
Abstract 

The gradient approach allows for an innovative representation of
landscape composition and configuration not presupposing spatial dis-
continuities typical of the conventional methods of analysis. Also the
urban-rural dichotomy can be better understood through a continuous
landscape gradient whose characterization changes accordingly to nat-
ural and anthropic variables taken into account and to the spatio-tem-
poral scale adopted for the study. The research was aimed at the analy-
sis of an urban-rural gradient within a study area located in central
Italy, using spatial indicators associated with urbanization, agriculture
and natural elements. A multivariate spatial analysis (MSA) of such
indicators enabled the identification of urban, agricultural and natural
dominated areas, as well as specific landscape transitions where the
most relevant relationships between agriculture and other landscape
components were detected. Landscapes derived from MSA were stud-
ied by a set of key landscape pattern metrics within a framework ori-
ented to the structural characterization of the whole urban-rural gra-
dient. The results showed two distinct sub-gradients: one urban-agri-
cultural and one agricultural-natural, both characterized by different
fringe areas. This application highlighted how the proposed methodol-
ogy can represent a reliable approach supporting modern landscape
planning and management.

Introduction

European landscapes are intensively changing because human
impacts on ecosystems are increasing at unprecedented and accelerat-
ed rates (Pearson and McAlpine, 2010). Human activities are the
major forces in shaping landscape, creating a mosaic of natural and
human-managed patches that vary in type, size, shape, and arrange-
ment. Landscape structure and ecosystem configuration are critical to
understanding ecological processes and functions since they directly
affect the distribution of energy, materials, and species. Human influ-
ences on landscape structure are so numerous and different as to
necessitate an analysis of their combined effects through a gradient of
landscape modifications (Godron and Forman, 1983). The gradient
analysis is a well established approach to study the ecology and the dis-
tribution of plants and animals in response to physical, chemical, eco-
logical and climatic conditions of the environment. Simple gradients,
as well as complex gradients can be found in landscapes. The former
refer to environmental series due to a single measured environmental
factor, while the latter are generated by several factors (man-made or
natural) some of which may interact (McDonnell et al., 1993).
Anthropogenic gradients were defined by Forman and Godron (1986)
as the succession in the space of natural–managed–cultivated–subur-
ban–urban landscapes. Along this gradient, a progressive change in
the landscape structure can be observed and different characteristics
of structural elements can be pointed out. Moving from the most natu-
ral to the most humanized landscape, man-made patches tend to
increase, while natural resources patches tend to decrease. Patch den-
sity, and in general fragmentation, tends to increase as well as the reg-
ularity of patch shape, whereas the mean values of patch size and land-
scape connectivity tend to decrease.
In the gradient view, the urban-rural dichotomy can be thought of as

a landscape gradient, if considered as a sliding level of human influ-
ence from rural to urban landscape, including ecological processes,
flows and movements of goods, energy, people, capital, and informa-
tion (Modica et al., 2012). The urban-rural gradient approach is com-
monly used to investigate how urbanisation phenomena are changing
the ecological patterns and related processes across the landscape
(McDonnell and Pickett, 1990; Luck and Wu, 2002; Hahs and
McDonnell, 2006; Yang et al., 2010). Urbanization itself can be consid-
ered as a particular environmental gradient that produces relevant
modifications on the structures and functions of ecological systems
(McDonnell and Hahs, 2008). Moreover the urban-rural gradient
analysis turns out to be fundamental in the identification and charac-
terization of specific land use/land cover transition areas, character-
ized by peculiar and crucial ecological processes such as the peri-
urban and the agro-forestry fringes. In the light of such complexity, the
analysis of spatio-temporal and morpho-functional dynamics of land-
scape gradients should be supported by efficient and objective quanti-
tative approaches based on methods aimed at the modelling of spatial
data. Gradient analysis and landscape pattern analysis seem appropri-
ate for such studies (Luck and Wu, 2002; Zhang et al, 2004). One effec-
tive method for representing and analysing landscape gradients is
using Kernel Density Estimation (KDE) techniques applied on inten-
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sity indicators associated with geographic features (Torrens and
Alberti, 2000; Vizzari, 2011a; Vizzari, 2011b; Modica et al., 2012).
The quantification of spatial heterogeneity of landscape is necessary

to explore relationships between ecological processes and spatial pat-
terns (Forman & Godron, 1986; Palmer, 2008; Turner, 1990). A great
variety of metrics aimed at the study of landscape composition and con-
figuration were developed and applied to the analysis of urbanized sys-
tems (Wu, 2000; Botequilha Leitão and Ahern 2002; Li et al., 2005;
Uuemaa et al., 2009). 
In order to capture the spatial structure generated by land uses, this

study integrates gradient analysis with pattern metrics to quantitative-
ly characterize the landscape. The central assumption is that urban-
rural gradient structure is mainly determined by three key components
which generate, in turn, detectable landscape gradients: urbanization,
agriculture and natural elements. Detection and analysis of the spatial
organization of these main gradients are key steps for understanding
the complexity of anthropized landscapes. Within this framework we
aimed to address three core goals: (1) representation and analysis of
landscape gradients produced by urbanization, agriculture, and natural
elements; (2) urban-rural gradient classification and subdivision
through multivariate analysis of said gradients; (3) characterization of
the gradient and landscapes obtained from the previous analysis, with
a particular focus on peri-urban and agro-forestry fringes. 

Materials and methods

The 493 Km2 wide study area comprises the Italian municipalities of
Assisi, Bastia, Bettona, and Cannara (Figure 1). The area is character-
ized by a very typical landscape of central Italy composed of 54% of agri-
cultural land, 34% forests and semi-natural areas, 9% of built-up areas
and 3% of wetlands and water bodies (Corine Land Cover 2006, person-
al elaboration). Morphologically the area is characterized by a central
wide plain in which intensive agricultural farms, urban and productive
settlements are located. At the edge of this plain (on the NE and SW)
there are two low hillsides dominated by very typical olive-growing agri-
cultural area. The innermost higher hills are occupied mainly by agro-
forestry areas, woodlands and grasslands of varying extent. In the mid-
dle of the area is Mount Subasio (1290 m), which, together with the
city of Assisi, is the most prominent element of cultural identity for the
entire landscape under investigation. The area, because of its charac-
teristics and ongoing transformations, was considered very appropriate
for the application and validation of the proposed methodology. The
general purpose was the exploration of the spatio-functional relation-
ships between the key landscape components in order to identify sen-
sible and representative areas on which to define sound guidelines
supporting spatial planning. The methodology was developed through
three main steps: (a) spatial modelling of gradients generated by key
landscape components; (b) multivariate spatial analysis and landscape
classification; (c) analysis of landscape structure.

Spatial modelling of gradients generated
by key landscape components
Urbanization, agriculture, and natural elements were assumed to be

key components of the urban-rural gradient of the area and represent-
ed and analysed independently. In view of the specific nature of their
landscape gradients, a continuous analytical approach for the represen-
tation of these variables was adopted. GIS gridding techniques were
applied to interpolate a defined pool of values for variables, referring to
known parts of the territory, in order to reconstruct the most likely dis-
tribution of the phenomenon in the entire study area (Bailey and

Gatrell, 1995; Longley et al., 2005; Smith et al., 2007). Between the var-
ious gridding techniques, density analysis makes it possible to trans-
form values measured at specific locations as continuous surfaces rep-
resenting the general trend of the spatial distribution for the consid-
ered variable. Kernel Density Estimation (KDE) is a particular density
analysis that produces smoother surfaces, according to a kernel func-
tion, that appears more representative of landscape gradients (Vizzari,
2011b). In KDE, a moving window is superimposed over a grid of loca-
tions and the density of events is estimated at each location using a
distance-weighted function, with the degree of smoothing controlled by
the kernel bandwidth (Gatrell et al., 1996). The application of KDE
requires the choice of the kernel function (e.g.: Gaussian, triangular,
quartic) and the definition of three key parameters: bandwidth, cell
size and intensity (Silverman, 1986). However the choice among the
various kernel functions does not significantly affect the outcomes of
the process (Epanechnikov, 1969). Differently, bandwidth definition
represents the most problematic step, but also the most useful for
exploratory purposes, since a wider radius shows a more general trend
over the study area, smoothing the spatial variation of the phenome-
non, while a narrower radius highlights more localized effects such as
‘peaks and troughs’ in the distribution (Jones et al., 1996; Borruso,
2008). Despite the many approaches available in the literature, visual
examination of the resulting surfaces for different values of bandwidth
remains a common method supporting the definition of this parameter
(Bailey and Gatrell, 1995; Lloyd, 2007; Vizzari, 2011b). A bandwidth of
500 m was considered effective for a reliable generalization of land-
scape gradient at the scale adopted for the analysis. Cell dimension was
set to 50 m, a lower value than the coarsest legible resolution according
to Hengl (2006).
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Figure 1. Geographic location of the area under investigation.



Multivariate spatial analysis
and landscape classification
The spatial relationships between the gradient’s components were

subsequently analyzed using a multivariate technique based on the
ISODATA (Iterative Self-Organizing Data Analysis Technique A) algo-
rithm (Ball and Hall, 1965, Richards, 1999). This technique makes it
possible to organize the basic data into a number of groups (or clus-
ters) such that units belonging to the same group are more similar, in
accordance to a given similarity measure, than those units belonging
to different groups. The number of clusters and their characteristics
are to be determined a priori, even if the number of final groups may
differ from the initial one as a result of the optimization procedures for
this method. Prior to the application of the ISODATA technique, it is
appropriate to proceed with suitable variable standardization in order
to avoid that the different ranges of variation may alter the final classi-
fication. In this application standardization has been performed
through a linear normalization between 0 and 1. 

Analysis of landscapes structure
A set of landscape metrics was used for this study including patch

density (PD), mean patch size (MPS), edge density (ED), largest patch
index (LPI), landscape shape index (LSI), Simpson’s evenness index
(SIEI), and percentage of landscape (PLAND) (Table 1). Certain met-
rics were used to examine landscape-level properties, i.e. to describe
the spatial patterns of all land-use types as a whole. Other metrics were
used to examine class-level properties, i.e. to describe the spatial pat-
terns of different land-use types in the urban-rural and agricultural-
forestry fringe areas.
At the landscape level, dynamics of patch size, patch density, shape

and landscape diversity were detected and some of the hypotheses on
landscape structural responses along a human transformation gradi-
ent, as postulated by Forman and Godron (1986), were tested.
Considering the non-normal distribution of the data and the differ-

ent composition of samples, the influence of urban-rural gradient on
the landscape configuration was examined on each metric using a
rank-based (Kruskal-Wallis) modified robust Brown-Forsythe Levene-

type test based on the absolute deviations from the median (Hines and
Hines, 2000). Peri-urban and agro-forestry fringes were analysed on
the basis of landscape composition using the PLAND metrics to better
understand the roles of the different land uses in influencing the fringe
areas (Table 1). In this phase eight classes of land use were consid-
ered: woodlands, orchards, olive groves, vineyards, built-up areas,
grasslands, arable land with trees, arable land.

Results

Urban-rural gradient detection and characterization

Landscape gradient generated by urbanization
The landscape gradient determined by urbanization was studied

analysing the population density by means of official census data avail-
able for the year 2000 (ISTAT, 2001). However, using census zones as a
geographic reference of the population data may generate spatial incon-
sistencies especially in wider, less populated zones. Thus, the positional
accuracy of census data was improved using the polygons of built-up
classes contained in the 2000 Land Use and Land Cover (RERU, 2002)
through a spatial matching process of the two datasets. This approach
made it possible to associate every point of the total population of a cen-
sus zone averaged with the total number of points falling in the same
zone. On this last dataset a KDE analysis, using the parameters specified
previously, was performed generating a spatial index known as UDI
(Urban Density Index). The index, which expresses the number of
inhabitants per square kilometre, allowed an effective representation of
the urbanization gradient of the area under investigation.

Landscape gradient generated by agriculture
The landscape gradients generated by agricultural land uses were

studied separating two different components that appear dominant with-
in the landscape under investigation: arable crops and olive groves. Since
these two kinds of cultivations produce very different agro-ecosystems,
the relative spatial gradients have been represented and analyzed sepa-
rately. The spatial distribution of arable crops was obtained through the
Common Agricultural Policy (CAP) data for the year 2000 linked with the
georeferenced centroids of the cadastral parcels. The use of the parcel
centroids, instead of the polygons, helped to solve the problems related to
multiple correspondence between CAP and cadastral data, related to the
presence of multiple agricultural uses within the same parcel. Landscape
gradient generated by olive groves was analyzed using national olive
trees inventories available for year 2000. A double KDE procedure based
on the parameters defined above produced an Arable crops Density Index
(ADI) and an Olive groves Density Index (ODI). The former represents
the percentage of total landscape area occupied by arable crops, while the
latter expresses the number of olive trees per hectare of surface. The
combined interpretation of the two indices supported the analysis of the
spatial configuration and composition of the agricultural gradients with-
in the study area.

Landscape gradient generated by natural elements
In order to proceed with the analysis of this gradient, forests and

grassland polygons were extracted from the LULC 2000 dataset with the
aim of isolating the elements with natural characteristics useful for
representing the natural gradient. Again on this dataset we applied the
KDE using the same parameters defined above. Analysis of the natural
elements density has produced a continuous index, known as NDI
(Natural elements Density Index), which expresses locally the ratio
between the area occupied by the natural elements and the total land-
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Table 1. Landscape metrics (based on McGarigal and Marks, 1995) used
to quantify the spatial patterns of landscape types along the urban-rural
gradient.

Landscape metric Abbreviation Description

Patch Density (n./100 ha) PD Number of patche
per 100 ha

Edge Density ED Amount of edge relative
to the landscape area

Mean patch size (ha) MPS Average area of landscape
patches

Largest patch index (%) LPI Ratio between the area of
the largest patch and the total

landscape area

Landscape shape index LSI Total length of patches edges
divided by the total area adjusted
by a constant for a square standard

(raster format)

Simpson's Evenness Index SIEI Measure of the distribution of area
among patch types

Percentage of Landscape PLAND Measure of percentage
of patch types
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scape area. This index made it possible to effectively represent the
landscape gradient generated by the natural elements within the land-
scape under investigation.

Landscape subdivision and classification
Starting from ten classes set initially, the ISODATA multivariate

analysis produced eight final clusters which were denominated accord-
ing to their specific characteristics (Figure 2). The clusters, consider-
ing their particular composition, can be ordered according to a typical
sequence of an urban-rural gradient of central Italy, plotting on a graph
the outcomes of the four gradient indicators (Figure 3). For the pur-
pose of an overall analysis of the agricultural intensity, the two indica-
tors ADI and ODI can be summed into a single indicator for better
understand the general trend of the agricultural density along the same
gradient (Figure 3). 

Landscape pattern analysis
The multivariate analysis allowed the classification of different land-

scape patterns along the urban-rural gradient. For five of the seven land-
scape metrics Levene’s test highlighted different variances among the
eight sample classes (Table 2). Only ED showed homogeneity of vari-
ances between the landscape clusters. Patch size coefficient of variation
were most distinct in agricultural landscapes (AMI, AHI, AOG, AFN) and
natural landscapes (ANT, NL) than in urbanized areas (U, UAT). 
In order to study the evolution of the metrics along the gradient, the

latter were plotted using box-plot graphs ordered according to the
sequence defined previously (Figure 4). Patch Density increases from
urbanized areas to agricultural landscape, with the exception of inten-
sive agricultural landscape (AHI) where the value decreases dramatical-
ly. The same metric decreases progressively moving from traditional
agricultural areas (AOG) to the most natural ones. In general, landscapes
dominated by traditional agriculture (AOG, AFM) and natural land covers
(ANT, NL), as well as, in the intensive agricultural landscapes (AHI) are
characterized by lower variability in PD. Regarding dominance of the
landscape by few land uses, LPI shows high variability for all the land-
scapes defined by the gradient. The highest median values were found
for urbanized areas (U), intensive agricultural landscape (AHI) and nat-
ural landscapes (NL), as an effect of an extent matrix represented by set-
tlements, croplands and forest habitat respectively.
Information regarding landscape fragmentation also came from the

ED index (not represented since highly correlated to PD), as we
assumed low values associated with a lower number of interfaces
between different types of patches and consequently less variation in
patch shape. ED highlights the relative simplification of intensive agri-
cultural landscapes, while transitional ones, both from urban to agri-
cultural (U to AMI) and from agricultural to natural (AOG to NL) are

characterized, respectively, by an increasing and decreasing trend of
diversity in their structure. These results were confirmed by LSI, show-
ing a parabolic shape trend moving from most urbanized (U) to agricul-
tural intensive landscapes (AHI). The higher shape complexity is asso-
ciated with traditional agricultural landscapes (AOG), dominated by
olive groves, while, moving towards the most natural landscapes (NL),
LSI assumes low values on average, but with a high variability, within
landscapes oriented to agro-forestry activities (AFM) and in the semi-
natural ones (ANT). Landscape simplification for intensive cultivated
landscapes are also confirmed by the SIEI, while an even distribution
among patch types results especially in transition landscapes from
urban to agricultural areas (UAT and AMI) and in less intensive agri-
cultural landscapes (AOG, AFM, and ANT).
The analysis of landscape composition (PLAND), developed specif-

ically for peri-urban and agro-forestry transitional landscapes (UAT,
AMI, AFM, ANT), shows a diffuse presence of settlements, but their
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Figure 2. Landscape subdivision generated by cluster analysis.

Table 2. Sample size and mean value of metrics calculated for the landscape types. Modified robust Brown Forsythe Levene type tests were significant
showing different variances between the datasets.

Landscapes U UAT AMI AHI AOG AFM ANT NL

Sample size 11 16 10 28 9 15 14 14

MPS (ha) 2,44* 1,72* 1,27* 3,28* 1,31* 2,01* 2,37* 8,03*

PD (n./100 ha) 56* 73* 86* 36* 85* 58* 47* 25*

ED (m/ha) 232 297 327 168 305 264 252 169

LPI (%) 67* 40* 52* 82* 37* 39* 46* 62*

LSI 4,44* 6,43* 7,53* 3,36* 9,37* 7,29* 7,00* 4,19*

SIEI 0,54* 0,63* 0,57* 0,22* 0,75* 0,71* 0,69* 0,51*
*= p<0,05.



incidence indicates an evident characterizing function only in transi-
tional urban-agricultural landscapes (UAT) (Table 3). The occurrence
of arable land within the four landscape typologies is generally high-
er, also influencing the most natural landscapes. Semi-natural habi-
tats play an important role only in the rural-forestry fringes, while in
the urban rural fringe, a lower percentage of area is occupied by
woodlands. Otherwise, the tree crops (olive groves, orchards, and
vineyards) are less important for the characterization of the four
landscapes.

Discussion

The gradient modelling and the subsequent multivariate analysis
conducted to an effective classification in eight landscape typologies,
reflects the spatial variability of the area under investigation. Each
landscape typology represents a specific portion of the urban-rural gra-
dient and is differentiated by a peculiar composition and configuration.
An overall analysis of the results suggests the subdivision of the gen-

eral urban-rural gradient of the area into two sub-gradients: an urban-
agricultural one (UAsg, from landscapes U to AHI) and an agricultural-
natural one (ANsg, from landscapes AHI to N). The former is character-
ized by a decreasing incidence of urbanization and an increasing level
of agriculture, while the latter is distinguished by an increasing level of
natural and semi-natural land covers and a decreasing incidence of
agricultural uses. Between the extremes of each sub-gradient can be
identified interesting transitional landscapes with very peculiar char-
acteristics and transformations related to their diversity and to the rel-
evant spatio-functional interactions between their variegated land uses
and covers. The transitional landscape of the UAsg (UAT and AMI)
shows a medium diversity and is characterized by a consistent interac-
tion between urban and agricultural areas. The most relevant transfor-
mations within these landscapes are related to typical urban dynamics
(soil sealing, build-up sprawl and spreading, roads development) to the
detriment of agricultural diversity. Differently, the transitional land-
scapes of AHsg (AOG, AFM, and ANT) are characterized by the higher
diversity of the area and enclose a very relevant agro-forestry mosaic.
The AFM and ANT landscapes contain the most important high natural
value farmland of the area under investigation. Within these contexts
the low input and extensive agriculture supports, or is associated with,
either a high species and habitat diversity or the presence of species of
conservation concern (Andersen et al., 2003; Paracchini et al., 2008). 
These results partially confirm the generally predictable character-

istics for landscapes in similar human gradients postulated by
Forman and Godron (1986). Moreover our results broadly agree with
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Figure 3. Average values of the four spatial indicators within the land-
scapes typologies located along the urban-rural gradient.

Figure 4. Values of Patch Density index (PD), Largest patch index (LPI),
Landscape shape index (LSI), Simpson's Evenness Index (SIEI) for the
landscape typologies located along the gradient. Median (line within the
white box), upper and lower quartiles (box), maximum-minimum range
(whiskers) and outliers are shown.

Table 3. Percentage of landscape (PLAND) of different LULC classes
within transitional landscapes.

LULC classes UAT AMI AFM ANT

Woodlands 3 4 31 58

Orchards 0 0 0 0

Olive groves 1 2 5 6

Vineyards 3 3 0 0

Built-up areas 26 9 4 2

Grasslands 0 0 8 13

Arable lands with trees 4 2 3 1

Arable lands 63 80 49 20
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those obtained from analyses of urban to rural gradients in metropol-
itan areas. Zhang et al. (2004) from a GIS-based gradient analysis of
urban landscape pattern of the Shanghai metropolitan area, point
out an increasing patch density (PD), edge density (ED), and land-
scape shape complexity (LSI), and sharp decreases in the la rgest and
mean patch size (LPI and MPS). However, in the USA urban land use
is associated with the least values for mean patch size and largest
patch index and with the largest patch density (Luck and Wu, 2002).
A positive relationship between fragmentation and the degree of
urbanization has been demonstrated by increases in patch density
and decreases in mean patch size from the urban centre to the sur-
rounding fringe areas, while rural landscapes are single land-use
dominant and homogeneous (Weng, 2007). In our study this evi-
dence is generally verified except for the traditional rural landscapes
which are characterized by a great heterogeneity due to the tradi-
tional mosaic of croplands. From the rural-forestry fringes to the nat-
ural landscapes, fragmentation of patterns decreased again, but i n
favour of woodland dominated and well connected natural habitats.
Regarding landscape diversity the SIEI shows a quite fluctuating
trend. It increased from urbanized areas to urban-agricultural tran-
sitional landscapes and then decreased dramatically in intensive
agricultural landscape as a consequence of landscape simplification
mainly due to agriculture intensification (Kleijn et al., 2011;
Bonfanti  et al., 1997).

Conclusions

The study adopted a combined method of gradient analysis and
landscape metrics to analyze the landscape gradients due to urban-
ization, agriculture and natural land covers in a typical landscape of
central Italy. The urban–rural gradient is one of the techniques com-
monly used to investigate how urbanisation is changing the ecologi-
cal patterns and processes across the landscape. The strong interac-
tions between the typical heterogeneous land use of the intermixed
fringe areas make it necessary to consider agriculture as a key com-
ponent of the system. The gradient approach and the multivariate
analysis allowed the identification of eight landscape typologies,
reflecting the spatial interaction of the landscape gradients consid-
ered in the analysis. Calculation of landscape metrics a llowed a
deeper comprehension of the landscape organization occurring
along the urban to rural gradient. As a result, two different sub-gra-
dients were identified: an urban-agricultural one (from urban to
agricultural areas) and an agricultural-natural one (from agricultur-
al to natural areas). The overall results pointed out distinct spatial
signatures for urban rural fringes and rural-forestry fringes respec-
tively from those of urban and cultivated landscapes. This evidence
was found both for land use composition (Table 3) and for landscape
configuration, demonstrated by different values of diversity, patch
density and patch shape complexity (Figure 4). The specific charac-
teristics of landscape structures reflect different and peculiar
processes within the fringes areas. Land-use conflicts, species and
habitat conservation, preservation of cultural heritage, changes of
lifestyles, products and services from multifunctional agriculture are
some of the main issues within peri-urban landscapes. Loss of pro-
ductive agricultural land, increase in landslide risk, loss of biodiver-
sity associated with agricultural management, degradation of cultur-
al heritage represented by traditional man-made structures are key
phenomena associated with agro-forestry landscapes. Identifying the
landscape’s gradients and patterns and the related ecological and
socioeconomic issues is an important preliminary step for an effec-
tive spatial planning process. 
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