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ABSTRACT

Landscape fragmentation (LF) is the process, according to which landscape parts (patches)
become smaller and more isolated. LF is partly due to human activity and has always
accompanied man since prehistoric times. In recent decades, the increase of human population,
the exponential growth of human needs and the construction of settlements and transport and
mobility infrastructures have accentuated the effects of LF. These situations result in a reduction
of connectivity of habitats, due mainly to a barrier effect that hinders the movement of animal
species. In literature, numerous indices have been proposed for the quantification of LF. In this
paper;, we apply the Urban Fragmentation Index (UFI), that evaluates the fragmentation caused
by urbanized areas, and the Infrastructural Fragmentation Index (IFI), that evaluates the LF
caused by road infrastructure. In addition, we aim at comparing LF in the Italian regions of
Liguria and Sardinia, with a typical focus on coastal and inner areas. We demonstrate how LF is
always higher in coastal landscape units, where there is a higher impact of human development.

KEYWORDS
Landscape Fragmentation; Fragmentation Index; Coastal Zones; Urbanization




The impact of urbanization processes in landscape fragmentation

1 INTRODUCTION

Landscape fragmentation (LF) can be defined as a dynamic process, where larger landscape
fragments, or patches, tend to become smaller and more insulated than in their original
condition (EEA, 2011). This process can be caused by linear and mobility infrastructures,
such as railways and roads and urbanised surfaces, which reduce the range of movement of
animal species and the connectivity of the landscape (Bissonette & Adair, 2008). An
important consequence of an increase in LF is a decrease in landscape connectivity (LC), i.e.
a higher impedance to movement for mainly animal species, depending on land cover
pattern (Scolozzi & Geneletti, 2012).

LF is measurable through indices, such as the Infrastructural Fragmentation Index (IFI),
that measures LF caused by roads, motorways and railways, and the UFI, that quantifies LF
caused by urbanized areas. In this paper, we aim at measuring LF through the IFI and UFI
in two Italian regions: Liguria and Sardinia. We direct our application to the assessment of
LF in the four provinces of the Liguria and of the metropolitan area of Cagliari and the
historic region of Ogliastra in Sardinia. This essay unfolds as follows. In the next section, we
describe the selected methods. In section 3, LF indexes are applied and results presented
and discussed with some short concluding remarks.

2 METHODOLOGY

IFI and UFI are LF measures that allow the assessment of the overall level of disturbance
caused by transport and mobility infrastructures, such as roads and railway traits, and
human settlements (Biondi et al., 2003; Bruschi et al., 2015; Romano, 2002; Romano &
Tamburini, 2001). IFI can be expressed with the following equation

(ZL, -O,J-N-P "
IF[ =2
A

where Li stands for the length in meters of the road or railway trait with the exclusion of

discontinuities (viaducts, bridges, tunnels), Oi for a (dimension less) occlusion coefficient, A
for the extension in squared meters of the landscape unit (LU) area; P for the perimeter in
meters of the LU, and N for the number of patches. We consider patches larger than 0.20
ha to eliminate the distortion due to fictitious parts (Bruschi et al., 2015; De Montis et al
2017; Lega, 2004;). Oi varies, according to the difficulty that the fauna has in crossing the
transportation infrastructure (Bruschi et al., 2015): it is equal to: 0.30, for municipal and
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local roads, 0.50, for national and provincial roads, and 1.00, for national four (or more)
lane roads and railways. UFI obeys to the following equation

i

n i=n

S, >.p

i=1 i=1

UL == @)
2 ﬂ'ZS,

=1

N

where S stands for the extension in squared meters of the urban area, p/for the perimeter
in meters of the urban area, and A for the extension in squared meters of the LU area. The
first term of equation 2 quantifies the incidence of urbanized areas on the LU surface; the
second term is the ratio between the perimeter of the urban area and the circumference of
the equivalent circle (Battisti & Romano, 2007; De Montis et al., 2017; Romano & Zullo,
2013). These indicators have been used in various contexts, quantifying fragmentation in
natural parks (Bruschi et al., 2015) and in rural Spain and Italy (De Montis et al., 2017).

3 APPLICATION TO A CASE STUDY AND RESULTS

We use the GIS to perform our study, because it has been proved useful in spatial analysis
and in measuring landscape (habitat) fragmentation (De Montis et al., 2017; De Montis et
al., 2018). We use data freely available online (RAS, 2003, 2008; Geoportale Regione
Liguria, 2003, 2009, 2010, 2015). In order to apply the IFI, we implement a GIS and use
data in shapefile format.

Roads and railways layers have been imported in GIS environment as shapefile in polyline
format and measured excluding discontinuity traits, namely tunnels and bridges. Reference
years depend on the availability of data set for calculations.

IFI variation has been assessed in the time period 2003-2008, for Sardinia, and 2003-2010,
for Liguria. As for the UFI, the time periods selected are 2003-2008, for Sardinia, and 2009-
2015 for Liguria. We obtained the absolute values and average yearly variations reported in
Tab. 1.

Tab. 1 shows the results. As time periods vary for different regional spatial data sets, with
reference to IFI TO refers to the year 2003 for both the regions and T1 to 2008 for Sardinia
and 2010 for Liguria; with respect to UFI, t0 means 2003 for Sardinia and 2009 for Liguria,
while t1 stands for 2008 for Sardinia and 2015 for Liguria.

As for the absolute values, the area with highest IFI is recorded for Coastal Liguria
municipalities (113331.5 in 2010), while the lowest one is obtained for Sardinian Coastal
Ogliastra municipalities (1018.23 in 2008). The lowest UFI value was recorded in Ogliastra
(0.30 in 2003), while the highest value was obtained in Coastal Liguria municipalities (12.80
in 2015).
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NAME OF THE LU IFIto IFIn UFTo UFIu A TFI A UFI

Imperia 938.84 723730  2.50 2.50 95.84%  0.00%
Savona 1862.46 13698.56  3.77 3.80 90.79%  0.13%
Genova 5483.06 17325.79  5.32 5.42 30.86% 0.31%
La Spezia 1723.29  9371.98  4.14 4.16 63.41%  0.08%
Coastal Liguria municipalities  32843.81 113331.5 12.62 12.80 35.01% 0.24%
Cagliari metro area 3005.56 3300.96 2.41 3.03 1.97% 5.15%
Coastal Cagliari metro area 2416.35 2439.87 2.12 2.64 0.19% 4.91%
municipalities

Ogliastra 1201.95 1135.36 0.30 0.34 -1.11%  2.67%
Coastal Ogliastra 1104.23 1018.65 0.42 0.49 -1.55%  3.33%
municipalities

Tab.1 LF in Liguria and Sardinia. IFl and UFI absolute values and average yearly change

In Fig. 1, we report a representation of the geographical data used in the analysis.

en

Fig. 1 On the left, urbanized areas and linear infrastructures of Liguria; on the right, fragmenting elements in
two case studies of Sardinia

As for the average annual growth rates, the highest average annual increases for IFI is
recorded in Imperia (95.84%), the lowest in Coastal Ogliastra municipalities (-1.55%). This
decrease is in counter trend, with respect to the general inclination of Italian coastal areas,
including Coastal Liguria municipalities (35.01%). As for the UFI, the highest annual
increase is recorded in Coastal Cagliari metro area municipalities (5.15%), Liguria’s areas
display negligible values.

4 CONCLUSIONS

In this work, we have studied LF due to settlements and transport infrastructure expansion,
by assessing its values and dynamics in space and time. In particular, we have applied a set
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of metrics to describe the dynamics of two LUs of Italy, in Liguria and Sardinia. We have
developed a comparative approach, applying two indicators, IFI and UFI, able to give us
information on the degree of fragmentation. We have found that the highest values are
found in the coastal and most populated areas. The work can offer indications to planners,
so that they can plan works that can limit the effects of fragmentation, the so-called
defragmentation works.

REFERENCES

Battisti, C., & Romano, B. (2007). Frammentazione € connettivita. Dallanalisi ecologica alla
pianificazione ambientale. Torino: Citta Studi. In Italian.

Biondi, M., Corridore, G., Romano, B., Tamburini, G. & Tete, P. (2003). Evaluation and Planning Control
of the Ecosystem Fragmentation due to Urban Development. Paper presented at the 43rd Congress of
the European Regional Science Association: "Peripheries, Centres, and Spatial Development in the New
Europe", 27th - 30" August 2003, Jyvaskyla, Finland, European Regional Science Association (ERSA),
Louvain-la-Neuve. https://www.econstor.eu/bitstream/10419/115900/1/ERSA2003_015.pdf.

Bissonette, J. A., & Adair, W. (2008). Restoring habitat permeability to roaded landscapes with
isometrically-scaled wildlife crossings.
Biological Conservation, 141(2), 482-488. http://doi.org/10.1016/j.biocon.2007.10.019.

Bruschi, D., Garcia, D. A., Gugliermetti, F., & Cumo, F. (2015). Characterizing the fragmentation level of
Italian’s National Parks due to transportation infrastructures. 7ransportation Research Part D: Transport
and Environment, 36, 18-28. http://doi.org/10.1016/].trd.2015.02.006.

De Montis, A., Martin, B., Ortega, E., Ledda, A., & Serra, V. (2017). Landscape fragmentation in
Mediterranean  Europe: a comparative approach. Land Use Policy, 64, 83-94.
http://doi.org/10.1016/j.landusepol.2017.02.028.

De Montis, A., Ledda, A., Ortega, E., Martin, B., & Serra, V. (2018). Landscape planning and
defragmentation measures: an assessment of costs and critical issues. Land Use Policy, 72, 313-324.
http://doi.org/10.1016/j.landusepol.2017.12.068.

EEA, 2011. Landscape fragmentation in Europe. Joint EEA-FOEN report. European Environment Agency,
Copenhagen. http://www.eea.europa.eu/publications/landscape-fragmentation-in-europe.

Lega, P., 2004. La frammentazione infrastrutturale del territorio nella provincia di Piacenza Internal
Report n. 05/04 (Accessed April 20 2016) http://www2.provincia.pc.it/cartografico/cartografia/img/elab
tem/04 05.pdf.

RAS, (2003). Carta dell'uso del suolo
[Regional Land Cover Map —RLCM]. http://www.sardegnageoportale.it/argomenti/cartedelsuolo.html.

RAS, (2008). Carta dell’'uso del suolo
[Regional Land Cover Map —RLCM]. http://www.sardegnageoportale.it/argomenti/cartedelsuolo.html.

PLANNING, NATURE AND 84 ISBN: 978-88-6887-054-6
ECOSYSTEM SERVICES DOI: 10.6093/978-88-6887-054-6
© 2019, FedoaPress



The impact of urbanization processes in landscape fragmentation

Regione Liguria (2008) Carta dell’'uso del suolo [https://geoportal.regione.liguria.it/]
Regione Liguria (2015) Carta dell’'uso del suolo [https://geoportal.regione.liguria.it/]

Romano, B., Tamburini, G., 2001. Gli indicatori di frammentazione e di interferenza ambientale nella
pianificazione urbanistica. In: XXII Conferenza Italiana diScienze Regionali, Venezia, October 10-12.

Romano, B. (2002). Evaluation of urban fragmentation in the ecosystems. Paper presented at the
International Conference on Mountain Environment and Development (ICMED), October 15-19, 2002,
CHENGDU, Sichuan, China. https://www.researchgate.net/publication/238073076_Evaluation_
of_urban_fragmentation_in_the_ecosystems.

Romano, B., & Zullo, F. (2013). Valutazione della pressione insediativa. Indicatori e sperimentazioni di
soglie. In: Battisti, C., Conigliaro, M., Poeta., G. & Teofili, C., (eds.) Biodiversita, disturbi, minacce.
Udine: Editrice Universitaria Udinese, 170-177Borri, D., & Camarda, D. (2013). Modelling space
perception in urban planning: A cognitive Al-based approach. Studies in Computational Intelligence,
489, 3-9. doi: https://doi.org/10.1007/978-3-319-00651-2_1

Scolozzi, R., Geneletti, D., 2012. Assessing habitat connectivity for land-useplanning: a method
integrating landscape graphs and Delphi survey. J. Environ.Plan Manag. 55 (6), 813—830.

WEB SITES
https://geoportal.regione.liguria.it/catalogo/mappe.html

AUTHOR'’S PROFILE

Giampiero Lombardini. Architect and urban planner, PhD in urban planning Sapienza (University
ofRome), assistant professor Department of Architecture and Design of the Polytechnic School of the
University of Genoa. He gained research experience in the field of urban planning both locally and in
large areas. He has also carried out research in the field of environmental and landscape issues. His
writings concern planning tools, computerized processing of spatial data (GIS), strategic environmental
assessment and decision support systems.

Andrea De Montis. Civil engineer, Ph.D. in Urban planning Sapienza, University of Rome and Master
of Science in Economic and Planning, Northeastern University, Boston USA, he is associate professor in
rural development at the Department of Agriculture, University of Sassari. He is principle investigator of
a research project on Ecological networks and landscape planning: case studies in Sardinia funded by
Fondazione di Sardegna.

Vittorio Serra. Master's degree in forestry and environmental system, University of Sassari, Phd
student in Civil Engineering and Architecture, University of Cagliari. His research interests focus on
historic rural buildings, rural areas and landscapes, and landscape planning, landscape fragmentation
and defragmentation measures.

PLANNING, NATURE AND 85 ISBN: 978-88-6887-054-6
ECOSYSTEM SERVICES DOI: 10.6093/978-88-6887-054-6
© 2019, FedoaPress



	Input2019_I
	Input2019_II

