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Abstract. The most recent and significant transformations classes according to the Corine Land Cover legend. The in-
of European landscapes have occurred as a consequence\astigated period was divided into four significant time in-
a series of diffused, varied and often connected phenomtervals, which were specifically analysed to detect LULC
ena: urban growth and sprawl, agricultural intensificationchanges.

in the most suitable areas and agricultural abandonment in Differently from previous studies, in the present research
marginal areas. These phenomena can affect dramaticallthe spatio-temporal analysis of urban—rural gradient was per-
ecosystems’ structure and functioning, since certain modiformed through three subsequent steps: (1) kernel density
fications cause landscape fragmentation while others tend tanalysis of settlements; (2) analysis of landscape structure by
increase homogeneity. Thus, a thorough comprehension aheans of metrics calculated using a moving window method;
the evolution trends of landscapes, in particular those linked3) analysis of composition and configuration of the urban—
to urban-rural relations, is crucial for a sustainable landscapeural gradient within three landscape profiles located along
planning. significant axes of LULC change.

In this framework, the main objectives of the present pa- The use of thematic overlays and transition matrices en-
per are: (a) to investigate Land Use/Land Cover (LULC) abled a precise identification of the LULC changes that had
transformations and dynamics that occurred over the periodaken place over the examined period. As a result, a de-
1955-2006 in the municipality of Serra San Bruno (Calabria,tailed description and mapping of the landscape dynamics
Italy), an area particularly representative of the Mediter-were obtained. Furthermore, landscape profiling technique,
ranean mountainous landscape; (b) to compare the settlaising continuous data, allowed an innovative and valuable
ment growth with the urban planning tools in charge in the approach for analysing and interpreting urban—rural gradient
study area; (c) to examine the relationship between urban-structure over space and time.
rural gradient, landscape metrics, demographic and physical
variables; (d) to investigate the evolution of urban—rural gra-
dient composition and configuration along significant axes of
landscape changes. 1 Introduction

Data with a high level of detail (minimum mapping unit
0.2ha) were obtained through the digitisation of historical Over the last decades, the progressive world popula-
aerial photographs and digital orthophotos identifying LULC tion growth has implied an increasing exploitation of re-

sources, with a growing demand for residential space and
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a corresponding increase in industrial activities and agri-between 1990 and 2000, the amount of land consumed by
cultural intensity. The consequent transformations of urban-urban areas and associated infrastructure throughout Europe
rural systems are one of the most important types of Landvas about 800 kdyr—1 (EEA, 2006b). In Italy, in particu-
Use/Land Cover (LULC) changes, since they are widespreadar, an increase in urban pressure on the countryside can still
all over the world and often determine negative effects onbe observed, owing to land renting and displacement of cer-
ecosystem functionality. Although most of the actions lead-tain typical urban functions outside the cities (Murgante and
ing to LULC changes have a local origin, nevertheless theirDanese, 2011). This trend is a reversal of the demographic
speed, extension and intensity bring about important globahnd territorial dynamics occurred during the period immedi-
implications, in particular in carbon (Foley et al., 2005) and ately following the Second World War and has resulted in
water cycles (Turner and Rusher, 1988). Moreover, LULCthe progressive urbanisation of rural areas; in a general in-
changes can dramatically affect the structure and functioningrease in the number of inhabitants in the peri-urban belts;
of ecosystems (Defries et al., 2004; Vitousek, 1997), sinceand in a decrease in resident population in towns (Alberti et
certain modifications cause landscape fragmentation whilal., 1994).
others tend to increase homogeneity (Forman, 1995; Farina, The Mediterranean area is one of the most significantly
1998). Their analysis is one of the main research topics ofaltered hotspots on Earth (Myers et al., 2000). Here, the
ecology (Braimoh, 2006) and landscape ecology (Wu andwvidespread agricultural lands, evergreen woodlands and
Hobbs, 2002). Therefore, the evaluation of LULC presentmaquis shrublands are the result of anthropogenic distur-
status and trends of change can provide crucial ecologicabances occurred over centuries or even millennia (Blondel,
information for science-oriented resource management an@006). The most recent and significant LULC changes have
policy making, in relation to a wide range of human activi- occurred as a consequence of a series of diffused, varied and
ties (Cihlar, 2000). often connected phenomena: urban sprawl; agricultural in-
Urbanisation is a complex diffusion process that is dra-tensification in the most suitable areas and agricultural aban-
matically spreading and variously affecting rural landscapedonment in marginal areas; more frequent and more intense
at different spatial scales. The urbanisation process ensummer forest fires; and rapid expansion of tourism activities
tails the transformation of landscapes, characterised by ruand infrastructures, mainly along the coasts (Antrop, 2004;
ral lifestyles, into urban ones and determines functionalEEA, 2006b, 2011; Neri et al., 2010).
and structural changes, thus creating new landscape patternsOwing to these continuous anthropic pressures and ac-
(Antrop, 2000). It can give rise to the most dramatic form cording to the different physical and climate conditions, fur-
of irreversible land modification (Luck and Wu, 2002) which ther research is needed to monitor and analyse, in quanti-
poses threats on biodiversity and landscape integrity. tative and qualitative terms, ongoing LULC changes (EEA,
Urban sprawl is an inherently dynamic spatial phe- 2006b, 2011; Fusco Girard and De Toro, 2007; Fichera et
nomenon defined as a specific form of urban develop-al., 2011) and trends of urban-rural gradients. Data on urban-
ment with low density, dispersed spatial pattern and auto+ural transformations are a valuable source of information
dependent as well as environmentally and socially impactingn understanding the methods and the effects of urban land-
characteristics (Hasse and Lathrop, 2003), which can be corscape changes and trends. As a consequence, they can in-
sidered as one of the main challenges in spatial planning irfluence the formulation of guidelines and policies to address
the 21st century (Poelmans and Van Rompaey, 2009). Théuture growth as well as to put into practice urban greenspace
term “sprawl” is often used to describe the awareness of arprotection.
unsuitable development, of a disordered growth of urban ar- The gradient approach in landscape ecological analysis al-
eas (Sudhira et al., 2004). Taking into account its efficiencylows for a more realistic representation of landscape hetero-
in terms of hectares of new development in relation to thegeneity by not presupposing schematisations and discreti-
number of people supported, sprawl can be considered as asations of the natural and anthropic environment (McGari-
“inefficient new urban growth” (Hasse and Lathrop, 2003). gal and Chusman, 2005). Urbanisation can be considered as
Thus, urban sprawl is the consequence of many individuak particular environmental gradient that produces modifica-
decisions and some of its causes are population growth, ecdions on the structures and functions of the ecological sys-
nomic issues and proximity to resources and basic facilitiegsem (McDonnell and Hahs, 2008). Thus, also the traditional
(Hoffhine Wilson et al., 2003). urban-rural dichotomy can be thought as a landscape gradi-
Especially in the Mediterranean area, the urbanisation proent, whose representation mutates depending on the natural
cess is still ongoing with significant effects in landscape frag-and anthropic variables taken into account and to the spatio-
mentation and in loss of ecosystem services (EEA, 2011)temporal scale adopted for the analysis.
Historically, urban development and agriculture have acted The urban-rural gradient paradigm is commonly used to
as counterposed activities in competition for the use of landinvestigate how urbanisation is changing the ecological pat-
the expansion of cities has typically taken place on for-terns and related processes across the landscape (McDonnell
mer agricultural lands (Hidding et al., 2000; Perella et al., and Pickett, 1990; Luck and Wu, 2002; Hahs and McDonnell,
2010; Perchinunno et al., 2012). Just to mention a few data,
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Aerial photos,
Satellite images, Digital cartography

GCPs
Image Georeferentiation, Data extraction and Vectorialisation,

Orthorectification d Data extraction and
A . conversion d
Processing and Classification conversion

SETTLEMENT GMP
LULC Maps Maps VECTORIALISED

General Master Plan

DATA PROCESSING

INTERMEDIATE
MAPS

KDE of main landscape

LULC transition matrices Landscape metrics analysis components

URBAN-RURAL LANDS
TRANSFORMATIONS STRUCTURE

LANDSCAPE
GRADIENTS

DATA ANALYSIS

Interpretation of 1\ (' Urban-rural gradient '\ GMP effectiveness |- | FINAL LANDSCAPE
landscape dynamics MAPS

Urban-rural gradient
structure

Fig. 1. Flow-chart showing the main methodological phases of the research framework.

2006; McDonnell and Hahs, 2008; Yang et al., 2010; Vizzari, considering that landscapes are usually large enough and in-
2011a). trinsically consistent with the scale of human perception,
One effective method for representing and analysing thedecision-making and physical management (Forman, 1995;
urban—rural gradient and the urban sprawl is using KerneBotequilha Leiio and Ahern, 2002). Landscape metrics are
Density Estimation (KDE) techniques applied on locations of useful tools in mapping and quantifying spatial LULC char-
buildings (Torrens and Alberti, 2000; Vizzari, 2011a). Den- acteristics and temporal variation (Cushman et al., 2008) as
sity analysis takes measured quantities associated with poinwell as in understanding the process of urbanisation and its
data and spreads them across the landscape to produce a catological effect at landscape level (Sudhira et al., 2004;
tinuous surface. Unlike simple density estimation, KDE pro- Peng et al., 2010). Plenty of metrics can be efficiently calcu-
duces smoother surfaces that are more representative of lanthted using specific software packages, such as FRAGSTATS
scape gradients (Vizzari, 2011b). In KDE, a moving win- (McGarigal et al., 2012), and, despite all their conceptual
dow is superimposed over a grid of locations and the denflaws, risks of improper use and well-known limitations
sity of events is estimated at each location using a distancefCushman et al., 2008; Li and Wu, 2004), they continue to be
weighted function, with the degree of smoothing controlled widely used in quantitative landscape ecology studies aimed
by the kernel bandwidth (Gatrell et al., 1996). Since the firstat the analysis of landscape structure. Landscape metrics find
study on KDE proposed by Fix and Hodges (Silverman anda very effective application in the analysis of urban to rural
Jones, 1989), many improvements of this smoothing techgradient composition and configuration (e.g. Luck and Wu,
nique have been developed by several authors, particularl2002; Hahs and McDonnell, 2006; Weng, 2007; Yang et al.,
within spatial analysis applications (see Danese et al., 2002010).
and references therein). According to the research framework (Fig. 1), the objec-
With the aim to explore the relationships between ecosystives of this study can be summarised as follows: (a) to inves-
tem processes and services and landscape patterns, a vatigate LULC transformations, occurred in a fifty-year period
able source of information can be obtained from using land-in a Mediterranean forestry landscape, by means of differ-
scape metrics. According to Botequilha |&=tet al. (2006), ent spatial techniques; (b) to compare the settlement growth
landscape is the optimal scale for sustainable land planningwith the urban planning tools in force in the study area; (c) to
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Fig. 2. Map showing the geographical location of the study area. In the blue box, the boundaries of protected areas falling in the territory of
Serra San Bruno municipality are mapped.

examine the relationship between urban-rural gradient, landhas been practised by planting first conifers, such as the
scape metrics and demographic and physical variables; (d) t&uropean black pineP{nus laricio Poiret) and fir-douglas
investigate the evolution of urban—rural gradient composi-(Pseudotsuga menziegiMirb.) Franco), and then broad-
tion and configuration along significant axes of landscapeleaved trees, such as chestnut. According to Quezel and
changes. Medail (2003), EEA (2006a), Blasi et al. (2010) and Mer-
Unlike previous studies (e.g. Luck and Wu, 2002; Hahscurio (2010), the landscape analysed can be classified as
and McDonnell, 2006), in this research, the spatio-temporaMediterranean.
analysis of urban-rural gradient was performed through three For centuries, the forests were owned by the Charterhouse
steps: (1) kernel density analysis of settlements; (2) analysief Serra San Bruno, which was founded by St. Bruno of
of landscape structure by means of metrics calculated usingologne in the 11th century. They were managed efficiently
a moving window method; (3) analysis of the gradient com-and sensitively according to the methods of the Carthusian
position and configuration within three landscape profiles lo-monks. Count Roger Il gave St. Bruno of Cologne the ter-
cated along significant axes of LULC change. ritories of Serre Vibonesplateau to build his hermitage, the
Charterhouse of Santo Stefano del Bosco, second Carthusian
monastery in Europe after the one in Grenoble (France). The

2 Materials and methods high environmental value of this area motivated the institu-
tion of two National Natural Reserves (now SCls — Sites of
2.1 Study area Community Importance — of the Natura 2000 network, the

centrepiece of the EU’s nature and biodiversity policy) and
The research was carried out in the territory of the munici-of the Regional Natural Park of Serre in 2004. The local in-
pality of Serra San Bruno (Fig. 2), locatedSerre Vibonesi  dustrial archaeology heritage is also very significant. It is re-
a mountainous area of Calabria (a region of Southern Italy)ated to the utilisation of water and wood as energy sources
presenting many heritage resources of great natural, historiand dates back to the time of the Bourbon rule in Calabria
and architectural interest. (XVII-XIX centuries). Also worth mentioning is that in the

The municipality has an area of circa 4000 ha, a resi-same area there are many historic monastic complexes, some

dential density of 174.5inhab.km and is situated at an of which are still inhabited by the original religious orders,
average altitude of 980 ma.s.l. Centuries-old woods, chareither Catholic or Greek Orthodox.
acterised by the prevalence of chestnGagtanea sativa Over time, like the many mountainous areas of the
Miller), beech Fagus sylvaticd..) and silver fir @bies alba  Mediterranean basin, Serra San Bruno district has devel-
Miller subsp.apenninaBrullo, Scelsi and Spampinato) pop- oped an economy that strongly depends on local natural re-
ulations, highlight the intrinsic suitability of this land for sources. After the Second World War, it suffered progressive
forestry production. Starting from the 1950s, reforestation
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depopulation and many traditional economic activities, such
as charcoal production, became weak and went through peri
ods of crisis. Recently, the development of forms of tourism,
based on the valorisation of the rich cultural and natural
resources, has been of some help in sustaining the loca
economy. Tourists search for high landscape quality, which
should be improved through sensitive landscape planning
based on accurate monitoring of the dynamics characteris-
ing land use (Selicato et al., 2012). This is also needed for
the maintenance of the environmental balance of these areas
which are particularly fragile since they are exposed to rele-
vant hydrogeologic risk (the last catastrophic flood occurred
in 1935, causing death and destruction).

2.2 Data processing

For the aims of this research, observation covered a period o

intense and radical transformation of the Italian economic, N

. . . Legend A
cultural and territorial assets, ranging from the end of Sec- | g co EEn B Ccoror B vicro
ond World War to present years. The first step towards the| = us-oic EBlagic Fsn-ror B st W waers ——

detection of LULC changes was the acquisition of all the rel- ) .
evant LULC maps referred to the period under investigation. 19 3- LULC maps of the study area for all years under investiga-
LULC changes were analysed using aerial photograph§'on and_graphlcal representation according to the LULC class types
from the Italian Military Geography Institute (IGMI), for composition.
years 1955 and 1983, and digital georeferenced orthophotos
from the National Geoportal (NG) of the Italian Ministry of
the Environment, for years 1994 and 2006. All the aerial pho-the high degree of operator control. Nevertheless, it is still
tographs were georeferenced by using 20-30 Ground Conwidely used and considered as a useful source of informa-
trol Points (GCP) and orthorectified by using a Digital El- tion in studies focussing on landscape pattern analysis (Zhou
evation Model (DEM) with 10 mx 10 m of spatial resolu- et al., 2009) and landscape change (Ode et al., 2010), owing
tion. Four datasets with a spatial resolution of 1.37 m and arto the scarcity, if not lack, of historic satellite imagery related
RMSE (Root Mean Square Error) of less than 6.5m wereto the years before the 1970s. In this research, LULC map-
produced. A set of 1998 orthophotos, a 1:10000 numericaping was conducted by visual photointerpretation, thanks to
topographic map and the DEM were used as reference matahe availability of aerial photographs referring to the period
rial (for further details see Di Fazio et al., 2011). investigated and characterised by good frequency and high
In order to produce settlement-strata to perform the ur-spatial resolution.
ban gradient analysis for the period under investigation, the Photointerpretation was conducted by the same operator
buildings in the study area were digitised according to all thefor all the years investigated (1955, 1983, 1994 and 2006)
time intervals defined. In addition, a Worldview-2 scene for at a fixed scale of 1:1000-1: 1500 (minimum mapping unit
year 2011 was processed (Updike and Comp, 2010) in viewd.2 ha). The four LULC maps produced and their landscape
of extracting the settlement stratum. To this end, an RGBcomposition according to the 9 LULC classes (Table 1) are
colour orthophoto was produced from the original multispec-shown in Figs. 3 and 4, respectively. The basic characteristics
tral image that had been georeferenced and orthorectified, usf an aerial photo used for visual interpretation are: shape,
ing 30 GCP and the available DEM, and then pan-sharpenedize, pattern, tone or hue, texture, shadows, geographic or
A Subtractive Resolution Merge technique was used for theopographic site and associations between features (Lille-

purpose. sand et al., 2003; Gomarasca, 2009). In order to reduce geo-
metrical discordances, which could be interpreted as LULC

2.3 Analysis of the landscape mosaic evolution changes, the other LULC maps were produced by updating
the 2006 map and using it as reference. In order to assess the

2.3.1 LULC mapping changes thematic accuracy of this map, a stratified random sampling

was used to carry out direct surveys in 100 sampling points,
LULC maps are commonly produced either by aerial visualdistributed among LULC classes according to their surface
interpretation or by classification of remotely sensed imagesshare in landscape mosaic. The overall classification accu-
Definitely, photo-interpretation requires skilled analysts, isracy was 95.85 % with a Kappa coefficient of 0.94. The ref-
a time-consuming technique and is subjective, consideringerence legend was implemented starting from the CORINE
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Table 1. Correspondence between CORINE legend nomenclature and LULC classes used for detecting LULC changes. In brackets, the
symbols utilised in the text and in following figures.

CORINE land cover legend LULC classes used for data analysis

1.1.1 Continuous urban fabric Continuous urban fabric (Urb-Cont)

Discontinuous urban fabric (Urb-
Disc)

1.1.2 Discontinuous urban fabric
1.4.1 Green urban areas

1. Artificial surfaces 1.2.1 Industrial or commercial units

1.2.2 Road and rail networks and
associated land
1.3.1 Mineral extraction sites

Industrial, commercial and transport
units (Ind)

2.1.1 Non-irrigated arable land

2.3.1 Pastures

2.4.1 Annual crops associated with
permanent crops

2.4.2 Complex cultivation patterns

2.4.3 Land principally occupied by
agriculture, with significant areas
of natural vegetation

2.4.4 Agro-forestry areas

2. Agricultural areas Agricultural areas (Agric)

Broad-leaved forest (Blv-For)
Coniferous forest (Con-For)
Mixed forest (Mix-For)

Shrub and/or herbaceous

Vegetation associations (Shrub)

3.1.1 Broad-leaved forest
3.1.2 Coniferous forest
. 3.1.3 Mixed forest
3. Forests and semi-natural aréas 5 4 Transitional woodland shrub
3.3. Open spaces with little or no
vegetation

5. Water bodies 5.1 Inland water Waters bodies (Waters)

100% -
00% LULC 1955 1983 1994 2006
Q0% l classes [ha] /%] [NP]| [ha] [%] [NP]| [ha] [%] [NP]| [ha] [%] [NP]
0% Urb-Disc| 3134 0.78 2 | 3840 095 3 | 4596 114 4 | 59.65 148 6
0% B Urb-Cont| 448 0./ 2 | 5331 132 8 | 8937 221 12 | 80.56 2.00 14
M Ind 197 005 1 | 3613 089 10| 3434 085 19 | 3055 0.76 10
50% M Agric 1663.18 41.19 18 | 1079.36 26.73 25 | 890.92 22.07 42 | 847.29 20.98 50
40% M Con-For | 5438 135 2 | 14606 3.62 & | 15152 3.75 13 | 24502 6.07 I3
30% Blv-For | 217.44 539 34 | 549.59 13.61 47 | 683.22 16.92 44 | 72527 17.96 50
20% Mix-For | 1918.27 47.51 6 | 2082.48 51.58 12 | 2087.68 51.71 17 |1990.85 49.31 17
10% Shrub 12191 3.02 5 | 4606 114 8 | 4771 1.8 15 | 5153 128 18
0% || Waters | 24.64 0.6] 6 621 0.5 1 689 0.17 1 689 0.17 1

1955 1983 1994 2006

Fig. 4. Landscape composition of the study area in the four time intervals investigated, based on the 9 LULC class types. Data in [ha] and in
[%]. In addition, for each LULC class the NP (Number of Patches) is shown.

legend. The original 44 LULC classes at level 1l detail were directly on the map, and in quantitative terms, by allowing to
aggregated in 9 classes (Table 1) so as to interpret changes ealculate the total areal extent of land use change occurred
change typefDi Fazio et al., 2011). at different times. Relative and absolute changes for each of
The spatial comparison of LULC vector maps was per-the 9 LULC types were calculated from 9x9 transition ma-
formed for the years 1955, 1983, 1994 and 2006 by meangrices (or cross-tabulation matrices). The transition matrices
of a post-classification comparison technique that could prowere built for the time intervah to t>, wherein rows display
vide a complete matrix of change directions (Lu et al., 2004).the categories of time 1 and columns display the categories
It is a type of change detection obtained through a crosseof time 2. While row vectors show the evolution of a land
tabulation analysis which enables to highlight the changesise type in the periodi—t2, column vectors show the land
occurred in time both in qualitative terms, by showing them use type at time1, from which another land use type was
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Blv-For | Mix-For Waters |Sum 1955
Urb-Cont 30.98 - - 0.36 31.34
Urb-Disc 4.48 - - 4.48
Ind 1.97 - 1.97
Agric 24.68 72.21 2739 789.43 87.51 484.82 133.14 41.07 292  1663.18
Con-For 12.86 0.36 39.90 1.20 54.38
Blv-For 0.74 29.28 1.02 160.78  25.29 0.33 217.44
Mix-For 0.27 0.75 8.82 138.18 18.10 1749.21 293 1918.27
Shrub 2.76 0.28 14.72 5.48 50.99 42.44 5.25 121.91
Waters 1.07 2.76 0.25 4.98 - 10.41 0.78 0.76 3.61 24.64
Sum 2006 59.76 80.47 30.41 847.24 245.05 72546 1990.77 51.55 6.89  4037.60

Fig. 5. Transition matrix for the Time period 1955-2006.

generated at time. The data of the main diagonal, shown and configuration was selected, both at class and landscape

in bold, indicate the area of LULC persistence. In this pa-level and for all the time intervals defined (Fig. 6 gives a short

per, changes detected in the period 1955-2006 are reportezkplanation for each of them). The land-use datasets (1955,

(Fig. 5). For further information about the results of the inter- 1983, 1994 and 2006) were first converted into grid format

mediate time interval analysis (1955-1983, 1983-1994 andpixel size 10 mx 10 m) in order to perform synoptic metric

1994-2006), please refer to Di Fazio et al. (2011). analyses and further analyses using the FRAGSTATS pack-
age Vv. 4.0 (McGarigal et al., 2012).

2.3.2 Landscape metrics analysis at class and landscape

levels 2.4 Analysis of urban planning tools

With the aim to better understand and describe the expandFhis subsequent step of the research activities was aimed to
ing footprints of residential and urban areas, the landscapstudy the current urban planning tools of Serra San Bruno
composition and configuration of the study region was in-from their implementation until today, and to assess their
vestigated by using landscape metrics. When applying spastages of development. The General Master Plan (GMP) was
tial metrics, the spatial unit used is called patch, defined amdopted as a municipal planning tool in 1997 and is now be-
a relatively homogeneous area that differs from its surrounding updated so as to help direct new urbanisation processes
ings (Forman, 1995). The basis of the spatial metric calcutowards areas that are not intended for agricultural and for-
lation is a thematic map (either in vector or raster format) est use. The analyses carried out were also aimed to analyse
representing a landscape composed of spatial patches catetJLC maps focussing on built-up areas, in order to evalu-
gorised in different patch classes. Landscape metrics can bate their importance and role in shaping the character of the
defined as quantitative and aggregate measurements bastmvn. The processing of the above-mentioned thematic maps
on a categorical, patch-based representation of a landscapeas performed to examine urban planning effectiveness and
showing spatial heterogeneity at a specific scale and resdeo provide a base to suggest recommendations for future im-
lution (Herold et al., 2003, 2005) and represent one of theprovements and support management tasks.
key factors in landscape ecological research (Uuemaa et al., In this framework, GIS tools were used by exploiting their
2009) and in landscape planning. According to several aucapability to support spatial analysis and give suggestions to
thors (e.g. Gustafson, 1998; Herold et al., 2003, 2005; Set@lanners and policy makers. One of the major benefits of this
and Fragkias, 2005; Aguilera et al., 2011), the teypatial  approach is that highly visual and interactive modelling and
metricsrelates to the characterisation of urban forms as suchanalysis can be performed. The existing raster map, which
while the termlandscape metricexplicitly links to ecolog-  represents the GMP of Serra San Bruno, was transformed
ical functions. A major value of landscape metrics lies in into vector format by means of semiautomatic editing. The
their usefulness for comparing alternative landscape configunew layer produced represents the zoning of the town ac-
rations, for example in evaluating the same landscape at difeording to the indication of the GMP and includes 16 differ-
ferent time periods (Gustafson, 1998). ent land use categories (Inner city, Completion, Expansion,
For the purpose of this research, and according to CushPublic area, Green areas, etc.) as shown in Fig. 7.
man et al. (2008), a set of limited-number landscape metrics The land uses in the study area include all the categories
with a valuable meaning in analysing landscape compositiorusually found in plans conceived for typical small towns
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Years

Landscape metrics Range Units Description
1983 1994 2006

> 1, without
limit
>0,

Patch Density (PD) constrained

by cell size

Number of Patches (NP) None  Equals the number of patches in the landscape. 76 122 167 179

Number per Equals the number of patches of the corresponding patch type divided by
100 hectares total landscape area (m?). 1.88 3.02 414 443

. >0, without Meters per Equals the sum of the lengths (m) of all edge segments involving the

Edge Density (ED) limit hectare  corresponding patch type, divided by the total landscape area (m?). 3443 54.46 5837 66.27
Percentage of X Equals the number of like adjacencies involving the focal class, divided

Like Adjacencies (PLADJ) 91 Hercert by the total number of cell adjacencies involving the focal class. 98.03 97.03 96.83 96.44

Equals minus the sum of the length (m) of each unique edge type divided

Interspersion and by the total landscape edge (m), multiplied by the logarithm of the same

o 0+100 Percent  quantity, summed over each unique edge type; divided by the logarithm ~ 57.93 59.3] 61.53 61.23
Juxtaposition Index (LJI) of the number of patch types times the number of patch types minus 1
divided by 2.
Shannon's Diversity Index [EJRSH WL Equals minus the sum, across all patch types, of the proportional
(SHDI) limit e abundance of each patch type multiplied by that proportion. 112 1.29 134 140
Simpson's Diversity Index X Equals 1 minus the sum, across all patch types, of the proportional
(SIDI) 0<1 None abundance of each patch type squared. 0.60 064 065 0.68

Fig. 6. Description of landscape metrics (based on McGarigal et al., 2012) and their values obtained at landscape level for all time intervals
under investigation.

Sorra San Brane Municipality —, D SR like Serra San Bruno. The goal of this analysis was to cal-
“ = ‘? P culate the effectiveness of zoning: the degree of success of
the 1997 GMP was evaluated by taking into account both its
indications and built-up expansion in the last 15yr. To this
Ny end, a geoprocessing approach was pursued through a GIS
] overlay of built-up evolution (1994, 2006 and 2011), zoning
layer and LULC maps. In compliance with previous stud-
&0 ies (e.g. Luck and Wu, 2002; Hahs and McDonnell, 2006),
e the integration of demographic and physical data, during this
o phase of the analysis, allowed a better comprehension of the
urban—rural gradient evolution.

2.5 Urban-rural gradient analysis

mll oissimilar buildings
Masterplan (1997) - Zoning

— s In this particular application, urban—rural gradient analysis
Ec-sxnamm was performed through three consecutive steps: (1) land-
« | B+ rute rasacures scape metrics calculation within FRAGSTAT software us-

3 %fﬁ;::‘““'”e"‘“e ing a moving window analysis; (2) Settlement Density In-

[ 5. -Equipped public areas dex (SDI) calculation by means of Kernel Density Estimation

B et e (KDE); (3) landscape gradients analysis along three signifi-

%:GTO“ cant axes of LULC changes.

EEE] Removed fom Plan 2.5.1 Landscape metrics via moving window analysis

Ey/ Precluded areas

The window, whose size and shape have to be defined by
the user, can be moved over every positively valued cell in
the grid, calculating the selected metric within the window,
returning that value to the focal (centre) cell and outputting
a new continuous surface grid map for the selected metric
in which the cell value represents the “local neighbourhood
structure” (McGarigal et al., 2012). Several trials were con-
ducted in order to test the impact of the window size on the

Fig. 7. Analysis of the General Master Plan adopted in 1997, in
force until 2007 and currently being updated.
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Legend and Weaver, 1949) and less sensitive to the presence of rare
Sesons Dy e types (Nagendra, 2002; McGarigal et al., 2012). Like SHDI,
o also SIDI has been widely used in several studies for rep-
resenting landscape diversity changing in space and time.
v Ranging from O (low complexity: only one patch dominates
o the scene) and 1 (high complexity: all patch types are evenly
distributed), Simpson’s index defines the probability that two
equal-sized and randomly selected sub-units of landscape
belong to different class types. This diversity index com-
bines evaluations of richness and evenness. It increases with
the increase of the number of class types (richness) and/or
when proportional distribution of area among class types be-
comes more equitable. In turn, since it reflects the patch
N abundance and heterogeneity in landscapes, the SIDI index
= can be used to assess landscape diversity. To this end, how-
ever, it is necessary to take into account evidence given by
Nagendra (2002) on the need for caution when using SHDI

and SDI in assessing landscape diversity.

Fig. 8. Simpson’s Diversity Index (SIDI) calculated in
FRAGSTATS environment using the moving window method.

2.5.2 Settlement density analysis using kernel density

metrics calculated as well as to improve the smoothing effect estimation
on produced maps. According to previous studies, carried out
for study areas comparable with the one presented in this paAnalysis of settlement density within GIS environment is
per for both extension and geometric data resolution, resultgienerally performed on a discrete basis using areal feature
with a 500 m radius window have proved to be more effectiveor using a continuous gridding approach. The first method is
in revealing landscape metrics fluctuations (Kong and Nak-implemented using a standard overlay technique aimed at the
agoshi, 2006; Kong et al., 2012). Furthermore, this windowcalculation of the intensity of a phenomena (number of build-
size is equal to the one adopted for the SDI implementatiorings) within specific polygonal features (e.g. municipalities,
described below, so as to produce relevant landscape metrieensus zones, watersheds, regular squares). The density is
spatially comparable with the SDI analysis. Considering thatcalculated for every areal feature through a simple ratio be-
FRAGSTATS gives negative values for cells located close totween the number of occurrences and the total area of the cor-
the edge and not fully contained within the window of the in- responding polygon. The shape (often irregular) of the areal
put grid (McGarigal et al., 2012), a buffer area (or expansionfeature inevitably weakens the spatial interpretation of settle-
strip, as it is referred to by McGarigal et al., 2012), equal to ment densities. Modern gridding techniques allow a contin-
the radius of the window size (500 m), was first defined alonguous density estimation using moving window methods. In
the outline of the input LULC raster grid in order to minimise simple density analysis, a circular neighbourhood is defined
the boundary effect. The maps obtained with this procedurearound each raster cell, and the number of events (associ-
show the spatial distribution of landscape structure based oated to known locations) that fall within the circle is summed
the results of the selected metrics. and divided by the area of the neighbourhood (Smith et al.,

Several landscape metrics were tested across the studg007). Generally this kind of approach, although based on a
area in order to better understand landscape change patternsll-by-cell calculation, produces discontinuities in the out-
and evolution trends. In this phase of the research, a set gbut surface (Lloyd, 2007). A very effective alternative is Ker-
three metrics with moving window analysis were selected,nel Density Estimation (KDE) by which density is calculated
owing to their efficacy in supporting the analysis of urban— using a kernel function superimposed over each location. The
rural gradient: Agricultural percentage of landscape (A-application of KDE requires the choice of the type of kernel
PLAND), Natural percentage of landscape (N-PLAND) and function (e.g. Gaussian, triangular, quartic) and the defini-
Simpson’s Diversity Index (SIDI, Simpson, 1949) (Fig. 8). tion of three key parameters: bandwidth, cell size and in-
The first two indices indicate, for every pixel, the propor- tensity. Bandwidth definition is the most problematic step,
tion of the circular window (centred on the pixel itself) oc- but also the most useful for exploratory purposes, since a
cupied by agricultural land uses (mostly sowable lands) andvider radius smooths the spatial variation of the phenomenon
by natural land covers (grasslands, woodlands, etc.), respe@nd thus shows a more general trend over the study area,
tively. Furthermore, in conjunction with SDI, they support while a narrower radius highlights more localized effects,
the analysis of the main components influencing the urban-such as “peaks and troughs” in the distribution (Jones et al.,
rural gradient composition. SIDI has an interpretation that is1996). Despite all these approaches, the examination of sur-
much more intuitive than Shannon’s index (SHDI, Shannonfaces resulting from different values of bandwidth remains a
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Legend

common method for the definition of this parameter (Gatrell 1sss
et al., 1996; Lloyd, 2007). In this study, after different tests

Buildings.
Settlements Density Index

(bandwidths of 100, 250, 500, 750, 1000 m), it was finally de- SRS
cided to adopt a bandwidth of 500 m in the analysis of build- —oN
ings density at the working scale. Thus, KDE was performed H—
within SAGA GIS (Bdhner et al., 2006) using a quartic func-

tion, a cell size of 50 m and the area occupied by each build-

ing as intensity parameter. Considering the method of calcu-'%** 2006

lation, the calculated SDI expresses settlement concentratior | 3 |

in a given area as the surface occupied by settlements overth = 4~~~ BT -
territorial surface (Fig. 9). As a consequence, it gives a sim- ‘

plified but reliable representation of the gradient of urban- ! !

isation: it assumes maximum values in the central portions o -3

of more extensive urban areas and progressively decrease- - a —

ig. 9. Maps of the Settlement Density Index (SDI) calculated using
ernel Density Estimation (KDE) for all time intervals investigated.
In each map, a localisation of the three defined profiles is shown
(Profile 1: direction 253, length 5km — Profile 2: direction 186
length 6 km — Profile 3: direction 128length 3.5 km).

when moving towards less urbanised areas. The same fig-
ures show the localisation of the landscape profiles describegE
hereinafter.

2.5.3 Landscape gradients analysis through linear
profiles

The overall analysis of the urban—rural gradient of the area

was performed developing a landscape profiling techniquei, s expenses of former agricultural areas). On the other hand,
three different cross-sections (profiles) were located alongy, aqricultural areas, it is possible to observe a dissection
the main urban development direction with their starting ,ocess in addition to perforation. These results are corrobo-
point in the most urbanised area (maximum SDI) (Fig. 9). rated by the rising trends of PD and ED indices at class levels
Using GIS overlay technique, every section was intersecteqrig 10).

with the four indicator maps of SDI, A-PLAND, N-PLAND g rhan development of the study area extends along the
and SIDI. The tabular results of the intersection were plotteda cinale River and two roads. which start from the histori-

on different graphs showing the composition and the config-c4| yrhan nucleus (Fig. 11), go through Serra San Bruno and
uration of the urban—rural gradient along the three landscapggonnect it with the surrounding urban centres. Urbanisation
cross-sections and its progressive transformations. has concerned and is still concerning almost flat and moder-
ate slope areas (slopel0 %). The urban fabric LULC class
revealed complex and interesting dynamics throughout the
period investigated. By 1955, the study area had a quite ho-
3.1 Urban-rural transformations mogeneous structure, with two definitely prevailing LULC
classes: Agric (41.19 %) and Mix-For (47.51 %). The urban
During the period examined, all of the stages of land transfor{fabric was almost completely continuous (Urb-Cont) and co-
mations (sensu Forman, 1995; Botequilla Beitet al., 2006) incided with the historical nucleus (0.89 %). Over time, the
occurred. Focusing on landscape metrics at landscape angtban fabric has been characterised by a dramatic growth,
class levels, and considering the results from Patch Densitgreating an extensive discontinuous built area (Urb-Disc) be-
(PD) and Edge Density (ED) indices, the analysis also tooktween the rural and the urban space, which, today, mostly
into account the Number of Patches (NP) index, which is anoccupies former agricultural lands. Urban areas passed from
index showing the ongoing fragmentation process (Fig. 10)4.48 ha, in 1955, to 80.56 ha, in 2006 (Di Fazio et al., 2011).
NP increased from 76, in 1955, to 179, in 2006, while, in the As a result, the areas of greatest expansion of the Urb-Disc
same time interval, PD passed from 1.88t0 4.43. In all LULC class are those next to the historic centre, where they form
classes, both indices grew, except for coniferous (Con-Forja continuously evolving outer urban belt. Moreover, the dis-
and mixed forestry areas (Mix-For), in which the attrition continuous urban fabric is still changing: since the 1990s, it
process in land transformation added up to the dissectiomas been tending to be incorporated in the Urb-Cont class.
process, as shown by the increasing ED values for these Agricultural areas (Agric) were the most concerned by the
LULC classes. In the time interval analysed, the increasechanges that occurred in the period under investigation. They
in the number of patches mainly concerns two LULC typespassed from 1663.18 ha, in 1955, to 847.29 ha in 2006. In
characterised by two different land transformations. On thethe time interval analysed (1955-2006) perforation process
one hand, particularly referring to discontinuous urban areasywas dominant, resulting in a significant landscape change.
there are two ongoing processes: attrition and perforation (aln 2006, agricultural and forest areas as a whole occupied

3 Results and discussions
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Fig. 10.Patch Density (PD) and Edge Density (ED) landscape metrics calculated at class level for all time intervals defined.

(Botequilla Leiio et al., 2006). In terms of landscape com-
position (Fig. 4), the area occupied by the Agric class almost
halved (41.19 % in 1955, 20.98 % in 2006) because of the in-
tensification of silvicultural activities, of the still rising trend

of agricultural abandonment and of the consequent shrub and
herbaceous vegetation (Shrub) colonisation of these areas,
which, from the point of view of ecological succession, is
the initial phase of the process through which forest vegeta-
tion regains abandoned agricultural areas. In Calabria, this
succession has often been accelerated by reforestation in-
terventions. After the Second World War, they were carried
out in large areas and mostly received financial support, first
from national and regional public bodies and then from the
EU. Forestry areas have always been of crucial importance

Buildings in 1955
: Bui,dinzs in 1983 in the structural dynamics concerning the territory of Serra
| o Buidings in 1994 San Bruno. They are the formations that, in the period un-
| 4 uidings in 2006 der investigation, replaced a considerable part of the area of
Buildings in 2011 the Agric class. Today, 705.48 ha (86.46 %) of the 815.94 ha
Major Roads of the Agric class, which have changed over the fifty years
Hydrography investigated, are forestry areas, 52.72 ha of which are the
ovaton result of reforestation. In particular, the most significant in-
— crease was recorded for the Blv-For class, which passed from
sm 217.44 ha, in 1955, to 725.27 ha, in 2006.

The dynamics described above are confirmed by the Agri-

_ _ . cultural Censuses conducted by the Italian National Institute
Fig. 11. Overview of the_settlement expansion in the s_tudy area ¢ giatistics (ISTAT), for the years 1970, 1982, 1990, 2000
from 1955 to 2011 superimposed over the Digital Elevation Model and 2010. The anaiysis of data shows,that tt’we nur"nber of
(DEM). ' . . .

farms has dropped dramatically, passing from 503, in 1970,

to 89, in 2010 £82.3%). Correspondingly, Utilised Agri-

cultural Area (UAA) has dropped, though less dramatically,
94.32% of the study area, even though they were differ-from 1027.63 ha, in 1970, to 395.53 ha, in 20188.49 %),
ently distributed in comparison with the first period inves- with a consequent doubling of the average area per farm
tigated: agricultural areas passed from 41.19 %, in 1955, tqfrom 2.04 to 4.44 ha, +117.6 %). This was also due to pub-
20.98 %, in 2006; while forest areas passed from 54.25 %lic measures of financial assistance favouring specific inter-
in 1955, to 73.34 %, in 2006. In agricultural areas, both dis-ventions of land consolidation, the effects of which have al-
section and fragmentation processes characterised land trangady been highlighted in a previous work referring to the
formations. In particular, fragmentation is leading today to data of the 5th Agricultural Census (year 2000) (Di Fazio et
attrition (gradual loss of remaining fragments), which is in- a|., 2011). On the basis of the currently available data from
dicated as the third and final stage of land transformations
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the 6th Agricultural Census (year 2010), it can be observed «»
that a similar trend (decreasing number of farms, decreasing*»*
UAA, decreasing fragmentation of land parcel) concerns the

whole Italian territory. 2500
3.2 Urban growth and general master plan effectiveness ~ ** |
The trend of the total number of buildings further confirms = — 7. —l — I

what has been stated above: 331 in 1955, 1011 in 1983, ° /5 5
1829 in 1994, 2057 in 2006 and, finally, 2251 in 2011. The :
same trend is obtained if the official number of dwellings, 1971 1981 R 2001
provided by ISTAT and shown in Fig. 12, is taken into ac- ) o
count. Despite what similar studies in other areas have showf'd- 12 N“r_nk:’erl_c’f dwellings per type _OdeCCUpa“?“ in Serra I_San
(e.g. Verburg et al., 2001; Bhatta, 2009, Fichera et al., 2012)Brunc municipality in 1971-2011 period (source: ISTAT, Italian
. National Institute of Statistics).
the growth rate of urban fabric in the concerned study area

is not related to population growth rate, which, in general,

drives to the gxpansion of the built—up area. As matter ofincreased by 26 % between 1983 and 1994 and by 9% be-
fact, a comparison of the number of buildings and of the de~een 1994 and 2011. On the other hand, the population in-

mographic trend in the last decades, which decreased fromgea5ed only by 6% between 1981 and 1991 and by 2 % be-
8517 inhabitants in 1961 to 6873 in 2011, shows that housingyeen 1991 and 2011.

construction in the study area has not met residential needs
but has rather answered the purpose of investing in the prop3.3  Urban-rural gradient analysis
erty market in a period of high monetary inflation (Di Fazio
et al., 2011). As shown in Fig. 12, a significant number of Landscape profile graphs effectively show the main charac-
houses are unoccupied and many of them are let during sunteristics of the urban—rural gradient using a 2-D space that
mer for the so-called “tourism of return” and, to a lesser ex-allow the simultaneous analysis of the four above-mentioned
tent, for exogenous tourism (Di Fazio et al., 2010). More in indices (Fig. 13). In all graphs, the x-axis represents the dis-
detail, the highest rate of housing construction was recordedance from the starting point of the profile; the left y-axis
between 1983 and 1994, when, owing to the temporary laclshows a percentage scale used for representing SDI and A-
of effective planning regulations, many buildings were con- PLAND and N-PLAND curves; the right y-axis shows a
structed in unsuitable areas. Between 1994 and 2006, a sigrobability scale used for representing SIDI curve.
nificant downturn in the construction of new buildings was In all the cases, the profile graphs indicate a similar land-
recorded, which did not affect agricultural areas, as it hadscape composition and configuration at the very initial part of
happened in the past, but rather open spaces in discontindhe three profiles. In this particular context, the small extents
ous urban areas (10.59 ha of the Urb-Disc class turned int@f high urbanised areas determine a particular initial compo-
Urb-cont). sition of the gradient that is not completely urban, since it is
Then, using the vector-based geoprocessing approach ouslso characterised by agricultural and natural areas. Moving
lined in the previous paragraph, the GIS layers describingrom the most urbanised area (the historical town centre) to-
the built-up expansion (1994-2011), were juxtaposed on thevards rural areas, SDI curves show a decreasing tendency, as
map of the GMP zoning. At this stage of the analysis, theexpected, while A-PLAND and N-PLAND curves assume a
outputs of this processing were mapped as new GIS laydifferent shape, indicating different types of urban-rural gra-
ers. It resulted that only very few buildings were built in dients in the three directions under investigation.
locations which met GMP zoning definition and standards The first profile shows a typical urban-agricultural-natural
(Fig. 7). Afterwards, the dynamics within the study area gradient characterised by two clear transitions from an urban-
were assessed comparing the amount of land occupied fadominated landscape to an agriculture-dominated landscape
built-up use with demographic data (e.g. Censuses), in orand from the latter to a natural landscape. As expected, land-
der to analyse how the urban expansion was able to matchcape diversity is higher within these transitions, which are
the population requirements. These results highlight a trendypical of peri-urban and agroforestry areas, where a more
similar to the one described above, corroborating the analvariegated landscape mosaic can be detected. On the con-
ysis based on the comparison between number of buildingsrary, SIDI assumes lower values within the areas domi-
and population growth. In this case, the comparison of built-nated by agricultural lands and woodlands. The second pro-
up LULC expansion with ISTAT demographic data, during file shows an initial smoother transition between the most
the last twenty-year period (1983—-2011), showed a growthurbanised area and the rural one, which is characterised by
rate of the urbanised area higher than the population growtta growing incidence of natural areas (0—2.2 km). This part
rate, as expected. Just to mention a few data, built-up areasf the profile falls into a mixed landscape marked by high
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Fig. 13.Composition and diversity of the urban—rural gradient measured along the landscape profiles (year 2006). Settlement Density Index,
agricultural and natural percentages of landscape (PLAND), and Simpson’s Diversity Index (SIDI). The latter is represented using the right
graduation on the graphs.

diversity and fragmentation. Along the other part of the pro- Thus, all the graphs referring to this period show an evident
file, the two A-PLAND and N-PLAND curves assume a rise in SDI index, mostly in the first part of the profile, indi-
particular alternating behaviour, indicating the relative inci- cating a typical urbanisation process of the outer peri-urban
dence of agricultural and natural areas and the position of thagricultural areas. This process is confirmed by a related de-
agricultural-forestry transitional areas, where SIDI increasesrease in the A-PLAND index observed in the same period.
as expected. The third profile illustrates another particularAnother important transformation, highlighted by the outer
urban to rural gradient, with an initial steeper transition from section of the three profiles, is associated to the increase
the most urban to a natural-dominated agricultural landscapé areas mainly occupied by woodlands inside agricultural-
characterised by high values of diversity. The other sectiordominated landscape. These maodifications, which occurred
of the profile appears occupied by natural areas. mainly within urban-agricultural and agricultural-forestry
The transformations of the urban—rural gradient were stud{ringes, produced a relevant increase in landscape diversity
ied by means of a diachronic analysis of the four indicesindicated by the double peaks of SIDI variation curves. The
along the same landscape profiles (Fig. 14) and for all thepeaks are located exactly at the position of the transitions,
time intervals defined. All the graphs indicate the variation which were identified by means of the previous landscape
of each index (positive or negative) occurred along the pro-profile analysis. As a consequence, between 1955 and 1983,
file in a specific interval. SDI evolution was analysed on sep-urban sprawl, on the one hand, and woodlands expansion, on
arate graphs taking into account the different magnitude othe other, generated deep changes in the urban—rural gradient
the temporal variations of this index, while A-PLAND, N- of the area. The two main processes described above con-
PLAND and SIDI variations were plotted, for each profile, tinued, with diminishing magnitude, during the subsequent
using three different graphs corresponding to the three periperiod 1983-1994, causing further erosion and fragmenta-
ods under investigation. This approach allowed an efficiention of agricultural landscapes. The variations of diversity
spatio-temporal comparative analysis of the transformationslong the urban-rural gradient directly reflect those transfor-
of the urban—rural gradient composition and configuration inmations. During the last period, 1994—-2006, minor transfor-
the study area. mations occurred, mainly entailing the urbanisation of small
As described above, the most relevant transformations operi-urban areas and the further expansion of woodlands in
the landscape gradient took place in the 1955-1983 periodsteeper agricultural areas. As confirmed by SIDI variations,

www.earth-syst-dynam.net/3/263/2012/ Earth Syst. Dynam., 3, 26379, 2012



276 G. Modica et al.: Spatio-temporal analysis of the urban—rural gradient structure

Profile 1 Profile 2 Profile 3
e
ixi 8 8 8
-] %

1 £ 6 6 6
]
@9 4 4 4
L5 VIN\
Qi N 2 N\ 2
L2 N N~ L/
N S
PEio ! = 0 = N —~ o .~
3 g 00 05 10 15 20 25 3.0 35 40 45 50 00 05 10 15 20 25 30 35 40 45 50 55 6.0 0.0 05 1.0 15 2.0 2.5 3.0 3.5
e ‘ =———1955-1983 ——1983-1994 1994-2006 ‘
100 05 | 100 S 05 | 100 05 |1
: Y A ‘ I L i
- / / oo . i
i \ 0.3 0 aany ! F i
! D =< 7 / 50 _Le . ‘ el [03 1 g L 03}
'8 g T~ 1 Y 4 g nal v ; L-2=T~ AP i
-1 o 5 \ 5 0.1 Feaet” \ y 01{  P~==4 Sal o S Foiii
L3 —t - - [ = 0 :
P o 05T 18N 25 g sl 40/ 45 50011 00 s~ 202l ‘o 35 40" 4‘3\-511-"95\500‘1 oo —os _to—ts—20 25 30 3501i!
o : — !
p|e \ R 03} 0 | 03} 0 bosi!
' NS N/ !
! -100 0.5 -100 -0.5 {-100 0.5
100 0.5 | 100 0.5 | 100 0.5
'
i
! ! 0.3
! 50 P B 031 5 S 031 5
S J \ ZARSS
= ‘ N 0.1 ’ ~, - 0.1 — 0.1
= 0 / 0 b— /. 5 P L el o |~ o~ ;
' o = G > . T 7 — i
'3 0/0==0:5—T] 2530 35 4l als) 0.1 005 —re—_1l5—30 25 30 35 4o 45 5o 55 6001 0| o5 Mo =S 3075~ 3l5-0.1 !
13S0 = 50 50 i
i 03 03 0.3
i
i 100 -0.51-100 0.5 {-100 0.5
100 0.5 | 100 0.5 i 100 0.5
! 03
| w50 031 5o 03§ 5
=1 01
'
N - L 0.1 0.1 o
il 0 == > 0 e==F o =2
- oo o5 10 15 2(0NZF 30 35 4 a5 sp-01 oo "ojs 1o 15 2o 25 3o 35 40 45 50 55 6001 oo o5 1o 15 20 2[5 "30 35-01
' 9 S < 50
' 50 aall = 03 0.3
100 0.5 -100 0.5 {-100 0.5
‘ = Agricultural PLAND Natural PLAND ~ ----- Simpson's Diversity Index ‘

Fig. 14.Transformations of the urban—rural gradient measured along the landscape profiles (kilometres are shown on the x-axis). Spatial and
temporal variations of Settlement Density Index (SDI), of agricultural and natural percentages of landscape (A-PLAND and N-PLAND) and
of Simpson’s Diversity Index (SIDI). The latter is represented using the right graduation on the graphs.

these modifications generated only small changes in landsocio-economic data, in a geodatabase at a detailed scale,
scape configuration, also due to the efficacy of the GMP agproved to be of great importance to understand the rela-
outlined in Sect. 3.2. tions between land-use, -cover and -functions (Verburg et
al., 2009). The observation and temporal analysis of LULC
changes is a procedure that allows to identify ongoing trends
4 Conclusions and to better understand landscape evolution. Therefore, it
is fundamental to implement tools helping to envisage fu-
The research is part of a wider study and is aimed at quanture scenarios (Cerreta and De Toro, 2012; De Montis and
’[|fy|ng and interpreting LULC Changes’ particu|ar|y s|gn|f|_ Caschili, 2012; Fusco Girard and Torre, 2012). Furthermore,
cant areas of the Mediterranean landscape. Similar to the rethe analysis of LULC changes allows the temporal verifica-
sults of previous research carried out in other Italian Mediter-tion of the positive (e.g. reforestation of agricultural areas,
ranean landscapes (Fichera et al., 2012), in the last sixtjand consolidation, etc.) or negative (lack of landscape plan-
years, the urbanisation process has considerably modified th&ing tools, agricultural abandonment, etc.) effects of past ter-
landscape of Serra San Bruno municipality, with significantfitorial policies. Finally, these analyses can allow the imple-
land-use conversions. This study has highlighted how unmentation of landscape management tools and sustainable
derstanding the evolution of landscape trends, particularlynedium- and long-term landscape planning so as to direct
where the urban/rural dynamic relations play a significantfuture changes towards those which had positive effects and
role, is crucial to their sustainable planning. As argued byto contrast the past actions which had negative consequences
Botequilla Leiio et al. (2006), developing a basic under- on the landscape. This would have significant impacts not
standing of landscape changes is fundamental to weigh oponly at a local scale, which was the scope of this research,
tions and consequences associated with alternative planningut also on regional-scale plans and programmes.
options, besides being the best way to deal with them. To This research also offered an example of how GIS tech-
that end, in a first phase, the integration of spatial, histori-niques and methodologies can be used to support land-use
cal (aerial photographs) and recent (orthophotos) data wittPlanning and decision making in urban growth management
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(Cerreta and De Toro, 2010; Cerreta et al., 2012; Cerreta&londel, J.: The “Design” of Mediterranean Landscapes: A Millen-
and Mele, 2012), by providing helpful tools to spatially anal- ~ nial Story of Humans and Ecological Systems during the His-
yse and study landscape patterns, spatial variations and their toric Period, Hum. Ecol., 34, 713-72%0i:10.1007/s10745-006-
most significant correlations. _9030-4 2006. ,
Landscape profiling techniques for the analysis of theBohner. J., McCloy, K. R., and Strobl, J. (Eds.): SAGA — Analysis
urban—rural gradient is an innovative and valuable approach m‘ggﬂno‘gg'rrrfaﬁsp\l}gf‘tfl%s'ggggerzggggraph's‘:he Abhang-
for studying gra.dlem characteristics over Spac? anq time. T.h%otequilha Leido, A., Miller, J., Ahern, J., and McGarigal, K.:
landscf”‘pe profile graphs a”OW.a very eﬁe(_;t_'ve d'aChromc Measuring landscapes: A planner's handbook, Island Press,
analysis of the urban—rural gradient composition and config- Washington DC, USA, 2006.
uration. The strength of the approach is in its relative sim-gotequilna Lei&o, A. and Ahern, J.: Applying landscape eco-
ple applicability on every landscape context at the different |ogical concepts and metrics in sustainable landscape plan-
scales of analysis and in the possibility to effectively com- ning, Landscape Urban Plan., 59, 65-@®j:10.1016/S0169-
pare more graphs referred to different areas under investi- 2046(02)00005-12002.
gation. Certainly, the method needs further improvementsBraimoh, A. K.: Random and systematic land-cover transitions in
particularly in the selection of relevant metrics for better ex-  northern Ghana, Agriculture, Ecosyst. Environ., 113, 254-263,
ploration and analysis of landscape configuration. Moreover, d0|:10.1016/1.agee.2005.1(?.0£9)06. _
additional research is needed for deeper comprehension ¢f¢'ét& M. and De Toro, P.. Integrated spatial assessment for a
the relations between graph shapes and landscape functions. creative deC'S'On_m?kmg process. a combined methOd()log'ca.l
Future developments of this research will include the use approach to strategic environmental assessment, Int. J. Sustain.
’ . h Dev., 13, 17-30¢l0i:10.1504/13SD.2010.035098010.
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