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Introduction

Land consumption for widespread urbanization id teethe eco-ethological aspects of
human communities and their propensity to expand given area, if environmental,
morphological, climatic and economic conditions mdkpossible. Urban sprawl, at the
detriment of natural land, has always occurred lzasl always been marked by cycles
during which this phenomenon has either increase&ianished (Mumford, 1961).

In the USA, China, India and Latin America, the egemce ofsprawl (“expansion”,
“invasion”, city that encroaches upon the counttgswith its new suburbs) has now
reached alarming proportions in some cases, thamk&vourable and coinciding
conditions of an economic, social and physical-alimnature. Researches and studies
conducted in the USA over the past fifty years hto@ised mainly on the adverse
effects that urban sprawl has on the quality oludran area in terms of costs for the
community, mobility, energy consumption (Buttenheamd Cornick, 1938; Rodwin,
1945; Mumford, 1953; Haskell and Whyte, 1958; Geayin 1964; Altshuler,1977;
Gordon and Wong 1985; Jenks al, 1996; Mitchell, 2001; Hesst al., 2001), and
more recently on environmental integrity in the dder meaning of the term (World
Watch Institute, 2007; Irwin and Bockstael, 2007).

In Europe, the debate has been very lively witharégo political stances and has
involved many social and territorial governanceuéss as well as issues concerning
participation in planning processes (Barlow, 19@heshire, 1995). To this regard, a
special topic is the one relating to issues of titg-region and the sustainable
development of this geographical type of settlenfgnieger and Savage, 2007; Hesse,
2007).



Particularly interesting are a number of studied tdonsider urban sprawl as a territorial
“disease” for which curbing and mitigating actioasd measures need to be studied
(Johnson, 2001; Kasanket alii, 2006); these include the work of the European
Commission (2006) which examines the situation dfan development in various
European areas using a number of naturality indisaFor many years, some European
countries have implemented policies to curb langsomption caused by urbanization,
while other countries have faced the problem griyluauch as Switzerland or the
Netherlands (Datec, 200Bpnneveld, 2007).

In particular, since 1935 Great Britain has introeld thegreen beltconcept, to avoid
linear building which developed quickly from Londtowards satellite cities. Within
the framework of the planning of the Greater Londosa, a proposal was put forward
to “create agreen belt or open space belt”, and the first experimentsevearried out
around London, Birmingham and Sheffield. Beforehand1947, with the Town and
Country Planning Act, and later in 1955, with toplanning circular letter no. 42/1955,
the decision was taken to surround cities with ginfiland under specific constraints,
which currently consist of many hundreds of thoulsaof hectares (Hall, 1973).

Only in 2007, in order to deal with the issue af tack of housing, has the Government
assessed the possibility of building a few millimagings in thesareen belts thus
overcoming historical constraints according to vahipilding in these areas should be
aimed at specific functions only, such as outdoports and leisure facilities or
cemeteries (Jones, 2007; Amati, 2007; Lloyd and, R667).

In Germany, the need to reverse the natural anal tand consumption trend was
acknowledged for the first time by the German gowent in 1985 within the
framework of the formulation of land protection mariples. Later, the environmental
policy programme promoted in 1998 aimed at sepayatconomic development from
land occupation and for the first time pursued du@ntitative goal of reducing land
occupation for urban purposes. The threshold oh&&ares per day was fixed at the
time, equal to one fourth of the ongoing trend (h22day in 2000) (Bundesregierung,
1985; Frisch, 2005).

The text of the reform of the French town planniag, approved in 2000, promotes
“agglomeration” at the decision-making level andesses the need to reduce land
occupation/consumption in general and densificaspacifically, as far as urbanized
space is concerned (Karrer, 2000).

At present, Italy has no national law regulatingdaonsumption and the topic is hardly
considered in regional town planning legislatiohh@ugh the phenomenon has been
evidenced for many years in the Mediterranean b@éimoz, 2003).

The European Community has recently taken theaihig of preparing a Community
Directive on land protection, currently in the pess of being finalized, which amends
directive 2004/35/EC (on environmental liability tlviregard to the prevention and
remedying of environmental damage) and reaffirms #tatus of “non-renewable
resource” for this particular territorial componeamid the need for its conservation.

In Italy too, the phenomenon of “urban sprawl” leen considered for many years as
one of the causes of urban functional disorgamisaiin terms of use of services and
efficiency of transportation (INU, 1990; IndovinE990; Gambino, 1996; Indovina and
Savino, 1999; Camagset al, 2002). Furthermore, not much data is availableuitine
national urban growth dynamics since the end ofleM@rfar Il, and in particular in the
past thirty years (Pileri, 2007), which is undoultyethe period when urban sprawl has



occurred with significant effects on land, espdgiad the flat areas of the country (as in
Figure 1).
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Figure 1 Percent of urbanization on different kinds of na#b landscape units
identified in 2004 by APAT (National Agency of Eonment and Technical Services).

The current situation of urbanization in Italy

When analysing the data from Corine Land Cover,ele3; urbanized areas, as in
Figure 2, including built areas for residential grdduction purposes and surrounding
areas, but excluding suburban roads, cover on geef# of the territory in Italy, which
rises to 6% if we consider areas below 600 metbesesea level (hill-top) and 8% if
we consider those below 300 metres above sea level.

The amount of urbanized land varies considerablyhévarious regions, ranging from
approximately 1% in southern regions, such as Batdl and Molise, to almost 10% in
more industrialized regions, such as Lombardy. Papita urbanization, instead,
amounts to about 230 “mper inhabitant, varying between 120%imhabitant in
Basilicata and over 400%mhabitant in Friuli Venezia Giulia, as in Figu8e

These urbanized areas do not include suburban,roegtrding which national data are
very uncertain, as homogenous GIS information @dsp considered in their entirety
including all levels, as well as notes on the btiead carriageways, is not yet available
in Italy. By taking, for example, some regions, lexer it is possible to extrapolate a
parameter of land consumption due to the road n&twdmbria has a road network
which, by including roads of all types, motorwayslaailways, amounts to about 5600
km, with a regional density of about 0.7 kmfAand land consumption amounting to
0.5 % of the regional territory. The percentagdamid occupied by the road network
increases by 1% in the Veneto region (21,000 kmoafis, 1.2 km/kf), and in the
Abruzzi region too (11,000 km of roads, 1.1 km/km
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Figure 2 Urbanization in Italy and study areas

Urbanised Are Urbanised are Mountain are

REGIONS Area (knf) (kD) % o, Hillarea%  Flatarea %
Abruzzo 10765,61 416,98 0,04 65,10 34,90 0,00
Lazio 17194,45 1478,19 0,09 26,10 53,90 20,00
Marche 9716,50 490,19 0,05 31,20 68,80 0,00
Molise 4435,33 112,25 0,03 55,30 44,70 0,00
Umbria 8450,47 300,87 0,04 29,30 70,70 0,00
Veneto 17711,69 1881,81 0,11 29,10 14,50 56,40

Table 1 Territorial characteristics of the study regionmdrphological characteristics
derived from the ISTAT database (National Centnatitute of Statistics).



450

400

350

300

250 +

200

m? per capite

150

100 -

50 A

%
4%

$

#

Figure 3 Regional per-capita urbanization in Italy

As mentioned previously in the introduction, natisitle data on urban growth over the
past 30-50 years is lacking. The databases of megiwe increasing both in terms of
quantity and quality at a very fast pace and, feva years time, it will be possible to
have important information from this point of vieome recent studies, based on GIS
processing of urbanized expanses in 1956, have Jewsoduced some interesting
results. For example, the Molise region, one ofghmllest in Italy with a surface of
446,000 km, has seen its urbanized areas grow from 2,336 1856 to almost 12,000
ha in 2005, with a 500% rise in fifty years. Comsidg that this region, situated in the
central-southern part of the country, has rathedle@sbsocial and economic dynamics, it
is plausible to believe that in other regions, veheconomic energy is far greater, the
rise in urbanized surface over the same periodbas by far greater.

The data obtained, albeit limited, have shown thadrage land consumption in Italy
will be approaching 10% within a short period ohdi, owing to national economic
trends which today are pushing in this directian.phrticular, the phenomena which
lead to increased building are tied to the neechwricipalities to collect more taxes on
buildings in order to finance public services, laldo to the tendency of privates to
invest in real estate at a time when interest ratesecurities are rather low in Europe.
10% urbanization may seem hardly alarming, butsatfamaximum concentration of
buildings and their surrounding areas (such akimpadots, services, manoeuvring and
ancillary areas) are very limited. In a countryelikaly, where mountain areas occupy
approximately 30% and hilly areas over 53%, urbettiesnent densification is quickly
saturating the plains which occupy only 18% of orail land (see Table 1).
Furthermore, it is worth specifying that 1,600 ikal municipalities (20% of the total)
have urbanized territories of over 10% even toddythese, over 500 are over one



fourth urbanized, 300 are over one third urbaneaed, lastly there are over 100 Italian
municipalities having urbanized areas in exce€066 of their expanse.

The negative effects of land impermeabilization ateeady very significant and
concern climate changes resulting from annual @estamperature rise, the destruction
and fragmentation of the habitats of internatibnahportant species (in central Italy,
the bear, the wolf and the lynx), the alteratiorsoifface and ground water, the reduced
capability to absorb civil and industrial emissiptige irreversibility of the use of land,
once transformed by urbanization and, in shortral/eeduced ecological resilience to
disturbances and perturbations affecting ecosystétoliing, 1973). Added to this are
the well known problems tied to urban sprawl, sumh dissipation of energy,
widespread pollution, mobility-related difficultiegdentity loss and higher economic
and social costs.

Urban settlement risk

It is important to explain why we are talking abaettlement “risk”, considering this
risk comparable to other natural ones (seismicydyeblogical, fire etc.). It is a fact
that settlements are established and developedaloyomly, without the intervention of
nature, and so it may appear that control over fieaitures and functions is total (after
all, this is what plans of any sort are for). Overy long periods of time, transformation
trends tied to human eco-ethology emerge and amnsaly expressed by local
communities, while plans, as we will see, seema@lgng with them, rather than exert
critical control over them (Romano, 2000; Romand @aamburini, 2006; Pungetti and
Romano, 2004). These changes to the territorialdave linked to the qualitative and
economic advantages of transformations and favmset parts of the territory that are
believed to be qualitatively better from the georpimlogical and urbanistic points of
view. It is not merely by chance that, for decadpl®nning has favoured new
settlements along roads or near road junctionsewge, locations that tended to close
the gaps left by previous transformations have h@eferred (parts of interstitial land
either very near to or immersed in the pre-existurgan matrixes). Considering,
instead, geo-morphological aspects, settlemeniereiend to develop downstream, in
flat areas or encroach upon hilly sectors. Somtedge factors have already been taken
into consideration on different occasions withire tlamework of spatial decision-
making disciplines (Barredet al, 2003).

All these effects, which however affect many cowastwvorldwide, alternating moments
of intensification and slowdown (Hammet al., 2004), derive from the undisputed
economic and qualitative benefits which communiggpress to local governments.
Generally, traditional plans had no reasons to sejthis social request: building on flat
land, especially production settlements, costddss. Likewise, locating buildings and
urban functions along existing roads entails ecaaenthanks to the better access to the
territory. Hills are preferred for residential furons, as the quality of life is climatically
better and safety against a number hydrogeologiskis also improves (floods,
inundations etc.). As a result, it is only too cl¢laat areas near major urban centres
(acting as service providers and job concentrgtdss} near roads too and geo-
morphologically situated in favourable positionsafde terrain and in good climatic
zones) are far more subject to transformation presghan other areas in different
conditions.



If town planning, as has been the case for decapessues only the goal of
guaranteeing the best residential and productiowliions to man, without considering
the need for natural landscape retention, biodityersonservation or at any rate
ecological rationality (Brand, 2007), it is onlymaal that planning tools almost entirely
go along with the transformation trends expresseditierent private stakeholders. As
a result, the parts of the territory that suffetremely intensive land consumption due
to urbanization will always be those designated thg quality choices of local
communities and this would largely be the case ewehe absence of planning owing
to their features. In this case, however, planrgegerally exerts control mainly over
size rather than location, aligning itself, in tt@se of the latter aspect, to the trends
declared by the local community. On the other haimel action of tendential pressure in
the long term which by-passes planning rules ideawed by the large number of works
relating to spatial simulations of urban growth ayncs using different methods,
among which it is worth mentioning those basedamistic regression and the cellular
automata model (e.g. Couclelis, 1997; Battwlii, 1999; Liet alii, 2003).

This is why the settlement risk model is named saicti implemented by measuring
sensibility to urbanization as expressed today H®y tarious territorial components.
This makes it possible to project in the mid- &may-term (30-50 years) the decisions
already taken in all those geographical areas lgaviea same features as those that have
always been more consumed by urbanization; thexefirese may be attributed a
higher probability of undergoing the same process$e® change is made to previous
transformative behaviour.

It is only too clear that the tendential processdascribed here, may either be slowed
down or diverted from the previous course of deprlent. The introduction of forms
of protection, such as protected areas or otheay, stop or change the direction of
historical trends, as may be verified by thinkifgy, example, about global warming
processes and the debate on the limitation-revefsaffects which animates today’s
world.

If we consider that goals, such as the conservatfdmodiversity, necessarily require
medium to long time spans, it is easy to understaing a map of historical trends in
land consumption (“settlement risk” in other wordasay help focus the attention of
environmentally-guided planning control towards engulnerable areas in this respect.
We should not forget that the development of settlets leads to the ecological
fragmentation of the landscape; as a result, setiié risk may be associated with a
form of tendential fragmentation which, in turn, ynlae assessed more accurately by
using dedicated indicators.

Risk settlement mapping, initially carried out wgithe basic determinants described
here, may later undergo different forms of validatand audit, by comparing it with the
mosaic of ongoing urbanistic and infrastructuraloggammes and plans or
environmental policies. These different steps sthgubvide indications for the adaptive
control over the approach to forms of ecosysteratedl sustainability of urban growth.
This paper aims to implement a settlement riskxrtgg to morphological components
(altimetry, acclivity, exposure of versants), whoéher tests are underway to better
define the role of urbanistic-infrastructural compats. The settlement risk index has
been tested in some Italian regions where morplyalelated GIS layers, in a sufficient
level of detail expressed by the nominal scale :@DD00 (Veneto, Marche, Umbria,
Lazio, Abruzzi and Molise), are available. The ixdhas been worked out by
implementing an automatic GIS model that uses comialegeo-processing functions.



The Settlement Risk Index

The settlement risk index measures how sensitieeraory is to land consumption due
to widespread urbanization on the evaluative basianalysed past phenomena, as
mentioned earlier, in relation to morphological ttgas as altimetry, acclivity and
exposure of versants (aspect). The index is nae&p over pre-established minimum
territorial units, such as environmental units dmanistrative limits, but over self-
derived units which the GIS model used generatesjeawill see later on, by means of
a sequence of spatial intersections between theugathematic layers representing the
selected morphological aspects.

Now, focusing on morphological features, theseaganized in “categories”, each of
which is broken down inta “classes”.

Data are processed to produce a settlement distnibtselection rate” for the class
examined, obtained as a percentage of urbanize@rctound within the same
phenomenon class.

This percentage is identified as the thematic &etht Risk Index 9x ;), as it
represents the measure of the extent to which angelass is sensitive to the
phenomenon of urbanization developed over time.

The selective power of each category of altimeagglivity and aspect is, instead,
expressed by means of the statistical function ayfmalized variance, applied to the
variation of thematic indices within the same catgg When thematic indices are
summed to form the total settlement risk indexjarare plays the function of weighting
sensitivity to urbanization expressed within eatthe morphological categories.
Referring to the morphological components, the kifean between categories and
classes is the one shown in Table 2.
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Table 2  Morphological determinants to calculate the setéatrrisk index

Given a study territory, Sjxis the sensibility of thg-th thematic class towards
urbanization, of theth category. This sensibility is obtained as fokow

qu

Six i= <
j
where:
Su; = sum of the urbanized areas falling within jhh thematic class, of theth
category;



Sj = sum of the surfaces belonging to ffh thematic class, of theth category.

Given a certain category, the study territory ibduided into zones, each of which is
associated with a class attribute. By intersectigcategories, you obtain a finer
partition into fields having a class attribute &ach category. In each of these fields, the
value of the index of overall sensibility to urbzation (Settlement Risk index) is
determined as follows:

3
Six = SiXij -Vn

i=1

where, for a given field, the value pis univocally determined by the valueiof
The symbol Vpis the normalized variance of the distribution rateurbanized areas
between the thematic classes ofithie category.

Vni:ﬁ_i

Ci mzi

wherec; is the number of subdivision classes of eatthmorphological category; is
the variance andn is the average settlement sensibility of the themaelasses
belonging to the-th category.

The implementation of the index is, of course, @fd by the level of detail of the data
of origin available and the end-information regtdn scale. To this regard, the general
formula may be adapted according to the conditfonad on each occasion.

Abruzzo Lazio Marche Molise Umbria Veneto
Categories Classes Percentage of urbanised areas per clasg)(Six
<300 ma.s.l 0,08 0,13 0,08 0,03 0,07 0,15
300-600 m a.s.l. 0,04 0,05 0,03 0,02 0,03 0,08
ALTITUDE 600-800 m a.s.l. 0,06 0,02 0,01 0,03 0,01 0,04
800-1000 m a.s.l. 0,02 0,01 0,01 0,01 0,01 0,04
> 1000 m a.s.l. 0,00 0,00 0,00 0,00 0,00 0,01
Flat 0,05 0,09 0,06 0,03 0,04 0,10
NW-NE 0,03 0,06 0,04 0,03 0,03 0,02
ASPECT NE-SE 0,04 0,04 0,06 0,02 0,03 0,11
SE-SW 0,03 0,12 0,04 0,02 0,02 0,12
SW-NW 0,02 0,08 0,02 0,02 0,02 0,04
0-5% 0,17 0,15 0,12 0,05 0,06 0,12
5-10% 0,06 0,08 0,07 0,03 0,04 0,14
SLOPE 10-20% 0,02 0,02 0,03 0,01 0,02 0,06
20-50% 0,01 0,00 0,01 0,01 0,00 0,01
>50% 0,00 0,00 0,01 0,00 0,00 0,00

Table 3 Urban sensibility of morphological classes



Abruzzo Lazio Marche Molise Umbria Veneto

Categories Normalised Variance per categories {jVn

ALTITUDE 0,10 0,27 0,25 0,03 0,22 0,13
ASPECT 0,02 0,02 0,02 0,01 0,02 0,05
SLOPE 0,27 0,17 0,16 0,16 0,15 0,13

Table 4 Urban sensibility of morphological categories
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Conclusions

It is worthwhile pointing out that the settlememgkr refers to those areas that are
extremely vulnerable to urbanization and not oolyotilding. Urbanized areas include
the portion of land occupied by buildings (coveraatfaces), as well as all those
surfaces occupied by the surrounding areas ofatiter land ancillary functions, such as
parking lots and technological equipment which upeand impermeabilize land just
like buildings.

Tables 3 and 4 shows that different territoriesshsas the various Italian regions
analyzed, have varying sensibility to urbanizatiespecially in the case of Lazio,
Marche and Umbria, altimetry plays an importaneriol the location and densification
of settlements, far more than in the Abruzzi andis4o In the latter regions, instead,
greater selection is made on the basis of accliat/ here mountainous terrain is
significantly greater than in other regions (sedl&d). A generally valid observation
concerns the limited influence of the exposure ersants over settlements in all study
cases, proving to be a territorial aspect that dagshave a significant impact on the
distribution of urbanized parts.

The amount of information obtained through the pdwre used to calculate the
settlement risk index for all those parts of theitery having the same features, which
to date have proven to be better suited to and ratiractive for urban settlements,
make vulnerability ascribable to this phenomenqguressed in Figure 4.

In this figure, relating to adjacent study regianscentral Italy only, the maximum
levels of the risk of land consumption due to uibation are concentrated in the flat
areas and along the coastal lines or along rivlewdloors, but also in the broader
valleys of inland areas. It is only too clear thhg possible occurrence of the described
risk would lead to building and urbanistic satigatfor all the “weaker” morphologies,
thereby leading to severe insularization of moumiieas where the most important
natural ecosystems are concentrated, which as ult iesuld lose their ecological
interaction opportunities, thus damaging the faohiternational conservation interest
in the Apennines.

A further aspect is the tendency to lose a largeuarnof flat land that could be used for
farming. This has already happened in fact, whike present-day trend is marked by
urbanistic aggression along hilly strips too, esgfcin the coastal hinterland, where
important specialized crops are grown, such aseofjxoves, vineyards and a large
amount of grazing land which form a landscape ghtaesthetic value.

The geography derived from the territorial resittnt of the settlement risk may
therefore be very useful to planners in order Enidy those trends for which town
planning tools must be used to exert greater cbatrd implement containment policies
(Wassmer, 2006; Boyle and Mohamed, 2007) througrermisive rules compared to
the past (Colding, 2007). The debate on how to ‘fwacti cities and urbanized areas
remains open, considering that this solution to@dseto be put in place using
reasonable criteria that vary from geographicahdcearea, as it does not lend itself to
simplistic generalizations (Jenksalii, 1996) owing to the many interrelations between
conurbations and their adjacency matrix (Formaf820

Moreover, as mentioned earlier, we should not reegleat analysis-related categories to
define the settlement risk index may be far monmerous than the morphological ones
discussed in this paper, owing to the unavailgbdithomogenous and extended layers
of information for the study regions consideredture urban distribution is conditioned
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by geo-lithologic characteristics, the road netwankl existing conurbations. In the case
of geo-lithology, we can consider variously groupdaisses, in one case by restricting
ourselves to the main complexes shown in the straickchemes, or by using the units
derived from stratigraphic and tectonic discontiyaind the formations which the latter
are broken down into on a more detailed scale iffiand Romano, 2007). The choice
largely depends on the territorial dimension wheeeindex is implemented and on the
geological complexity of the setting considered.

The choice of classes is easier in the case ofipryxto roads, for which it is possible
to identify road side-strips having a steady breddtg. 50, 100, 150, 200 m).

A more sophisticated methodology is the one usechéasure the “urban around the
urban”, that is to say the positive feedback efféat urbanized areas produce in
adjacent territories, by attracting new urbanizatilm this case, it will be necessary to
have as many settlement development time sectiengoasible, although these are
databases that are not yet very widespread in #aty hardly homogeneous from a
chronological viewpoint. This analysis will, howeyebe very significant, if
implemented in areas surrounding conurbations thay be classified as “urban
concentrators”, that is to say more attractiverfew settlements, as they are important
services providers and rich in employment poteitigsl
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