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Abstract

During the last decades, changes in land use and management led to the degradation of traditional
rural landscapes, mostly in Mediterranean areas, with relevant consequences for local populations,
landscape functionality and the maintenance of ecosystem services. The analysis of modifications
occurred in rural land, as well as in mountain areas of some internal Regions - like the Basilicata
Region (Southern Italy), in which the continuous abandonment of agriculture is relentlessly reshaping
the landscape patterns - is crucial to understand their profound transformations, and to reconstruct
their landscape original structure, so as to avoid negative impacts (e.g., loss of biodiversity, land
degradation, hydrogeological instability, etc.). One of the observed connected phenomena is the
continuous increase in the forest surface. In this work, data from the official Italian dataset and “Land
Copernicus” program have been implemented into a GIS environment, together with some historical
thematic cartographies (the 1936 Italian Kingdom Forest Map and the National Research Council Map
of Land Cover 1960) and ancillary data, to evaluate the main dynamics of landscape and forest
environment transformation in the last century. After this general assessment, the changes that
affected the forest areas have been then analysed in terms of surfaces and vegetation types.
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Introduction

GIS techniques implementing historical cartography are increasingly used to reconstruct the multi-
chronological patterns and relevant ecological dynamics of a landscape, thanks to the possibility of
integrating several types of temporal geodata and enabling multidisciplinary analysis methodologies
(Statuto et al., 2016). This approach is essential to understand the transformations that are taking
place in rural settlements (OliSarova et al., 2018) and agroforestry landscapes of the Mediterranean
area, where the continuous abandonment of agriculture is reshaping the landscape patterns (Statuto
et al.,, 2017). In fact, in the last century, a particular land configuration has taken place in the
Mediterranean Europe region: internal mountain areas were abandoned and then naturally reforesting,
while settlements were quickly increasing around the city and along the coastline, and the flat areas
almost totally turned to arable lands (Falcucci et al. 2007). The effects of these land use changes have
been studied by many authors (Lambin et al., 2001; Malandra et al., 2018; Statuto et al., 2018/b) but it
is necessary to investigate in detail, at different scales, what positive or negative impacts they could
determine. This phenomenon has also been detected in the Basilicata region (Southern Italy) where,
in some areas, an increase in the forest area that is reshaping the forest landscape was registered
(Statuto et al., 2013; Mancino et al., 2014). However, there are no studies at the level of the entire
region that retrace the transformations of the forest area occurred in the last century. Furthermore,
assessing the dynamics of the forest landscape can reveal useful in particular contexts, where there is
the double need both to environmentally protect and to socio-economically enhance the territory (Cillis
et al., 2018). The objective of the present study is therefore to implement a methodology finalized to
reconstruct the dynamics occurred in the forest landscape by using an open-source GIS environment,
in which some different multi-temporal cartographic data have been implemented.

Material and methods

The study area, consisting of the entire Basilicata region (Fig. 1), covers a total surface of 10,073 km?,
90% of the whole territory being mountainous. The territory has a strong agricultural vocation; indeed
almost 50% of the regional area is cultivated. Forests are an important heritage thanks to their high
biodiversity. More than 20% of land is covered by different protected areas.
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Fig. 1: The study area (Basilicata Region — Southern Italy)

The first operation has been to collect some different cartographic datasets. The ltalian Kingdom
Forest Map (1936) has been implemented as proposed by Ferretti el al. (2018), together with the Map
of Land Cover of the Italian CNR (National Research Council) of the 1960s, which has been digitized
according to the techniques established in other studies (Pindozzi et al., 2016; Statuto et al., 2018/a).
Finally, the more recent “Land Copernicus” dataset (2000) and the ISPRA dataset (2017), retrieved
online as free vector and raster files, have been implemented as well. After the scanning and
georeferencing process, the land use vector file was created. With a first simple mapping operation
(Fig. 2) the forest surfaces have been obtained - in terms of hectares and percentages, with respect to
the entire region - for each one of the four years of analysis.

Fig. 2: Forestry area during the four different analysed time levels

Then, thanks to a geospatial analysis (intersection of polygons) between the different datasets, it has
been possible to derive the main dynamics that occurred in the different time intervals: 1936-1960;
1960-2000 and 2000-2017. This allowed to highlight the Conservation areas, in which the persistence
of forests was conserved, and the Deforestation areas (Fig. 3). The Afforestation areas have not been
considered, because they need more detailed investigations. All operations were carried out with an
open-source approach thanks to the use of QGIS 3.4.

Fig. 3: Conservation and deforestation areas for each time interval
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Finally, the data of the 1936 forest map were compared to the data of the year 2006 — obtained
through the official forest map of Basilicata Region - by aggregating them on the basis of information
on the various forest species. In this way, it has been possible to highlight the transformations that
occurred to the most representative forests of the Basilicata Region, that are the oak-forests
(considering Quercus cerris L. and Quercus pubescens Willd.) and beech-forests (Fagus sylvatica L.)
(Fig. 4).

Fig. 4: Changes in the time interval 1936-2006 of oak-forests (left) and beech-forests (right)

Results and Discussion

From the analysis which has been here conducted, it emerges in the last few decades a strong
increase in forest cover, with progressive fewer conversions in other land use categories. The results
(Tab. 1) show in fact that the Basilicata regional land is currently covered by 33.8% of forested areas,
which in the year 1960 were representing only 12.6% (about 127000 ha) of the whole territory. The
economic growth occurred at that time has pushed indeed towards an intensive use for agricultural
purposes of these territories, with a reduction (-2.4% between 1936 and 1960) of the forested
surfaces.

Tab. 1: Forest surface (in hectares and percentage compared to Basilicata Region extension) for each
years of analysis

Year
Forest surface 1936 1960 2000 2017
ha 150,864 127,032 292,910. | 340,742
% 15.0 12.6 29.1 33.8

In subsequent periods, even characterized by a progressive abandonment of agricultural activities in
these mountainous marginal areas, there was a considerable increase in forested surfaces, more than
doubled in 2000 (almost 293000 ha), followed by a further increase of 4.7% over the last 17 years
(Tab. 2). This table shows the consistency of areas characterized by forest persistence (conservation
areas) and deforested areas. In the time interval 1936-1960 it emerges that only the half of the forest
cover present in 1936 has been preserved, while the 47.5% has been deforested, i.e., transformed
into other types of land use. On the contrary, in the time interval 1960-2000, and even more in 2000-
2017, an increase in the percentage of conservation area has been occurred, until almost reaching
100% in the last period.

Tab. 2: Variation of forest and conservation/deforestation areas (in ha and percentage compared with
forest area) for each time interval of the analysis

1936-1960 1960-2000 2000-2017

ha % ha % ha %
Forest variation -23831.72 | -24 165878.10 16.5 47831.91 4.7
Conservation areas 79175.20 | 52.5 94828.73 74.6 284571.78 97.2
Deforestation areas 71689.23 | 47.5 32203.95 254 8339.01 2.8

Instead, from the last analysis on forest types (Tab. 3), it is noticed that the surface represented by
oak forests has more than doubled from 1936 to 2006. In percentage terms, oak woods are both in
1936 and in 2006 more than 50% of the whole forest area. Therefore, this forest typology still
continues to be the most representative. On the other hand, beech forests are only relegated to some
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mountain areas of Basilicata, showing an increase limited to 570 ha between the values recorded in
1936 and 2006.

Tab. 3: Surface (in hectares and percentage compared with forest area) of oak-forests and beech-
forests for years1936 and 2006

1936 2006
ha % ha %
Oak-forests 89,275.9 59.2 183,704.3 51.8
Beech-forests 29,229.2 194 29,776.3 8.4

All the above-reported trends are currently investigated regarding the impacts they produce on the
rural landscape, in terms of loss of biodiversity, land degradation, hydrogeological instability, etc. The
relevant results are giving useful indications for the implementation of suitable policies, able to assess
and preserve naturalness, bio-diversity and visual quality of rural landscapes.

Conclusion

The integration of new open data with historical cartography which has been experimented in this
study allowed to understand the transformation of a forest landscape, which took place in an internal
area. This method could be used in similar context, where comparable datasets are available. The
consequences of this process is going to be evaluated in more detailed studies, aimed to assess the
characterization and spatialization of dynamics of land use transformation.

References

Cillis, G., Statuto, D. (2018). Landscape protection and tourist valorisation of the cultural and natural
heritage of the UNESCO site of Matera (ltaly). In: Public Recreation and Landscape Protection — With
Nature Hand in Hand? Conference Proceeding 2018. pp. 226-231.

Falcucci A, Maiorano L, Boitani L. 2007.Changes in land-use/land-cover patterns in Italy and their
implications for biodiversity conservation. Landscape Ecology vol. 22 issue 4 (2007) pp: 617-631
Ferretti, F. Sboarina, C., Tattoni, C., Vitti, A., Zatelli, P., Geri, F., Pompei, E., Ciolli, M. (2018). The
1936 ltalian Kingdom Forest Map reviewed: a dataset for landscape and ecological research. Annals
of Silvicultural Research, v. 42, 3-19, doi:http://dx.doi.org/10.12899/asr-1411.

Lambin, E. F., Turner, B., Geist, H. J., Agbola, S. B., Angelsen, A., Bruce, J. W., ... Xu, J. (2001). The
causes of land-use and land-cover change: Moving beyond the myths. Global Environmental Change,
11(4), 261-269. https://doi.org/10.1016/S0959-3780(01)00007-3

Pindozzi, S., Cervelli, E., Capolupo, A., Okello, C., Boccia, L. (2016). Using historical maps to analyze
two hundred years of land cover changes: case study of Sorrento peninsula (south Italy), Cartography
and Geographic Information Science, 43:3, 250-265, DOI: 10.1080/15230406.2015.1072736
Malandra, F.; Vitali, A.; Urbinati, C.; Garbarino, M. (2018). 70 Years of Land Use/Land Cover Changes
in the Apennines (ltaly). A Meta-Analysis. Forests 2018, 9, 551.

Mancino, G., Nolé, A., Ripullone, F., Ferrara, A. (2014). Landsat TM imagery and NDVI differencing to
detect vegetation change: assessing natural forest expansion in Basilicata, southern ltaly. iForest 7:
75-84, 10.3832/ifor0909-007

Olisarova, L., Cillis, G., Statuto D., Picuno P. (2018). Analysis of the impact of settlement patterns on
landscape protection in two different European rural areas. In: Public Recreation and Landscape
Protection - With Nature Hand in Hand? Conference Proceeding 2018. pp. 34—-39

Statuto D., Tortora A., Picuno P. (2013). A GIS approach for the quantification of forest and
agricultural biomass in the Basilicata region. Journal of Agricultural Engineering, XLIV(sl).e125: 627-
631

Statuto D., Cillis G., Picuno P. (2016). Analysis of the effect of agricultural land use change on rural
environment and landscape through historical cartography and GIS tools. Journal of Agricultural
Engineering, XLVII:468, pp. 28-39, https://doi.org/10.4081/jae.2016.468

Statuto D., Picuno P. (2017). Valorisation of vernacular farm buildings for the sustainable development
of rural tourism in mountain areas of the Adriatic-lonian macro-region. Journal of Agricultural
Engineering, XLVIII (S1).643, pp. 21-26

Statuto, D., Cillis, G., Picuno, P. (2018)/a. GIS-based Analysis of Temporal Evolution of Rural
Landscape: A Case Study in Southern Italy. Natural Resources Research,
https://doi.org/10.1007/s11053-018-9402-7

183



Statuto D., Frederiksen P. & Picuno P. (2018)/b. Valorization of Agricultural by-products within the
"Energyscapes": Renewable energy as driving force in modeling rural landscape. Natural Resources
Research, https://doi.org/10.1007/s11053-018-9408-1

Souhrn

Historické techniky GIS jsou stale vice vyuzivany k rekonstrukci ploch a ekologické dynamiky krajiny,
protoze diky moznosti integrace nékolika typl Casovych geodat zaruc€uji zavedeni metod
multidisciplinarnich analyz. Analyza modifikaci probéhla jak na venkové, tak v horskych oblastech
nékterych vnitfnich regiond, ve kterych je neustalé opousténi zemédélstvi pretvarenim krajinnych
vzorll, je kliCové pro pochopeni jejich hlubokych zmén a rekonstrukce plvodni krajinné struktury,
vyhybani se nasledkl negativnich vlivi. Studie zjistila, Ze po poklesu v roce 1960 lesy stale vice
rostou, pficemz hodnota (v roce 2017) pfesahuje 30% celého regionu. Navic, zejména v poslednim
obdobi, vzrostla vytrvalost lest ve stejnych oblastech. Nakonec, dubové lesy, kromé toho, Ze se
zvétSuji z hlediska rozlohy, jsou stale dominantni v typologii lest. Metodika pouzita v této studii
umoznuje prohloubit problematiku transformace lesni krajiny, ktera se odehrava ve vnitinich oblastech
Stfedozemniho morfe, a mohla by byt vyuzita v podobném kontextu v oblastech, ve kterych jsou
srovnatelné soubory udaju.
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