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The urban linear aress represent the main environmental barriers in the territory, with respect
to potentid biologicad movements.

The ecologica connectivity is't a traditiond argument of the urban planning, but the
planning at municipd level has saverd possibilitiesto insart this theme in its program.

For example, the edements that can consdered in the forma sudy of the plan are the urban
and infragtructura fragmentation indicators.

In generd the recover or the mitigaion of the environmentd fragmentation due to
urbanisation is very complex, because involves private interests and aress with high densty of
builds.

For this mativation the urban plans have to avoid the previsons of urban spaces with linear
geomeric forms, dong the main roads, that have a high occluson leves in paticular when
this Stuation is present in the valey bottom.

It seems interesting the evduaion of the environmentad fragmentation indicators that can be
associated to the previsona aspects of the plans.

The dimenson and the geometric forms of the spaces for new urban aress the build
typologies, the collocation of the infrastructural networks and their spatid reationships, the
kinds of present use of territory that the plan indicate as dtes of new urbanisation, are dl
parametric e ements that can give the measure of the “fragmentation effects’ of the plan.

Is cler that there is a posshility to find a rdationship among the fragmentation
characterigtics of the plan defined through geometries, topologies and typologies of the
involved areas, and the groups of species that could utilize the digpersion lines exisent on the
territory before the plan action.
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Introduction and points of reference

Urban planning has dated conddering environmental compactness in the ecologica
reorganisation of the territory as well as the need for continuity between semi-naturd and
naturd aress. The latter dlows for the norma phenomena of ecologica dynamics which are
at the base of biodiversity.

The increesng number of opportunities for exchange between the representatives of the
vaying sectors of planning and ecology has highlighted a lack of biologicd data on the
territory which could shed light on the prevailing naturd organisation of the environment.

Although ecologica deta is available for limited areas and is often quite detailed, there is very
little data on vast aress, that isto say on inter-regiond and nationa levels.

Experience in this field is undoubtedly further ahead in Europe; an in-depth bio geographica
dudy in Holland for example has dlowed, over the last ten years, the implementation of
extremely sophisticated environmental repair projects managed by public bodies created
explicitly for this purpose (Harms, 1998).

Projects on a nationad levd have been implemented by loca adminidrations such as the
provinces of Milan, Pavia (Macevschi, 1999), Rome (Battigti, 1999) and Vercdli (Conte et
aii,1999). They ae however, on a limited scade and concern redricted, resdud,
environmenta Sructures.

Projects of a teritorid dimenson worthy of note include that of Sends which proposes
anadysis and forecast phases based on the concepts of ecosystem networks (Siends provincia
adminigration, 1997). Umbrids teritorid plan tekes into condderaion environmenta
insularisstion phenomena and includes a map (no.6) entitted 'Ecological idands, critical
adjacent zones between idlands, zones of ecological discontinuity, zones of particular
faunistic interest'. The territoria landscape plan for the Vale dAosta Region, adopted by the
Regiona Council in November 1996, makes numerous references to fragmentation and the
consequent fragility of ecosystems and areas are described using homogenous sructurd  units,
functiona ecosystemic units and macro-ecomosaics (Castelnovi, 1997).

A growing technicdl and politicadl sendtivity to environmental continuity hes resulted in
changes in regiond legidaion. The Abruzzo Region offers an important example: in the firg
Regiond Reference Framework (RRF) adopted by the Regiond Council in November 1995,
no reference was made to ecologica connectivity gpart from a green network between natural
basns in a chapter concerning the areds tourist potentid. However following the issuing of

‘Norms for safeguarding the contiguous aress of Regiona and Nationd Paks in which a



matrix for environmenta repar between the region's protected areas usng the contiguous
aress introduced by law 394/91 was geographically produced in 1998, a new RRF is being
prepared which acknowledges the need for ecologica corridors whils dso highlighting the
lack of normsto cover thisarea

Other regiond urban legidation that is sendtive to the question of environmenta continuity
include that of Molise, Badlicata, Emilia Romagna and the Abruzzo dthough the later's
legidation is ill in draft form. As potentid lines of ecologicd connectivity can only be
visudized on a large teritorid scae, inter-regiona and regiond planning have a far more
important role in controlling environmenta fragmentation than planning on alocd leve.

Hence the concept of environmenta continuity has become an important preliminary
reference point for planning sendtive to the ecologica potentia of the environment both on a
widespread (nationd and interegiond) and local (inter-city and city) level.

Environmental continuity on aterritorial scale.

Bioper meability

The concept of biopermesbility (Romano, 1996, 2000) has been defined through various
national research programmes as the geography of non-urbanised spaces or spaces that are not
used for intengve settlements or farming.

There ae limits to the gpplication of the concept of biopermesbility: it is useful in
representing the naturd physonomy of medium to large dimensons but it has no meaning In
a locd context. On a locd leve, daa concerning reaionships deriving from andyses of
fauna, vegetation, loca morphology, climatology and landscape ecology have an essentid
role in the description of the ecologica functiondity of the territory.

The configuration of biopermesbility cannot offer an efficient operative sysem when the area
under study is an ecosysem of limited dimensons. Hence a study of the conditions of
territorid  biopermesbility and the consequent conditions of environmenta continuity only has
ggnificance in applications that require a reading to the scde of 1:100,000 and less. This
means that the concept of biopermeability can be used to assg forms of planning and
correlated decisons on aregiond and provincid scae.

Territorid requistes must dso be taken into account when sudying the gpplicability of the
concept of biopermeshility. In fact its gpplication, studied in the Appennines, is rdevant to
those environmenta contexts of dgnificant spacid variability in which the ecomosaic is very
distinct (Forman, 1995).



Other dudies have highlighted the presence of conditions of biopermesbility that can be
classfied in a least two caegories an isotropic biopermesgbility that characterizes the
environment of ‘internd’ areas made up of vast naturd and semi-naturd Spaces with ared
dimensons, and a directiond biopermegbility, in some cases candised, typicd of hilly aress
in which connectivity can be achieved using river environments and abandoned farmland.

The varying typologies of environmental connection as well as the bariers (urbanisation and
infragtructures) present in any given territory represent an interesting field of study.

The classfication adopted by an Abruzzese study for a naiond programme of monitoring of
ANPA ecologica networks (L'Aquila University 1999) isasfollows:

|

A. Vas aeas of environmentd continuity characterized by a high degree of
naturaity and no sgnificant infrastructurd barriers.

B. Vag aeas of environmentd continuity made up of semi-naturd territory
with no dgnificant infradructurd bariers, disurbances aigng from farming
and rurd activities.

C. Vast aeas of environmentd continuity characterized by a high degree of
naturdity with infragtructurd barriers of medium entity and disturbance from
traffic..

D. Vagt aess of environmentd continuity made up of semi-naturd territory,
infrastructural barriers of medium entity and disturbance arisng from traffic
and farming and rurd activities.

E. Liner tracts of environmentd continuity (usudly waeways) with
disurbances arisng from pollution, adjacent human activity and bariers of
medium entity (longitudina vigbility dong river bdts, sructures blocking water

flow)

FVast aeas of environmentad continuity characterized by a high degree of
naturaity with mgor infrastructural and urban barriers.




GVas aess of environmentd continuity made up of semi-naurd territory with
mgor infrastructural and urban barriers.

Indicatorsof territorial environmental fragmentation

A underganding of how the presence of bariers interrupts the naturd environmenta
continuity is fundamentd for orientating planning ingruments towards the operdive
methodologies and criteria amed a solving or mitigating the disruption of the eco-mosac
activein Italy and Europe.

Research into the physca chaacterization of fragmentation has made use of indicators
cdibrated on the typology and dimenson of bariers caused by infragtructures and urban
settlements with a prevdently linear development (Romano 2000).

These indicators can be used to provide information concerning the dtate of fragmentation and
to edtablish policies on an interegiond leve. The indicator for fragmentation caused by
infragtructures is defined by the kilometres of road with respect to the territorid unit
congdered (protected areas, adminidrative environment, landscgpe unit). The index of
fragmentation caused by linear urbanisation, on the other hand, is proportiond to the
maximum length of the settlement under study and the theoretica radius of its tota surface

which is taken to be circular.

Environmenta fragmentation by infrastructures (1F)
The IF (Infrestructurd Fragmentation Index), as the name itsdf indicates, concerns the

fragmentation generated by roadways and is evauated in relation to a unit of surveyed
territory. The calculation of the IFI is based on the following eements:
P = the weights assigned to each category of infrastructure
An = surface calculated per n environmentd units
Lk,n = length k of infragtructures within the environmenta unit n
LR, ?L..?P
SP? ’5 LR,

k71

IFlterr ’?E



The surface An corresponds to that of the Environmentad Unit in which infrastructures are
present.

Thus the vaue of the index of fragmentation due to infragtructures is obtained for each
environmenta  unit. By dividing the IFH vdues into ranges it is possble to classfy
environmental units and obtain a configuration thet alows us to identify which units are most
fragmented by the presence of infrastructures.

Note that is possble to assgn vaying weights to roadways dlowing dsructures such as
tunnels or rura roadways to be classified as completely permesble.

Environmenta fragmentation by linear urbanisstion

Fragmentation caused by concentrated or scattered linear urbanisation can be evduated usng
the UF (Urban Fragmentation Index).

In contrast to the IF, the locd UHF has to be caculated usng the area inhabited and the

territorid UFI using the environmentd unit,.

If two different urban area conformations, the first linear and the other concentrated are
consdered, gpproximating the two polygons with lines then L>L'. Assuming that the surface
S of the inhabited area is equa to the circumference and given that, minus factor p, S can be
expressed as.

S=R*>? R=7S
the loca UF will be equd to:

casel-> UFloc=L*R

case?2-> UFl'oc=L'* R

then:  UFI joc > UFl'oc

Consequently, linear urban structures cause more fragmentation than concentrated ones.

The UH indices, cdculated for each urban agglomerate, are then summarized in a further
index on environmental units, the index of fragmentation caused by territorid urbanisation
which shows how the local UFI affects the territory to which it refers.

The Index of Fragmentation due to territoria Urbanisation can be defined:

UFItot(i) 9 7 UFlloc(j)
j?1
UFItot(i)
UFlterr(i) ? S

where | = environmenta unit i-th



j = approximate linej-th
n = tota number of lines within the environmentd unit i-th

In practice, the terUFl is obtaned by fird summing the vaues of the locUFs for the
agglomerates within the environmenta unit and then normdising this value for the area of the
unit itsdf. As with the IFI, each unit is associated to an index of fragmentation caused by
urbanisation, consequently it is possible to classfy them by dividing the indices into ranges.

Figure 1 An example of territorial UFI distribution, calculated in order to main Environmental Units (lito-
morpho — vegetational) of the Central Italy (Planeco, 1999).

The definition of the indices outlined above shows how they are vdid on a teritorid scae but
how locd features of fragmentation escape identification. Further indicators such as units of
andyds, compactness, scettering of settlements, heterogeneity of the eco-mosac can
contribute to a better interpretation of rea conditions.

The dudy of continuity and fragmentation of vast aess is progressng with the ams of
graduating biopermesbility and evauating the tendencies of fragmentation itself. However to
achieve improvements on an ecologica level and in terms of the environment action needs to
betakenonalocd levd.

Environmental continuity on alocal level

One of the biggest problems in this fidd is that loca council planning does not dlow for the
drategic development of environmental continuity. This brings up agan the theme of
relationships between different levels of planning. Action to stop habitat fragmentation can be



managed on a locd level (contiguity between territoriad green spaces, dternative solutions to
the delimiting of extensve properties, re-naturation of area of land, infrastructurd by-passes,
locd farming policies), however the draegic configuraions of ecocontinuity are nether
vidble or noticesble. The drategic configurations of ecocontinuity are clear on a regionad and
nationa level but regiond and nationd legidation are unable to influence action on a locd

level to assure continuity.
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Flgure 2 Comparison between middle dimension of the municipalities in Central Italy and the territorial
geography of environmental continuity.

Undoubtedly one of the questions that current research should answer is how to integrate
legidation on the environment on differing levels

Once locd planning recognises the need for eco-connectivity a whole new range of
procedures are available to ded with the problem.

Urban planning, be it amed a improving the city and surrounding area or developing and
increasing territory settlements, can control fragmentation.

Recovery of environmentd continuity is extremey complex to manage in the case of linear
urban fragmentation: linear urban fragmentation being very difficult to remove or mitigate
due to the involvement of private interests and the typology of operation.

Hence locd planning instruments should try and avoid earmarking arees for expanson aong
roadways which istypicd in Itay, especidly in river valeys.

It would be interesting to prepare coefficients of environmental fragmentation which could be
used to evaluate the Sate of fragmentation of the urban areg, and as insruments for planning.



M easuring the fragmentation caused by planning

The dimensons of the spaces st adde for new settlements, their typology, their geometric
form, the digplacement of the new infrastructurd networks and their spacia relationships
(Fabietti, 1998), and their current use could dl be consdered variables that could be
expresed parametricaly and used to 'measure, by means of relaiond agorythms and
models, the fragmentational effect of the plan on the environment concerned.

It might dso be possble to establish the reationship between the fragmentation features of a
plan expressed in terms of the geometry, topology and typology of the areas concerned, and
the groups of species that could, in theory, continue to use the theoretic lines of disperson
present in the territory.

These rdaionships could be edablished with the appropriate ecologicd-spatia data
However this data is often not avalable for planning instruments or a best only in a form of
checklist.

The messuring of fragmentation caused by planning is particulaly important for those
stlements that are not paticularly large and in environments that have remained practicaly
intact. The application of this methodology to large metropolitan areas where the spread of
urbanisation to areas of a semi-naturd or natura nature is more gradud isless relevant.

In fact the theories concerning planning insruments sendtive to firg environmental and then
ecologicd continuity outlined here in a prdiminay form originte from dudies on
mountainous regions where in the space of a couple kilometres there are urbanized areas and
aress of great naturdity.

The difference in naurdity, however it is measured ( for example with indicaors of
biodiversty), can cregte difficulty in planing as the criteria used for determining the
direction of expanson could damage the environmenta qudity of an area evduated in merit
of the conditions for continuity.

The problem of taking into consderation species other than man in urban planning, opens up
an innovaive fidd of study both for natura sciences and planning. The numerous variables,
their possble interdependence and their importance in the planning procedure in fact require
an interdisciplinary approach  (between urbanistic science, the naturd sciences and applied
mathematics) at leest as far as the theory of systems and decision support processes are

concerned.



The effect of economical and ecological pressure on urban planning configuration.

When an urban plan dlows new settlements of an extendgve naure, even with redtricted
indices of dengty, the result will be a disperson of urbanisation over the territory which is
generdly associated with high leves of environmentd fragmentation.

Condruction of buildings for resdentid purposes brings with it the erection of fences and
hence the creation of impermesble spaces, nocturnd lighting, a flux of traffic and people,
which dl represent bariers with respect to loca environmentd continuity.  Interditid,
redricted spaces remaining are generdly of a semi-natura or naturd character and destined
for parks or agricultura use.
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Figure 4 Typica models of distribution of new town parts with respect to main roads and social and
economical effects of planning decision.

Economic pressure, which is @ the bads of the extensve settlement modd, is responsble for
cregting urban environments of high qudity, of a resdentid nature that cover a large area of
public and private space.

In theory a highly concentrated urban sdttlement in limited space, characterized by high
building indices means less land is used than would be in the case of an extensve settlement.
However the profits from housing investment in this modd is limited to a smal number of
people.

The extendgve modd is therefore that which urban planning has favoured bringing about
dgnificant fregmentation even in smdl urban aess such as those found in the centrd
Appennines.



Bringing a hdt to exendve stlements is difficult if cannot be shown scietificaly that this
modd of suburban deveopment is responsble for environmentd fragmentation and
dterationsin the ecologica continuity of the territory.

The cognitive dements that mugt be included in the andyses that influence urban planning
are those that concern the ecologicd make-up of the territory concerned. It is therefore
essentid to know the potentia lines of disperson of the varying groups of species, the levels
of biodiversty and dynamics of the vegetation present, the ecologica-landscape Structures
and the habitats and ecosystems of the area designated for devel opment.

The preparation of a cognitive framework organised in this manner is not an easy task in
terms of contents and time especidly consdering the times of research in the naturdidic fidd
and the preparation of planning tools ( if for the latter, years then for the former, tens of years
for the acquigtion of a ggnificant database).

The natural sciences need to prepare instruments based on the susceptibility and potentidity
that will provide support for territoria planning and limit environmenta fragmentation.

These ingruments could then be used to counterbaance expanson pressure resulting in
cdibrated action and the drawing up of a network of environmental connectivity, graduated
therefore on relaionships and not smple, spatia adjacencies (Baudry & Merriam, 1988,
Franco, 2000). These reflections open up new lines of sudy for controlling territoria
transformation involving comparison and an operaive didogue between city projects (made
up of urban digribution geometry, volume, typologies and infrastructurd petterns) and the
ecological pattern (key gites, links, relationships and typologies).
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