sambucini et al. (2010, p. 12);

— Natura 2000 data (SCI and SPAs) of the provinces examined
(in .shp format);
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- the digital elevation model (DEM) of the land at 90 metres
[produced by the Shuttle Radar Topography Mission (SRTM)];

- data in .shp format in 2009 on land use/cover, taken from the
geoportal of the Veneto Region and relative to the provinces
and municipalities studied. The genealogy of the data is the
following. With regard to the production process, the table
associated with the data derives from the geometric process-
ing of the database of the land use and land cover of the
Veneto Region. This database, which for the urban coverage
refers to the archives produced in the project GSE-Land, was
implemented using the photo-interpretation of AIMA ortho-
photos, for the 1994 period and of the CTR, in the original
1983 edition. The sources are therefore varied: CTR from
1983 and subsequent editions; digital AIMA orthophotos from
1994; AGEA orthophotos 2006-2007; GSE-Land archives of
the land use and land cover;

- data on Regional land use/cover relative to the year 1983 (in
.shp format).

The CLC uses a three-level hierarchical classification with
44 items (Gardi et al. 2010, p. 29). The study began with the
1990, 2000, 2006 CLC dataset analyses with identical charac-
teristics: 1:100,000 scale and a minimum mappable unit (MMU)
equal to 25 hectares. Given the scale, it is equivalent to a square
of 5xX5 mm or a circle with 2.8 mm radius. The CLC products
represent, in effect, recognized comparable data at the EU level,
and facilitate the taking of a photograph - at more or less regular
intervals - of the urban, peri-urban and rural landscapes, and
to characterize the changes in a sufficient period of time. The
decision to resort to other databanks — such as the regional
Databank on land use/cover (1:10,000 scale) — derives from the
need to overcome (in some way) the inaccuracies due to the low
resolution of the CLC, as well as to get closer to today:.

4.2 Procedures of implemented spatial analyses

For the first primary goal, steps were taken to extract the
polygons of the two provinces. Then, regarding the CLC data
analysis, a level 1 reclassification was carried out - where neces-
sary (i.e. of the 1990 data) - resulting in the recalculation of the
areas. In a second period, through a procedure of topological
overlay (intersect) polygons were extracted that had switched,
in 1990, from classes 2, 3 and 5 to class 1 (artificial areas) in
2000 and 2006. The results of the analysis made it possible to
estimate the farmland lost between 1990 and 2006, highlighting
the intensification of artificial modelling of the land. We did not,
however, stop here, considering also the ongoing phenomena
mainly related to farming and viticulture (such as the conquest
of hillsides and coppice areas by vineyards) (Rizzo L.S. 2009,
p- 252). Given that the analysis carried out at CLC level 1 only
provides some indications of the changes in land use and land
cover that occurred between 1990 and 2006, it has been better
described. Since the loss of cultivated areas was considerable, it
was decided to focus the attention on this, by disaggregating the
data to level 3. The following indices were therefore calculated:
the percentage rate of change (for the period/interval) and the
extent of the same, expressed in hectares.

The datasets (Corine Land Cover and BDCS of the Veneto
Region) were treated separately. An analogous (overlay) proce-
dure was then implemented on the regional data, evaluating
the expansion of built-up areas (still at classification Level 3)
within the protected areas and the changes that occurred
from 1983 to 2009. Although many protection institutes had
not yet been founded in 1983, the intention was to verify if
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Fig. 6 - Study areas for the evaluation of environmental permeability.
Source: Data by the Regione Veneto. Map created by Tizzani 2013.
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Fig. 7 - Chart describing the methodology of the research.
Source: Chart by the authors 2013.
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and how the ecological quality of these territories has changed
over time.

For the second goal, the influence of anthropization on envi-
ronmental permeability was primarily evaluated, along with the
changes in land use (within and outside the protected areas)
altering the mobility opportunities within the territory of the
animal species, and thus partly negating the role of the Natura
2000 Network. To this end, we used the species of the Ungulate
order (e.g., roe deer and wild boar) as a model of terrestrial ver-
tebrates that are particularly affected, from a biological perspec-
tive, by changes in land use.

The environmental permeability of the territory - i.e. the
capacity of a particular category of land use to be crossed by
an animal - was calculated by creating an impedance matrix,
composed as follows:

1) the land use map in vector format (1983 and 2009) was reclas-
sified by means of “environmental friction indices” (Table 1)
which are a numerical value that expresses the difficulty for
a particular animal species in crossing an area with a specific
type of land use. These values were determined based on
an analysis of the scientific literature (Brooker et al. 1999;
Patthey 2003; AA. VV. 2006). The value 1 was attributed to
the source areas (considering forested areas as such) and
progressive values up to 10,000 to identify non-traversable
areas, completely impervious to the crossing of an ungulate
species (lenticular water, glaciers, and anthropized areas).
The land use vector map was converted into a raster with a
resolution of 10 metres in order to create an environmental
friction map for the years 1983 to 2009.

Four areas of investigation were then identified for the evalu-
ation of environmental permeability (Figure 6):

a. areas that fall within SCI and SPAs;

b. ring buffers of 1000 metres around SCI and SPAs;

c. ring buffers of distances between 1001 and 2000 metres
around SCI and SPAs;

ring buffers of distances between 2001 and 3000 metres
around SCI and SPAs.

The two impedance matrices were used to calculate the varia-
tion in territorial permeability (1983-2009), by raster statistic

d.

operations, for the migration of an ungulate species. The
values of this variation were expressed in terms of percent-
age change from 1983 to 2009, indicating an increase in the
environmental friction with a positive value and vice versa,
a reduction with a negative value.

The methodology adopted is illustrated schematically in Figure 7.

5. Results of the analysis and discussion
5.1 Evolution of land use in Veneto

Since World War II, the territory described has been influenced
by an important process of transformation, driven by industri-
alization of the economy and the expansion of intensive farming
practices.

Since the 1970s, the productive base of the primary sector
has been gradually reduced (Sartori, Reho 2012, p. 12) from
991,264.4 to 811,440 hectares in the 2010 Census. The trans-
formation of agricultural structures - induced by the need to
increase the competitiveness and due to technological changes
- has caused a great deal of diversification in terms of crop and
forest specificity, and of quality and quantity of production. It has
also driven, however, the lack of investment in less productive
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Table 1 - Friction values for land use type

Land use type CLC Code Friction value
Forestry land, scrubland, ex-cultivated fields, grassland and 310 1
peatland 311 1
312 1
313 1
320 1
321 1
322 1
323 1
324 1
Permanent grassland plains, meadow and pastures 230 5
231 5
244 5
Agricultural areas with natural spaces 243 15
Rocks, gravel banks and screes 330 20
331 20
332 20
333 20
Wetland and reed beds 410 40
411 40
Orchards and vineyards (woody crops) 220 100
221 100
222 100
223 100
Heterogeneous agricultural areas 240 150
241 150
242 150
Arable crops 210 200
211 200
212 200
213 200
Lotic waters (rivers) 510 200
511 200
Urban green spaces (parks and infrastructure) 141 300
142 300
Mineral extraction sites 131 600
132 600
133 600
Urbanized areas (urban areas, landfills, motorways) 111 10,000
112 10,000
113 10,000
121 10,000
122 10,000
123 10,000
124 10,000
134 10,000
Lentic waters (artificial and natural ponds) and glaciers 335 10,000
512 10,000

Source: AAVV.(2006), modified. Table by Tizzani and L.S. Rizzo 2013.

farms and woodland, on which the practice of agricultural activi-
ties has thus ceased. There is a relevant phenomenon, particu-
larly in marginal areas and in small settlements, and related to
the problem of depopulation. As emphasized by Povellato (2013,
p- 10), the differential increase in profitability and competitive-
ness between fertile and marginal areas has driven farmers to
abandon the latter. After a time, this phenomenon has resulted
in the process of re-naturalization of previously cultivated land
and - where an intensive use of natural resources is chosen -
consequent problems of alteration of the natural balances. A look
at the census data confirms what has been described. Between
2000 and 2010, there was, in fact, a decline in both the Total
Business Size (-13.7%, totaling about 160,000 acres less) and the
Utilised Agricultural Area (-4.6%, totaling about 39,450 hectares
less). The decline significantly affects the meadows and pastures,
which recorded a decrease of 23.1%. There was a more moderate
decrease in arable crops (-3.6%) and permanent crops (-6.1%)
(Povellato 2013, p. 6). At the same time, the demand for agricul-
tural land to be converted for residential, productive and com-
mercial purposes, and the increase in transport infrastructure
has surged (for Italy, see: Munafo et al. 2011).

The Veneto region has indeed experienced intense building
phases that have followed almost without continuity solutions
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Fig. 8 - Provinces of Verona and Vicenza: map of class changes during the period 1990-2006 (level 1).
Source: Corine Land Cover, the map reproduces, in 2.5D, the territory of the provinces. The informative layer
has been superimposed on the DEM, and relates to the polygons that have changed their intended use in the
period 1990-2006. As an "arrival” class: in red: artificially modelled areas; green: agricultural land; brown:
forests and semi-natural areas, blue: water bodies. Map created by L.S. Rizzo 2013.
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Fig. 9 - Natura 2000 network and urbanization of the provinces of Verona and Vicenza (2006 data).
Source: Data by Regione Veneto. Map created by Tizzani 2013.
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Table 2 - Land use in Veneto and in the provinces of Verona and Vicenza. focus on the classes 1,2 and 3 (CLC level 1).

For the levels, see also: http://www.isprambiente.gov.it/files/legendacorine.pdf

CLC Level 1 1990 (ha) 2006 (ha) 2006% % Variation 2006-1990
Veneto VR Vi Veneto VR Vi Veneto VR Vi Veneto VR Vi
Artificial areas 134.926 25.352 24.738 150.304 29.708 26.562 8.2 9.6 9.8 1.4 17.2 7.4
Agricultural areas 1,068.032 209.001 134297  1,054.564 205.222 132.502 57.3 66.3 43.7 -1.3 -1.8 -1.3
Forested territories and arable land 532.634 56.433 113.097 534.567 55.865 113.067 29.0 18.0 415 0.4 -1.0 0.0

Source: Data by Corine Land Cover. Table by L.S. Rizzo 2013.

over the last forty years. At first, investment was concentrated
in the provincial capitals and the neighbouring municipalities
of the first and second belts, which became saturated. Then,
the interface axes between urban nodes were affected, resulting
in the development of a network of widespread and pervasive
cities (Regione Veneto 2005; Indovina 2009) and additional lay-
ers of artificialization of the land, with an obvious degradation
that cannot be reconciled with the need to conserve natural
resources and ecosystems. Below we propose a focus on the
provinces of Verona and Vicenza (on CLC data and data stored
in the databank of the Veneto Region on land use/cover) in order
to facilitate a better grasp of the extent of involution which has
affected the region from the 1980s to today.

5.1.1 An examination of the Corine Land Cover data

The European CLC project — although not without limitations
linked mainly to its inability to detect total differences within
the categories of land use - provides a georeferenced databank,
useful to analyse land use applications and their changes. A
comparison between the surveys from 1990 and 2006 says little
about the significant growth in forested and semi-natural areas
(through the phenomena of re-vegetation of abandoned agricul-
tural land, which were mentioned above). For guidance on this,
please consult the Regional Forest Map (1980-83 at the 1:25,000
scale, and 2005 at the 1:10,000 scale) and the National Forest
Inventories (1985 and 2005).

Both sources, however, document an increase in forested
areas, of 6.6% and 13%, respectively (Forino 2013, pp. 13-17).
Examination of the CLC data confirms, instead, an increase
in artificial areas (only partly around the capital cities) and a
decrease in farmland areas. Both trends emerge quite clearly
and underline the urgent need to tackle the problem of land con-
sumption in the Veneto region, definable as an “anthropogenic
process that envisages the progressive transformation of natural
or agricultural areas through the construction of buildings and
infrastructure” (definition given by Munafo et al. during the pres-
entation entitled: “Application for the monitoring of land use”,
16a ASITA Conferenza Nazionale in Vicenza, 6-9 November
2012). In the period covered by the data, indeed, the artificially
modelled areas have grown by 11.4% (about 15,000 ha). New
urbanizations are particularly pronounced (+41%, 10,124 ha)
(Table 2) that have mainly focused on the following categories
of use: industrial areas, commercial areas and communication
networks.

5.1.2 A spotlight on the provinces of Verona and Vicenza

An analysis of spatial distribution of the polygons at CLC Level
1 shows important changes in the context of landscape and land
use. In the case of the two provinces examined, an examination
of the CLC historical thresholds (1990, 2000, 2006) also high-
lights a particular expansion of built-up areas and anthropic
activities. The percentage rate relative to the built-up areas
(class 1) is approximately 9.6% for Verona and 9.8% for Vicenza
(with a percentage variation from 1990 to 2006 equal to 17.2%
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and 7.4%, respectively). This is compared to a contraction of
hectares intended for agricultural use (-1.8% for the province
of Verona and -1.3% for Vicenza) (Table 2). Here it was felt that
it was worth: a) verifying how much of the area has changed its
intended use; b) trying to understand which classes this favoured
or impaired. An in-depth analysis was carried out, both on the
period 1990-2006, and on the two intervals 1990-2000 and
2000-2006, at levels 1 and 3 of the CLC classification. Wanting
to provide here just a preliminary mention of the situation, and
in support of the specific results presented in paragraphs 5.2 and
5.3, we only will focus on the period 1990-2006.

The implementation of procedures for topological overlay on
the total years covered by the CLC database reveals that the
changes have in particular taken place in favour of the macro-
class 1 “Artificially modelled territories”: 7,600 hectares were
lost, of which 5,000 were in Verona. This change was from the
conversion of class 2 territory (4,940 hectares for Verona and
2,538 for Vicenza); with only moderate conversion from classes 3
and 5. Conversely, 2,320 hectares passed to class 2 “Agricultural
Territories”. The classes most affected by the change in this case
were 1 - slightly higher for Vicenza - and 3 (especially in the
case of the province of Verona) (Figure 8).

The Verona/Vicenza zone - especially that which connects
the towns of San Martino B.A., Vago, Caldiero and San Boni-
facio - is illustrative in this respect. This is defined by major
east-west roads - the A4 motorway, the Regional Road 11 and
the railway - and two roads, in the north and in the south (SP37
and SR38, respectively). Here, the area was hit by construction
activity (production, roadway and residential) that is still unfin-
ished, and has rapidly filled the remaining empty spaces: an
intricate combination of built-up environment, which increas-
ingly encompasses rural areas (Robiglio 2006, 2010, p. 6).

When there is a change in intended use in favour of the Artifi-
cially modelled areas class, the most relevant sub-classes affected
are, for example, 2.1.1 Non-irrigated arable land and 2.4.2 Com-
plex cultivation patterns. In the case of Verona, the phenomenon
is equally distributed (39.1% and 42.6%, respectively, of the total
hectares). In the Vicenza area, instead, the change mainly affects
the 2.1.1 class (72.8%). Where there are changes of intended
use affecting the classes mentioned above (i.e. the 242 and 211
classes), this particularly benefits the sub-classes 1.1.2 Discon-
tinuous urban fabric and 1.2.1 Industrial or commercial units.
The fact confirms the trend shown above at the regional level. In
Verona indeed, 1,588 and 1,707 hectares are, respectively, moved
to these classes. In the territory of Vicenza, instead, 1,125 and
892 hectares are moved. For more details, please refer to Table 3.

Itis a well-known fact that the presence of grassland is helpful
in terms of land conservation and maintenance of biodiversity.
Therefore, a rapid assessment was carried out. Only 20 hectares
in Verona (mainly in the north and in the prealpine zone) and
about 72 in Vicenza were moved to the sub-class 2.3.1 Pastures,
which includes permanent ones (in addition to temporary
pastures and water meadows). Regarding Verona, about 80% of
the hectares involved in the change belong to the sub-classes
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Fig. 10 - Environmental friction in the provinces of Verona and Vicenza in 1983 and in 2009.
Source: Data by Regione Veneto. Map created by L.S. Rizzo and Tizzani 2013.
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Table 3 - Provinces of Verona and Vicenza: class changes in 1990-2006 (CLC level 3). Focus on major classes of the CLC90 protagonists in the move to class 1 and its sub-classes.

In which classes do 242 and 211 change to from 1990 (CLC) to 2006?

Verona (From 2 to 1): "242" (code 90) 2006 code Definition Hectares % of total "242" change Total "242" ha. of the CLC90 affected by the change

changes to what? 112 Discontinuous urban fabric 902.51 4291 2,103.1

121 Industrial or commercial units 599.50 28.51

122 Road and rail networks and associated land 0.02 0.00

124 Airports 15.36 0.73

131 Mineral extraction sites 301.62 14.34

141 Green urban areas 89.54 426

142 Sportand leisure facilities 194.53 9.25
(From 2 to1): "211" (code 90) 2006 code Definition Hectares % of total "211" change Total "211" ha. of the CLC90 affected by the change
changes to what? 112 Discontinuous urban fabric 686.15 3553 1,931.0

121 Industrial or commercial units 1,108.08 57.38

131 Mineral extraction sites 113.36 5.87

142 Sportand leisure facilities 23.39 1.2

In which classes do the 242 and 211 change to from 1990 (CLC) to 20067
Vicenza ~ (From 2to1): “211" (code 90) 2006 code Definition Hectares % of total change "211" Total "211" ha. of the CLC90 affected by the change

changes to what? 112 Discontinuous urban fabric 1,025.72 55.53 1,847.2

121 Industrial or commercial units 678.11 36.71

122 Road and rail networks and associated land 102.53 5.55

131 Mineral extraction sites 40.83 2.21
(From 2 to1): "242" (code 90) 2006 code Definition Hectares % of total change "242" Total "242" ha. of the CLC90 affected by the change
changes to what? 112 Discontinuous urban fabric 99.72 26.12 3818

121 Industrial or commercial units 21414 56.09

122 Road and rail networks and associated land 3.84 1.01

131 Mineral extraction sites 64.12 16.79

Source: Data by Corine Land Cover. Table by L.S. Rizzo 2013.

3.1.3 Mixed Forests and 3.1.1 Broad-leaved forests; in Vicenza,
however, almost 90% is attributed to 1.1.2 (strange fact per se). A
wider diffusion of meadows - especially permanent — would be
desirable to make the area less vulnerable to the loss of essential
ecological services.

5.2 Results of an analysis of the regional Databank on Land
Cover (Banca Dati sulla Copertura del Suolo - BDCS, Veneto
Region)

The Databank on land use/cover of the Veneto Region (granted
for use in the analysis) is also used to quantify the trends
referred to herein. Compared to the CLC dataset, it accounts
for a greater number of hectares classified as artificial areas:
246,999 versus 150,340. The incidence then switches from 8.2%
to 13.4% (more worrying), with higher values in the plains (18%),
as expected, and in particular in Verona and Venice (Povellato
2013, p. 10-11). A look at the variation in urbanization of the
provinces of Verona and Vicenza from 1983-2009 confirms what
was said in paragraph 5.1.2. During the period considered, the
anthropized territory increased by 28.4%. Figure 9 shows the
situation of urbanization in 2009 (Table 4).

5.3 Main results of the work on Natura 2000 Areas from
the examination of the Regional Databank of Land Cover
(BDCS, Veneto Region)

As shown in Table 5, in the SCI, the anthropized area increased
by 17.3% during the period considered. In the same period the
anthropized area of SPAs increased by 18.3%.

The fact is reflected in the friction values, which together
paint a picture of involution (Figure 10). We note, however, that
in the morainic area of Lake Garda and in the hills to the east of
the city of Verona, the class 200 (Arable land) in 2009 decreased
in favour of the class 100 (Vineyards). In these areas there is, in
effect, less friction. All this is justified by the drive for deployment
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of high-quality vineyards in DOC areas, which is associated with
a process of reconversion of the territory towards forms of espal-
ier farming, which allows the total or partial mechanization of
the system (Rizzo L.S., Rizzo R.G. 2010).

Regarding the variation in ecological connectivity of the Nat-
ura 2000 network from 1983 to 2009, the results of an analysis
of land permeability through the use of environmental friction
rasters are shown in Table 6.

The analysis shows how the environmental friction (and
therefore the cost of migration) considerably grew from 1983
to 2009, to a lesser extent within the sites of the Natura 2000

Table 4 - Variation of provincial urbanization from 1983 to 2009

Year Anthropized Vicenza and Verona (ha)
1983 52,831.8
2009 67,8875

Source: Data by Regione Veneto. Table by Tizzani 2013.

Table 5 - Variation of urbanization of the Natura 2000 network from 1983 to 2009

Year SCl (ha) % Var. 2009-1983 (SCI) SPA (ha) % Var. 2009-1983 (SCI)
1983 1,085.0 194.5

17.3 18.3
2008 1,273.1 230.0

Source: Data by Regione Veneto. Table by Tizzani 2013.

Table 6 - Variation in average friction in the buffer zones around the core areas (Natura
2000) from 1983 to 2009

Area % Variation in average Min Max
friction

Natura 2000 Network 16.30% -23.20% 108.90%

Buffer 1000 24.00% 4.50% 60.00%

Buffer 2000 25.60% 3.80% 65.20%

Buffer 3000 22.00% 6.00% 47.70%

Source: Data by Regione Veneto. Table by Tizzani 2013.



network (where in some cases there is even an increase in the
permeability itself), but in a decidedly greater manner outside
the protected areas, with increases of up to 25%.

Finally, a stratified analysis by SCI and SPA type (divided,
that is, into areas of plains, hills and mountains) provides us
with information on how permeability varies in different zones,
which can also be of natural value (Table 7).

5.4 The role of ecological integrity within the Rural
Development Programme (RDP) 2007-2013 of the Veneto
Region: notes on the implemented interventions and on the
results of Measure 214

The European Union recently voiced the need to take measures
to protect and improve the environment in member countries in
order to valorise the environment and natural areas (Axis 2, EC
Regulation no. 1698/2005 of the Council of 20 September 2005
on support for rural development by the EAFRD). This inten-
tion led to the request to the states to take action for promoting:
a) the sustainable use of agricultural land (Articles 36, 37-41)
and b) the sustainable management of forest areas (Articles 36,
42-49). Italy has included this goal in the National Strategic Plan
in which line 2.2 is dedicated to biodiversity and agro-forestry-
pastoral activities of a high natural value by encouraging the
conservation of semi-natural habitats (2.2.2), the development
of ecological networks (2.2.3), the protection of mountain land-
scapes (2.2.4), and the redevelopment of rural landscape (2.2.5).
Each region has endorsed these directives and has tried to adapt
them to its local contexts. Examining the Veneto Region - com-
mitted to outlining strategies for the new RDP 2014-2020 (www.
piave.it) -, the Rural Development Plan for 2007-2013 addresses
these issues in axis 2, by encoding the following objectives: a)
protection of the land (considered as a resource) from the main
degradation phenomena (2.2), b) optimizing and improving the
preservation of the landscape and of natural resources used for
farming in mountainous areas, also as territorial protection (2.4)
and c) conservation/enhancement of agricultural and forestry
areas of a high natural value and of the associated biodiversity
(2.6). These intentions have found an outlet in measure 214, with
the sub-measures summarized in Table 8.

After 5 years, the Veneto Region evaluated the actions under-
taken in order to quantify the impacts of their local environment
plan (Agriconsulting 2012a). It underlined that (among other
variables: i.e. reduction of nitrogen loads and surplus nitrogen
in soils, evaluation of the use of pesticides, use of forested buffer
strips to remove nitrogen, etc.) the warning indicators considered
of the environmental effects of the territorial governance linked
to biodiversity are as follows: the maintenance of HNV farmland
and forestry linked to the synthetic index of the natural value
(calculated according to the minimum land units) and the farm-
land bird index (interesting, though not regarding ungulates).
Focusing on the first, in 2012, the agricultural area affected by
practices/systems compatible with the HNV farmland was about
69,690 hectares out of 134,000 UAA, 37% of which are in the
mountain, 25% in the hills and 38% in the plains (Agriconsulting
2012a, pp. 57-61). A greater presence of hedges and woodland in
agricultural arable areas has had a positive impact on biodiver-
sity, as shown by an increase in the farmland bird index (which
measures the abundance of various species of birds) (Agricon-
sulting 2012a, p. 57-63). This has helped to push for the adop-
tion of practices that lead, at the same time, to improvements in
landscape frameworks, especially in rural areas, confirming the
value that the Region attributes to the conceptual “landscape”
category (Agriconsulting 2012a, p. 67-72; consider, for example,
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Table 7 - Variation in average friction in the core areas (Natura 2000) and in the buffer
zones identified around them (2009-1983)

%Var SCI_SPA
9%
40%
16%
16%

%Var B1000
20%
27%
25%
24%

%Var B2000
30%
27%
18%
26%

%Var B3000
24%
21%
21%
22%

Type
Plains
Hills
Mountains

Overall Total

Source: Data by Regione Veneto. Table by Tizzani 2013.

Table 8 — Main Sub-Measures of Measure 214

Effect

214/a Ecological corridors, -
buffer strips, hedges and
woodlands

Sub-measure

Objective 1) to improve the degree of biodiversity in rural areas
through the strengthening of ecological connections and increasing
the presence of breeding sites and refuge areas for wildlife.

- Actions: five-year aid to preserve the existing ecological corridors,
buffer strips, hedges and woodlands in plains and hills.

214/b Land quality -
improvement

Objective a) protection of natural resources and prevention of the
risk of soil erosion in the plains and hills through the improvement
in the characteristics of agricultural land.

- Territorial and Operating Area: hill municipalities according to the
ISTAT classification.

Motivation: organic production has a positive effect both on the
protection of biodiversity and the quality of water and land.

214/c Organic farming -

214/d Semi-natural habitat -
protection and biodiversity

Objective: to maintain or increase the complexity of agro-
ecosystems, to create and restore favourable conditions for the
existence of plant species and wildlife, and to increase the degree of
connectivity between natural elements.

- Actions:

* Maintaining habitats and wetlands

 Maintenance of wildlife populations

 Maintenance of meadows with a high historical and natural value

214/e Meadows, pasturesand -
meadow-pastures

Objective c): to maintain the biodiversity of flora and fauna linked
with mowing techniques, and especially in the alpine area, to the
grazing in high altitude grasslands.

- Territorial and operational area: mountains, hills and plains.

Source: Rural Development Programme (RDP) 2007-2013 of the Veneto Region. Table by R.G. Rizzo 2013.

the proper maintenance of meadows and/or meadow-pastures).
It should be noted here that out of 2,323 applications submitted
for the 214a (“Ecological corridors, buffer strips, hedges and
woodlands”), 2,240 were financed (Dec. 2011) for a subsidized
area equal to 2,519 hectares (only 4% of the total “covered” by
the measure). The 214e, however, has created a greater impact,
having affected 51,233 hectares (79% of the total) (Agriconsult-
ing 2012b, p. 261).

6. Conclusions

Spatial planning and strategic assessment - Documentary inves-
tigations, legislation production and comparisons with experts
reveal that in Veneto, policy-making is acknowledging the need to
restrict the land and non-urbanized territorial consumption (PDL
no. 137 “Misure per il contenimento dell’impermeabilizzazione
del suolo”, Settima Commissione Consiliare 2011; Sartori, Reho
2012; Regione Veneto 2013, pp. 16-17). In the partial variant
of the Regional Territorial Coordination Plan, the importance
of biodiversity conservation is also emphasized, by focusing on
the establishment of a network system and of ecological cor-
ridors (Articles 24 and 25). The link between these two aspects
therefore appears stringent. It should be better understood (and
studied), however, how this can be translated into provincial
coordination plans, into municipal plans (PAT and PATI) and
into those landscape supra-municipal plans which are mostly
being already implemented. If the propensity to defend and
respect the land and nature plays such a cogent role, analyses
such as the one presented here find their place and deserve
further investigation through additional applications. Indeed,



for geographic and spatial implications of the issues discussed,
they represent an effective support tool for more evidence-based
policies that are able to interrupt worrying trends (such as those
shown in this paper) (Battisti 2004; Gurrutxaga et al. 2010). The
implemented measures, such as the RDP, are proceeding in the
right direction. It is questionable, however, whether (for the
amounts and effective range) they are undersized compared to
the needs (considering measure 214a).

Some implications on safety — To conclude, and going back to
the specific topic examined (the relationship between anthropi-
zation and animal permeability), it is underlined that the altera-
tion of environmental connectivity - in addition to the impact
on the conservation of biodiversity addressed in this paper - has
implications for more practical issues such as road safety. Habi-
tat fragmentation, in fact, not only isolates animal populations,
but also, in the specific case of ungulates, hinders the move-
ments of these species in the territory. A natural consequence
of this situation is a documented increase in collisions with wild
animals on the road network, with significant damage to people
and vehicles (for example: 351 accidents in the Province of Bel-
luno, in Veneto, due to the collision of a motor vehicle with an
ungulate - 2011 data).
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