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Abstract: The landscape is considered a strategic asset by the Tuscan regional government, also
for its economic role, meaning that a specific Landscape Plan has been developed, dividing the
region into 20 Landscape Units and representing the main planning instrument at the regional
level. Following the aims of the Landscape Plan and the guidelines of the European Landscape
Convention, it is necessary to develop an adequate assessment of the landscape, evaluating the
main typologies and their characteristics. The aim of this research is to carry out an assessment
of the landscape diversity in Tuscany based on 20 study areas, analyzing land uses and landscape
mosaic structures through the application of landscape metrics: number of land uses, mean patch
size (MPS), Hill’s diversity number, edge density (ED), patch density (PD), land use diversity (LUD).
The results highlight a correlation between the landscape typologies (forest, agricultural, mixed,
periurban) and the complexity of the landscape structure, especially in relation to MPS and PD,
while the combination of PD and LUD calculated on the basis of a hexagonal grid allows obtaining
landscape complexity maps. Despite the phenomena of reforestation and urban sprawl of recent
decades, Tuscany still preserves different landscape typologies characterized by a good level of
complexity. This is particularly evident in mixed landscapes, while agricultural landscapes have a
larger variability because of different historical land organization forms. The methodology applied in
this study provided a large amount of data about land uses and the landscape mosaic structure and
complexity and proved to be effective in assessing the landscape structure and in creating a database
that can represent a baseline for future monitoring.

Keywords: rural landscape; territorial planning; landscape complexity; patch density; landscape
mosaic; landscape metrics; edge density; mean patch size

1. Introduction

European rural areas still preserve a wide range of cultural rural landscapes, which
in recent decades are receiving a renewed interest thanks to their multifunctional role, as
Europe is moving from a rural development model based on agricultural modernization to
an integrated model based both on rural areas’ multifunctionality and their ecosystem ser-
vices, also at the institutional and planning levels [1–5]. Most European and Mediterranean
cultural landscapes assume an important role for rural development due to the values
and opportunities related to biodiversity [6–9], cultural and biocultural heritage [10–13],
local identity [14], soil conservation and reduction in hydrogeological risks and typical
products and esthetic quality attracting tourists [15–18]. This new and integrated approach
to rural landscapes is also recognized at the global level by international initiatives such as
the Globally Important Agricultural Heritage Systems (GIAHS) program established by
the FAO [19].

Tuscany is probably one the best examples of a region known all over the world for
its rural landscape quality, and, like most of Southern Europe, the variety of geographi-
cal conditions, the diversity of agriculture and forest activities and the level of integrity
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of historical settlements contribute to preserving a high-quality landscape [20]. The re-
gional territory is mostly classified as rural (93%), and even if nowadays the population
(3,753,000 people) mainly lives in urban areas, the rural territory is the result of centuries of
human agro-silvo-pastoral activities [21]. Despite the fact that agricultural production has
a minor role in the GDP (1.8%), landscape has a crucial economic role for the rural economy,
since it is strongly linked to traditional food products and to rural tourism [22]. Tuscany
is the first region of Italy for agritourism [23], meaning that rural tourism represents an
important resource for the rural economy, witnessing an impressive increase during the
last decade (+367% between 1997 and 2012) compared to other economic sectors, with
farmhouses representing the most preferred choice of tourists traveling to Tuscany after
five-star hotels [24]. The attractiveness of the rural landscape is also associated with the
high quality of rural settlements and of typical foods, and the market price of cultivated
land in some areas is higher than the price of the land used for urban development.

For these reasons, landscape and territorial planning are considered by the Tuscan
regional government as strategic assets, so that Tuscany has been the first Italian region to
develop a specific landscape plan according to the National Code for Cultural Heritage [25],
integrating urban and territorial planning with landscape planning. The Landscape Plan
of Tuscany is an act required by the National Code for Cultural Heritage that invites
each Italian region to develop a landscape plan, which represents the main planning
instrument at the regional level. The regional council of Tuscany decided to integrate the
ordinary territorial plan with the Landscape Plan, resulting in one single act [26], aimed at
achieving sustainable development controlling the transformations induced by economic
activities, fostering the maintenance, reuse, restoration and creation of new landscapes. The
Landscape Plan considers the rural landscape as a common good, recognizing equal rights
to the citizens in terms of use and fruition, as well as its contribution to the life quality of
present and future generations. In addition, the plan defines the landscape as the whole set
of structures resulting from the long-term coevolution between nature and human society
and its conservation, and together with the protection of the cultural and natural heritage
of the region represents the main vision of the plan. From the legal point of view, the
Landscape Plan prevails over all other regional and municipal planning instruments as
they must take into account the rules set by the plan.

Landscape represents one of the main resources for the economy of the region, espe-
cially for the touristic and the alimentary industry. Therefore, it is necessary to develop an
adequate assessment of this crucial resource to better evaluate the current situation and
to set up a monitoring system of landscape changes. Moreover, it is important to check
the effectiveness of territorial planning instruments, as one of the aims of the Regional
Landscape Observatory established by the law n. 65 of 2014 is to “monitor the effectiveness
of the landscape plan”. It is also even the European Landscape Convention (ELC) that
invites each country to identify its own landscapes throughout its territory, to analyze
their characteristics and the forces and pressures transforming them and to take note of
changes [27]. Therefore, there is the need to analyze the landscape structure of the different
landscape typologies of Tuscany.

Landscape structure is the manifestation of various biotic and abiotic processes, and
in recent decades, research focusing on landscape structures greatly increased due to
the growing importance and multifunctionality of the landscape. These studies applied
different methods and a wide range of indexes to evaluate the landscape structure according
to the different aims of the research [28], such as in the patch mosaic model (PMM) in which
landscapes are conceptualized and analyzed as mosaics of discrete patches [29]. Despite
the fact that, in recent years, some researches have highlighted limitations in the use of
landscape metrics for the understanding of ecological processes [30], the use of spatial
indexes and the PMM have proved to be successful and crucial for landscape assessment,
evaluation and, especially, monitoring [31,32].

The aim of this research is to carry out an assessment of the landscape diversity in
Tuscany based on fixed study areas, analyzing (i) land uses and (ii) landscape mosaic
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structures through the application of landscape metrics. Landscape analysis results in
being an important aspect in landscape planning, so that the present research has the
aim to provide a framework of the different landscape typologies spread all over the
regional territory. In fact, since the Landscape Plan includes detailed descriptions of the
characteristics and of the vulnerabilities of the different Tuscan landscapes, but without
any data or measurement, it is necessary to provide scientific and quantitative data for the
future improvement of planning, management and protection strategies. This study is part
of a bigger project aimed at establishing a regional landscape monitoring system, in order
to evaluate the transformations in terms of land uses and the landscape mosaic structure
at regular intervals of time. Monitoring the transformations of the Tuscan landscape
through a monitoring system based on fixed study areas will allow the identification
of peculiar landscape characteristics as well as the evaluation of the effectiveness of the
policies for the maintenance and valorization of the traditional landscape. In this paper,
results regarding the current landscape structure and the land uses of these fixed study
areas will be presented.

2. Materials and Methods
2.1. The Study Areas

The Landscape Plan of the Tuscany Region is the main act of territorial planning at
the regional level [33]. In fact, each Italian region, as established by the National Code
of Cultural Heritage and Landscape, must develop a landscape plan which sets out the
guidelines for the planning, management and enhancement of the territory.

The Tuscan plan divides the regional territory into 20 landscape units (LU) (Figure 1),
homogenous areas with common characteristics and objectives regarding landscape and
environment. A specific regulation and adequate quality objectives have been developed
for each unit. For the identification of the landscape units, the following elements were
jointly assessed:

• Hydro-geomorphological systems;
• Eco-systemic characters;
• The long-term configuration of the settlements and of the infrastructures;
• The characters of the rural territory;
• The perception of the territory;
• The sense of belonging of the communities;
• The local socio-economic systems;
• The settlement dynamics and the forms of intercommunality.

In the Landscape Plan logic, landscape units are therefore homogeneous areas for
what concern the geomorphological characteristics, the features and values of the rural
landscape and the socio-economic system. For the definition of the landscape units, in order
to increase the territorial policies’ effectiveness and in respect of the sense of belonging of
the local communities, the municipal borders were generally used as boundaries.

The first phase of the project was the identification of a representative area for each
landscape unit, according to the information reported in their description inside the plan.
After the 20 monitoring areas’ identification (Figure 1, Table 1), the boundaries were shaped
using well-recognizable territorial features, such as roads, ridges and rivers. It was decided
to realize monitoring areas with a surface established in 1000 hectares to make the results
easily comparable between the different areas. The choice of this surface was made because
it is large enough to be considered representative of the landscape features of the area and,
at the same time, it is contained in order to allow a very high level of detail regarding the
land uses and the landscape structure. Moreover, a surface that is not too large allows an
update of the periodic monitoring in short times.
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Figure 1. The 20 study areas (in red) selected for each landscape unit identified by the regional
Landscape Plan.

Table 1. Landscape units, municipalities and coordinates of the central point for all the 20 selected
study areas.

Landscape Unit Municipality Coordinates of the Central
Point of the Study Areas

1—Lunigiana Bagnone 44◦21′31.17” N
10◦0′53.33” E

2—Versilia e Costa Apuana Stazzema 44◦0′54.80” N
10◦18′33.97” E

3—Garfagnana e Val di Lima Castiglione di Garfagnana 44◦10′0.19” N
10◦26′4.50” E

4—Lucchesia Borgo a Mozzano 43◦58′41.54” N
10◦31′48.35” E

5—Val di Nievole e Val d’Arno
inferiore San Miniato 43◦41′2.05” N

10◦52′35.77” E

6—Firenze-Prato-Pistoia Firenze 43◦46′44.32” N
11◦11′15.95” E

7—Mugello Firenzuola 44◦4′16.01” N
11◦25′48.10” E

8—Piana Livorno-Pisa-Pontedera Vecchiano 43◦48′39.67” N
10◦17′6.98” E

9—Val d’Elsa San Gimignano 43◦27′34.90” N
11◦2′22.86” E

10—Chianti Greve in Chianti 43◦33′16.32” N
11◦21′2.84” E

11—Val d’Arno superiore Terranuova Bracciolini 43◦35′4.41” N
11◦35′34.49” E

12—Casentino e Val Tiberina Pratovecchio Stia 43◦48′38.40” N
11◦42′34.84” E
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Table 1. Cont.

Landscape Unit Municipality Coordinates of the Central
Point of the Study Areas

13—Val di Cecina Castagneto Carducci 43◦10′30.53” N
10◦34′37.71” E

14—Colline di Siena Chiusdino 43◦13′38.56” N
11◦10′42.92” E

15—Piana di Arezzo e Val di
Chiana Lucignano 43◦17′3.70” N

11◦45′32.77” E

16—Colline Metallifere Porto Azzurro/Rio
nell’Elba

42◦46′52.16” N
10◦23′53.73” E

17—Val d’Orcia e Val d’Asso Montalcino 43◦4′6.20” N
11◦29′58.32” E

18—Maremma grossetana Civitella Paganico 42◦56′26.70” N
11◦15′25.45” E

19—Amiata Santa Fiora 42◦49′58.16” N
11◦34′22.42” E

20—Bassa Maremma e ripiani
tufacei Orbetello 42◦32′14.94” N

11◦11′43.04” E

The boundaries of the monitoring areas were identified and shaped through the open
source GIS software Quantum GIS, using as a cartographic base the Regional Technical Map
(CTR) 1:10,000 and the 2016 orthophoto with resolution equal to 20 cm. These cartographic
sources are freely consultable through Geoscopio, the official Web Map Service (WMS) of
the Tuscan region.

2.2. The Methodology

After the study areas selection, land use mapping through video-based photo interpre-
tation was carried out. This part of the study was conducted with Quantum GIS software
and with 20 cm-resolution 2016 orthophotos available through the WMS of the Tuscany
region. Due to the high resolution of the orthophotos, it was possible to obtain detailed
land use maps, with a minimum cartographic unit of 500 m2, in order to detect all the
characteristics of the analyzed landscape and the structure of its mosaic. Some standard
parameters were applied for the delimitation of roads or for woods. Roads were considered
as polygons if the width was greater than 10 m, while woods were classified as such if
the surface was greater than 2000 m2 and the width greater than 20 m. The legend was
designed to effectively describe the great variety of land uses in the regional territory.
Beside land uses, also the presence of protected areas of different types was evaluated for
each study area: national parks, regional natural parks, regional natural reserves, Natura
2000 sites, RAMSAR, Protected Areas of Local Interest (ANPIL).

The third step was the analysis of the landscape structure through the application of
some synthetic indexes that provide information on the level of complexity of the mosaic,
on fragmentation and, in general, on its structure (Table 2). Cultural landscape-focused
research is, in fact, commonly based on the evaluation of two different aspects: the land use
system and the landscape mosaic structure, as land use and cover are considered primary
factors affecting ecosystems [28,34–37]. Starting from the 1990s, the use of landscape
metrics became common in landscape ecology-related studies [38,39], as the quantification
of spatial heterogeneity helped in correlating ecological processes and spatial patterns.
The use of different state indicators is, in fact, useful to describe in a synthetic way the
main characteristics of the landscape structure [40]. Despite the fact that a great variety of
landscape metrics have been developed over the last thirty years [41], it is important to
choose the metrics to be applied in order to properly describe the landscape characteristics
according to the aim of the research. The choice of the indexes used in our research was
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carefully evaluated, analyzing previous review studies, especially the ones that related the
use of landscape metrics to landscape planning [39,41–45]. The choice of the indexes was
also based on the fact that the proposed methodology was developed also with the aim of
providing a simple methodology easily replicable in other cultural landscapes, both in in
Italy and abroad, as a support to territorial and landscape planning and monitoring. The
use of the selected indexes, which, at the same time, are limited in number and easy to
calculate, allows this methodology to be replicated with reduced costs for the organizations
in charge of landscape planning, which, in this way, could take advantage of a standard
methodology to monitor over time and space the effects of its landscape policies, and
therefore to adjust them to the situation. Therefore, it was decided to use the following
landscape metrics: number of land uses, number of patches (NP), mean patch size (MPS),
Hill’s diversity number, edge density (ED).

After that, a 1-hectare hexagon grid was realized using Quantum GIS with the
MMQGIS plug-in, for all of the region. Only the hexagons overlapping the study ar-
eas were selected and extracted to perform the following analysis. For each hexagon, the
number of patches totally or partially included and the variety of land uses (number of
different land uses) were measured. Therefore, this tessellation of the study areas allowed
calculating two further indexes: patch density (PD) and land use diversity (LUD). These
metrics are expressed as the number of patches per hectare and the number of different land
uses per hectare, respectively, allowing representing the complexity of the landscape on a
map for each study area. The results were then shown using a bivariate legend, creating
one map for each study area, and further analyzed to investigate the landscape mosaic
structure according to the different typologies of the prevailing landscape. Finally, the data
regarding the PD and the LUD for each hexagon and for each study area were elaborated
with the IBM SPSS Statistics 27 software to produce the graphs.

The use of hexagons to carry out regular tessellations for landscape structure analysis
is due to the fact that this kind of grid can offer different advantages: any given point
inside a hexagon is closer to the center of that hexagon than any given point in an equal-
area square or triangle would be, and hexagons are the only geometric shape for regular
tessellations that shares a real border with every neighbor [46]. To achieve homogenous
spatial units for proper statistical analysis, we produced a hexagon grid and clipped
samples from the land cover dataset. Since changes in the extent of the hexagons can
produce unpredictable behavior of landscape metrics, we tested two different grids (1 ha,
3 ha), finding that the grid of 1-ha hexagons guaranteed a representative sample of patches
and of the land uses number per hexagon for our study areas.

Table 2. Description of the applied landscape metrics [47,48].

Landscape Metric Unit Description

Number of Land Uses number The total number of land uses for each study area
Number of Patches (NP) number The total number of patches for each study area
Mean Patch Size (MPS) ha The average size of patches

Hill’s Diversity Number number The number of land uses that contribute to the diversity of a given landscape
Edge Density (ED) m/ha The sum of lengths of all edges, divided by the total area
Patch Density (PD) number/ha The number of patches that fall inside the 1-hectare hexagon

Land Use Diversity (LUD) number/ha The number of land uses that fall inside the 1-hectare hexagon

3. Results

Data on land uses were merged into three macro-categories (cultivations, forests, built-
up areas), in order to make the comparison between the 20 study areas more immediate
and to identify the main landscape typology for each area (Figure 2). Results are presented
according to the main landscape typology identified, while Table 3 reports all the metrics,
and Figure 3 shows all the landscape complexity maps of the 20 study areas with the patch
density and land use diversity for each hexagon.
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Figure 2. Percentage of the main land use macro-categories for 2016 for each study area: forests and shrublands (green),
agricultural areas (orange) and built-up areas (gray).
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Table 3. Land use macro-categories’ percentages, percentage of protected surface and the different landscape structure indexes calculated for the 20 study areas.

Landscape Unit

Land Use 2016 Macro-Categories
Protected

Surface (%)

Landscape Structure Indexes

Cultivations
(%) Forests (%) Built-up

Areas (%)
Number of
Land Uses

Number of
Patches (NP)

Hill’s Diversity
Number

Mean Patch
Size (MPS) (ha)

Edge Density
(ED) (m/ha)

1—Lunigiana 6.47 81.71 1.52 18.89 29 881 8.88 1.16 2150

2—Versilia e Costa Apuana 12.04 79.55 2.17 99.90 31 506 3.35 2.04 1530

3—Garfagnana e Val di Lima 8.89 86.73 3.87 - 27 773 5.64 1.29 1563

4—Lucchesia 27.13 50.31 15.40 - 34 2008 13.64 0.50 1431

5—Val di Nievole e Val
d’Arno inferiore 67.72 20.64 11.50 - 33 1906 11.14 0.52 1176

6—Firenze-Prato-Pistoia 27.61 6.43 63.29 - 31 1503 8.90 0.67 1212

7—Mugello 16.67 82.09 0.78 81.03 22 307 7.14 3.28 950

8—Piana
Livorno-Pisa-Pontedera 3.12 87.05 2.43 99.89 24 163 8.18 6.13 614

9—Val d’Elsa 56.90 31.07 11.90 0.06 27 1456 10.30 0.69 1030

10—Chianti 33.52 60.64 5.84 4.74 25 911 8.64 1.09 1103

11—Val d’Arno superiore 53.55 39.49 6.68 89.18 32 1569 7.97 0.64 1352

12—Casentino e Val Tiberina 25.07 66.26 8.19 14.44 31 1080 6.50 0.94 1230

13—Val di Cecina 56.80 14.50 25.84 - 46 1294 17.10 0.77 1056

14—Colline di Siena 22.99 74.89 2.02 51.68 22 418 5.35 2.38 799

15—Piana di Arezzo e Val di
Chiana 84.02 5.58 10.22 - 24 1004 4.14 1.01 1244

16—Colline Metallifere 20.76 56.94 14.72 70.24 28 1286 11.20 0.79 1105

17—Val d’Orcia e Val d’Asso 78.54 15.66 5.55 99.93 26 859 6.81 1.17 1069

18—Maremma grossetana 35.33 60.15 4.10 - 26 853 7.05 1.18 1331

19—Amiata 28.73 63.30 7.66 31.02 26 942 10.78 1.09 1147

20—Bassa Maremma e ripiani
tufacei 80.15 9.36 8.69 - 28 342 4.80 2.96 807

Average values 37.30 49.62 10.62 33.05 28.60 1008.45 8.31 1.51 1195
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Figure 3. Maps of the 20 study areas with the patch density and land use diversity for each hexagon.
The bivariate legend shows the two different index intensities per hexagon, and thus the landscape
complexity distribution.

3.1. Forest Landscapes

The study areas where forests are located on more than 60% of the total surface are
ten. Among these, the Plain of Pisa-Livorno-Pontedera (LU8) stands out with 87% of
wooded areas, as it is located within the natural parks of Migliarino and San Rossore.
Despite the fact that coastal pine forests represent a typical landscape of the area, they
do not exhaustively describe a very heterogeneous LU, in which urban sprawl, in recent
decades, has affected a considerable surface. Except in two areas (Garfagnana and Val
di Lima (LU3), Maremma grossetana (LU18)), the study areas included in this typology
are always affected by different types of protected areas. Regarding the number of land
uses and Hill’s diversity number, medium-low values are found, a sign that mainly forest
landscapes are dominated by a small number of land uses. With regard to the MPS, the
values are very dissimilar, sometimes presenting very large patches, particularly in the
Plain of Livorno-Pisa-Pontedera (LU8) (6.13 ha), while in the case of Casentino and Val
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Tiberina (LU12), the average value is less than 1 ha. This is mainly due to the fact that
in some study areas, traditional agricultural activities are still carried out, contributing
to lowering the value of the average surface. The trend, however, is to have a medium-
wide-grained structure due to the homogeneity and continuity of forest surfaces, with the
resulting reduced landscape diversity, also as a consequence of the increase in forest areas
occurring in recent decades. The values of the ED reflect this issue: from 799 in the Hills of
Siena (LU14) to over 2150 in Lunigiana (LU1). The prevalent types of woods are those with
a prevalence of chestnut and a prevalence of deciduous oaks. Additionally, noteworthy
is the presence of chestnut groves, formations of a high landscape, historical-cultural and
biodiversity importance, often with monumental plants; the chestnut groves, in regression
throughout the Apennines, were identified mainly in the study areas Amiata (LU19) and
Mugello (LU7), where, in fact, chestnuts are considered a typical product. Finally, in the
case of the study area Lucchesia (LU4), there are numerous Robinia pseudoacacia woods.
By analyzing PD and LUD data (Figure 4a,b), forest areas show numerous outliers. This
situation is the result of the spatial distribution of anthropogenic activities, since most
of the area is covered by large forest tiles, while other activities—agricultural ones—are
carried out in small and concentrated areas. As a result, most of the hexagonal tiles are
occupied by few land uses, while only in a few of them—the outliers—are numerous land
uses found.

Figure 4. Results of the patch density (a) and of the land use diversity (b) calculated for each study
area based on the 1-hectare hexagonal grid, according to the prevailing landscape typology.
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3.2. Agricultural Landscapes

The study areas occupied mainly by agricultural landscapes (agricultural area > 60%
of the total surface) total four, with the maximum coverage of these land uses in the Plain
of Arezzo and Val di Chiana (LU15) exceeding 84%. Only one of these areas is affected
by protected areas, the Val d’Orcia and Val d’Asso (LU17), almost entirely included in
the ANPIL Val d’Orcia. Regarding the number of land uses, there is a large difference
between the total number of identified land uses and Hill’s diversity number. This fact
is attributable to the spread of wide specialized monocultures, especially of olive trees
and vines, that dominate the agricultural landscape, despite the fact that there are still
many sparse and small patches that preserve traditional agricultural typologies, such as
mixed crops or associations between olive trees and vines. This is the case of the Lower
Maremma (LU20), dominated by simple arable land, where the MPS is very high (2.96 ha)
and Hill’s diversity number is very low (4.8) compared to the total number of land uses
(28). ED values of this landscape typology are generally low, a sign that the level of
complexity of the landscape mosaic is low, with a landscape dominated mainly by patches
of a regular shape, typical of arable crops. The simplification of the agricultural network
and the expansion of monocultures, a phenomenon particularly identifiable in these study
areas, have greatly changed the structure of the landscape mosaic, even if traditional land
uses are still present. The situation regarding the MPS and, in general, the landscape
mosaic structure is instead very diversified, as highlighted by the PD and LUD elaborations
(Figure 4a,b), with wider interquartile ranges and min–max distance. The study area Val di
Nievole and lower Val d’Arno (LU5) has one of the lower MPSs (0.52 ha) due to the presence
of specialized cultivations (arable land and vineyards) but on small patches, probably due
to the parcelization of the properties, resulting in a diversified landscape. In other study
areas, the situation is heterogeneous, as there are large arable land fields in the valley floors,
while slopes are balanced by the presence of small olive groves on the slopes. In Val d’Orcia
and Val d’Asso (LU17), the forest component of the landscape takes on a more incisive
role (about 16% of the total surface), which, in combination with an abundant presence of
arable land and vineyards with medium-small tiles, slightly reduces the complexity of the
landscape, with an MPS of 1.17 ha. By comparing the data related only to the vineyards
of this area to the ones of Chianti (LU10), which, despite being predominantly wooded,
is also crucial for wine production, it is possible to notice that the average surfaces of the
vineyards for LU17 and LU10 are 0.79 and 1.32 ha, respectively. Chianti (LU10) is, in fact,
characterized by a dense and complex landscape mosaic, essentially due to the presence of
dry stone terraces, a particular feature of the area, which allow traditional agriculture to
be maintained. The study area of Val d’Orcia and Val d’Asso (LU17), on the other hand,
presents a landscape mosaic with a medium-large grain, where the cultivation of vines
has been favored by the extensive and gentle hills that allow a superficial expansion of
this crop, unlike the Chianti study area, whose slopes are steeper and, therefore, do not
allow an intensive cultivation of vineyards. The data analyses about the PD and LUD
show that the agricultural landscapes are characterized by a significantly higher PD than
forest landscapes, while the LUD is similar. This is because, while in an agricultural
system, the patches are usually smaller than in a forest system—and therefore the number
of patches per hexagon increases—the land uses are rather similar, for example, in the
case of numerous fields that share the same land use. Anthropic activities in these areas
are also more dispersed throughout the territory, reducing the number of outliers. The
interquartile is still wider than the forest landscapes because the wood patches are way
more homogeneous and larger than the cultivated areas.

3.3. Mixed Landscapes

Five study areas are characterized by mixed landscape, where no macro-category
exceeds 60% of the surface, with a substantial balance between forests and agricultural
areas. In three cases, agricultural areas cover more than half of the surface, while in
Lucchesia (LU4) and in the Metalliferous Hills (LU16), it is the forest areas that cover
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more than half of the surface (from 50% to 57%). Val d’Elsa (LU9), Upper Val d’Arno
(LU11) and Val di Cecina (LU13) have an agricultural area between 53% and 57%, with
small tiles that form a fine-grained agricultural landscape. The forests present in LU9 and
LU11 are fragmented, mainly made of small forest surfaces interspersed with agricultural
ones, forming a landscape characterized by an interesting mosaic of cultivations on small-
medium patches surrounded by forests; in Val di Cecina (LU13), woods are mainly made
up of coastal pine forests and small regional forest reserves in the hinterland. The study
area Val di Cecina (LU13) is also characterized by diffused anthropized areas along the
coast, due to the spread of the touristic hamlet of Donoratico. The values of the indexes
of these five areas are particularly heterogeneous. The number of land uses varies from
27 in Val d’Elsa (LU9) to 46 in Val di Cecina (LU13), while Hill’s diversity number values
are medium-high, with a particular peak in the Val d Cecina (LU13) area reaching 17.1.
The MPS is between 0.5 and 0.79 ha, a sign of a very fragmented mosaic, also due to the
presence of numerous land use categories which increases the complexity and diversity of
the landscape, but with predominantly regular-shaped tesserae, as evidenced by the ED
values. Mixed and periurban landscapes show similar PD and LUD values; although the
first ones are found to have a lower inter-quantile PD than the second ones, the median
value is the same. The greater complexity of these landscapes is thus evident from these
analyses as well, and the intertwining of forest and agricultural areas leads to higher PD
and LUD values.

3.4. Periurban Landscapes

The situation of the study area Florence-Prato-Pistoia (LU6) is particular, since it is an
area with a predominantly urbanized landscape. Given the characteristics of this landscape
unit, the choice of the study area appears highly representative of the landscape dynamics
and of the critical issues affecting periurban landscapes. Despite the fact that this area
is mainly urbanized, there still are numerous vegetable gardens, family orchards and
small cultivated areas, often with traditional crops, as testified by the number of land uses
and by the MPS. These cultivated plots, although small in terms of overall surface, are
very important for various reasons (agrobiodiversity, landscape, historical-cultural, social,
ecological). This situation is also confirmed by the PD and LUD elaborations (Figure 4a,b),
especially by the fact that the interquartile range is more compact and is located in the
lower part of the graphs, but at the same time, there is a high number of outliers reaching
high values.

4. Discussion

The methodology applied in this study was chosen due to the need for assessing and
describing different landscape typologies that characterize the Tuscan territory. The use of a
hexagonal grid has already been applied with success in other researches to correlate maps,
spatial analysis and statistics [49] and proved to be particularly effective for the study of
fine-scale Mediterranean landscape mosaics [45,50–52]. The applied methodology resulted
in being effective in assessing the landscape mosaic structure of different typologies of
the landscape in Tuscany and also in creating a database that can represent a crucial
baseline for a monitoring system based on fixed study areas that can be easily updated,
similarly to what has already been conducted at the national level in Italy [53] and in other
European countries [54,55]. The combination of PD and LUD calculated on the basis of
the hexagonal grid allows obtaining landscape complexity maps. In fact, according to
Plexida et al. [56], there is no need to use too many landscape metrics to properly describe
landscape heterogeneity and complexity; some of them, such as patch density, are suitable
to describe Mediterranean landscape patterns irrespective of the scale [56], while the MPS
provides data about the grain of the landscape [44]. Providing quantitative spatial data
related to the different landscape structures through the measurements of appropriate
landscape metrics can be extremely useful to transfer the concepts of landscape ecology to
sustainable landscape planning and monitoring [42,43,57,58].
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Regarding the prevailing landscape typology and the choice of the study areas, it
is not surprising that 10 out of 20 areas fall into the forest landscape typology, as more
than 50% of the regional surface is covered by forests [59]. In this regard, the choice of the
study areas perfectly represents the different main landscape typologies of Tuscany. As
highlighted by Slámová et al. [60], investigating the different landscape typologies and their
landscape structure and complexity contributes to understanding their multifunctional
role. Investigating different landscape structures and complexity is also crucial as they can
have different roles for biodiversity [61].

The results highlight a correlation between the landscape typologies and the com-
plexity of the landscape structure, especially in relation to the MPS and the PD. These two
indexes, together with other landscape metrics, are considered useful parameters to assess
the complexity of the landscape structure of rural areas and are commonly used [62].

According to the MPS, study areas with prevailing mixed landscapes are all fine-
grained, with a very complex mosaic made of various land use category alternations, which
increases the complexity and diversity of the landscape, a characteristic also common to
other Mediterranean countries [63]. The periurban area shows a very fine grain too, due to
the presence of vegetable gardens, family orchards and other small cultivated areas that
survived the urbanization process. Forested areas are mainly constituted by a landscape
structure with a medium-large grain, with a few big forested patches surrounding small
cultivated fields near the rural settlements. Agricultural areas have a larger variability,
due to the fact that they include both flat and wide cultivated areas in southern Tuscany,
as well as small cultivated terraced fields in the hills, as a result of different historical
land organization forms. Landscape typologies characterized by a widespread presence of
forests are the ones with a lower LUD and a higher PD, and therefore a lower complexity.
The reason can also be found in the fact that forests have largely been abandoned by
traditional management in the last 70 years. This trend, common in European countries [64],
has led to the simplification of forest areas, as the various forest types that were common in
the past evolved towards bigger and homogeneous forest patches with lower biodiversity
and lower landscape and historical-cultural value.

According to the results of this research, agricultural and especially mixed landscapes
are the typologies characterized by higher levels of complexity, as highlighted by the
higher number of land uses and of patches per hectare, and by the lower average size of
the patches.

On the basis of the results obtained, it is possible to state that the agricultural landscape
of Tuscany is dominated by a medium-fine-grain landscape structure, except for the
southern part of the region (provinces of Siena and Grosseto) that are characterized by a
medium-large-grain landscape structure. International surveys at the European level, such
as the Land Use/Cover Area Frame Survey (LUCAS) 2012, propose four different categories
of landscape structure fragmentation based on the field size: <0.5 ha, 0.5–1 ha, 1–10 ha and
>10 ha [65]. According to our results, the class 1–10 ha is too wide and not appropriate to
describe the fragmentation of Southern Europe cultural landscapes, usually characterized
by small-scale agriculture [66]. Therefore, we propose the following classification according
to the average patch surface for Southern Europe cultural landscapes:

• Small-grain landscape structure: <1 ha;
• Medium-grain landscape structure: 1–2 ha;
• Large-grain landscape structure: >2 ha.

Regarding the presence of protected areas, it is evident that most of the monitoring
areas are characterized by an almost complete protection of the surface (five areas have
at least 80% of the surface under environmental protection) or no protection at all (nine
areas). Few areas have an intermediate situation. The monitoring areas characterized by
a high presence of protected areas are often the ones with a higher coverage of forests.
Environmental protections have largely been applied in recent decades to forest areas
considered more natural, without taking into consideration the fact that in Italy, forests
have been regularly managed by man through the centuries. The presence of protected
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areas, in fact, means that the landscape is associated with “natural values” [67], often
without considering the specific history and origin of the actual vegetation. Examples can
be found in LU2 and LU8, the first one being historically characterized by chestnut groves
and the second one by coastal pine woods planted after land reclamation [68,69]. Both of
them largely suffered from abandonment of human activities, and protections have not
preserved the characteristic type of forest from evolving towards other types. A large part
of the current forest surfaces in Italy, preserved according to national and regional laws, are,
for a large part, the result of the abandonment of traditional agro-pastoral practices [70].
This trend is also common to other European countries, even in protected areas [71], and is
causing a simplification and homogenization of the rural landscape. As demonstrated by a
recent study by Piras et al. [72], 30% of the Tuscan forests currently included in protected
areas are the result of secondary successions and most of the total forest area has been
shaped by human interventions for what concern species composition and vertical and
horizontal structures. This suggests that the protection laws and regulations currently
applied are not adequate for preserving these cultural forests as they were developed
mainly to protect “natural environments”.

5. Conclusions

Tuscany is a very heterogeneous region in terms of morphology and climate, which is
also reflected by a significant diversity of texture. As an accomplice of morphology, it is
the human history in this area, as well as in most Mediterranean countries, which has led
traditions and customs, sometimes very distant from each other, to modify the territory
and, therefore, the landscape and its structure. Assessing the structures of the different
landscapes characterizing a region is crucial as they are an integral part of every country’s
heritage that significantly contribute to the increase and preservation of biodiversity,
landscape diversity and cultural diversity [73].

The evolutionary trends affecting the regional territory are of different types: (i) the
abandonment of mountain areas leads to the expansion of forests, typically composed of
large and not very diversified patches; (ii) the expansion of fields due to mechanization,
which involves the areas in the plains, also leads to an increase in grain size and to a
decrease in the overall complexity; (iii) the phenomenon of urbanization, which mainly
involves areas previously used for agricultural activities in the plains, that leads to a
fragmentation of the landscape mosaic, thanks also to the survival of small vegetable
gardens and family orchards.

The main limitation of this research, as well as similar ones, is due to the fact that the
choice of the study areas may affect the results. While casual sampling methods, commonly
used for forest inventories or similar studies [74], could lead to more objective results and
data, in this research this would not have necessarily provided more reliable data, as the
sample points should not necessarily be representative of the landscape characteristics of
the different LU. For these reasons, we preferred to base the choice of the study areas on the
different features of the landscape units as they are described in the Regional Landscape
Plan, trying to represent the variability in terms of land uses, morphology and altitude.

Thanks to the results obtained with the present research, it was possible to highlight
the characteristics of the structure and complexity of the main Tuscan landscape typologies,
providing a crucial baseline for future monitoring and for assessing the effectiveness of
planning policies. This turns out to be useful to improve and address planning, manage-
ment and protection strategies respecting all the local differences, since the awareness
of the history and of the current landscapes’ features is not just scientifically interesting
but can also change our perspective on future planning, management and protection [75].
The most important contribution to the future planning instruments of the Tuscan region
comes from the fact that, through this research, it was possible to provide scientific and
quantitative data for each landscape unit, as the current Landscape Plan includes detailed
descriptions of the characteristics and of the vulnerabilities of the different landscape units,
but without any data or measurement. This will allow updating and adjusting the planning
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and protection strategies according to the results of this research and the expected future
steps. In fact, as already stated, it is planned to set up a complete monitoring of the Tuscan
landscape, based on a regular update of the land use maps and of the landscape metrics of
the twenty LU, and on analysis of the historical landscape through photo interpretation of
past aerophotos. This will allow obtaining a large amount of data in particularly high detail,
on the trend and on the current state of this fundamental resource of the regional territory.
Finally, the applied methodology can be easily replicated in other contexts characterized
by cultural landscapes in Italy or abroad, for planning or monitoring purposes, as it is
capable of providing quantitative data about land uses, landscape structure complexity,
characteristics and vulnerabilities, without large commitments of time and money for the
public bodies in charge of territorial and landscape planning.
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