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Abstract 
The study of a landscape can be considered as a multidisciplinary topic that should include all its 
different characteristics and their relationships in space and time. The international scientific literature 
currently proposes several methodologies for the assessment of landscape visual quality, jointly with 
the analyses of natural, agricultural and human component dynamics, which are at the basis for land 
planning and management. In this paper, suitable landscape visual characteristics have been 
identified through the elaboration of some relevant indicators, able to take into account different land 
components and based on the concepts of six landscape visual characters, i.e.: coherence, 
disturbance, historicity, complexity, naturalness and ephemera. After a methodological framework 
description, an analysis in an open-source GIS environment has been applied. This approach is based 
on the integration of landscape metrics and land use data, which are the starting point for 
implementing these indicators. The methodology allows to analyze large land portions, for which the 
study area of a whole Italian region – the Basilicata Region - has been considered. The final result is 
represented by a series of different map-based indicators, that can be individually analyzed, or even 
combined, so as to formulate a general index for the landscape visual quality.  
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Introduction 
Landscape transformations are constantly increasing and, especially in the last century, their 
frequency and intensity are irreversibly redesigning patterns and structure (Antrop, 2000) often with 
negative impacts on nature conservation, quality of life and recreation for people (Kienast et al., 2015). 
These landscape transformations frequently have common features, even in areas with different 
territorial characteristics (Olišarová et al., 2018, Statuto el al., 2018/b). After the European Landscape 
Convention of 2000, the awareness importance of monitoring, planning and regulating all landscape 
components has increased, with the aim to preserve and enhance the landscape heritage (Statuto and 
Picuno, 2017). Several investigation methods have been proposed, such as the concept of Landscape 
Character Assessment (Swanwick, 2002). In the present study we applied an innovative approach to 
assess landscape visual quality, with the aim to evaluate some fundamental characteristics for the 
management and protection of the landscape. This approach is based on different techniques that 
mainly consider land cover datasets and landscape metrics (Statuto et al. 2018/a), which allows to 
implement a replicable and modifiable methodology, based on different objectives and landscape 
characteristics. 
 
Material and methods 
The study area (Fig. 1), consisting of the whole Basilicata region (Southern Italy), covers a surface of 
10,073 km2. From a landscape point of view, Basilicata is characterized by different protected areas of 
particular interest from a naturalistic and historical-cultural point of view. Many areas require 
continuous monitoring and planning actions, due to the fragility of the natural heritage and the 
increase in tourist pressure (Cillis and Statuto, 2018). The Basilicata’s landscape presents varied 
morphological aspects thanks to the geological differences, that determine a considerable vegetational 
and faunistic richness.   
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Fig. 1: The Basilicata Region (Italy)  

 
The methodology is based on six visual quality landscape indicators as suggested by Ode et al. 
(2008): coherence, complexity, historicity, naturalness, disturbance and ephemera, that measure 
some of the key concepts proposed by Tveit et al. (2006). Each indicator has been calculated thanks 
to some specific tools (Martín et al., 2018) and related plugins with in a Geographical Information 
System (QGIS 3.4). The information needed to calculate these indicators refer to land use cover of 
1960 (Land Use map of Italy), Basilicata region official dataset (2013), Land Copernicus dataset (land 
cover 2018) and Digital Elevation Model (DEM). These indicators have been evaluated as (Statuto et 
al. 2018/a): 
  
- Coherence: it is related with landscape fragmentation. It has been calculated with “Effective Mesh 
Size” landscape metrics, based on land cover 2018;  
- Complexity:  it has been calculated as a landscape diversity index, using the Shannon's Diversity 
Index; 
- Historicity: the degree of landscape historical continuity has been calculated in the period 1960-2018 
for each area with land cover continuity and expressed in percentage;  
- Naturalness: It describes the perceived closeness to a natural state. Starting from the use of the 
2018, the naturalness has been calculated with the Hemeroby index (Walz and Stein, 2014) and 
inverting the values to be able to compare the indicator with others ; 
- Disturbance: the presence of disturbing elements has been calculated as the percentage of 
anthropized area, obtained from the official Basilicata Region dataset; 
- Ephemera: It refers to landscape modifications during the year, related to season succession or 
weather change. Recovering detailed information on Basilicata Nature Map, the percentage of 
vegetation that changes with the season (orchards, vineyards, pastures, arable lands, forests and 
meadows) has been assessed.   
The first two indicators - i.e.: complexity and coherence - have been calculated, considering the whole 
study area, by Fragstats 4.2.1 software, applying a moving window approach. Historicity, naturalness, 
disturbance and ephemera have been expressed in a regular 1 km2 square-mesh grid. The value of 
each indicator has been normalized within a scale ranging from 0 (lower value) to 1 (higher value), to 
make them mutually comparable and usable for further processing. 
 
Results and Discussion 
In figure 2, the map-based values of the six indicators are reported. 
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Fig. 2: Map-based values of the six indicators. 

 
In the first step of calculation, the Index for Landscape Character Assessment (ILCA) has been 
obtained from the algebraic sum of the values calculated for each one of the six above-mentioned 
indicators, except for Disturbance, which has been subtracted to the total, since it determines a 
reduction of the landscape quality. Giving equal importance to each indicator for landscape purposes, 
the same weight has been assigned. Then, the Index of Visual Landscape Character Assessment 
(IVLCA) has been calculated with reference to an observation point, which has been extrapolated as 
the centroid of each 1 km2 square grid. Finally, on the basis of a 5-m resolution Digital Elevation Model 
(DEM), a viewshed analysis (Čučković, 2016) has been carried out, allowing the realization of a binary 
cumulative raster map, that represents the visible (value=1) and not-visible (value=0) areas by each 
observation point (Fig. 3).  
 

 
Fig. 3: Viewshed analysis: 1 km2 square-grid, observation points, visible and non-visible areas 
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In a second step, the ILCA index has been then multiplied by the viewshed analysis raster value, 
resulting in the IVLCA map (Fig. 4 - right), in which the landscape quality is shown for visible areas 
only, since non-visible areas have zero value. The maximum value recorded of IVLCA is equal to 3.94 
(on a theoretical maximum of 5. 
 

 
Fig. 4: ILCA (left) and IVLCA (right) maps 

 
Finally, a more detailed statistical analysis was carried out considering the ILCA classes. 73.7% of the 
territory has indeed a value in the interval 2~3, while 16.6% in the interval 3~4. However, if we 
consider the IVLCA, it emerges that 67.2% of the territory is not visible from observation points, so the 
most representative class is still that with a value between 2~3, even if it covers a much lower land 
percentage (24.4%), due to a limited visibility. The same happens for the class 3~4, where the 
coverage percentage is greatly reduced (5.2%). The final result is that wide areas of the territory, even 
if characterized by an intrinsically high value of visual quality, are anyway roughly appreciable from an 
aesthetic point of view. 
 
Conclusions 
The methodology which has been implemented allows the evaluation of the indicators which have 
been considered, individually or as a whole. For example, the elaboration of the Disturbance indicator 
shows how low is the anthropic pressure on this study area and therefore, with the exclusion of some 
core zones, it has a limited influence on the decrease of the final index. In this case study, only some 
key indicators have been selected but, for a more detailed analysis, others characteristics may be 
considered. In addition, based on the different needs of the public decision maker, each indicator can 
be assigned by a different weight, depending on the specific objectives of analysis. This methodology, 
implemented into a GIS and processing land use and land cover data, constitutes an useful tool for 
planning activities, in the perspective of rural landscape protection and valorisation. 
 
References 
Antrop, M. (2000). Background concepts for integrated landscape analysis. 
Agric. Ecosyst. Environ., 77, pp. 17-28. 
Cillis, G., Statuto, D. (2018). Landscape protection and tourist valorisation of the cultural and natural 
heritage of the UNESCO site of Matera (Italy). In: Public Recreation and Landscape Protection – With 
Nature Hand in Hand? Conference Proceeding 2018. pp. 226–231. 
Čučković, Z. (2016). Advanced viewshed analysis: a Quantum GIS plug-in for the analysis of visual 
landscapes. JOSS 1(4), DOI:10.21105/joss.00032 
Kienast, F., Frick, J., van Strien, M.J., Hunziker, M. (2015). The Swiss Landscape Monitoring Program 
– A comprehensive indicator set to measure landscape change. Ecological Modelling, 295, 136-150. 
Martín, B., Ortega, E., Martino, P., Otero, I. (2018). Inferring landscape change from differences in 
landscape character between the current and a reference situation. Ecological Indicators, 90, 584-593,  
McGarigal, K., Marks, B. J., (1995). FRAGSTATS: Spatial pattern analysis program for quantifying 
landscape structure. General Technical Report PNW-GTR-351. Portland. Oregon: United States 
Department of Agriculture. 



480 
 

Ode, A.,Tveit, M., Fry, G. (2008). Capturing landscape visual character using indicators: touching base 
with landscape aesthetic theory. Landscape Res., 33, pp. 89-118. 
Olišarová, 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., 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. 
Statuto D., Picuno P. (2017). Valorisation of vernacular farm buildings for the sustainable development 
of rural tourism in mountain areas of the Adriatic-Ionian macro-region. Journal of Agricultural 
Engineering, XLVIII (S1):643,21-26.  
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 
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. 
Swanwick, C. (2002). Landscape Character Assessment: Guidance for England and Scotland 
(London: The Countryside Agency and Scottish Natural Heritage). 
Tveit, M., Ode, A., Fry, G. (2006). Key visual concepts in a framework for analyzing visual landscape 
character. Landscape Res., 31, pp. 229-255 
Walz, U., Stein, C., (2014). Indicators of hemeroby for the monitoring of landscapes in Germany. 
Journal for Nature Conservation, 22, 3, 279-289, 
https://doi.org/10.1016/j.jnc.2014.01.007. 
 
Souhrn 
V této studii byla navržena metodika pro vypracování indexu vizuálního hodnocení charakteru krajiny. 
Prvním krokem byl výpočet šesti specifických ukazatelů: soudržnosti, složitosti, historicity, přirozenosti, 
rušení a efeméry. V prostředí GIS byly vypočteny všechny jednotlivé mapové ukazatele, pak se spojily 
vizuálně. Nakonec byl první obecný index zkombinován s analýzou pohledu, aby se vypracoval 
konečný index pro hodnocení charakteru vizuální kvality. 
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