
sustainability

Article

Vernacular Farm Buildings and Rural Landscape:
A Geospatial Approach for Their
Integrated Management

Giuseppe Cillis , Dina Statuto and Pietro Picuno *

SAFE School of Agricultural, Forest, Food and Environmental Sciences, University of Basilicata, Viale
dell’Ateneo Lucano, n. 10, 85100 Potenza, Italy; giuseppe.cillis@unibas.it (G.C.); dina.statuto@unibas.it (D.S.)
* Correspondence: pietro.picuno@unibas.it

Received: 12 November 2019; Accepted: 16 December 2019; Published: 18 December 2019 ����������
�������

Abstract: Over the centuries, farm buildings, which accompany the development of agriculture,
have played an important role in defining spatial and environmental planning. In some European
countries in particular, these rural structures have been built based on traditional agricultural needs
and typical land characteristics. Considering the land abandonment that has occurred over the last
five decades, with farmers moving to more comfortable residences in neighboring urban settlements,
historical farm buildings have often been abandoned, thus causing a leakage of the historical-cultural
heritage of the rural landscape. Nowadays, open data and geographic technologies together with
advanced technological tools allow us to gather multidisciplinary information about the specific
characteristics of each farm building, thus improving our knowledge. This information can greatly
support the protection of those buildings and landscapes that have high cultural and naturalistic value.
In this paper, the potential of Geographic Information Systems to catalogue the farm buildings of the
Basilicata region (Southern Italy) is explored. The analysis of these buildings, traditionally known
as masserie, integrates some typical aspects of landscape studies, paving the way for sustainable
management of the important cultural heritage represented by vernacular farm buildings and the
rural landscape.

Keywords: vernacular farm buildings; rural landscape; geographical information system; cultural
heritage; integrated management

1. Introduction

The concurrent process of land abandonment and soil degradation, which is afflicting several
marginal areas in the world, is totally redesigning the shape and the functionality of rural areas,
negatively influencing the traditional features of their landscape [1]. Human activities shape the
land in relation to human needs. In particular, agricultural production has been the main driver
for the characterization of the different historical rural landscapes, especially detectable in several
Mediterranean regions [2]. However, the process of abandoning agricultural areas has led to a change
from both an ecosystem and a landscape point of view, causing different impacts with different
repercussions from country to country and from region to region. It is estimated that, in the future,
this abandonment will affect more and more areas in Europe and throughout the world [3,4]. This
process, which has taken place in the last 50 years, is now accelerating, especially in marginal and
mountainous areas, due to multiple factors linked to worsening economic conditions and the steady
migration of rural workers from small villages to large cities [5,6]. New approaches and methods are
therefore needed on a large scale as well as on a small scale in order to adapt environmental planning
techniques to different territorial, landscape, and socio-economic needs.

Sustainability 2020, 12, 4; doi:10.3390/su12010004 www.mdpi.com/journal/sustainability

http://www.mdpi.com/journal/sustainability
http://www.mdpi.com
https://orcid.org/0000-0002-1851-1533
https://orcid.org/0000-0003-3278-4885
https://orcid.org/0000-0002-2514-2721
http://dx.doi.org/10.3390/su12010004
http://www.mdpi.com/journal/sustainability
https://www.mdpi.com/2071-1050/12/1/4?type=check_update&version=2


Sustainability 2020, 12, 4 2 of 19

The abandonment of agricultural activities concern the territorial aspects related to land use, land
cover, and farm buildings, especially those having an historical importance, as well as those related to
traditional agricultural activities [7].

These vernacular farm buildings built over the decades to play an important agricultural role
now have high heritage value. Agricultural construction is truly a unique example in the construction
sector [8], since the birth, the growth, and the development of animals and plants living in these
buildings present specific architectural and technical needs very different from other construction
sectors. Designed to produce perfect environmental conditions for plants and animals as well as the
workers involved in day-to-day management, the rural building is a technological model of particular
interest [9,10]. The role of the farm building is closely linked to the surrounding context due to the
farmer’s need to live in close contact with land and livestock; what happens inside the building reflects
what happens in the surrounding environment [11–13].

Considering the need for farmers to live in close contact with agricultural production, many
buildings have developed in rural areas that are useful for various functions, such as storage, production,
and processing of agricultural products, thus creating the need for housing close to the workplace for
the farmer and the farmer’s family. With these aims, the agricultural territory has been populated,
combining the primary production necessary for human nutrition with the control and the care of the
agro-forestry territory.

The vernacular farm buildings can be defined as real sustainable buildings, thus they must be
monitored and preserved. However, the process of abandoning the rural territory is leading to the
abandonment of these farm buildings and, in some cases, to their complete demolition due to new
building regulations. In the past, this process of wilderness and re-naturalization of the mountain
territory was preferred both from an aesthetic and a planning point of view when compared to
the concept of rural landscape [14]. Starting from the year 1990, the vision has changed due to the
implementation of the European Landscape Convention (2000) and the EU Habitats Directive. In fact,
there has been an increase in appreciation for traditional rural landscapes, rewilding them from
both cultural and ecological points of view. Traditional rural landscapes have acquired ever greater
value due to the demonstration of their uniqueness from cultural and historical points of view [15].
Their importance for the conservation of biodiversity has indeed become increasingly recognized
due to several studies that have linked certain types of agricultural activities with the conservation
of relevant animal and plant species. In particular, a strong connection between biodiversity and
conservation/restoration of grassland is currently emerging [16,17]. This connection necessarily
includes our rural heritage through conserving rural buildings. This is especially true for some Natura
2000 priority habitats, such as the semi-natural dry grasslands [18]. Moreover, if we also consider
the increase in tourist flows in particularly rural areas [19], it is necessary to analyze the relationship
between rural landscape and farm buildings, assessing the impacts they have had or could have within
the ecological sustainability of landscape. In particular, the monitoring of the rural buildings and
of the surrounding landscape, considering multidisciplinary and strong spatial components of the
information, requires a suitable approach, which is now possible when based on new geographic
technologies [20–22].

The present study is based on some key aspects for an integrated management of vernacular farm
buildings in the context of the surrounding rural landscape. The first of these aspects—which may
change in relation to territorial realities but that is common to many other territorial contexts—refers
to the consistency of the geodatabases. Generally, the realization of heritage geodatabases through
Geographic Information Systems (GIS) mapping is a common operation [23–26], but for rural heritage,
often different types of data are used [27]. Indeed, georeferenced information is often incomplete or
only partially usable; thus, in many cases, preliminary research, cataloguing, intersection of data, and
verification are necessary. This analysis is mainly performed manually and is often very scattered in
terms of resources and time [28].
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Another important concept that needs to be considered in analyzing the relationships between
rural buildings and the surrounding landscape is the survey parameters. In fact, a landscape can, in
general, be analyzed from different points of view, thus a rural building can influence it both from
an aesthetic point of view in a strict sense as well as from an ecological point of view [29]. Moreover,
rural buildings themselves and their abandonment can be influenced by the characteristics proper
of their landscape and territory as well as relevant urban planning policies [30–33]. The inputs and
the outputs are multiple and often divergent, thus an integrated approach implemented through GIS
may play a fundamental role. Therefore, it is necessary to put into practice important strategies to
enhance and safeguard this important rural building heritage, starting from preliminary knowledge of
the architectural characteristics of historic rural buildings and their relationship with the surrounding
area. These possible intervention policies should appreciate the total impact of these buildings
on the landscape using a holistic approach [34]. The studies of vernacular rural buildings, in
most cases [8,10,17], have made use of cadastral documentation, archival data, and surveys of the
territory, thus the method presented in this work—the use of open data and a geospatial approach
to identification [28]—differentiates them from the point of view of structural integrity and relates
them to the surrounding rural landscape. This is certainly a new approach that can be useful for
future developments of this theme, in particular for areas (such as the chosen study area) where
there is a need to improve and expand knowledge about the built heritage and the rural landscape.
Considering these assumptions, the objective of the present study is to propose a geospatial method
for the evaluation of the relationships between farm buildings and rural landscape in order to provide
public decision-makers with a useful tool for an integrated approach.

2. Materials and Methods

2.1. Study Area

The study area covers the entire territory of the Basilicata region (Southern Italy—see Figure 1),
which is characterized by a traditional agricultural vocation and where the process of abandonment,
rewilding, and fragmentation of rural areas is extremely topical [35,36]. Two main territorial
compartments have been identified, corresponding with the administrative division of the two
provinces: the province of Potenza, the regional capital, has mountainous and hilly terrain, including
the Apennine Ridge and some of the most significant mountain ranges in southern Italy; the province
of Matera is orographically constituted by the clay terraces of the Fossa Bradanica, which slope with
hilly undulations towards the Apulian Region to the east and towards the coastal plain that hosts the
mouths of the main Basilicata rivers to the south-east. This orographic conformation corresponding to
completely different landscape characteristics has meant that, in the mountainous area, agricultural
systems linked to small properties, to closed fields, and to a scattered and poor rural architecture have
remained almost unchanged over time. The exception is the volcanic area of Mount Vulture, where
the fertility of the soils and deforestation have allowed the establishment of important farms with the
consequent creation of more complex rural types. The area belonging to the province of Matera, on
the other hand, is both hilly and flat and has been subject to considerable effort to improve it, as the
territory has played a leading role in the agricultural economy of the whole Basilicata region.

Over the last century, the agricultural landscape of Basilicata has undergone significant
transformations. Although a “poor” rural economy has persisted, especially in the mountainous areas
of the province of Potenza, considerable efforts have been made to improve economic and social
conditions of the rural populations trying to support the agricultural sector. Rural typologies represent
the most obvious indicators of the changes—not only economic, but also cultural—that have taken
place in agricultural systems. This is particularly evident in the case of Basilicata, where large areas not
“contaminated” by processes of agricultural mechanization still remain alongside regions involved in
modernization. Moreover, there are vast areas where agricultural systems have evolved slowly, leaving
visible traces of pre-existing settlements and production conditions. Another significant phenomenon
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is the abandonment of areas that, until a few decades ago, were used for grazing. Sheep farming,
a family livelihood linked to the territory and residual in a few internal areas, has been replaced almost
everywhere by stable farming. This has led, on the one hand, to the proliferation of building structures
with morphological characteristics almost everywhere flattened by a typological homologation. On the
other hand, the abandonment of pastures, which were long maintained through pastoral activity, has
occurred with the consequent loss of such architectural heritage as sheepfolds and mountain shelters.
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Figure 1. Location of study area with altimetric characterization, province division, and position of the
two Province capitals. The grid is expressed in coordinate system ETRS89/LAEA Europe (EPSG:3035).

In an attempt to stimulate the tourism sector in the face of a widespread crisis in the agricultural
sector, a proliferation of accommodation facilities located in buildings that were once rural or ex-novo
built is currently occurring. The consequent introduction of new landscape elements has compatibility
with the structural features of the landscape in ways that are complex and often questionable [37].
Typical elements are the masserie, the oldest evidence of the vernacular settlement scattered in Basilicata
(the first traces of which date back to Greek colonization). Over time, the term has extended its
meaning to cover all forms of rural settlement in the area, even if not managed by a farmer, and
any independent rural farm connected to agriculture and livestock [38]. More than other buildings,
the masserie determined and conditioned economic and social life of the region, until the mid-1900s
representing the concretization of the history of the farmer who almost always lived under the control
of the large landowners [39]. As reported by Franciosa [40], height variations play a fundamental role
in the characterization of different architectural types. The buildings in mountainous areas and high
hills are characterized by a simple shape, often on a single floor. On the other hand, in areas at lower
altitudes or located near the coast, rural dwellings expand, and very often the buildings include settlers’
residences and structures used for production or processing of agricultural products that are next to
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the main house of the farmer. In this case, we find forms that are more refined and rarer, offering more
complex architectural solutions. Many of these rural buildings have assumed high cultural value due
to their inclusion in Italy’s cultural heritage list [41].

2.2. Traditional Rural Buildings Geodatabase

The census of rural buildings identified as masserie was the basic preliminary operation.
It constituted the central geodatabase that will form the basis for implementing the system and
the subsequent analysis. At present, there is no geo-referenced and official database of all the farms
in Italy except for those with high architectural value and those protected through a specific cultural
heritage code. The approaches are different and, in the past, mainly statistical/archival data have been
used or direct surveys of the territory in some cases [8,39,41]. However, given the increase in complete
and updated open source datasets [42,43], it was possible to carry out an effective census of all the
rural buildings that were identified in the past with the toponym masseria (Figure 2). Crossing the
national database of the Italian Geographical Military Institute (IGMI) toponyms [44] with the vectoral
data created by the Basilicata Region in 2013 [45], it was possible to create a geodatabase consisting
of all the buildings identified as masserie, further dividing them into abandoned and not abandoned
using the information contained within the regional dataset. This distinction considers, among those
abandoned, only farms that are definitively abandoned since they have been pulled down or ruined.
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Region. In the pictures, some of the rural buildings included in the database: abandoned (left) and not
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2.3. Geospatial Analysis

All operations of geospatial analysis were carried out with the open-source software QGIS 3.8 [46]
while, for the statistical analysis, the R Project for Statistical Computing [47] was used.

2.3.1. Rural Buildings: Distribution and Density

The first geospatial analysis concerned the quantification and the distribution of traditional rural
buildings located in the territory. This operation proved useful at the planning level to identify
the compartments and the areas that need to be taken into account more in the local actions of
management and restoration of the rural landscape. In addition to the classic building distribution at
the level of municipality or other administrative limits, at the landscape level, it may be useful to use a
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concentration map to identify specific units of the landscape on which attention should be focused.
Through the QGIS Heatmap plugin, it was possible to perform a kernel density estimation to create
a density (so-called heatmap) raster of an input point vector layer. Therefore, the vector files of the
points of interest were constituted by the centroids of the polygons that represented the abandoned
and the not-abandoned rural buildings. The density was calculated considering the number of points
in a given position, where a greater number of points generated greater values. Maps allow for easy
identification of hotspots and grouping of rural buildings (Figure 3). By specifying the heatmap search
radius, it was possible to map the density per 10 km2 of abandoned and not-abandoned rural buildings.

2.3.2. Relationship with Farm Buildings Currently in Use for Agricultural Activities

In order to assess the distribution of vernacular farm buildings over the regional territory as well
as their relationship with the surrounding landscape, it was necessary to compare the connection
that exists between the abandoned and the not-abandoned rural buildings with the other modern
agricultural buildings currently in use. With this aim, we queried the regional geodatabase of buildings
to extrapolate the position of buildings classified as “agricultural” and recently built. Through use
of the plugin NNJoin [48], we were able to obtain a result layer as a vector file that contained all the
attributes plus new information, including the distance between the joined nearest features. By setting
the input layer as the one with abandoned and not-abandoned farms and the joined layer as one of the
farm buildings currently in use for agricultural activities, it was possible to have a graduated map
of each vernacular farm in relation to the orthogonal distance from the nearest agricultural building.
In this way, we could characterize each farm in relation to this distance and hence identify the degree
of isolation of individual buildings from the agricultural agglomerations currently active.

2.3.3. Relationship with Road Network

Similar to the previous operation, we carried out a spatial analysis of vernacular farm buildings
and the road network. As far as the latter is concerned, a vector layer of the regional geodatabase was
used. It included only the most important roads (motorways, main, secondary, and municipal roads),
excluding minor roads such as paths, forest roads, and rural roads. This exclusion is because these
types of roads, especially in some territorial contexts, are little exploited and managed as they are often
privately owned and built to reach cultivated fields or land properties in general. Therefore, the main
road network has a greater value in terms of usability and fruition. Using again the NNJoin plugin,
it was possible to relate each rural building to the nearest road by associating the distance in meters.
This operation allowed us to create a basic vector that can be used for static surveys and other, more
complex spatial operations.

2.3.4. Relationship with Topographical Parameters

In order to understand the relationships between the abandoned and the not-abandoned vernacular
farm buildings on the one hand and some important topographical variables that characterize the
landscape on the other, a one-hectare-square buffer zone was created around each building. For each
one of these square buffer zones, we calculated the average values of the following parameters:

• Altitude: height above sea level;
• Slope: based on first-order derivation estimation, it expresses the maximum gradient angle for

each pixel in degrees.

In addition to these parameters, two more indices that are widely used for landform classification
were also implemented [49,50]:

• Topographic Position Index (TPI): this index measures the topographic position of a central point
as the difference between the elevation at this point and the average elevation within a certain
established area. Negative TPI values represent the valleys and thus a lower position than the
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areas. Positive TPI values represent the ridges and therefore positions above the average refer
to the surrounding environment. TPI values close to zero represent flat areas or areas with a
constant slope (where the slope of the point is greater than zero). The topographic position is a
phenomenon that depends on the scale [51].

• Terrain Ruggedness Index (TRI): to express the difference in elevation between adjacent cells of
a digital elevation grid, the process automatically calculates the difference in elevation values
between a cell in the central position and the eight cells that surround it. The higher the value is,
the rougher the land is [52].

To calculate these indices, we used the Digital Elevation Model (DEM) of the Basilicata Region
(cell size 5 m) and calculated with the QGIS Raster Based Terrain Analysis Plugin. Subsequently, the
statistics and the box-plot of altitude, slope, TPI, and TRI versus abandoned/not-abandoned rural
buildings were elaborated to assess the separateness of buildings. This approach proved very useful
for identifying whether abandonment could also be influenced by landscape landform and especially
for identifying areas where rural buildings could be susceptible to abandonment.

2.3.5. Visual Impact of Rural Buildings

Viewshed analysis is a typical tool used to assess the visual impact of a rural building. Visibility
strongly depends on the morphology of the terrain, but other parameters can influence the calculation
of the viewpoint, such as the height of the observer as well as that of the observed object, vertical
and horizontal viewing angles, the presence of different physical obstacles (e.g., vegetation, buildings,
characteristics of the landform), the curvature of the Earth, and the weather conditions. The viewshed
calculations involve the use of a Digital Surface Model (DSM) with a horizontal resolution of 5 m,
which includes vegetation, buildings, and other heights of vertical structures in order to partially
mitigate the problem of alteration of visibility conditions from these elements [53,54]. To perform this
calculation, we used the QGIS plug-in Viewshed Analysis [55]. It allows the facilitation of operations
when it is necessary to set multiple different parameters and work with large amounts of data. The
calculation allowed us to extrapolate the areas in which each rural building considered a valuable asset
of the landscape—which improves cultural and aesthetic qualities—is visible within a pre-imposed
radius of 1 km. The result was an integer raster grid in which each cell stored the number of visible
rural buildings. The sum of the areas with a radius of 1 km around each rural building provided the
potential visible area. This potential visible area was compared with the real visible area, i.e., the area
from which each rural building may be observed without being obscured by any obstacle, that came
out from the raster grid. In this way, it was possible to identify the area in which each rural building
had a greater visual impact in order to discriminate, at the level of large-scale planning, the areas that
need more attention and monitor the aesthetic quality of the landscape [29].

3. Results

The creation of this geodatabase provided several kinds of information that can be employed
as a source for an integrated spatial analysis of the rural landscape as well as a relevant planning
and management tool for public decision-makers. In fact, due to the possibility of consulting and
integrating different types of data, it was possible here to expand studies on the consistency of the
rural heritage information that was gathered in the past, including rural buildings of considerable
historical and architectural interest.

3.1. Rural Buildings: Distribution and Density

We identified a total of 3242 rural buildings associated with the toponym masseria. Among these,
we classified just over 25% (n. 816) as ruined/abandoned. From the location of both types, it emerged
that the farms are distributed throughout the region except for the south-west part. This needs further
investigation to assess whether this lack is due to the actual inconsistency of rural buildings being
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defined as “farms” or another classification. From the clustering of the different typologies, it emerged
that abandoned rural buildings, except for some areas, do not form important agglomerations; on
the contrary, the not-abandoned rural buildings form large clusters in different areas of the region
(Figure 3).Sustainability 2020, 12, 4 8 of 19 
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3.2. Relationship with Farm Buildings Currently in Use for Agricultural Activities

Concerning the analysis of the relationship between vernacular rural buildings—abandoned and
not abandoned—with the linear distance with respect to new farm buildings currently in use for
agricultural activities (Table 1), it can be seen that abandoned rural buildings are, on average, 532.76 m
away from new rural buildings (Figure 4), more than twice as much as not-abandoned buildings
(256.95 m). This shows a certain tendency for vernacular farm buildings to be far from the most
important agricultural centers. There is a certain variability in the distribution of data in the different
distance classes (Figure 5) compared to the not-abandoned ones, which are instead almost totally
distributed in the first distance class. The distance from the new rural centers for agricultural activities
is certainly an important parameter to be considered. This method allowed us to quantify it and to
include it in spatial operations in a fairly effective and accurate way for the evaluation of the potential
impacts of traditional buildings on the landscape.
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Table 1. Average, minimum, maximum, and standard deviation of the distance (expressed in
meters) of each typology of vernacular rural buildings from new farm buildings currently in use for
agricultural activities.

Rural Buildings Mean Min Max Std. Deviation

Abandoned 532.76 19.15 2355.63 382.48
Not Abandoned 256.95 16.25 4210.21 355.76
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3.3. Relationship with Road Network

The analysis carried out for the distance to the main road network showed that the more isolated
the farms were, i.e., more distant from the main roads, the more their abandonment relentlessly
continued (Table 2). The average distance from the main road network is 46.68 m for not-abandoned
buildings with almost all of the farms being distributed within 100 m (Figure 6). Also, many of the
abandoned farms fall within the first class (Figure 7), but they are more distributed in the other classes
with a much higher (about 135 m) average value.
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Table 2. Average, minimum, maximum, and standard deviation of the distance in meters of the two
typologies of vernacular farm buildings from the main road network.

Rural Buildings Mean Min Max Std. Deviation

Abandoned 135.01 4.54 918.01 158.23
Not Abandoned 48.68 2.92 1152.65 79.97Sustainability 2020, 12, 4 10 of 19 
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3.4. Relationship with Topographical Parameters

As far as the relationship between topographical parameters and rural buildings is concerned,
what emerged in general is that there is no parameter showing a clear influence on the abandonment of
rural buildings (Figure 8). Analyzing their average values in detail (Table 3), we note that, in general,
the rural buildings (abandoned and not) are located in areas of the region with an average altitude
500 m above sea level in mid-slope areas (with slope value around 10–11◦ and TPI with positive values
tending toward hilltops). From the differentiated analysis, it emerged that the abandonment is more
distributed along all the values for the four topographical parameters when compared to the values of
the not-abandoned farms (Figure 9).
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As an example, the square buffers of some types of farms in the area are also reported.

Table 3. Average and standard deviation of the four topographical parameters [altitude, slope,
Topographic Position Index (TPI), Terrain Ruggedness Index (TRI)] considered for analyzing abandoned
and not-abandoned rural buildings.

Altitude (m) Slope (◦) TPI TRI

Abandoned 506.27 ± 276.15 11.67 ± 5.87 0.022 ± 0.029 0.845 ± 0.436
Not Abandoned 551.33 ± 277.89 10.24 ± 5.12 0.019 ± 0.028 0.744 ± 0.377
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quartile (25% of distribution), and the top is at the third quartile (75% of distribution) value, while
whiskers indicate variability outside the upper and the lower quartiles.

3.5. Visual Impact of Rural Buildings

The analysis of the inter-visibility between landscape and rural buildings enabled us to estimate,
on the basis of the parameters set in the plugin, the total surface area of the potentially visible area
with 1 km radius, which is visible from the rural buildings. This total potential visible area is equal to
256,224 ha for abandoned rural buildings and 761,764 ha for not-abandoned rural buildings. The total
real visible areas, which were obtained after excluding the area inside the 1 km radius from which each
rural building may not be observed (since they are hidden by some obstacles), were respectively 20.1%
and 26.9% of the whole potential visible area (Table 4). Therefore, generally, we can conclude that the
rural buildings considered have a relatively limited visible impact area. Moreover, the visible area
for both types of buildings (abandoned and not abandoned) and the greatest visual impact is limited
to some individual buildings (Figure 10). In Table 4, it is possible to notice that just over 85% and
almost 93% of the visible area include only one building. It should also be noted that, with regard
to the abundant buildings that have a greater interest in the impact they can have on the landscape,
the visible area is almost exclusively linked to isolated farms (almost 100% if we also consider class
2). For buildings that are not abandoned, the situation is similar, but there are also values for the
upper classes. Highlighting these areas through this methodology may reveal an important issue for
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planning purposes because, in order to have an impact on the surrounding landscape, these are the
areas that are most visible. Therefore, they need more accurate monitoring in order to avoid radical
transformations of their rural landscape identity.

Table 4. Surface in hectares and percentage of number of visible buildings (abandoned and not).

Not Abandoned Abandoned

No. of Visible Buildings ha % ha %

1 174,669.12 85.187 47,811.12 92.705
2 24,256.21 11.830 3390.22 6.574
3 4619.56 2.253 298.76 0.579
4 1176.97 0.574 59.97 0.116
5 271.12 0.132 13.07 0.025
6 48.96 0.024 0.03 0.001
7 4.81 0.002
8 1.98 0.001
9 0.03 0.001

Visible Area
Total Real 205,041.93 100 51,573.17 100

Total Potential 761,764.00 26.9% 256,224.00 20.1%

Sustainability 2020, 12, 4 13 of 19 

landscape, these are the areas that are most visible. Therefore, they need more accurate monitoring 
in order to avoid radical transformations of their rural landscape identity. 

 
Figure 10. Result of the cumulative viewshed analysis for the whole study area. On the right are 
details of two parts of the study area in which the result is expressed as the number of visible 
abandoned and not-abandoned vernacular rural buildings. 

Table 4. Surface in hectares and percentage of number of visible buildings (abandoned and not). 

 Not Abandoned  Abandoned 
No. of Visible 

Buildings ha % ha % 

1 174,669.12 85.187 47,811.12 92.705 
2 24,256.21 11.830 3390.22 6.574 
3 4619.56 2.253 298.76 0.579 
4 1176.97 0.574 59.97 0.116 
5 271.12 0.132 13.07 0.025 
6 48.96 0.024 0.03 0.001 
7 4.81 0.002   
8 1.98 0.001   
9 0.03 0.001   

Visible Area      
Total Real 205,041.93 100 51,573.17 100 
Total Potential  761,764.00 26.9% 256,224.00 20.1% 

4. Discussion 

The continuous increase in both descriptive and geographical open data at all levels leads to 
increasingly easier retrieval of useful information for issues related to sustainable management 
territory and landscape. In parallel with this considerable increase in data, there has been a 
continuous improvement in software and geographical information techniques. These tools allow, in 
addition to better verification of the accuracy of the data, a diversification of analysis and possible 
studies. Regarding the elaboration of the geodatabase with different typologies of rural buildings, 
much depends on the data available from the relevant local authorities. For regions of Southern Italy, 
the combined approach between regional vector cartography and the toponyms database provided 
by the Italian Geographic Military Institute can be the first accurate investigation, as demonstrated 
in other studies [23]. In addition, this approach can be useful in identifying other types of traditional 
rural structures of considerable interest. Obviously, for a complete realization of a geodatabase that 
is useful for management, recovery, and enhancement of these rural buildings, it is necessary to make 

Figure 10. Result of the cumulative viewshed analysis for the whole study area. On the right are details
of two parts of the study area in which the result is expressed as the number of visible abandoned and
not-abandoned vernacular rural buildings.

4. Discussion

The continuous increase in both descriptive and geographical open data at all levels leads to
increasingly easier retrieval of useful information for issues related to sustainable management territory
and landscape. In parallel with this considerable increase in data, there has been a continuous
improvement in software and geographical information techniques. These tools allow, in addition
to better verification of the accuracy of the data, a diversification of analysis and possible studies.
Regarding the elaboration of the geodatabase with different typologies of rural buildings, much
depends on the data available from the relevant local authorities. For regions of Southern Italy, the
combined approach between regional vector cartography and the toponyms database provided by
the Italian Geographic Military Institute can be the first accurate investigation, as demonstrated in
other studies [23]. In addition, this approach can be useful in identifying other types of traditional
rural structures of considerable interest. Obviously, for a complete realization of a geodatabase
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that is useful for management, recovery, and enhancement of these rural buildings, it is necessary
to make a detailed survey of each one of them that reports the name masseria. The differentiation
between abandoned and not-abandoned buildings also depends on the consistency of the database.
Alternatively, manual approaches can be used to identify them [17]. The potential of semi-automatic
procedures for classifying very high-resolution images or orthophotos to assess the consistency of
individual buildings [56] should be investigated as well.

Finally, the creation of concentration maps proved a valid tool for identifying areas of investigation
released from the physical location of the building. The abandonment of old rural buildings and their
farmlands in general, in addition to causing the loss of an irreversible cultural and ethno-anthropological
heritage, is the phenomenon that has the greatest impact on landscape sustainability. This issue
requires predictive methods that are able to take into account some new techniques such as machine
learning [57]. Indeed, the main aim of this work is to provide a reliable method to better evaluate the
implementation of suitable management practices that aim to examine the integrity, the resilience,
and the sustainability of some typical historical rural landscapes. The density of abandoned farms is
especially important because it allows us to identify areas where the phenomenon is more concentrated
and then go into more detail to understand relevant drivers and causes.

With regard to evaluating the spatial relationships between the two categories of rural buildings
(i.e., abandoned and not-abandoned) and some aspects of the landscape, the method proposed here
takes into account some aspects that have an influence on abandonment [58]. At the same time, it
also gives information about how the different types of buildings have impacted in the past as well
as how they could do so in the future so as to identify the areas that may be most susceptible to
abandonment and to reduce the possible impacts [59,60] with a view to a more sustainable management
of the landscape.

The distance from roads is one of the factors that has most determined the phenomenon of
abandonment. Considering the importance of this variable, it is necessary to go into even more detail
about this parameter by more thoroughly differentiating the different types of roads. At the level of
landscape planning, rural buildings not yet abandoned that are close, for example, to areas of high
natural value [29] and that are furthest from the main roads are those which more attention must be
given due to the ecological impact that could lead to their abandonment. What mainly arises from the
analysis of the relationships between rural buildings and topographical variables is that they have an
importance in the dynamics of abandonment and transformation of the rural landscape [61]. In this
case study, however, it did not clearly emerge.

Finally, the analysis of the inter-visibility between landscape and farms has proven very useful for
evaluating, in spatial terms, the area of visual influence that each type has. This method can be very
useful in terms of landscape planning for identifying the areas of visual influence of each farm and for
monitoring and possibly directing the actions of conservation and/or restoration of activities related to
rural buildings. For example, the areas with the highest visibility and linked to a greater number of
abandoned rural buildings are certainly the areas that need more attention from the point of view of
sustainable landscape planning. This is in order to prevent this abandonment from leading to radical
transformations from the point of view of land use and cover and therefore to a loss of the identity
typical of that specific rural landscape. Moreover, starting from this first type of analysis, it would be
possible to address the actions of tourism enhancement due to the integration within this geospatial
analysis of the network of scenic roads by assessing the quality of the landscape as well [62].

With this method, it was possible to identify some parameters that, for the study area, have most
influenced abandonment [63,64]. In order to consider the visual aspect of the area around each farm,
the proposed technique provided a fundamental overview to identify, for example, the most visible
rural buildings from a stretch of scenic road, which would need more attention in case of abandonment
or change of land use. This integrated method proposed here can also be modified and calibrated in
relation to the setting of a Visual Impact Assessment [65]. Since it takes into account some parameters,
it would prove a useful tool for planners to assess the relationship between landscape and rural
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buildings. In addition, the parameters can be expanded to take into account geological, socio-economic,
and cultural variables, hence contributing to a necessary holistic approach [66]. In conclusion, this
integrated method could be very important to realizing basic datasets that could be useful for evaluating
whether buildings can have a positive or a negative influence on landscape ecology [16] by introducing
the relationships with the cultivated fields annexed to each single building as well. Moreover, it can be
useful in improving knowledge about the field of research of landscape sustainability [67], as it is a
spatial method based on a temporal and a multi-scale approach that combines different aspects that
could be useful for the control of different ecosystem services and strictly perceptive features.

5. Conclusions

The rural building plays a crucial role not only in sustainable and resilient growth of agriculture
but also in the sustainability of typical rural landscapes, ecosystem service providers, and socio-cultural
activities. For evaluating the implementation of suitable management practices that aim to preserve
their rurality, GIS geospatial analysis can be used, taking into account different disciplines and time
scales. In this study, a method to verify some results for the study area in which there are typical rural
landscapes of the Mediterranean area was implemented. Indeed, the present paper confirmed the main
results emerging from recent studies in the scientific literature, i.e., that many farm buildings develop
a fundamental—if not essential—effect for the preservation, the monitoring, the management, and the
general sustainability of the rural landscape. In particular, rural landscape sustainability can be achieved
through a more rational consumption of resources, the fight against environmental degradation, and
the maintenance of stable ecosystem balances, all actions that can be carried out through the return to
traditional agriculture. This transition necessarily passes through the recovery and the enhancement
of vernacular farm buildings, which possess important ecological, socio-economic, and cultural values.
In this way, it is also possible to preserve the rural building heritage as architectural and cultural
evidence of a certain way of living in synergy with the surrounding landscape heritage. Geographic
technologies have proven to be a powerful tool for implementing new ways to enhance and conserve
the agricultural built heritage in synergetic action with the surrounding rural landscape. The relevant
cataloguing of historical rural buildings with geo-referenced information and the subsequent use of
them as a basis for more complex spatial analysis allow the assessment of the role and the impact of
these buildings within the surrounding context with a view to more sustainable land management.
This approach would be a suitable tool for future possible application in rural landscape analysis,
planning, and management.
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