reviewed paper

Factors Affecting Land-Taking Processes in Italy athe Regional Scale: Empirical Findings from
Sardinia

Sabrina Lai, Corrado Zoppi

(Doctor Sabrina Lai, Department of Civil and Envinmental Engineering and Architecture, UniversityGafgliari, Via Marengo, 2 -
09123 Cagliari, Italy, sabrinalai@unica.it)

(Doctor Corrado Zoppi, Department of Civil and Enwineental Engineering and Architecture, UniversityCafgliari, Via Marengo,
2 - 09123 Cagliari, Italy, zoppi@unica.it)

1 ABSTRACT!?

Land take is a process of significant relevanceéhia countries of European Union (EU), defined as th
“Change of the amount of agriculture, forest andeotsemi-natural and natural land taken by urbah an
other artificial land development” (European Enwuimeent Agency, 2013a).

In 2011, the European Commission (EC) put in evidehat an important milestone for the EU shouldobe
reach the goal of no net land take by 2050, anthke under strict control the impact on land-taking
processes of the EU policies in the new Structiuads programming period (2014-2020) (Communication
of the EC to the European Parliament COM(2011)&720.9.2011).

In a previous paper, we analyzed the land-takimaggss in the period 2003-2008 through the land rcove
maps of Sardinia, made available in 2003 and 2008 Sardinian regional administration (Zoppi &ad
2014), as related to factors which are identifisdedevant variables in several studies concenaing take,
such as area size, accessibility, proximity to nwdies and small settlements, to the coastlingparature
conservation areas.

In this paper we study the Sardinian land-takinacpss in two time periods, 1960-1990 and 1990-200s.
assess if, and to what extent, these factors residlar, or different, effects in the two periodsd try to
identify consistencies concerning the determinahtand take.

2 INTRODUCTION

We define land take as the “Change of the amoumigatulture, forest and other semi-natural andinat
land taken by urban and other artificial land depetent” (European Environment Agency, 2013a).
Findings and discussion proposed in this papedhypon the results of a previous paper (Zoppi aad L
2014), whose main points is worth summarizing ttemmake it clear to the reader how we addressstheei
of land take and what perspective we assume irr todessess the influence of physical, socio-ecénamd
planning code factors on land-taking processes.

Land take amounted to more than 1,000 km2 per Between 1990 and 2000, and to about 920 km2
between 2000 and 2006 (European Commission, 20i1igh means that the objective of no net land take
by 2050 (Communication of the EC to the EuropeatidPaent COM(2011) 571 of 20.9.2011) would imply
a decrease rate of about 800 km2 per year.

Italian figures concerning land take show that@®2a 7.3 percent of the Italian land had an aigifiland
cover (European Commission, EUROSTAT, 2012), witragerage growth rate of about 6 percent between
1990 and 2000 and of about 3 percent between 26DQ@06 (ISPRA, 2011, p. 479).

To provide a comprehensive, agreed-upon definiibmand take is rather difficult. Let us considésr
example, the Land Use and Cover Areas frame SUtMEZAS) of EUROSTAT (European Commission,
EUROSTAT, 2010), and the COoRdination de I'INforroatsur I'Environnement (CORINE) Land Cover
vector map (CLC) of the European Environment AgefttiyA) of the EU (European Environment Agency,
2013b). In LUCAS, “artificial land”, that is landiken by land-taking processes, is classed intorhain
groups, that is “built-up” and “non built-up” areashere the former are further classed accordinthéo
number of floors of their buildings, while a segathsub-group is represented by greenhouses (Teathni
reference, document C-3 - Land use and Land Cdi@nenclature, pp. 14-16). In CLC, “artificial surés”
are classed into four groups (CORINE Land coveart P: Nomenclature, p. 1): i. urban fabric; iidirstrial,
commercial and transport units; iii. mine, dump awhstruction sites; and, iv. artificial, non-agttaral

! This essay comes from the joint research workhefauthors. Sections 1, 2 and 6 have been jointiyew by the
authors. Corrado Zoppi has taken care of sectiomsd35. Sabrina Lai has taken care of section 4hasdevised the
whole essay and checked its comprehensive consysten
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vegetated areas. Even though both LUCAS and CLQCeaddhe issue of artificial land cover, propose
definitions of artificial vs. non-artificial landower, and identify artificial and non-artificial eas, they
greatly differ from each other.

Here, consistently with our previous paper (Zoppd dai, 2014), we do not propose a judgment on the
rightness or wrongness of land take; rather, wéyaedand-taking processes in order to detect doetors,
and possibly to what extent, can be consideredantao explain the phenomenon.

We implement our analysis with reference to thedtb&an region, one of the two major islands ofyitalve
study the determinants of the dynamics of Sardifdaad-taking processes in two time periods, 1968019
and 1990-2008, and assess these processes indfevargables influencing land take, in order to leate if,
and to what extent, these factors reveal similaditberent, effects in the two periods, and tryidentify
consistencies concerning the determinants of lakel t

As of today, no detailed maps are available to ril@scmeasure and compare land take over a langedpe
of time in Italy. The European Environment Agen&EQA) does produce and make available land-cover
maps but only from 1990 onwargsnoreover, the resolution of the map is not fudigpropriate at the
regional scale. Therefore, because we aimed ayiatuthe process at the regional scale and by tapht a
much larger space of time, we chose to study lake by integrating various sources as follows:

(1) two vector layers belonging to the datasehefRegional Landscape Plan of Sardinia (RLP) (predun
2006 and available from the regional geopdytdiat respectively describe historic settlemedéfined as
urbanized areas as of the end of the XIX centuryhenbasis of the maps produced by the (then) Royal
Geographic Italian Military Institute, and urbarvd®pments as of the end of the 1950’s, which irdiBa
were usually built adjacent to the historic setdéais, preserving their comparatively high densitg a
compactedness together with the characteristicddeir urban tissues and of the architectural featof the
built environment;

(2) a vector layer produced by the EEA and deswmiltirban Morphologic Zones (UMZ) as of 199these
are defined by the EEA as “sets of urban areasdglgss than 200m apart” and are identified orbtas of
a selection of appropriate subclasses of the ClaGsctartificial surfaces” contributing to the urbtissue
and function;

(3) the 2008 Corine Land Cover Map produced byRlegional administration of Sardinia and available
from the regional geoporfalthis is a vector dataset from which we selectelgt polygons belonging to the
first-level CLC class “artificial surfaces”.

The three above datasets differ in aim and resolugind for this reason they were preprocessed dal av
inconsistencies. As Figure 1 shows, such incongife were corrected by means of basic geoproggssin
operations.

Hence, we use the Sardinian CLC-based land-covps fita 2008, the EEA’'s UMZ for 1990, and the above
mentioned layers of the RLP to detect artificimdacover and land take in 1960.

In the CLC classification, non-artificial surfacase classed into four classes (at Level 1): i.cadfaral
areas; ii. forests and semi-natural areas; iii.lamels; and, iv. waterbodies. The land-taking preciss
identified in this study as the passage of areas fion-artificial classes, either in 1960, for gegiod 1960-
1990, or in 1990, for the period 1990-2008, to @nicial land-cover class, either in 1990, foetperiod
1960-1990, or in 2008, for the period 1990-2008r @nalysis shows that Sardinia has experienced an
increase in artificial land from 0.54 percent in6@9(13,090 hectares) to 1.59 percent in 1990 (28,18
hectares), to 3.25 percent in 2008 (78,379 hedtares

2 Corine Land Cover 1990, 2000 and 2006 raster naapdiable at http://www.eea.europa.eu/data-and-fdaps
(covering respectively 25, 39 and 37 countries)adar Italy are provided in all of the datasetsciessed February 24,
2015]

® http://www.sardegnageoportale.it/index.php?xs|-8&8-135976&v=2&c=8831&t=1 [accessed February 24,30

* http://www.eea.europa.eu/data-and-maps/data/ummphological-zones-1990-2 [accessed February @¥5]2

® http://www.sardegnageoportale.it/index.php?xs|=8&8-141401&v=2&c=8831&t=1 [accessed February 24,50

® These findings are quite consistent with dataama take provided by ISPRA, the National AgencyHarironmental
Protection and available at http://www.isprambiegde.it/files/comunicati-stampa/2014/Tabelle_coneudi_
suolo.pdf [accessed February 24, 2015].

m & A REAL CORP 2015:
4 £ PLAN TOGETHER — RIGHT NOW — OVERALL



Sabrina Lai, Corrado Zoppi

Table 1 lists the variables that describe nonieidifand artificial land cover and their descrigtistatistics.
Such variables refer to spatial units identifiethvthe 377 municipalities of Sardinia.

This paper is organized as follows. In the thirdtis&n we discuss the set of variables that we se a
covariates to frame land-taking processes in Sardixplanatory and dependent variables are dextaibd
spatially represented in the fourth section, andetations between covariates and the dependeard (&ke)
variable discussed.

Artificial land ‘. _ A Artificial land
coyel X v e L ] cover
asof 2008 Ve - A\ O : asof 2008

Artificial land e B { _ =8 Artificial land
cover 2 : b 4 b cover
asof 1990 s . g asof 1990
{original EEA) & prow Y e {processed)

3

Artificial land /4 i Artificial land B

cover : ¥ cover
asof1960 by A asof 1960

Figure 1: Analysis of changes in artificial landseo between 1960 and 2008: an example showingat@neof inconsistencies due
to differences in map resolutions.

The fifth section presents the results of regressiodels which use the land take variable and ¢atesrin
order to analyze if, and to what extent, theseofacteveal similar, or different, effects in theotyweriods,
and tries to identify consistencies concerning ¢beariates of land take. In the concluding sectioe,
discuss consistencies related to the determinditéso take in order to identify factors that shbbk taken
into account to define regional planning policiedimit or possibly prevent land take, and, by dpswo, help
implementing the EC recommendation on no net lakd by 2050 into the EU regional policies.

3 FACTORS RELATED TO LAND TAKE

We consider land take as related to physical aadnphg code determinants, and to a social varidie,is
residential density (Sklenicka et al., 2013; Huahgl., 2006), and as a possible consequence sdymefor
future land development (CRCS, 2012).

We use the same covariates used by Zoppi and Qa#j2classed as follows.

Variable Definition Mean St.dev.

NURB1960 Municipality’s non-urbanized areas in 1960 (haufse: RLP, Spatial Dataset 08,353.51 6,157.73
the Regional Geographic Information System of Saadimext SDRGISS

NURB1990 Municipality’s non-urbanized areas in 1990 (haufse: CLC, SDRGISS) 6,286.95 6,081.00

NURB2008 Municipality’s non-urbanized areas in 2008 (ha)ufse: Corine Land Covel6,180.33 5,963.59
Map of Sardinia — 2008 Edition, level 1, next CLCMS8®RGISS)

PLT6090 Percentage of municipal area whose land cover @thfrgm non-urbanized tal.05 2.58
urbanized between 1960 and 1990
PLT9008 Percentage of municipal area whose land cover @thfrgm non-urbanized tal.89 2.35

urbanized between 1990 and 2008

Table 1. Definition of land-cover variables andadgstive statistics.

" Available from the Regional Geoportal, http://wwardegnageoportale.it/index.html [accessed Feb2srg015].
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(1) Physical factors:

(a) average size, slope and distance from the stflesban center of a municipality’s non-artificlahd areas
in 1960 or in 1990, which became artificial in 1980 in 2008 (Sklenicka et al., 2013; Cheshire and
Sheppard, 1995; Palmquist and Danielson, 1989);

(b) accessibility, that is (Stewart and Libby, 1998 endowment of roads which connect regionahtewd
city centers, which the Italian Code concerning RBagulation (ltalian law enacted by Decree n. 128%)
classifies as “Highways”, “Main extra-urban roadsid “Secondary extra-urban roads;” 2. proximityhe
regional administrative capital city, that is Cagli which is also the most important city centértize
region; and, 3. proximity to the nearest provindmamistrative center;

(c) distance from the coast, since in Sardiniasthesalled “coastal-strip” (CS) is considered adtgic
resource, vital for the achievement of sustainaelelopment in Sardinia, that requires integratedrpng
and management” by art. 19 of the Planning Implaateam Code (PIC) of the Regional Landscape Plan of
Sardinid (RLP); due to particular restrictions in forcetire CS, it was believed that land take would occur
in the proximity of the CS, as discussed by Devale{2013), who found that the establishment otguted
areas in Asian and African tropical forestry regiafetermines an increased exploitation of the matgi
lands just outside the protected areas.

(2) Planning-code-related factors:

(a) endowment of protected areas; it would be etetethat proximity to protected areas should iaseethe
demand for new residential, commercial or recrealicdevelopments, which may possibly generate a
change from agricultural to artificial land covdrom this perspective, land take is also driventhg
availability of environmental amenities (Dewi et, &013);

(b) areas classed as “landscape components wigmaronmental value, defined as natural and senniakt
areas” and as “agricultural and forestry areasthayPIC of the RLP; it would be expected that gt be
comparatively more difficult that such areas chathgér status from non-artificial to artificial ldrcover;

(c) areas located in the CS; these areas shoufghftieularly unlikely to change their non-artificiand
cover, as we have already discussed;

(d) areas which the planning code in force befoeeRIC, that is before 2006, classed as areas idae
transformations and new developments were almdatlytoforbidden; it would be expected a positive
influence of this variable on land take, at leasthie 1990-2008, since the more conservative phgnniles

are weakened, the more land-taking processes oatiech is what happened (in year 2003) in the areas
where the old regional landscape plans were nfatrge any more.

(3) population density; several studies put in exck a positive agglomeration effect of this vdeain land
tand take (Sklenicka, 2013; Guiling et al., 2008csker, 2006).

Mean St.dev. Mean St.dev.

Variable Definition 1960- 1960- 1990- 1990-
1990 1990 2008 2008
PS1Z6090 Municipality’s average size of areas classed as-urbanized in 4.60 7.18 2.07 1.25

PSIZ9008 1960/1990 and urbanized in 1990/2008 (PSI1Z6090/9®Z) (ha)
(source: RLP, CLC, CLCMSO08)
SLOP6090  Municipality’s weighted average slope of areas s#ddsas non-6.99 7.08 9.56 6.19
SLOP9008 urbanized in 1960/1990 and urbanized in 1990/2008
(SLOP6090/SLOP9008) (percent); weight = area sinerce: RLP,
CLC, CLCMSO08, Digital Terrain Model of Sardiﬁ)a
PRS6090 Municipality’s weighted average distance from thHesest urban0.96 1.54 2.43 151
PRS9008 center to areas classed as non-urbanized in 198DA®] urbanized
in 1990/2008 (PRS6090/PRS9008) (km); weight = arma (siource:
RLP, CLC, CLCMS08, SDRGISS)
ACCESS Endowment of roads connecting regional town angl @éinters perMean 0.96 St.Dev. 0.47
unit of municipal land area (km/Kin(source: SDRGISS)
DISTCAPC Distance of a municipality from the regional capitity, Cagliari Mean 126.46 St.Dev. 71.27
(km) (source: Google Maps)
DISTNEAC Distance of a municipality from the closest proradministrative Mean 30.99 St.Dev. 16.70

8 Available at: http://www.sardegnaterritorio.it/saggio/pianopaesaggistico.html [accessed Februgrg®.5], which
includes the PIC of the RLP, its cartography cadpgical zoning classes and spatial dataset.
° Available at: http://www.sardegnageoportale.itdessed February 24, 2015].
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center (km) (source: Google Maps)
DISC6090 Municipality’s weighted average distance from theoreline to 17.23 14.98 21.05 13.91
DISC9008 areas classed as non-urbanized in 1960/1990 anahimed in

1990/2008 (DISC6090/DISC9008) (km); weight = areaesi

(sources: RLP, CLC, CLCMSO08, SDRGISS)
CONSAREA Municipality's total protected area: parks, reserveetc. (ha) Mean 1,342.74 St.Dev. 2636.12

(sources: SDRGISS)
NAT6090 Municipality’s landscape components with environtaérvalue, 2.73 13.45 10.79 22.16
NAT9008 defined as natural and seminatural areas, thatgeh&om non-

urbanized to urbanized between 1960/1990 and 1608/2

(NAT6090/NAT9008) (ha) (sources: RLP, CLC, CLCMS08)
AGFO6090 Municipality’s landscape components with environtaénvalue, 3.12 11.25 24.11 47.93
AGF09008 defined as agricultural and forestry areas, thangk from non-

urbanized to urbanized between 1960/1990 and 1008/2

(AGFO6090/AGF09008) (ha) (sources: RLP, CLC, CLCMSO08)
COASTRIP  Percentage of a municipality’s area included in@g (ha) (source:Mean 1.22 St.Dev. 241

RLP; SDRGISS)
OLPL6090 Municipality's area classed in the planning codfine before 200620.35 87.46 36.04 90.98
OLPL9008 as areas where land transformations and new dewelus were

almost totally forbidden, that changes from nonamibed to

urbanized between 1960/1990 (OLPL6090) and 199@&200

(OLPL9008) (ha) (sources: RLP, CLC, CLCMS08, SDRGISS)
DENS1961  Municipality’s population density in 1961 (DENS196dnd in 1990 70.02 170.80 74.73 213.84
DENS1990 (DENS1990) (people per square kilometer) (sourceb site of the

Italian Institute of  Statistics http://demo.istetlat81-

91/COMUNI/ind_ pro.htm and website http://www.comuni

italiani.it/ [both accessed February 24, 2015])
AUTC6090  Municipality’'s spatially lagged dependent variablé960-1990 0.99 1.56 1.82 1.27
AUTC9008 (AUTC6090, ref: PLT6090, Table 1 and Subsection arid 1990-

2008 (AUTC9008, ref: PLT9008, Table 1 and Subsec3id)

Table 2. Definition of land-cover covariates andagtive statistics.

Table 2 shows the variables which describe faatelsted to land-taking processes and their desegipt
statistics.

3.1 Autocorrelation-related spatially-lagged dependenvariable

If the value of a variable defined with referenceatspatial unit, such as a municipality, is cated to the
values it takes in the closest units, the varialslecharacterized by spatial autocorrelation. Spatia
autocorrelation of the dependent variable in spasigressions produces biases in the model's estsna
This issue can be addressed by adding a spatégted dependent variable to the set of covaridtese(in,
1988; 2003).

The presence of spatial autocorrelation of the deéget variable of our model, that is municipalit§'3860-
1990 and 1990-2008 percent change from non-adiftoi artificial land cover (PLT6090 and PLT9008) i
detected through the Moran'’s test (Moran, 1950;e8ns1988).

The Moran’s test concerning the spatial autocaticelaof a variable X which takes values over aténi

number of spatial unitsi,i=1, ..., N, is basedaostatistic | defined as follows:
NXijWi(Xi—X)(X;—X)
I==
S 2i(Xi—X)
1)
where j =1, ..., NX is the mean of the components of vector X,i8Vequal to 1 if spatial unit i is spatially

related to spatial unit j, O otherwise, and S isiado ¥, W;. The test assumes that | is normally

distributed with a zero mean in case no spatiaba@utelation occurs, which is the null hypothedighe
Moran’s test. If the p-value of the test is lowleann 5-10%, a spatially-lagged dependent varialbeldhbe
added to the set of the covariates in order to ntlakemodel unbiased, since it is very likely tha talues

of the dependent variable are spatially autocamdlaThe spatially-lagged dependent variables, dame
AUTC6090 and AUTC9008 in Table 2, are defined tigtothe following procedure, where AUTOCORR
represents a spatially-lagged dependent variabisdln, 1988; 2003):
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)

wherei,j=1, ..., N.

The application of the procedure described sodasur study implies the implementation of the Mdsan
test. We implement a set of Moran’s tests usingBz&ty assuming, alternatively, that;wf (1) is equal to

1 if: i. municipality i’'s and j's boundaries oveplaach other, at least to some extent (Order BabieT3); ii.
municipality j's boundary overlaps the boundarynadinicipality z, at least to some extent, whichums
overlaps municipality i’'s boundary (Order 2 in Teld); iii. municipality j's boundary overlaps theundary
of municipality z, at least to some extent, whickerdaps municipality y's boundary, which overlaps
municipality i's boundary (Order 3 in Table 3).

Contiguity order Moran’s | statistic Stand.error statistic P-value: I=0
AUTC6090

Order 1 0.422 0.022 18.990 7.27E-57
Order 2 0.280 0.018 15.229 3.92E-41
Order 3 0.142 0.017 8.149 5.51E-15
AUTC9008

Order 1 0.341 0.022 15.859 9.88E-44
Order 2 0.237 0.020 11.666 4.74E-27
Order 3 0.145 0.018 8.230 3.11E-15

Table 3. Moran’s test concerning spatial autocatieh of variables AUTC6090 and AUTC9008.

Table 3 shows the results of the six Moran’s testsied out, which are always significant. The most
significant is the first case (Order 1), so we adsbatially-lagged dependent variable defined hyq2he
set of covariates of our model, wherg W equal to 1 if municipality i's and j's boundesi overlap each
other, at least to some extent. Descriptive stegisf AUTOCORR are shown in Table 2.

4 LAND TAKE AND ITS COVARIATES: SPATIAL REPRESENTATIO N AND
CORRELATIONS

Once three shapefiles describing urbanized area$ @s1960, (ii)) 1990, and (iii) 2008 were obtath (as
previously stated in Section 2, from the SardirGdiC-based land-cover maps for 2008, the EEA’s UMIZ f
1990, and from selected layers of the RLP spatitdset for the end of the 1950'’s), it was posdiblderive

two further shapefiles describing those parceldanofi whose land cover changed from non-artifictal t
artificial respectively between 1960 and 1990 aetiveen 1990 and 2000; this in turns made it possiol
calculate, for each Sardinian municipality andhie two selected time periods, the magnitude of-takd
(PLT6090, PLT9008), as well as the average sizpawtels whose land cover had changed from non-
artificial to artificial (PS1Z6090, PSI1Z9008).

Through GIS-based analyses consisting either obamations of basic geoprocessing operations orarem
advanced techniques (e.g. to estimate the valu&.0P6090 and SLOP9008, PRS6090 and PRS9008,
DISC6090 and DISC9008), a geographic dataset wasla®ed and the value of each variable for each of
the 377 Sardinian municipalities was calculatedgctvimade it possible to analyze the spatial distiiin of

the variables.

The values of the correlation coefficients) (measuring the linear dependence between the depen
variables PLT6090 and PLT9008 (accounting for lgadce at the municipal level in the two time periods
taken into account) and their respective sets ohrates are shown in Table 4, where some high and
positive correlations are highlighted: PLT6090 @related to DENS1961p€0.7185) and to PSIZ6090
(p=0.5259), while PLT9008 is correlated to PSI1Z90080(6068) and to DENS199(p%0.4951). This
means that, in general, the higher the value ol kake, the larger the size of parcels whose lanerc
changed from non-artificial to artificial in thewvgin time period, and the larger the population hat t
beginning of the interval under examination.

Oyversion 1.4.6. Available at https://geodacenteredu
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Dependent variable: PLT6090

Dependent variable: PLP008

P p p p
PSI1Z26090 0.5259 CONSAREA 0.0405 PSI1Z9008 0.6068 CONSAREA -0.0704
SLOP6090 -0.1316 NAT6090 0.3361 SLOP9008 -0.3039 NAT9008 0.1846
PRS6090 0.2664 AGFO6090 0.3955 PRS9008 0.0884 AGF09008 0.2476
ACCESS 0.1442 COASTRIP 0.4328 ACCESS 0.2869 COASTRIP 0.3823
DISTCAPC -0.1464 OLPL6090 0.2904 DISTCAPC -0.1901 OLPL9008 0.1972
DISTNEAC -0.2438 DENS1961 0.7185 DISTNEAC -0.3402 DENS1990 0.4951
DISC6090 -0.1827 DISC9008 -0.3408

Table 4. Pearson product-moment correlation caeffts between the two dependent variables (PLT@&@0PLT9008) and all of
their covariates listed in Table 2.

Lower, and yet relevant (between 0.30 and 0.4%)tla@ positive correlation coefficients on the tiamd
between PLT6090 and COASTRIP, AGFO6090, NAT609@, am the other hand between PLT9008 and
COASTRIP. This means that, usually, higher valuekard take occured in municipalities whose teryito
overlaps the coastal strip as defined within th@62®RLP, and that between 1960 and 1990 land take
occurred in municipalities having larger areas sddsby the RLP either as natural and seminatuealsaor

as agricultural and forestry areas. The highesatiagvalues of the correlation coefficient canfémend on

the one hand between PLT6090 and DISTNEAC and emtiher hand between PLT9008 and the variables
DISTNEAC and DISC9008, although the linear corielatis not as relevant as the above mentioned
positive onesg takes values between -0.24 and -0.34).

Maps in Fig. 2 and 3, where polygons representiiardmunicipalities, depict the spatial distrilmutiof the
variables PLT6090, PLT9008 and of their two covasahaving the highest positive values of the datiomn
coefficient, that is, respectively, PSIZ6090 andN 961 for the first, and PSIZ9009 and DENS1990 for
the second.

PLT6090 [%] PSIZ6090 [ha]
— Jooo-o.12 I

DENS1961 [res/km?]
892620317
2031839281

] 0.060-0435
[ Joass-1527 [
[ 15202507 [ 5025255259
[ [ 552000279
T 73505754 I co200 726245

[ los-0zn
[ 02790513
T o514 1050
[ e

Figure 2: Spatial representation of the variables@90, PSIZ6090 and DENS1961 at the municipallléygantiles).

PSIZ9008 [ha]
[ Joams-raar

[ 14e- 158 [

DENS1990 [res/km?]
543421965
] 21966 - 32005

X [ 1 534- 2101 [ w269 4900
[} 245 [ 2102272 [ 000 - 7725
[ R [ T I 77237 0000

Figure 3: Spatial representation of the variableEI08, PSIZ9008 and DENS1990 at the municipallléygantiles).
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5 RESULTS

We use an ordinary-least-squares (OLS) model tdyzmaf and to what extent each factor, which the
literature quoted in the third section identifiesaapossible determinant, is correlated to land,takthe two
periods 1960-1990 and 1990-2008. Preliminarily estimate two OLS regressions for each period. ke f
includes the actual values of the explanatory Wi described in Table 2, while the second useis th
logarithms. By doing so, we assess whether thealime the log-linear models shows the best fit. The
estimates of coefficients of the variables fromtiie models are consistent with each other, eveagh the
linear models’ fitness is quite greater than thfathe log-linear, since the values of adjusted &sased
related to the 1960-1990 period are about 80 pefoerthe linear model and about 73 percent forltwe
linear, and the values of adjusted Rs-squaredectlat the 1990-2008 period are about 63 percenthtor
linear model and about 55 percent for the log-lin€éaerefore, our discussion is based on the lingzdels’
estimates.

The estimates related to the 1960-1990 period,rteghdn Table 5, show significant correlations glues
less than 0.1 percent) for: (i) the average sizareés classed as non-artificial in 1960 and eidifin 1990
(PSIZ6090, positive); (i) the landscape componevits an environmental value (agricultural and &g
areas) that change from non-artificial to artificiand cover (AGFO6090, negative); (iii) the sizé @
municipality’s environmentally-valuable landscamenponents (NAT6090, positive); (iv) the percentafje

a municipality’s area included in the CS (COASTRp®sitive); (v) the municipality’s area classedtle
planning code in force before 2006 as areas wlaame transformations and new developments were almos
totally forbidden that changes from non-urbanizedutbanized between 1960 and 1990 (OLPL6090,
positive); (vi) the residential density in 1961 (W§1961, positive); and (vii) the spatially-laggezbdndent
variable (AUTC6090, positive).

Moreover, less significant estimates are reported (f) the distance of a municipality from the iewpl
capital city (DISTCAPC, negative, p-value: 6 pemdge(ii) the distance of a municipality from theoskst
province administrative center (DISTNEAC, positiyieyvalue: 7 percent); (iii) the endowment of roads
connecting regional town and city centers per ohimunicipal land area (ACCESS, positive, p-vallig:
percent); (iv) the municipality’s total protecterka; (v) the municipality’s weighted average dis&from

the closest urban center to areas classed as banimed in 1960 and urbanized in 1990 (PRS6090,
negative, p-value: 14 percent); (vi) the municiyadi weighted average distance from the shorelinareas
classed as non-urbanized in 1960 and urbanized9a (DISC6090, positive, p-value: 20 percent).

Finally, the municipality’s weighted average slageareas classed as non-urbanized in 1960 and induhn
in 1990 does not seem to influence land take irpéred.

The estimates related to the 1990-2008 periodstegan Table 5 as well, are consistent with thé(Q:2990
estimates for variables PS1Z9008, PRS9008, ACCESSTNEAC, CONSAREA, COASTRIP, OLPL9008,
DENS1990 and AUTC9008. Variables DISTCAPC, DISC9088T9008 and AGF0O9008 do not seem to
impact on land take. SLOP9008 does not seem toeindle land take in the 1990-2008 time period ak wel

6 DISCUSSION AND CONCLUSION

This paper analyzes the Sardinian land-taking mseEethrough OLS regression models in two timeogsyi
1960-1990 and 1990-2008, as related to factorsateidentified as relevant variables in severadliss
concerning land take in the mainstream literatwe.tentatively consider a set of variables whiatiudes
location-related and physical determinants, andmiey code-related factors. Findings are consistétht a
previous study (Zoppi and Lai, 2014) concerningdBaan land-taking processes in the 2003-2008 derio

The outcomes of both time periods show that thera idouble agglomeration effect, since land-taking
processes are positively and significantly relatetiigh population density and high concentratibtaad
that changes its status from non-artificial to famitil. This indicates that saving non-artificiadnd, or
limiting land take, could be effectively supportieyl low-density settlements and extensive and light-
taking processes, since the concentration of lake in a limited number of municipalities would i@
larger extent of land which becomes atrtificial,fgenon-artificial in the first place.
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1960-1990 period

Variable Coefficient Stand.error t-statistic Hypothesis test: coeffici®
Constant -0.9315 0.2730 -3.413 0.0007
PSI1Z6090 0.1122 0.0106 10.627 0.0000
SLOP6090 0.0018 0.0101 0.174 0.8621
PRS6090 -0.0740 0.0495 -1.494 0.1361
ACCESS 0.2315 0.1431 1.618 0.1065
DISTCAPC -0.0018 0.0009 -1.944 0.0527
DISTNEAC 0.0073 0.0039 1.867 0.0627
DISC6090 0.0066 0.0051 1.299 0.1947
CONSAREA -4.1E-05 2.5E-05 -1.624 0.1053
NAT6090 0.0337 0.0063 5.359 0.0000
AGFO6090 -0.0290 0.0082 -3.517 0.0005
COASTRIP 0.1483 0.0330 4.499 0.0000
OLPL6090 0.0037 0.0008 4.397 0.0000
DENS1961 0.0075 0.0004 17.616 0.0000
AUTC6090 0.4777 0.0547 8.727 0.0000

Adjusted R-squared = 0.8024

1990-2008 period

Constant -1.7298 0.4922 -3.514 0.0005
PSI1Z9008 0.8553 0.0679 12.588 0.0000
SLOP9008 -0.0150 0.0139 -1.073 0.2839
PRS9008 -0.0232 0.0691 -0.336 0.7372
ACCESS 0.7924 0.1869 4.239 0.0000
DISTCAPC 0.0011 0.0012 0.890 0.3741
DISTNEAC 0.0050 0.0054 0.917 0.3596
DISC9008 -0.0023 0.0076 -0.302 0.7626
CONSAREA -7.0E-05 3.2E-05 -2.189 0.0293
NAT9008 -0.0024 0.0053 -0.450 0.6532
AGFO9008 0.0018 0.0021 0.841 0.4011
COASTRIP 0.1201 0.0443 2.712 0.0070
OLPL9008 0.0006 0.0013 0.447 0.6553
DENS1990 0.0026 0.0004 6.261 0.0000
AUTC9008 0.4222 0.0941 4.489 0.0000

Adjusted R-squared = 0.6289

Table 5. OLS results, dependent variables PLT6Q96Q-1990 period) and PLT9008 (1990-2008 peridd:regression models
include the covariates of Table 2.

Secondly, the more a municipality is accessible, itiore it is suitable to land-taking processes,ciwvhi
indicates that balancing accessibility opportusitieould be a strategic regional policy in ordetinat the
concentration of land take and, ultimately, to gate the agglomeration effect which characteriaed take.
This goal could be reached by increasing the endawmof public roads connecting regional town arg Ci
centers in small municipalities, giving particutare to road connections to the regional capitdl@ovince
cities. Moreover, the lower a municipality’s proxiyn to the nearest province administrative center
(DISTNEAC) , the less the municipality is suitaldeland take, which is an argument in favor of balag
accessibility as well.

Thirdly, we find that the presence and size of gxt#td areas is negatively and significantly corete¢o
land take, as expected. So, conservation of natesalirces, habitats and environment could beategfical
importance in order to deal with land-taking preess and to influence their territorial layout. 918 also
confirmed by the estimates of both regressiongelto the covariates OLPL6090 and OLPL9008, which
are positively correlated to the change of lananfrmon-artificial to artificial. This indicates théte more
conservative planning rules are weakened, the faarktaking processes occur, which is what happéned
year 2003) in the areas where the old regionaldeayoe plans were not in force any more.

A similar phenomenon is put in evidence by the dates NAT6090 and NAT9008, which are positively,
even though significantly only in the case of 198®0 model, correlated to the change of land fram-n
artificial to artificial. This suggests, as befotlat the more conservative planning rules are emead, the
more land-taking processes occur: in the case ofé80 and NAT9008 it is evident that the conseorati
character of the RLP PIC and of previous regiotetipwas weak if non-artificial areas defined asltxape
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components with an environmental value were alloteechange their status from non-artificial to fasial
land between 1960 and 1990, and between 1990 && 20

The fact that protection of nature, environment aatliral resources matters is also put in evidéycthe
absence of correlation between land-taking prosease the variable DISC9008, in the 1990-2008 time
period, and the evidence of an impact of the véi&8ISC6090 on land take in the 1960-1990 timeqakri
Since in the Sixties, Seventies and Eighties redidand-taking processes in Sardinia were almost
exclusively concentrated in coastal municipalities the positive correlations between the variable
COASTRIP and land take put in evidence in bothqayi the non-coastal characterization of land irakke
1990-2008 period could only be related to the comdive planning rules that the regional landscplads

in force from 1990 to 2006 and the RLP, from ye@®&on, have implemented.

In this paper, we tentatively consider a set ofialdes which includes location-related and physical
determinants, and planning code-related factors.aDalysis does not assume value judgments ontéded
Nevertheless, the findings imply a set of policgtsients which can be taken into account in order t
influence land-taking processes, which are consistéth statements proposed in the study quoted/eabo
(Zoppi and Lai, 2014). Agglomeration effect (bothterms of land which becomes artificial being non
artificial in the first place, and of residentiabnzentration) increases the intensity of land take.a
consequence, extensive urbanization processeslanding codes that prevent the artificializationvaft
contiguous areas should be effective in saving-oip-artificial land. A balanced accessibility of ieggl
cities and towns and a comprehensive regional ypaancerning protection of nature, natural resasirce
environment and endangered species and habitatddshe important as well. Moreover, supporting
restrictive planning rules concerning new developinie the CS helps to counter and limit land take.

In the rest of these concluding remarks we usetGt®mment and discuss policy implications of asults
through some spatial representations. Such GlSdb@aggesentations are easily reproducible withregfes
to other contexts of the EU NUTS 2 regions, ang tidow for a pretty straightforward spatial intezation
of the results.

We started by simulating a “what-if” scenario byilimg upon the results of the OSL model, and more
precisely upon marginal effects presented in Tabl®r each municipality, we estimated the magrétod
the impact either on the 1960-1990 or on the 198IB2percent change from non-artificial to artifidend
cover (respectively, PLT6090 and PLT9008) that waadcur if a single explanatory variable (amongséo
taking the highest values of the t-statistic, thgt for PLT6090: DENS1961, PSIZ6090, ACCESS,
CONSAREA, and for PLT9008: DENS1990, PSI1Z9008, AGSECONSAREA) had increased by a given
quantity — that is, ten percentiles in that vag&bHistribution.

Figure 4 and Figure 5 present visually some ofrdseilts. As for the time period 1960-1990, the rsa
change in artificial land cover is produced by iempenting policies that increase the variable PIR6@s

up to 2.089 percent of the 1960 non-artificial laxer would have changed into artificial, if thelwe of
the variable had increased by ten percentiles (Eigu left-center). The impact of the variable DENG1
comes second, as it can amount to 1.559 perceguir@~i4, left), closely followed by the impact okth
variable ACCESS, which can get as high as 0.128epér(Figure 4, right). Impacts associated with the
variable CONSAREA are always negative (Figure ghtricenter) and their peak is at 0.25 percent in
absolute value.

With reference to the time period 1990-2008, theatgst change in artificial land cover is produbgd
implementing policies that increase the variabl&ZP308, as up to 1.896 percent of the 1990 noffiicit
land cover would have changed into artificial,lietvalue of the variable had increased by ten péles
(Figure 5, left-center). The impact of the variaBIECESS comes second, as it can amount to 0.422mter
(Figure 4, right), closely followed by the impadttbe variable DENS1990, which takes 0.397 peresrits
the maximum value (Figure 4, left). Impacts asdedavith the variable CONSAREA are always negative
here as well (Figure 4, right-center) and and theak is at 0.426 percent in absolute value.

The maps also unveil a clear spatial agglomerasibmunicipalities taking the highest impact values
associated with the variables DENS1961, ACCESSGONSAREA (the latter, in absolute value) for the
time period 1960-1990 (Figure 4) and with the alea DENS1990, ACCESS and CONSAREA (the latter,
in absolute terms) for the time period 1990-200@{Fe 5); moreover, these clusters show similatiapa
patterns in the two time periods. Such a cleari@pafiglomeration does not emerge, on the othed,Han
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municipalities having either the lowest impact euassociated with PSIZ6090 (Figure 4) or the Highe
impact values associated with PS1Z9008 (Figure 5).

Impact DENS1961 [%] Impact PSIZ6090 [%] Impact CONSAREA [%] Impact ACCESS [%]
[ 10,029-0,045 [ ]0,000-0,050 [ ]-0,250--0,107 . 10.014-0,025
[710,046-0,060 [ ]o,051-0,062 . 1-0,106--0,026 [ 10,026-0,044
[ 0,061 - 0,082 [ 0,063 - 0,216 I 0,025 - -0,002 [ 0,045 - 0,064
I 0,083 - 0,157 [ 0,217 - 0,458 B 0,001 - 0,002 I 0,065 - 0,096
I 0,158 - 1,559 [ 0,459 - 2,089 [ 0,001 - 0,000 [ 0,097 -0,123

Figure 4: Spatial representation of policy implicas at the municipal level: impacts on land-costeange (from non-artificial to
artificial) in the 1960-1990 time period stemmimgrh policies that increase: residential density961 (left); or average size of
areas whose land cover changes from non-artificialtificial between 1960 and 1990 (left-center)a municipality’s total
protected area (right-center); or its endowmenbatls connecting regional town and city centersupérof municipal land area
(right) (all quantiles).

il

L)

Impact DENS1990 [%] Impact PSIZ9008 [%] Impact CONSAREA [%] Impact ACCESS [%]
[ 10,0118-0,0154 [ Jo0,1337-0,2108 _ ]-04263--0,1822 [ ]0,0475-0,0713
[ 10,0155-0,0188 [ 102109-02357 . ]-0,1821--0,0441 [ 10,0714-0,099
[ 0,0189 - 0,0292 0,2358 - 0,3167 [ -0,0440 - -0,0042 [ 0,0997 - 0,1268
I 0,0293 - 0,1068 I 0,3168 - 0,5849 I 00041 --0,0031 I 0.1269 - 0,3138
10,1069 - 0,3972 1 0.5850 - 1,8956 [ -0,0030 - 0,0000 I 0.3139 - 0,4222

Figure 5: Spatial representation of policy impliocat at the municipal level: impacts on land-castegnge (from non-artificial to
artificial) in the 1990-2008 time period stemmimgrh policies that increase: residential density980 (left); or average size of
areas whose land cover changes from non-artifigiattificial between 1990 and 2008 (left-center)a municipality’s total
protected area (right-center); or its endowmenbafls connecting regional town and city centersupérof municipal land area
(right) (all quantiles).
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