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Under the new Green Deal, decision makers in the 21st century are faced with the 

responsibility of addressing increasingly complex environmental challenges to protect the 

ecology and, thus, the public health. This protection does not stop at country borders so 

it is inevitable that it has to be transnational. Considering also that efforts dealing with 

only one aspect may reveal or create other problems, the need for holistic and trans-

disciplinary methodologies based on the integration of different scientific approaches and 

technological tools is considered as crucial. 

In the above context, the vision of the GEOLAND project is to establish and promote the 

effective participation of Higher Education (HE) institutions in monitoring actions leading 

to influencing decision-making for the implementation of the European Landscape 

Convention (ELC)1. Ultimately, the GEOLAND project seeks to develop a learning path 

for HE students and professors so that they are able to exploit their (existing or new) 

knowledge for the assessment, management and protection of European landscapes with 

significant environmental and socio-economic value. Specifically, this relates to the use 

of Landscape Character Assessment (LCA) for given “NATURA 2000” sites across 

Europe, highlighting the capabilities of state-of-the-art geoinformatic technologies (Earth 

Observation – EO and Geographic Information Systems – GIS) and innovative scientific 

approaches like citizen science, employed in pedagogies. Through the “remoteness” 

characteristic of the specific technologies and tools, the GEOLAND project also 

addresses the digital skills and readiness of HE students in the (post-)COVID-19 

pandemic era. 

Some of the main objectives of GEOLAND project can be listed as follows: 

● Introduce HE students in environmental science, and particularly regarding the 

implementation of ELC. 

● Support the teaching and learning about landscapes as a multidisciplinary subject 
area in HE institutions. 

● Empower HE students and professors in the principles of citizen science (mainly 

the public participation) for decision-making and employing environmental policies. 

 
1 More information about the European Landscape Convention (ELC) is provided below (see pg. 15). 
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● Promote in academic society the benefits of using state-of-the-art geoinformatic 

technologies (EO and GIS) and geospatial freely distributed / open access data 

(e.g. Copernicus satellite imagery data) in landscape-related studies. 

● Highlight the integration of EO, GIS and public participation approaches in relevant 

studies. 

● Help HE students to recognize “NATURA 2000” landscapes as an essential 

component of people’s surrounding environment. 

● Synthesize and integrate readily communicable findings suitable for awareness 

raising and policy negotiations in terms of landscape management and protection. 

● Assist students and professors to assess, compare and evaluate the different 

methodologies that each country uses in the implementation of ELC. 

The expected results of GEOLAND project are the following: 

● General guidelines for LCA based on the combination of public participation 

(experts’ and/or students' opinions by questionnaires, personal interviews and new 

people-centric applications) with geoinformatic technologies. 

● A web-based GIS platform sharing multi-temporal geospatial data (derived from 

GIS and EO-based monitoring techniques) for pilot European “NATURA 2000” 

landscapes. 

● Environmental policy suggestions emphasizing the importance of the assessment, 

management and protection of landscapes. 

● An “Online Gallery” presenting the HE students’ work findings and relevant 
cartographic visualizations (maps). 

● Communication and digital educational strategies aiming to support the transfer of 

subject-related knowledge to students and broader educational communities 

(Article 6 of the ELC). 

The GEOLAND project will reinforce European Policy in landscape conservation as well 

as national and local actions regarding the implementation of the ELC. In particular, its 

transnational perspective is going to help students and professors to comprehend the 

problems that arise from heterogeneous applications of ELC and suggest solutions to 

these problems. The outcomes of the project will provide essential recommendations for 
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policy makers and maintain a dialogue with relevant stakeholders, open for future 

development. Citizens will also gain a voice on local issues and tailored advice on 

important issues regarding landscape assessment, management and protection. The 

overall methodology of the project is eventually expected to constitute a road map for 

relevant studies not only in Europe but also worldwide. 
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Chapter 1   
FOREWORD 

The long-term effects of population growth and urban expansion in combination with 

those of ongoing climate change have highly contributed to the depletion of the stock of 

natural resources and ecosystem services delivered by our valued landscapes. In the 

future, the intensity and magnitude of these effects are predicted to increase dramatically, 

affecting the appearance and functionality of landscapes. Hence, landscape awareness 

raising can be considered an important aspect of nature conservation and sustainability. 

Assessing the landscape’s character and overall quality plays a fundamental role in a 

preliminary stage of policy-relevant advocacy. This assessment, however, has been 

proven to be hampered by the conceptual difficulties in landscape understanding, as well 

as the absence of clear objectives and measurable indicators.  

In terms of landscape awareness raising, this Handbook offers a general overview of 

conditions and challenges for landscape teaching and learning in the current “digital age”. 

In this context, the Handbook assists in clarifying the complexity of landscape 

understanding since, to some degree, it deals with an explanation of modern concepts 

related to landscape. Its main motivation, however, is to provide educational guidance for 

the implementation of LCA under a multidisciplinary framework. The document has been 

written with a greater focus on the empirical perspective of the assessment, by 

presenting, in detail, methodological options and outputs. Concerning this field of practice, 

it also describes relevant key concepts and terminology. Although the overall objective is 

to present and communicate the status and trends in LCA, the framework is adaptable 

and can be tailored to different needs. 

This Handbook should be used as a basic educational reference for guidelines and 

information with regard to multidisciplinary LCA resulting to landscape management and 

protection policies. In order to support the multidisciplinary framework, the content of this 

document has been developed by a team of experts with academic and/or research 

experience in landscape history, landscape ecology, landscape perception, physical and 
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social geography, environmental monitoring and assessment, as well as geoinformatics-

based spatial analysis and multi-criteria decision-making. 

The main “target group” of the Handbook consists of students and professors of HE 

institutions across Europe in the scientific fields of geography, geology, geoinformatics, 

environment, forestry, and other relevant fields. However, educational staff of political, 

economic or legal studies are likely to have a particular interest in using it as well. The 

publication of this document should help them generate discussion and encourage their 

relevant educational and professional work, enabling them to meet today’s digital 

challenges. Except for educational staff, it could also constitute an invaluable resource 

for researchers, scholars and all others concerned with studying and understanding 

landscape, as well as practitioners and regional or local government officials who are 

responsible for landscape planning and decision-making.  
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Chapter 2   
Introduction 

The long-term interaction between nature and humans has nurtured the scenery of the 

living environment. The landscape is considered one of the key components of this 

environment, representing both the physical reality and the way in which people perceive 

it. In theory, a landscape is the face of a land with all its natural and human components 

and, at the same time, the feelings and emotions that it arouses in the people when they 

see it. It is also a social product, a cultural projection of a society on an area determined 

by material, spiritual, ideological and symbolic dimensions (Landscape Observatory of 

Catalonia, 2021). In practice, a landscape concerns environmental and socio-cultural 

aspects, and thus it should be faced as a coherent integrated unit. Due to the interrelation 

of the various aspects, the delineation of this unit might be complex in most cases. 

A landscape delivers essential ecosystem services by sustaining natural resources and 

reducing environmental degradation, and simultaneously contributes to the improvement 

in human well-being and the increase of economic production. All these positive effects 

are mirrored by the landscape quality and its changes over time. Landscapes are rapidly 

changing worldwide as a result of both environmental and anthropogenic drivers. 

Including, among others, the alterations in land use due to urban expansion, increasing 

food demand due to population growth, and ongoing climate change, these drivers often 

lead to degradation of the landscapes by negatively affecting their quality and the various 

(natural, socio-cultural and perceptual/aesthetic) values attached to them. Hence, the 

need for assessing the magnitude of change and establishing appropriate conservation, 

adaptation and/or mitigation policies is urgent. 

 

 

The right, as well as the duty, of protecting and maintaining the integrity of landscapes 

is a social responsibility and a commitment to transmit our heritage to future 

generations by keeping sustainable development (Arsic, 2015). 
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Figure 1: Schematic representation of landscape as a social-ecological system (Opdam, 2014) 

 

 
Figure 2: Landsat satellite images (color-infrared, with red color highlighting the vegetation coverage) presenting 

temporal landscape changes due to dam construction (Aposelemis dam, Heraklion, Crete Island, Greece) 

 

The perception of a landscape is also important: The landscape is the sum of all sensory 

perceptions at the earth's surface. We experience it first of all as an image of what we 

see, but it also has a sound, a smell. A residential landscape is experienced differently 

from a production landscape. It is not only the visual perception that plays a role here, but 

the total perception with all the senses. We see, smell, hear, feel our environment. The 

perceptions pass through a non-negligible psychological perception filter, determined by 

involvement, knowledge, experience, emotions, etc. As a result, certain elements are 
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absorbed more strongly, while others are weakened. The total perception therefore 

results in a very subjective image that will differ greatly from person to person.  Each 

person will discover different values in a landscape, or will find one value more important 

than another. 

 
Figure 3: Representation of how a landscape is perceived 
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Special attention to the importance and urgency of landscapes has been drawn at 

international level over the last decades. Considering the landscape as one of the key 

issues for environmental and territorial sustainability, international bodies have promoted 

sustainable development policies for many years. Particularly in Europe, landscape has 

often been among the subjects of the political agenda of European countries, resulting in 

declarations and conventions that emphasize how the richness of European landscapes 

represents the symbol of various continental identities (Council of Europe, 1995). To 

some degree, the specific emphasis was guided by subsequent European directives 

introducing, in a structural way, the environmental assessment and monitoring (mainly 

Directive 85/337/EEC for Environmental Impact Assessment and Directive 2001/42/EEC 

for Strategic Environmental Assessment). In these European acts, landscape was 

considered one of the environmental components subject to possible impact. 

However, the most important act at European level culminated with the adoption of the 

European Landscape Convention (ELC)2 in 2000 (Council of Europe, 2000). The ELC 

obliges the signatory member countries of EU to incorporate the landscape dimension in 

their legislation, allowing for it in their policies and in different sectors with possible direct 

or indirect impact on landscape (Council of Europe, 2008). Ultimately, public authorities 

at national, regional and local levels are encouraged to adopt policies and measures for 

protecting, managing and planning landscapes throughout Europe. It covered all 

landscapes, both outstanding and ordinary or even degraded, that determine the quality 

of people’s living environment. Particularly at local and regional levels, landscape is the 

concern of all and lends itself to democratic treatment, according to ELC. 

In addition, the ELC provided a framework for integrated intergovernmental efforts 

towards the preservation of landscape character and its quality by taking seriously into 

account the different factors that exist in it. Towards the ELC implementation, the first 

phase includes the identification and assessment of the character of current landscapes, 

which subsequently leads to the formulation of Landscape Quality Objectives (LQO). 

Then, the second phase involves the determination of guidelines for the achievement of 

 
2 The ELC was opened for signature from the Member States of the Council of Europe on 20/10/2000, in 

Florence of Italy (also known as the Florence Convention), and came into force on 01/03/2004. 
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LQO, by specifying policies and actions for landscape protection, management and 

planning (Santé et al., 2020). 

 

 
 

In spite of the requirements of the ELC, it is a fact that, nowadays, only a few countries 

across Europe (France, Italy, Switzerland, Netherlands, Belgium, Great Britain) have a 

systematic knowledge of the landscape characters in the total (national) or most (regional) 

of their own territory. In many other European countries, the acquisition of this knowledge 

is either out of attention or under experimentation. While the operating methods for 

planning are inevitably associated with the institutional and regulatory functions of every 

single country, the framework of assessment offers greater possibilities for landscape 

knowledge exchange and utilization through international collaboration; a point highly 

recommended by the ELC. 

From a scientific perspective, it is only in recent years that the international scientific 

community has been dealing with studying the theme of landscapes. That can be mostly 

imputed to the consideration of landscape initially as a “simple” component of the 

environment which can be evaluated in general environmental assessment procedures. 

However, today, it is intensively faced as a specific object of assessment in order for the 

scientists/ researchers to assist the governments in meeting the requirements of the ELC. 

Within the literature – especially the European – more examples of studies focusing on 

the assessment and comparison of landscape characters rather than the 

recommendation of subsequent policies are detected. Moreover, a higher level of 

research interest is observed for rural compared with urban landscapes in the majority of 

these studies. 

 

Article 1 of the ELC: “Landscape means an area, as perceived by people, whose 

character is the result of the action and interaction of natural and/or human factors” 

(Council of Europe, 2000). 
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Figure 4: Actions to make the European Landscape Convention (ELC) work (Vasiljević et al., 2018) 

2.1 Learning and Teaching Perspectives: ICT and Landscape Policy 

From the perspective of living in a world dominated by technology, the knowledge and 

access to the rapidly evolving technological tools have been essential for ensuring that 

no one is “left behind” due to lack of training or even exposure to them. In this line, the 

exploitation of technology in the educational sector has been an issue of important focus 

over the 21st century. The proliferation of the Internet, the rate of digitalization, and the 

rapid development of Information and Communication Technologies (ICT) have provided 

opportunities for a range of educational delivery modes. Innovative technological tools 

gradually crept into education and their use resulted in a revolutionary change in 

pedagogy (Cranfield et al., 2021).  
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More recently, the COVID-19 pandemic highlighted the importance of teaching and 

learning experience using ICT, not only in distance learning and e-learning, but also in 

face-to-face education itself. As a result of this pandemic, many educational institutions 

and their staff found themselves in an urgent need to switch from traditional to fully digital 

or blended technology-supported teaching modes, without having the requisite pre-

existing experience, infrastructure or support services to deal with this alteration. This has 

led to the development of a new teaching framework by promoting scenarios oriented 

towards digital literacy using web-based tools and services (e.g. several video 

conferencing platforms such as Zoom, Google Classroom or Microsoft Teams). Under 

this framework, teachers and academics need to have digital skills to provoke students’ 

interest, boost their engagement and motivation, and achieve better learning outcomes. 

 

 
Figure 5: Technology-based advancement of teaching-learning tools (Cherian, 2018) 

 

As a response to urgent needs related to the pandemic, the EU Member States agreed 

on the Digital Education Action Plan (2021–2027). This plan constitutes an EU policy 

initiative to support the sustainable and effective adaptation of the education and training 

systems of Member States to the digital age (European Commission, 2021a). It aims to: 

● Offer a long-term strategic vision for high-quality, inclusive and accessible 

European digital education.  
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● Address the challenges and opportunities of the COVID-19 pandemic, which has 

led to the unprecedented use of technology for education and training purposes.  

● Seek stronger cooperation at the EU level on digital education and underscore the 

importance of working together across sectors to bring education into the digital 

age. 

● Present opportunities, including improved quality and quantity of teaching 

concerning digital technologies, support for the digitalization of teaching methods 

and pedagogies and the provision of infrastructure required for inclusive and 

resilient remote learning. 

The Digital Education Action Plan (2021–2027) proposes three basic priorities: 

(a) Making better use of digital technology for teaching and learning. 

(b) Developing relevant digital skills and competences for digital transformation. 

(c) Improving education systems through better data analysis and foresight. 

 

 
 

The digital requirements are changing rapidly, especially in higher education (HE), where 

the increasing demands of students and the continuous implementation of technology 

require large-scale innovation in pedagogy for improved student learning outcomes 

(Daniel and Bird, 2019). However, educators generally show low levels of digital 

information literacy, or skills in digital communication and collaboration. Furthermore, 

students require basic training to interact with this situation, since their relevant skills are 

not enough developed to make them able to evaluate and critically use digital information, 

data and tools autonomously. Not having adequate training leads to unsatisfactory 

results, and thus to a deficit in this type of knowledge (Gómez-García et al., 2022).  

“While 90% of future jobs require some level of digital literacy, 44% of Europeans lack 

basic digital skills. The Digital Education Action Plan we propose today will help 

Europeans, educational institutions and education systems to better adapt to life and 

work in increasingly digital societies”. 
Mariya Gabriel, Commissioner for The Digital Economy and Society 
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As it is derived from the above, the integration of ICT in teaching is required nowadays 

upon the importance of achieving better educational results. This integration represents 

an advance from the previous model based on pedagogy and content, leading to changes 

in existing educational methodologies or the development of new ones. Teachers and 

educators who actively use ICT in teaching by incorporating technology in an applied, 

natural and effective way within their own reference knowledge, provide an example that 

their own students can follow. By doing so, their role is transformed as they act in the 

classroom as facilitators who learn from their own teaching experience (Puertas-Aguilar 

et al., 2021). 

2.2 Digital Competences 

The current educational framework demands an active pedagogy by teachers and making 

use of technology to enhance students’ achievements. Since ICT itself does not 

guarantee better learning outcomes, the integration of digital competences into teaching 

is the first step towards the improvement of education. These competences need to be 

specified in a way that reflects what the student is expected to know, understand, and be 

able to do exploiting them. Due to that, their specification has become one of the most 

demanding challenges faced by the educational community. 

The European Digital Competence Framework for Citizens (known as DigComp) has 

significantly contributed to the definition of digital competences in a more general context. 

Developed by the Joint Research Centre (JRC) of the European Commission, DigComp 

constitutes a novel, scientific attempt (with the participation of a variety of experts and 

stakeholders from EU Member States) to define a common set of competences that 

people need to prosper in all areas of their lives in a digital society and economy. 

Essentially, the framework identifies 21 competences in five key areas, describing what 

it means to be digitally savvy. People need to have competences in each of these areas 

in order to achieve goals related to work, employability, learning, leisure and participation 

in society (European Commission, 2016). For each of these competences, DigComp also 

identifies three proficiency levels (foundation, intermediate and advanced), with each 
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level representing a step up in citizens’ acquisition of the competence according to its 

cognitive challenge, the complexity of the tasks they can handle and their autonomy in 

completing the task. The proficiency levels later increased from three to eight, resulting 

in the current version of DigComp 2.1 (Carretero et al., 2017). A revision of the Framework 

is being undertaken to generate a DigComp 2.2 version with a new publication expected 

in early 2022 (Joint Research Centre, 2021). 
 
Table 1: DigComp’s key areas and competences (content source: European Commission, 2016) 

Key areas Competences 

1. Information and Data  
Literacy 

1.1. Browsing, searching and filtering data, information and digital content 

1.2. Evaluating data, information and digital content 

1.3. Managing data, information and digital content 

2. Communication and 
Collaboration 

2.1. Interacting through digital technologies 

2.2. Sharing through digital technologies 

2.3. Engaging in citizenship through digital technologies 

2.4. Collaborating through digital technologies 

2.5. Netiquette 

2.6. Managing digital identity 

3. Digital Content 
Creation 

3.1. Developing digital content 

3.2. Integrating and re-elaborating digital content 

3.3. Copyright and licenses 

3.4. Programming 

4. Safety 

4.1. Protecting devices 

4.2. Protecting personal data and privacy 

4.3. Protecting health and well-being 

4.4. Protecting the environment 

5. Problem Solving 

5.1. Solving technical problems 

5.2. Identifying needs and technological responses 

5.3. Creatively using digital technologies 

5.4. Identifying digital competence gaps 
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Figure 6: : Proficiency levels of DigComp 1.0 and DigComp 2.1 (Carretero et al., 2017) 
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The yearly Digital Economy and Society Index (DESI) report shows big differences 

between the European countries: 

 

 
Figure 7: 2021 DESI ranking of EU Member States (European Commission, 2021b) 

 

 
1. Human capital

 

2. Connectivity

 

Around 40 % of the European Union (EU) population have an insufficient level of digital 

skills — of which 22 % have none at all. These are often older citizens, less educated 

young people, lower income families and migrants (European Commission, 2016). 



Introduction  | 25 
 

Educational Handbook for Monitoring European Landscape   
 

3. Integration of digital technology 

 

4. Digital public services 

 

Figure 8: Indicators in DESI (European Commission, 2021b) 

 

In a more education-specific context, there are the initiatives of The European Framework 

for the Digital Competence of Educators (known as DigCompEdu) and The European 

Framework for Digitally Competent Educational Organisations (known as DigCompOrg), 

which focus on capacity building for the digital transformation of education and learning 

and for changing requirements on skills and competences. Specifically, DigCompEdu 

responds to the growing awareness among many EU Member States that educators need 

a set of digital competences specific to their profession in order to be able to seize the 

potential of digital technologies for enhancing and innovating education (Redecker, 2017). 

It captures and describes 22 educator-specific digital competences organized in six key 

areas. It also proposes six different proficiency levels through which an educator’s digital 

competence typically develops. On the other hand, DigCompOrg highlights the support 

that digital learning technologies can offer to the educational organizations in order to 

achieve their particular mission and vision for quality education (European Commission, 

2018). It identifies seven key elements and 15 sub-elements that are common to all 

education sectors.  
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Figure 9: DigCompEdu’s key areas and competences (Redecker, 2017) 

 

 
Figure 10: DigCompOrg’s key elements and sub-elements (European Commission, 2018) 
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2.3 Engagement with Landscape 

Considering that landscape-related teaching and learning is a step that can help to raise 

awareness about it and overall sustainable environmental issues, the ELC has called for 

landscape to be one of the major subjects in the field of education. Under this call, an 

increasing emphasis on landscape incorporation in the educational process has been 

given over the past decades. Among others, the research of Zanato Orlandini (2007) is 

representative identifying a variety of didactic characteristics for landscape. These can 

be summarized in three principal aspects: (a) the hermeneutical, where landscape is read 

and its signs decoded, (b) the pragmatic, where students learn to manage, plan and 

protect it, and (c) the social, where students learn habits of respect for different territorial 

identities. Moreover, Lim and Perono Cacciafoco (2021) provided useful references for 

HE institutions based on the perspective of incorporating landscape into their curriculum. 

Landscape can be a pedagogical means that facilitates the development of critical 

thinking. Its perception by teachers and students, as well as its symbolic charge 

associated with identity and emotions, influence the way it is interpreted, taught, and 

learnt. On this basis, the ELC also proposes training professionals to acquire the right 

skills for managing and teaching about the landscape. In particular, the teachers and 

educators must be able to understand how a specific landscape is interpreted by the 

students, because their behaviour in relation to the landscape (conservation, feelings, 

etc.) will be conditioned by the way they perceive it (Fernández Álvarez and Fernández, 

2021). 

 

 
 

According to the Guidelines for the implementation of the ELC, “landscape constitutes 

a teaching resource because, when reading it, pupils are brought face to face with 

visible signs of their surroundings that relate to spatial-planning issues. Landscape 

reading also makes it possible to understand current and historical approaches to 

landscape production as an expression of a community’s identity” (Council of Europe, 

2008). 
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In addition, the incorporation of the landscape into education promotes student 

engagement. The Glossary of Education Reform mentions student engagement as “the 

degree of attention, curiosity, interest, optimism, and passion that students show when 

they are learning or being taught, which extends to the level of motivation they have to 

learn and progress in their education” (Great Schools Partnership, 2016). According to 

Norton et al. (2019), student engagement is highly affected by the inclusion of technology 

in the students’ course work, especially in the case of an environment-related curriculum. 

Hence, teaching-learning processes involving the landscape recently tend to adapt to 

approaches that integrate, among other aspects, ICT and overall student engagement. 

These approaches typically include the integration of fieldwork trips to landscape sites, 

questionnaires to enable students to recognize the landscapes around them and 

subsequently evaluating views and feelings towards these landscapes, as well as 

technology-based learning by tools and platforms to critically engage with the theories 

and practices of participatory landscape decision-making. 

 

 
Figure 11: Students compiling the profile of a landscape during a fieldwork exercise  

(Liiber and Roosaare, 2007) 
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Chapter 3   
Methodological Key Components 

In LCA, landscape is often assessed by evaluating specific and easily identifiable 

attributes (Martín et al., 2016). These attributes are commonly evaluated by a couple of 

approaches; either using spatial information derived from geoinformatic technologies, or 

through the participation of people living in or visiting the landscape concerned. The first 

approach assumes that spatial data and maps can represent the various attributes of a 

landscape. However, they cannot provide information about all of its attributes, such as 

the perceptual and aesthetic ones. These types of attributes can be supported by the 

second approach in which the landscape is assessed through public participation, i.e. by 

exploring the perceptions attached to the landscape by its residents or visitors. As in most 

cases, the combined use of the two approaches is considered to have advantages over 

the study of landscape based on the use of a single one. 

3.1 Geoinformatic Technologies 

Geoinformatics is a multidisciplinary scientific field which integrates geospatial principles 

with information technology (IT). Geoinformatic technologies provide tools and 

techniques that enable the acquisition, processing, analysis, manipulation and 

visualization of data characterized by their locations in space. The spatial data of various 

thematic and temporal dimensions and the design of systems for analyzing them 

constituted the core thrust of geoinformatic technologies. They encompass four important 

technologies such as GIS, EO, photogrammetry, and Global Positioning Systems (GPS), 

which are directly related to monitoring, management and mapping of features or 

phenomena that take place on Earth’s surface. 
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In general, environmental assessment has highly benefited from the development of 

geoinformatic technologies, as well as the continuously increasing availability of relevant 

multi-temporal spatial data at low or no cost. Their capabilities have allowed for 

reconstructing the past, monitoring the present, and predicting the future of the 

environment (Symons et al., 2013). At the same time, their major role in education and 

participatory decision-making cannot be ignored. One of the components of 

environmental assessment which has particularly benefited from the advances in 

geoinformatic technologies is the LCA. Specifically, GIS and EO have greatly enhanced 

the LCA by spatially determining and quantifying many of the attributes of landscape at 

various spatial scales. 

3.1.1 Geographic Information Systems (GIS) 

GIS is the technology of capturing, storing, updating, manipulating, analyzing, and 

visualizing diverse types of data that are spatially definable by a given coordinate system 

of a particular projection and scale. GIS can handle large volumes of this data derived 

from a variety of sources such as aerial or space systems, field surveys, as well as already 

existing maps and reports. The spatial data is incorporated in GIS environment as input 

data in order to be stored, managed, and analyzed/modeled. The results of spatial 

analysis/modeling conducted on the data can be then cartographically presented in the 

form of thematic maps. Chronologically, the GIS-based data analysis began to be 

implemented by governmental organizations and universities in the USA during the 1950s 

and 1960s. Today, a significant number of public and private organizations are working 

on GIS and developing user-friendly desktop or web applications. 

 

Ehlers and Amer (1991) defined Geoinformatics as “the art, science or technology 

dealing with the acquisition, storage, processing production, presentation and 

dissemination of geoinformation”. 
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In general, GIS technology is based on five fundamental components including: 

● Hardware: the parts of a computer system that are used for data inputs (e.g. 

scanners and digitizers) and outputs (e.g. printers and plotters). 

● Software: the functions and tools for capturing, storing, updating, manipulating, 

analyzing, and visualizing the spatial data. 

● Data: representations of spatially distributed features in either vector (points, lines, 

or polygons) or raster (grids) data layers. Tabular information related to the 

thematic or temporal dimensions of these features also plays a major role. 

● Methods: various procedures by which data can be edited and analyzed to achieve 

the required output. 

● People: the users who handle and analyze data in GIS to perform various tasks 

and projects. 

 

 
 

There are many definitions of GIS technology, which essentially explain its capabilities. 

Different people defined GIS according to the purpose for which it is applied. One of 

the well-accepted working definitions of GIS was given by Burrough (1987) who 

defined  GIS as “a set of tools for collecting, storing, retrieving at will, transforming and 

displaying spatial data from the real world for a particular set of purposes”. 

As Obi Reddy and Singh (2018) state “data capture, update and management, spatial 

analysis, and visualization are four principal functions of GIS. Data capture is basically 

assimilation of data from different data sources like manual digitization, scanning of 

analog maps, paper maps, and existing digital datasets. GIS provides facilities which 

can update and manage the data after they have been captured. What is required next 

is the ability to analyze the collected data quantitatively and qualitatively. One of the 

exciting aspects of GIS technology is that once data has been processed, it can be 

visualized and presented in different ways”. 
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Figure 12: Components of GIS technology (Mierzejowska and Pomykoł, 2019) 

 

Among others, the main advantages of using GIS in the investigation and analysis of a 

problem/phenomenon are the following: 

✔ Significant reduction of the time required for the data processing and analysis, as 

well as the production of the subsequent cartographic products (maps). 

✔ Enabling users to obtain, store, and manage initially unavailable data. 

✔ Implementation of different analysis models that require large amounts of input 

data. 

✔ Improvement of the analysis models through continuous evaluation of their outputs 

and adjustment of the relevant input data (“trial and error” procedure). 

✔ Ease of updating the maps after the collection of new available data. 

✔ 3D visualization, making possible the acquisition of three-dimensional information 

about the location and geometry of features. 

✔ Linking and usage of spatial data into online platforms and software (e.g. Bing 

Maps, Google Earth, etc.). 
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Figure 13: Representations of spatial data in GIS (Mierzejowska and Pomykoł, 2019) 

 

GIS technology constitutes a core part of several scientific disciplines like physical and 

human geography, climatology, oceanography, archaeology, etc. In a multidisciplinary 

context, GIS-based approaches and tools have been developed and used during the last 

25 years for the various aspects of land resource management such as geomorphological 

analysis, hydrological analysis, natural resource inventory mapping, land use/cover 

monitoring, soil suitability evaluation, natural hazard monitoring and assessment, etc. 

Particularly in terms of supporting decision-making for landscape conservation and 

planning, spatial information on the various (natural, socio-cultural and 

perceptual/aesthetic) attributes characterizing a landscape is decisive. To support such 

decisions, methodologies widely employing GIS have been applied for LCA. These 

methodological inroads have managed to render the landscape assessments more 

readily transferable into policy outcomes and participatory community-level actions. 
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3.1.2 Earth Observation (EO) 

EO is the instrumentation, techniques and methods used to observe the Earth’s surface 

and acquire meaningful information about particular objects on it by interpreting the 

relevant products or numerical values. Although the term is considered to usually refer to 

air-borne or space-borne observations, it also includes the ground-based observations 

derived from “in-situ” measurements. For this Handbook, the term of EO is used to 

represent aerial photography and satellite Remote Sensing (RS).  

Aerial photography is the oldest EO technique, widely used until the 1970s for a variety 

of applications. Photographs are taken by a camera mounted in an aircraft. As in common 

photography, film-based cameras have been largely replaced by digital versions in recent 

years. Two main categories of aerial photography are commonly described: vertical and 

oblique photography. Vertical aerial photos are captured with the camera’s axis at a 

perpendicular angle (90°) to the ground, whereas oblique photos with the camera’s axis 

tilted more than 20° from vertical (Khorram et al., 2016). Due to its stereo property, vertical 

photography has been used in most mapping applications, providing successive photos 

with a high degree of overlapping. On the contrary, oblique photography can be more 

beneficial for viewing sides of buildings.  

 

 
 

During the last decade, a significant growth in aerial photography has been noted as a 

result of the extensive use of unmanned aerial vehicles (UAVs), also known as drones. 

Nevertheless, because of its inappropriateness for imaging large regions at once, the role 

of aerial photography has been highly demoted by the satellite RS. 

In RS, the objects on Earth’s surface are measured by a satellite sensor that is not in 

contact with them. The measurements are based on the electromagnetic energy reflected 

Almost all topographic maps have been based on aerial photographs. Aerial 

photographs have also provided accurate data required for many national cadastral 

surveys and civil engineering projects. 
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by the Earth’s surface. This energy is related to specific parts of the electromagnetic 

spectrum – usually visible light, but it may also be infrared light or radio waves – resulting 

to the relevant satellite imagery data. 

 

 
 

 
Figure 14: Earth Observation using satellite and aerial sensors (Nixon et al., 2017) 

 

The past five decades have been marked from the launch of numerous governmental and 

commercial satellite platforms in orbit around the Earth. Today, under different space 

missions and programs, approximately 1000 such platforms are in operation, equipped 

with imaging sensors for collecting vast amounts of remotely sensed data from various 

parts of the electromagnetic spectrum (spectral bands). These sensors can be divided 

into two groups: 

According to Lillesand et al. (2003), remote sensing is defined as “the science and art 

of obtaining information about an object, area, or phenomenon through the analysis of 

data acquired by a device that is not in contact with the object, area, or phenomenon 

under investigation”. 
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● Passive sensors: their operation depends on the solar radiation (Sun as external 

source of energy) reflected from the Earth's surface. For this reason, 

measurements by these sensors are characterized by limitations in terms of time 

(only daylight) and weather conditions (without cloud and fog covers). The passive 

sensors mainly use the visible and infrared parts of the electromagnetic spectrum, 

covering the wavelength range from 400 nm to 1040 μm.  

● Active sensors: they have their own source of energy, by emitting their own 

electromagnetic energy and then recording the power of signal reflected from the 

Earth's surface. Due to this property, measurements by these sensors are more 

controlled since they are not affected by time or weather limitations. Active sensing 

methods include radar (radio detection and ranging), lidar (light detection and 

ranging) and sonar (sound navigation ranging). 

 

 
Figure 15: The difference between passive and active satellite sensors (Pettorelli et al., 2018) 

 

The sensor-platform combination determines the basic characteristics of the resulting 

imagery data such as their spectral, spatial, and temporal resolutions. For example, when 
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a particular sensor is operated from a higher altitude, the total area imaged is increased, 

while the level of detail (spatial resolution) that can be observed is reduced (Kerle et al., 

2004). Another key point of RS is that regions of interest can be revisited on a regular 

cycle, facilitating the acquisition of multi-temporal data. For a given sensor, the revisit time 

(temporal resolution) depends on the satellite’s orbit and navigational speed. 

The significant contribution of the “Landsat” and “Copernicus” Programs maintained by 

the National Aeronautics and Space Administration (NASA) of the United States (US) and 

the European Space Agency (ESA), respectively, in advancing the use of RS technology 

cannot be overstated. The sensors aboard the Landsat and Sentinel satellites, 

respectively, have provided the most temporally continuous and comprehensive archives 

of Earth imagery. Such images derived from their different spectral bands – with a spatial 

resolution ranging from 30m for Landsat to 10m for Sentinel – have opened new horizons 

for satellite image processing and interpretation in the domains of environmental and 

natural resource management, climate change, disaster management, law enforcement, 

and military. 

 

 
Figure 16: Satellite images acquired over the same area by two multispectral sensors (Landsat-8 and Sentinel-2), 

showing the different level of detail captured by different spatial resolutions (Pettorelli et al., 2018) 

 

EO can contribute effectively to the character assessment of landscapes, ecosystems, 

and contributing services offered. EO data are geospatial in nature, meaning that the 

observed areas and objects are defined according to their location in space. Analyzing 

them in conjunction with other geospatial data can substantially assist in tracking 
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landscape shifts due to climatic changes, land use changes, and human interventions. In 

addition, they can provide novel insights into “mesoscales” and give the opportunity to 

develop new approaches that better capture the temporal dynamics of both landscape 

and its services (Ramirez-Reyes et al., 2019). 

3.2 Citizen Science – Public Participation 

People’s engagement, or public participation, in scientific approaches for research began 

with Citizen Science (CS), which depends on the partnership between citizens and 

scientists to answer real world questions (Riesch and Potter, 2014). CS-based projects 

have been classified according to when citizens are first involved in them. In contributory 

projects, scientists design the projects and citizens merely contribute data. Conversely, 

there are collaborative projects in which citizens are full partners from design to 

dissemination. In these projects, citizens help to analyze data, refine project design and 

disseminate outputs. All these project types refer to research for and by the people in 

order to bridge the “dichotomy” between the scientific community and the citizens’ 

community, fill gaps in their knowledge, and contribute to policies at all spatial scales. 

However, CS still remains a challenge in itself due to numerous issues such as the 

motivation of citizens, strategies for retention of public participation, and increasingly, 

legal issues related to privacy, ethics and licensing (Fritz et al., 2017). 

 

 
 

Numerous researchers have recently employed public participation for studying a variety 

of real world issues. For instance, by applying a literature review, Cheung et al. (2022) 

Guidance from the Research Councils UK states: “Public engagement may be 

included as one element of your Pathway to Impact. Engaging the public with your 

research can improve the quality of research and its impact, raise your profile, and 

develop your skills.  It also enables members of the public to act as informed citizens, 

and can inspire the next generation of researchers” (Hambidge et al., 2019). 
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demonstrated how citizen science can inform management and enhance public 

participation in protected areas stewardship activities. Albrecht et al. (2022) examined the 

public perceptions on the drafting process of a legislation on the climate policy that aims 

to mitigate climate change and secure adaptive capacity. Based on their findings, they 

suggested that participatory and transparent processes in legislative drafting are 

prerequisites for the implementation of international climate mitigation targets. Moreover, 

considering that existing studies on renewable energy planning rarely involved public 

opinions in the decision-making, Zhang et al. (2022) developed an approach to aggregate 

the relevant opinions and preferences of individuals within subgroups. Hazenbosch et al. 

(2022) applied a participatory photography-based process in a smallholder farming 

community to explore local perspectives on resource management, drivers of change and 

adaptive strategies. Their process provided triangulation of scientific studies, gave 

insights into farmers’ perceptions, and highlighted adaptive strategies and the 

complexities of realizing them. Pantić et al. (2021) also explored the new domain 

developed in urban and spatial planning with regard to public participation. By using both 

traditional and virtual modes of participation, they concluded that this combined approach 

has potential benefits in the post-COVID-19 pandemic era. 

Regarding environmental issues, people’s involvement tends to be of high importance. 

Involving people in these issues can add value to the environmental assessment and 

increase the significance that needs to be given to subsequent management and 

protection policy decisions. Therefore, there is an urgent need to develop frameworks for 

public participation in landscape assessment and “awareness-building”, as promoted by 

the ELC and other relevant initiatives. Specifically the ELC emphasizes the importance 

of public participation in two different aspects; on the one hand, by the assessment of 

landscape quality on the basis of mixing expert knowledge with that of non-experts, and 

on the other hand, through the development of landscape policies after the assessment. 
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By receiving and analyzing information from both experience and observation, people 

living in or visiting a landscape should be active participants in LCA through the 

attachment of specific values to its different attributes. Individual perception of valuing is 

mediated by the socio-cultural context in which the person exists, as well as the 

individual’s thinking, feeling and acting about the landscape. Thus, people associate 

themselves with a range of landscape values, but the mix of values and the weights 

placed on them may differ from individual to individual (Brown and Brabyn, 2012).  

 

 
 

Despite the fact that involving public opinion in landscape assessment is generally and 

publicly acknowledged as a need, it is still difficult to carry out and usually represents a 

scientific challenge. Moreover, no universally accepted approach has yet been 

developed, as reflected in the different approaches of public participation implemented by 

the signatory states to ELC. Generally, it is believed that experiential field-based 

approaches optimally offer many benefits for the specific purpose. For instance, Hedblom 

et al. (2020) developed and evaluated an approach for linking people’s perceptions for a 

mountain landscape to physical monitoring data. In order to obtain these perceptions and 

then translate them into physical data, they used a field-based questionnaire including 

open questions and photography ratings. Additionally, combining semi-structured 

interviews and a map-based technique, Scolozzi et al. (2015) recognized and mapped 

tourists’ perceived values and related threats for a touristic landscape. 

“It is no longer sufficient to develop passive lists or reports to ‘inform’ citizens about 

changes in our environment. We need to engage with citizens and ask how they can 

‘inform’ us”. 
Prof. Jacqueline McGlade, 2009 Earthwatch lecture (European Environment Agency, 2011) 

The view of public participation in LCA is supported by Tuan’s (1977) conception of 

place. According to this, “people differentiate place from space by attaching meaning 

and values to space; places become ‘centres of felt values’ that emerge through 

experience and are influenced by culture”. 
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More recent approaches have involved people’s perceptions by a GIS-based Public 

Participation (PPGIS) in order to determine landscape attributes. Commonly assisted by 

web-GIS technology, PPGIS is used to elicit field-based information from the public, and 

especially from non-expert users. This information can be then represented in a spatial 

way, by any of the typical GIS-supported vector data geometries (points, lines, or 

polygons). Among others, by using point geometries in a PPGIS procedure, Palacio 

Buendía et al. (2021) collected public’s opinions about a protected landscape. The 

processing of this data by means of spatial analysis techniques constituted the basis for 

the relevant assessment. Brown and Brabyn (2012) also spatially intersected landscape 

character values collected through a regional-scale PPGIS procedure with landscape 

components and classes from a national-scale land classification system. In general, the 

PPGIS can provide a powerful option for LCA since it improves the participation 

procedure and enhances the ability of people to express their opinions and perceptions 

about landscape. It can be important for rapidly evaluating the conditions in “sensitive” 

landscapes such as the protected ones, and perhaps integrating the data within 

assessment with other approaches where public participation is called for. 

 

 
 

In spite of the lack of a clear framework for involving people in landscape assessment, 

greater importance has been given to public participation in developing landscape 

policies. Τhe ELC introduces public participation as a key factor in developing landscape 

policies (Articles 5 and 6). In particular, it marked a paradigm shift in landscape 

consideration, by including the public in the decision-making process. According to ELC, 

once the different landscape types have been identified and assessed, the Landscape 

Among the geometries in PPGIS, points are the most used since it is simpler for the 

general public to handle them, and more useful for achieving greater participation 

rates. However, point features tend to restrict people’s opinions to extents spatially 

defined only by single pairs of geographic coordinates, while they usually mean larger 

extents defined by multiple pairs of coordinates (as in the case of polygons) (Palacio 

Buendía et al., 2021). 
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Quality Objectives (LQO) for each landscape type must be defined. The definition must 

take into account the different values attributed by diverse groups of people to the same 

landscape (Santé et al., 2020). In this context, LQO are usually defined directly by public 

authorities after a public consultation; however, in most cases, asking only for subjective 

opinions of public administrations or representatives or certain selected stakeholders. A 

representative example is the work of Santé et al. (2020). who proposed a methodology 

for designing landscape planning scenarios and defining LQO based on the subjective 

perceptions captured from different sources and registers of public administrations and 

associations. The capacity of a PPGIS played the most significant role in their proposed 

methodology. 

 

 
 

 
Figure 17: Representation of public participation in landscape-related surveys 

. 

The ELC defines LQO as “the formulation by the competent public authorities of the 

aspirations of the public with regard to the landscape features of their surroundings”. 

These aspirations are usually understood as expectations about what the landscape 

could offer to the public (Sevenant and Antrop, 2010). 
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Chapter 4   
Landscape Character Assessment 

4.1 General Information 

According to the basic principle of environmental assessment, an environmental system 

must be assessed before planning, for the purpose of decision-making and learning. 

Environmental assessment has constituted a crucial activity for monitoring the direct and 

indirect effects of nature-humans interaction on the environment over time. As a result of 

generalization and conflation of the landscape concept with environment, environmental 

assessment frameworks initially influenced those on landscape. In the specific 

frameworks, the landscape component was considered a critical point, however 

characterized by high complexity and generalizable, not easily quantifiable dimensions. 

In practice, these particular characteristics were faced by the reduction of the complexity 

of landscape to just one aspect (e.g. ecological), and the synergistic use of both 

quantitative and qualitative judgements (Cassatella and Peano, 2011). Nevertheless, 

there was considerable disillusionment with this kind of approach, as many believed that 

it was inappropriate to reduce landscape to just one aspect and only use it for judgements.  

The abovementioned disillusionment led, in the 1950s, to the differentiation of landscape 

assessment from the general context of environmental assessment. In the 1970s, the 

focus of assessment on “value” term to determine what makes one landscape “better” 

than another was highlighted. In the next decade (1980s), landscape assessment was 

considered as a key procedure for identifying what makes one landscape different from 

another, rather than “better” or “worse”. The concept of landscape character then 

appeared and, from the 1990s onwards, it was increasingly dominant in the assessment 

procedure. The concept of LCA was consequently adopted and established for this field 

of practice. 
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There are two major types of attributes, or components, related to landscapes: (a) the 

bio-physical attributes linked to natural (e.g. geology, soils, landform, hydrology, climatic 

conditions) and socio-cultural (e.g. land use, settlement pattern, economic activities) 

inheritance where a landscape is considered in space, and (b) the perceptual/aesthetic 

attributes linked to how a landscape is perceived, with regard to scenic quality, visual 

beauty and human well-being. The unique combination of these attributes defines the 

landscape character, making landscapes distinctive each other. Therefore, LCA is the 

procedure of identifying and documenting the character of landscape, as well as 

monitoring and describing its evolution. It mainly depends on the landscape classification 

and evaluation. 

The purpose of landscape classification is to initially identify areas of distinct character, 

and then classify and map them. The rationale is that specific combinations of natural, 

socio-cultural and perceptual attributes existing in different areas lead to similar 

landscape character types (Obi Reddy and Singh, 2018). Under the analysis of desk-

based and/or field-based quantitative and qualitative data representing spatially these 

attributes, the classification indicates the different landscape character areas and types. 

Then in the landscape evaluation, judgements are imparted about the identified areas 

and types to describe and communicate the status of landscape and its (sustainable or 

not) evolution. Each of them reflects the quality of a different aspect of landscape that 

responds to the various human-induced pressures or changes.  

 

One of the major principles, which ELC is based on, is the identification of landscape 

character, as well as the pressures and drivers of change, as regards the 

implementation of strategies for landscape management, planning, and protection. 

Such principles and strategies require a systematic knowledge of their variation, 

spanning the full range of spatial scales that define the landscape level, i.e., in 

landscape typologies (Terkenli et al., 2021). 
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Figure 18: The attributes of landscape (content source: Markova, 2019) 

 

The evolution of GIS technology and increased availability of geospatial datasets, 

boosted by web advances, have provided new opportunities in the development and 

implementation of methodologies for LCA over the past two decades. A number of studies 

have been published in the international literature dealing with how specific landscape 

aspects and objectives can be assessed; among others, assessments of visual quality or 

degradation and restoration. In general, the LCA methodological approaches applied in 

these studies can be distinguished between two main groups: the bio-physical and 

conceptual approaches. The bio-physical approaches are based on the bio-physical 

attributes of landscape, without taking into consideration the perceptual attributes. The 

landscape types and areas are defined by (objectively) valuing and aggregating natural 

and socio-cultural attributes through GIS. They are then rated according to well-

established criteria (“objective” judgements) and ignoring that people can perceive and 

rate them by their personal experience with the landscape. The final output is a spatial 
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distribution of areas of high and low scores corresponding to the presence of higher or 

lower-rated bio-physical attributes (Palacio Buendía et al., 2021). 

 

 
Figure 19: Methodological approaches for different landscape assessments/evaluations  

(Martin et. Al., 2016) 

 

On the other hand, the conceptual approaches point out the importance of the perceptual 

attributes of landscape as a construct of human views, perceptions, and individual or 

collective human-landscape interrelationships. These approaches highly depend on the 

perceptual responses that the bio-physical attributes of landscape evoke in people living 

in or visiting it. They also assume that landscape evaluation ought to lie exclusively in 

subjective judgments and ratings given by non-expert and/or expert participants; although 

citizen science is considered fertile ground, expert judgements have dominated because 

they are expedient. The subjectivity can be expressed by not only individual but also 

collective judgments. The individual judgments may influence each other since they are 
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the result of one’s emotional (feelings for the landscape) and social (age, educational 

background, profession, etc.) aspects. The collective judgments tend to be more general, 

derived from a group’s responses regardless of their individual aspects (Hedblom et al., 

2020). 

 

 
 

Given that each of the above groups of approaches failed to incorporate the total suite of 

attributes needed to fully determine landscape units, integrative multidisciplinary 

methodological frameworks have been recently attempted. During the last years, a variety 

of such frameworks have been developed and applied under single or collaborative 

scientific/research and governmental/community landscape assessment works across 

Europe. In an effort to arrive at a holistic LCA, these frameworks combine the objectivity 

and subjectivity of the approaches above by giving importance to both bio-physical and 

perceptual/aesthetic attributes of landscape. Their classification achieves to render the 

different landscape character areas and types in an objective way, simultaneously 

acknowledging that subjective preferences and perceptions are also involved through the 

perceptual attributes of landscape. Subjective judgements are then used in the evaluation 

to reflect the public perception of the different landscape types. Ultimately, the main 

objectives of this holistic LCA are to reduce the uncertainty in assessing and 

characterizing a landscape, curb the subjective judgements, and produce indicators from 

the analysis of both quantitative and qualitative data. 

However, despite much effort in assessing landscapes from a multidisciplinary 

perspective, there is still lack of a specific widely accepted LCA methodology being truly 

integrative or applicable in different landscape types and scales. The main reasons for 

this lack can be detected in the following: 

 “For the identification of the perceptive and interpretative values (such as the 

aesthetic, symbolic and spiritual) and, therefore, more subjective in evaluation, it is 

very important to know the opinions of the people who live in a territory, through 

enquiries both general and directed to informed people” (Nogué and Sala, 2006). 
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▪ The complexity of landscapes as spatially heterogeneous systems with many 

attributes that present spatial variability. 

▪ The difficulties in synthesizing all the data into landscape units and character types, 

and naming them. 

▪ The variety of ways of involving people (including non-expert citizens/visitors and 

expert informers) in the whole LCA procedure. 

The LCA provides an initial assessment of the status of a landscape. Adding new targets 

to this initial assessment in terms of monitoring the temporal changes in landscape 

enables an assessment related to its sustainability. Monitoring the sustainability of the 

landscape is possible when LCA is repeated over time and updated as a result of 

availability of better or newer data. 

 

 

4.2 Methodological Stages 

In terms of a GIS-based holistic LCA methodological framework employing public 

participation, there are five widely recognized stages. With their combination ensuring the 

integrity of the procedure, these stages can be defined as follows: 

(d) Purpose definition 

(e) Desk-based data collection 

(f) Field-based data collection 

(g) Classification 

(h) Overall evaluation 

Below, the five methodological stages are presented in greater detail. 

 

Sometimes, historic information is included in the LCA procedure for monitoring the 

evolution and transformations associated with different cultural processes. However, 

most of the methodologies do not consider the social-historical conditions of 

landscape. According to Kienast et al. (2015), “the main reason for the lack of detailed 

monitoring programs linking social and natural science data over time is the high cost 

of gathering such data”. 
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Figure 20: Methodological stages of GIS-based holistic Landscape Character Assessment  

(LCA) framwork 
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4.2.1 Purpose Definition 

When considering the implementation of LCA, it is initially crucial to define its purpose. 

The purpose of the assessment must be totally understood and clearly defined since it is 

highly associated with other significant components such as the spatial extent and scale, 

as well as the choice of appropriate (geospatial and other) datasets and the need for 

involving people. 

The spatial extent is determined by delimitating the landscape under investigation (study 

area), i.e. by delineating its geographical boundaries. Generally, the delimitation of a 

landscape is considered a complex task due to the spatial variability of ecological, social, 

economic and governability variables within it and the interdependencies among them. In 

practice, the delimitation can be ideally facilitated by defining the boundaries of landscape 

in relation to administrative boundaries; however, landscapes rarely respect 

administrative boundaries. In any case, boundaries should not change once delineated, 

so that the subsequent analysis of LCA can focus on a clear and recognized by everyone 

target. 

The spatial scale, at which the LCA is conducted, has a great impact on the quality of 

used data. Regarding particularly the geospatial (GIS and EO) data, one of the important 

– if not the most important – properties revealing their quality is the source scale for vector 

data and the spatial resolution (grid cell size) for raster data. The selection of the 

appropriate size, in both cases, mainly depends on the overall assessment scale. Polygon 

and line features from small-scale data sources, or “coarse” grids (with large cells), are 

more beneficial to small assessment scales whereas large-scale sources, or “fine” grids 

(with small cells), are more beneficial to large assessment scales. The assessment can 

be carried out at any scale including, in very general terms: 

● National scale (<1:500,000) 

● Regional scale (1:250,000 to 1:500,000) 

● County scale (1:25,000 to 1:50,000) 

● District scale (1:10,000 to 1:20,000) 

● Site scale (around 1:2,500) 
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Sometimes a wider assessment might provide the context for a more detailed 

assessment. 

 
 

 
Figure 21: Delimitation of landscape at three different spatial scales (Yang et al., 2020) 

 

4.2.2 Desk-based Data Collection 

One of the most crucial parts of an LCA is the collection and incorporation of information 

about the different attributes of landscape. From a GIS desk-based perspective, this 

information is represented by geospatial and other (e.g. reports, tables, maps) data 

mainly referring to its natural and socio-cultural attributes; with the natural data 

representing the environmental components of landscape, and the socio-cultural data 

representing the human presence and intervention components that use and influence 

the corresponding environmental. A plethora of data sources can be employed for 

acquiring this data, such as existing published documents and digital datasets available 

from authorities and/or agencies of different levels (European, national, regional, or local), 

as well as web-GIS geo-portals providing geospatial data at various spatial and temporal 

scales/resolutions (broadly available with no cost). Moreover, national censuses usually 

LCA might be “obligated” to deal with a particular spatial extent and scale due to the 

definition of a quite specific purpose. For instance, an assessment might be 

implemented under the need of information about agriculture-environment 

interactions, renewable energy developments, residential site allocation and design, 

protected area management, etc. 
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provide a good starting point on data related to human well-being, though other European 

data sources may also be relevant. In any case, a basic objective must be the selection 

and collection of adequate data of as high as possible quality; considering, at the same 

time, the balance between data availability and costs. 

The direct (in primary form) or indirect (after pre-processing) exploitation of the collected 

data in GIS and RS technological tools has given users the capacity to create indicators 

that present spatial variability in the landscape. These indicators can be in either 

continuous numerical or categorical format. Since there are no standard criteria for 

selecting them, it is important to select a sufficient number of indicators that are beneficial 

to the purpose, spatial extent and scale defined in the previous stage of assessment. 

Although a wide variety of natural and socio-cultural indicators can be produced by desk-

based data processing, some of them are commonly involved in most of LCA efforts. They 

are jointly the most representative indicators that contribute to the bio-physical character 

of the landscape including landforms, geology, soils, hydrology, and vegetation for its 

natural attributes, and land use and population density for its socio-cultural attributes. 

These indicators are briefly described below. 

 

 
 

Ø Landforms: it lays the underlying foundation of a landscape, referring to mountains, 

valleys, etc. The different landform types are typically derived from GIS-based 

processing of topographical data represented by Digital Elevation Model (DEM) 

grids. Both global and European databases provide DEM data at various spatial 

resolutions.  

Ø Geology: it is one of the most influential amongst the natural indicators as it directly 

affects both topography and soils. Geological maps and/or relevant vector data (e.g. 

Environmental assessment procedures require the use of qualitative and quantitative 

indicators, in other words parameters able to provide information on the characteristics 

of environment, which cannot be measured in their entirety. Particularly for landscape, 

a notable work is required for identifying indicators able to interpret landscape in its 

entirety; this seems all but impossible (Cassatella and Peano, 2011). 



Landscape Character Assessment  | 53 
 

Educational Handbook for Monitoring European Landscape   
 

geological formations, faults) in GIS environment can be obtained by national or 

regional geological agencies. 

Ø Soils: highly affected by natural processes, soils determine the type of vegetation 

and land uses that can be supported. In many countries, digital data in the form of 

soil maps and/or vector features are provided from governmental sources. 

Ø Hydrology: The most crucial hydrological parameter is the drainage network. 

Although it can be extracted by using hydrological algorithms in GIS environment, 

this data is already available from regional or central administration offices in most 

of the EU countries. 

Ø Vegetation: its presence can have a great influence on landscape character, filtering 

or framing views and emphasizing spatial patterns. It is mainly expressed by the 

parameter of vegetation coverage. Based on the degree of absorption/reflectance 

from the land surface in the different portions of electromagnetic spectrum (satellite 

bands), the specific indicator can be determined by RS-derived data products 

representing the vegetation conditions of a given landscape. Normalized Difference 

Vegetation Index (NDVI) is the most known and widely used, which is highly linked 

to the quantity of chlorophyll concentrated in leaves and the biomass productivity 

variations. The NDVI is calculated by using multi-spectral satellite imagery data; with 

a value ranging between −1 and 1 to indicate a lack of vegetation or dense 

vegetation, respectively. 

Ø Land use: it is considered as the reflection of the land's ability to “yield”, determined 

by its soil fertility, drainage, ease of cultivation and accessibility. Land use/cover 

data can be acquired in different ways such as: (a) classification of medium or high-

resolution satellite images (Landsat or Sentinel); for this purpose, either 

unsupervised (e.g. k-means, ISODATA) or supervised algorithms (e.g. maximum 

likelihood, minimum distance, support vector machine, etc.) can be applied to 

satellite imagery data. Besides algorithms that exploit imaging spectral information, 

(b) land use/cover datasets are freely available for various time periods (for 

example, “CORINE” programme concerning European territory). 
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Ø Population density: it is a crucial socio-cultural indicator, which can be developed in 

GIS environment. In this context, vector point data including population information 

can be exploited and analyzed effectively. In particular, density algorithms can be 

executed to calculate a magnitude-per-unit area from the point features. The 

population data sources are usually the national statistical authorities. In addition, 

population density maps of medium resolution are already available from several 

European authorities. 
 
Table 2: Summary of datasets representing indicative desk-based landscape indicators 

Type Indicator Dataset Indicative source Format 

Natural 

Landforms Digital Elevation 
Model (DEM) 

“Copernicus” Land Monitoring 
Service 
(https://land.copernicus.eu/) 

Raster 
(grid) 

Geology Geological 
formations National geological agency Vector 

(polygons) 

Soils Soil types ESDAC/JRC                                     
(https://esdac.jrc.ec.europa.eu/) 

Vector 
(polygons) 

Hydrology Drainage network    
(rivers and streams) 

Regional/Central administration 
office 

Vector 
(lines) 

Vegetation Satellite images 

“Copernicus” program                           
(https://scihub.copernicus.eu/) Raster 

(grid) USGS                                                 
(https://earthexplorer.usgs.gov/) 

Socio-cultural 

Land use Land use units 
“Copernicus” Land Monitoring 
Service 
(https://land.copernicus.eu/) 

Vector 
(polygons) 

Population 
density Population data Eurostat                                            

(https://ec.europa.eu/eurostat) Tabular 
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4.2.3 Field-based Data Collection 

Understanding how all the above more “tangible” natural and socio-cultural components 

are perceived and experienced constitutes an essential part of the LCA. Field work 

enables to capture these aesthetic, perceptual and experiential attributes for a given 

landscape, which are not evident from the previous stage of desk work but result from the 

interaction of the components identified in it. Relevant data are directly collected in the 

field, on the basis of involving public participation in LCA procedure, by recording the 

subjective perceptions of persons living in (citizens) or visiting (visitors) the landscape. A 

field survey is typically conducted in order to record perceptions and collect “in-depth” 

data regarding attributes such as views, sounds, smells, feelings, preferences and 

memories.  

 

 
 

Conventionally, the field survey includes questionnaires and/or interviews in which 

respondents are asked, by different types of questions (open and/or multiple-choice 

questions), to initially describe their socio-demographic profile (age, occupation, place of 

residence, etc.) and familiarity with the landscape under investigation (frequency of visits 

in it, last time they visited it, etc.), and then express their perceptual/aesthetic opinions 

about it. In the last years, however, the availability of a wide variety of digital 

tools/platforms and information have assisted to the replacement of the conventional field 

survey techniques with more “advanced” ones. Among them, the field data collection by 

PPGIS technique is the most representative. In most cases employing the specific 

technique, the respondents are asked to identify their subjectively distinguished sites of 

landscape on a web basemap (for example, the available Google Maps®) or image, and 

express their own opinions about them by using a pre-defined (or not) set of items. In a 

The sample of public participants has to represent a wide range of experiential 

emotions, perspectives and opinions concerning the landscape. A random selection of 

the participants is commonly used, with individuals who are passing from a specific 

survey location or several ones to respond, without a priori criteria for selection. 
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common form of PPGIS platform, they can simply drag a mark from a given set and drop 

it on the desired site to express spatially their opinion (Palacio Buendía et al., 2021).  

A combination of conventional and more “advanced” techniques is also selected for 

implementation, resulting in a mixed technique consisted of: (a) spatial valuation of 

landscape sites and (b) general questions about public participants’ socio-demographic 

profile and their familiarity with the landscape. The development of geolocation-based 

apps, such as the ESRI’s ArcGIS Survey123, have been based on this combination. In 

the example below, the user’s location is recorded (automatically), and he adds a rating 

of the landscape and clarifies his scores via an open question. Also, a picture is added 

that typifies all this. The recorded points are added as a layer in a GIS project and can 

thus be queried. 
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Figure 22: Example of open questions in a questionnaire for collecting people’s perceptions about  

a mountainous landscape (Hedblom et al., 2020) 
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Figure 23: Example of photograph-based multiple-choice question in a questionnaire for collecting people’s 

perceptions about a mountainous landscape (Hedblom et al., 2020) 
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Table 3: Example of multiple-choice question in a questionnaire for collecting people’s perceptions about a 
mountainous landscape (Hedblom et al., 2020) 

 Not magnificent   Magnificent 

How well do the below 
expressions link to your 
perception/opinion about 
what a ”magnificent” 
mountainous landscape is?  

-7 -6 -5 -4 -3 -2 -1 0 +1 +2 +3 +4 +5 +6 +7 

Spruce                  

Salix and other shrubs                 

Grass and heath                

Mountain birch                 

Pine                

Mire                

Mountains with a lot of 
rocks, lichens and mosses 

               

Mountain with trees and 
shrubs 

               

Valleys with surrounding 
mountains 

               

Glaciers with snow patches                 

Scree and other 
unavailable areas  

               

Many animal species                 

Many plant species                

Rare animals                 

Rare plants                 

Privacy                 

Silence                

Openness, Open spaces                
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Figure 24: Example of PPGIS platform for collecting people’s spatial perceptions about a protected landscape 

(Palacio Buendía et al., 2021) 

 

 

   

Figure 25: Example of field recording of landscape values using ESRI’s ArcGIS Survey123 
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Although desk work reaches to produce spatially explicit indicators, field work does not. 

Because of that, the data collected in the field needs to be further analyzed on the “desk” 

in order to be linked to the relevant bio-physical (natural and socio-cultural) indicators and 

allow the development of perceptual indicators with spatial meaning. One of the main 

complexities of linking field-based data with desk-based data is the spatial homogeneity. 

Public participants’ opinions tend not to be restricted to the clear spatial locations and 

limits of bio-physical indicators, or to totally cover their extent. For instance, in the PPGIS 

technique described above, the participants are asked to locate their opinion as mark 

directly on a map, resulting in data with locations ostensibly pointed out by them. Hence, 

the spatial dimension of field-based point data cannot be homogeneous compared to the 

desk-based data that are represented by polygon features. In this case, the participants’ 

opinions need to be inferred from sites that were perceived and applied to sites that were 

not perceived. Various GIS-based interpolation or density algorithms have been used to 

achieve this spatial generalization. However, in this way, the possibility for appearance of 

clusters representing the most meaningful or visited sites is particularly high. 

 

 
Figure 26: Spatial interpolation of respondent opinions (Palacio Buendía et al., 2021) 
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4.2.4 Classification 

The data collected on the “desk” and field enables the creation of a series of indicators 

for the natural, socio-cultural, and perceptual attributes of the landscape under 

investigation. In a GIS context, each landscape indicator constitutes a separate data layer 

(thus, a separate map) which will have multiple classes, e.g. indicator = landforms and 

class = high mountain, hill, or plateau. The landscape can be composed of many data 

layers and it is the combination of these layers that forms the landscape; however, the 

individual layers are not a landscape (Brown and Brabyn, 2012). Based on this 

combination, the classification stage of LCA includes the identification and description of 

the different landscape character areas and types.  

Landscape character areas are distinct and relatively homogenous units of landscape, 

each with its own identity and character. The boundaries of these areas are defined either 

with the aid of spatially explicit indicators (“objective” delimitation) or by the subjective 

opinion of the person applying the LCA. The boundaries of land use features are 

commonly used to recognize and delimit landscape character areas. However, this is not 

always the case, and some iterative delimitations by progressively sub-dividing larger 

areas in hierarchical order might be necessary to understand the interior patterns; 

beginning with the land use features and then working with the perceptional features. 

Landscape character types derive from the identification of the different patterns, i.e. the 

different combinations of landscape indicators. Hence, each landscape character type 

represents a unique combination of indicators. In practice, the different character types 

can be identified by a sequential overlay of the existing data layers of landscape 

indicators. This procedure can result in the grouping of landscape character areas into 

character types. 
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Figure 27: Example of the configuration of a landscape character type (Gülçin and Yılmaz, 2020) 

 

 
 

  

Landscape character areas express the spatial meaning of landscape character. Their 

determination provides the spatial basis on which the subsequent classification and 

evaluation take place. The determination of landscape character types enables to 

understand the relationship between the different indicators, and distinguish the 

different patterns. This greatly assists in understanding of how the landscape has been 

formed and is the key for assessing its character. 
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4.2.5 Overall Evaluation 

The stage of overall evaluation provides a strategic context for the development of 

landscape policies and actions about preserving and protecting the landscape. 

Depending on the previous stage of classification, it includes the assessment of 

significance and susceptibility to change of the identified landscape character areas and 

types. The significance is to indicate that a landscape character type or area can be, in 

any way, more important, beautiful or worthy than another due to its overall value. The 

susceptibility refers to the ability of a landscape character type or area to accommodate 

a change without significant (mainly negative) effects on it; this change is mostly related 

to human interventions or “threats” having the form of residential, commercial, industrial, 

agricultural or recreational developments. By considering together the significance and 

susceptibility, the sensitivity of the landscape to change can be assessed. 

The key point in the stage of overall evaluation is the engagement of subjective 

judgements regarding the landscape sensitivity in order to provide synthetic and action-

oriented knowledge. These judgements can be originated by landscape experts 

according to their experience and expertise, or by individuals or groups of non-experts 

including community citizens and stakeholders. They are commonly collected by using 

questionnaires, PPGIS platforms or mixed tools, in the field or not (web-based), and on 

the basis of a ranking value set. For instance, a set of numerical values of “1” to “3”, or 

descriptive values of “low” to “high”, can be selected concerning the significance. In this 

case, respondents are asked to assign values for each landscape character type or area 

according to its particular natural, socio-cultural, and perceptual attributes. The overall 

value can then be derived in several ways; among others, by GIS-based weighted, or not, 

summation for the numerical value set, and by taking into account the majorities of placed 

values for the descriptive value set. Under the same rationale, the landscape character 

types or areas perceived as affected or threatened by changes can be recognized by the 

respondents concerning their relevant susceptibility. 
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Figure 28: Descriptive valuation of landscape units according to their different attributes (Zielinski et al, 2021). 

  

As not weighted, the summation is intentionally kept simple and no weighting is 

involved in it considering an equal contribution from the different components. 

Conversely, the weighted summation is based on the assignment of weights to the 

different components according to their unequal contribution to it. The research works 

of Vlami et al. (2019) and Jovanovska et al. (2020), respectively, are representative 

examples. 
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Table 4: Explanation of descriptive values for different landscape attributes (content source: Zielinski et al, 2021) 

Natural Value High Medium Low 

Landforms: mountainous 
relieves, 
tablelands, hills, cliffs, etc. 

Presence of different 
landforms. 

Landforms with 
some anthropic 
components. 

Landforms not visible 
or completely 
changed by human 
anthropic activity. 

Hydrography: bays, rivers, 
lakes, cascades, 
wetlands, etc. 

Rivers with cascades, 
wetlands, polylobuled 
pocket bays with 
irregular perimeter. 

Rivers of short 
course and low 
volume, wetlands, 
pocket bays without 
irregularities. 

No rivers, nor 
wetlands. Bays 
without irregularities 
in their perimeters. 

Cultural Value High Medium Low 

Land use 

Settlements with 
good harmony. 

Settlements with 
presence of 
inharmonic or 
discordant 
elements. 

Settlements with 
inharmonic or 
discordant elements. 

Productive agro-
systems apparently 
with good 
installations. 

Productive agro-
systems apparently 
with not good 
installations. 

No productive agro-
systems. 

Scenic Value High Medium Low 

Places for pleasure, 
entertainment, rest, 
observation, etc., 
representing the 
perceptions of individuals 
or groups of people. 

High visibility. Medium visibility. Low visibility. 

Landscape 
polychromy with light 
and brilliant colors. 

Landscape 
polychromy with dark 
and opaque colors. 

Absence of landscape 
polychromy. 

Dominant scenic 
background. 

No dominant scenic 
background. 

No scenic 
background. 

Presence of natural 
and anthropic 
milestones. 

Presence of natural 
or anthropic 
milestones. 

No milestones. 
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Figure 29: Example of landscape sensitivity classification matrix (Ciecko et al., 2016) 
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Chapter 5   
Presentation of Results 

The presentation, in a suitable format, of the key information and results from each of the 

LCA processing stages described previously in Chapter 3 is important for their 

communication to any stakeholder and generally the broad audience. Two commonly 

used means of presentation for communication are maps and web-based GIS platforms. 

Both often constitute the first point of “contact” for persons showing an interest in the 

assessment. 

Due to their static nature (as “snapshots”), maps should be legible, at the appropriate 

scale including all the relevant components (e.g., scale bar/text and north indication) in 

order to allow geographic reference and spatial identification. In order to understand 

spatial extent, boundaries – such as those of the different landscape character areas – 

should be clearly presented. For differentiation between discrete classes – such as the 

different landscape character types – color-coded symbols and labels should be used. 

Maps are typically provided along with written technical reports. 

The spatial data derived from LCA may be one of the most important outputs, allowing a 

wide range of users to access landscape character information. The web-based GIS 

platforms are online interactive tools which can present and provide such sets of data in 

a multi-spatial and multi-temporal basis. Usually incorporating them on thematic web 

basemaps, platforms enable their users to exploit additional visual interpretation and 

analysis functionalities such as dynamically zooming, modified transparency, different 

combinations of data, etc. To ensure the reliability and appropriateness of these 

platforms, basic information about the provenance of presented and/or provided spatial 

data should be available. This information known as metadata should refer, among 

others, to the source(s), production time, producer, spatial and temporal 

scales/resolutions of data, as well as any restrictions or conditions related to its use. A 
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crucial role on metadata requirements has been imputed to the INSPIRE Directive3 which 

has established an infrastructure for spatial information in Europe (European 

Commission, 2021c). 

In general, both the above means of presentation and communication can significantly 

contribute to the overall framework of LCA, since they can support landscape policy-

making and management. They can provide reliable information about the character of a 

landscape and the factors threatening it, at various spatial and temporal levels. In 

particular, by disaggregating data into sub-regions (represented by the different 

landscape character areas and types) and time series, they allow any manager or 

stakeholder to: (a) better understand the specific needs of each landscape’s sub-region, 

as opposed to implementing an assessment across the entire landscape, and (b) reflect 

the current status and also either historical trends or future projections of the landscape. 

In this way, the strategic identification of more specific targets and optimization of 

resources are possible. 

 

 
 

 
3 The INSPIRE Directive came into force on 15 May 2007, with full implementation required by 2021. Its 

main objective is to create a spatial data infrastructure for the purposes of EU’s environmental policies and 

activities. This infrastructure enables the sharing of environmental spatial information among public sector 
organizations, facilitate public access to spatial information across Europe and assist in policy-making 

across boundaries. The Directive addresses 34 spatial data themes needed for environmental applications 

(European Commission, 2021c). 

LCA is generally considered to represent a “snapshot” of landscape in time. Under the 

impact of several factors of threat and change on it, the different landscape character 

areas/types may need to be reviewed and updated over the time. In this case, a review 

and an update of the current LCA’s results are required so that they can continue to 

provide a robust baseline for future decisions concerning the landscape planning, 

management and protection. 
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Figure 30: Maps of LANDMAP (the Welsh landscape baseline) presenting outputs of classification  (left, landscape 

character types) and overall evaluation (right, landscape significance) (Natural Resources Wales, 2021a) 

 

 
Figure 31: Web-GIS based platform of LANDMAP (the Welsh landscape baseline) presenting classification output 

(landscape character areas) (Natural Resources Wales, 2021b) 



REFERENCES  | 71 
 

Educational Handbook for Monitoring European Landscape   
 

Chapter 6   
REFERENCES 

Literature 

Albrecht E., Pietilä I., Saarela S.-R. (2022) Public Perceptions on the Procedural Values and 

Proposed Outcomes of the Finnish Climate Change Act Amendment. Frontiers in Climate, 

3, 657241 

Arsic Z. (2015) European landscape convention. Zbornik radova Pravnog fakulteta, Novi Sad, 

49(2), pp. 457–467 

Palacio Buendía A.V., Pérez-Albert Y., Serrano Giné D. (2021) Mapping Landscape Perception: 

An Assessment with Public Participation Geographic Information Systems and Spatial 

Analysis Techniques. Land, 10, 632 

Brown G., Brabyn L. (2012) An analysis of the relationships between multiple values and physical 

landscapes at a regional scale using public participation GIS and landscape character 

classification. Landscape and Urban Planning, 107, 317– 331 

Burrough P.A. (1987) Principles of geographical information systems for land resources 

assessment. Clarendon Press, Oxford, United Kingdom, p. 193 

Carretero S., Vuorikari R., Punie Y. (2017) DigComp 2.1: The Digital Competence Framework for 

Citizens with eight proficiency levels and examples of use. EUR 28558 EN, Publications 

Office of the European Union: Luxembourg, p. 43 

Cassatella C., Peano A. (2011) Landscape Indicators: Assessing and Monitoring Landscape 

Quality. Springer: Dordrecht, Netherlands, p. 222 

Cheung S.Y., Leung Y.-F., Larson L.R. (2022) Citizen science as a tool for enhancing recreation 

research in protected areas: Applications and opportunities. Journal of Environmental 

Management, 305, 114353 

Ciecko L., Kimmett D., Saunders J., Katz R., Wolf K.L., Bazinet O., Richardson J., Brinkley W., 

Blahna D.J. (2016) Forest Landscape Assessment Tool (FLAT): rapid assessment for land 

management. Gen. Tech. Rep. PNW-GTR-941. Portland, OR: U.S. Department of 

Agriculture, Forest Service, Pacific Northwest Research Station. p. 51 



REFERENCES  | 72 
 

Educational Handbook for Monitoring European Landscape   
 

Cranfield D.J., Tick A., Venter I.M., Blignaut R.J., Renaud, K. (2021) Higher Education Students’ 

Perceptions of Online Learning during COVID-19—A Comparative Study. Education 

Sciences, 11, 403 

Daniel B.K., Bird, R. (2019) Attention! Student Voice: Providing Students with Digital Learning 

Materials before Scheduled Lectures Improves Learning Experience. The Turkish Online 

Journal of Educational Technology, 18(3), 1–9 

Ehlers M., Amer S. (1991) Geoinformatics: an integrated approach to acquisition, processing and 

production of geo-data. In: Proceedings, EGIS’91, Brussels, Belgium, pp. 306–312 

Fernández Álvarez R., Fernández J. (2021) Design and Initial Validation of a Questionnaire on 

Prospective Teachers’ Perceptions of the Landscape. Education Sciences, 11, 112 

Fritz S., Fonte C.C., See L. (2017) The Role of Citizen Science in Earth Observation. Remote 

Sensing, 9, 357 

Gómez-García, G., Hinojo-Lucena F.-J., Fernández-Martín F.-D., Romero-Rodríguez J.-M. 

(2022) Educational Challenges of Higher Education: Validation of the Information 

Competence Scale for Future Teachers (ICS-FT). Education Sciences, 12, 14 

Gülçin D., Yılmaz K.T. (2020) Mapping Landscape Potential for Supporting Green Infrastructure: 

The Case of a Watershed in Turkey. Land, 9, 268 

Hambidge S., Minocha S., Hristov D. (2019) Connecting Local to Global: A Case Study of Public 

Engagement. Education Sciences, 9, 31 

Hazenbosch M., Sui S., Isua B., Milner-Gullandd E.J., Morris R.J., Beauchamp E. (2022) The 

times are changing: understanding past, current and future resource use in rural Papua 

New Guinea using participatory photography. World Development, 151, 105759 

Hedblom M., Hedenås H., Blicharska M., Adler S., Knez I., Mikusiński G., Svensson J., Sandström 

S., Sandström P., Wardle D.A. (2020) Landscape perception: linking physical monitoring 

data to perceived landscape properties. Landscape Research, 45, 179-192 

Jovanovska D., Swetnam R.D., Tweed F.S., Melovski L. (2020) Assessing the landscape visual 

quality of Shar Planina, North Macedonia. Landscape Ecology, 35, 2805–2823 

Kerle N., Janssen L.L.F., Huurneman G.C. (2004) Principles of Remote Sensing (3rd edition). ITC 

Educational Textbook Series; 2, International Institute for Geo-Information Science and 

Earth Observation (ITC), Enschede, Netherlands, p. 250 



REFERENCES  | 73 
 

Educational Handbook for Monitoring European Landscape   
 

Khorram S., van der Wiele C.F., Koch F.H.,Nelson S.A.C., Potts M.D. (2016) Principles of Applied 

Remote Sensing. Springer: New York, USA, p. 307 

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 

Liiber Ü., Roosaare J. (2007) Geography Olympiads in Estonia. International Research in 

Geographical and Environmental Education, 16, 293–298 

Lillesand T.M., Kiefer R.W., Chipman J.W. (2003) Remote Sensing and Image Interpretation (5th 

edition). John Wiley & Sons, New York, USA, p. 820 

Lim S.T.G., Perono Cacciafoco F. (2021) Discovering Unwritten Stories—A Modular Case Study 

in Promoting Landscape Education. Education Sciences, 11, 68 

Markova, M. (2019) Landscape sociology as developing academic discipline. Landscape 

Architecture and Art, 14, 95–101 

Martín B., Ortega E., Otero I., Arce R.M. (2016) Landscape character assessment with GIS using 

map-based indicators and photographs in the relationship between landscape and roads. 

Journal of Environmental Management, 180, 324–334 

Mierzejowska A., Pomykoł M. (2019) Calibration of raster image using GIS class software - 

accuracy analysis. IOP Conference Series: Earth and Environmental Science, 261, 012033 

Nixon D.J., Garcia S.S., Gurusamy S., Crout N., Rodrigues Junior F.A. (2017) An overview of the 

Mexican Crop Observation, Management and Production Analysis Services System 

(COMPASS) Project. 39th Convention of the Asociación de Técnicos Azucareros de 

México, Veracruz, Mexico, Septemebr 2017 

Nogué J., Sala P. (2006) Prototype Landscape Catalogue: Conceptual, methodological and 

procedural bases for the preparation of the Catalan Landscape Catalogues. Observatory 

de Paisatge: Olot and Barcelona, Spain, pp. 1–31 

Norton E., Li Y., Mason L.R., Washington-Allen R.A. (2019) Assessing the Impact of a Geospatial 

Data Collection App on Student Engagement in Environmental Education. Education 

Sciences, 9, 118 

Obi Reddy G.P., Singh S.K. (2018) Geospatial Technologies in Land Resources Mapping, 

Monitoring and Management. Springer: Cham, Switzerland, p. 638 



REFERENCES  | 74 
 

Educational Handbook for Monitoring European Landscape   
 

Opdam P.  (2014)  Incorporating Multiple Ecological Scales into the Governance of Landscape 

Services. Scale-sensitive Governance of the Environment. In: Scale-sensitive Governance 

of the Environment, Padt F., Opdam P., Polman N., Termeer C. (eds.), John Wiley & Sons, 

Ltd, pp. 17–37 

Palacio Buendía A.V., Pérez-Albert Y., Serrano Giné D. (2021) Mapping Landscape Perception: 

An Assessment with Public Participation Geographic Information Systems and Spatial 

Analysis Techniques. Land, 10, 632 

Pantić M., Cilliers J., Cimadomo G., Montaño F., Olufemi O., Torres Mallma S., van den Berg J. 

(2021) Challenges and Opportunities for Public Participation in Urban and Regional 

Planning during the COVID-19 Pandemic—Lessons Learned for the Future. Land, 10, 1379 

Pettorelli N., Schulte to Bühne H., Shapiro A.C., Glover-Kapfer P. (2018) Satellite Remote 

Sensing for Conservation. WWF Conservation Technology Series, 1(4), p. 124 

Puertas-Aguilar M.-Á., Álvarez-Otero J., de Lázaro-Torres M.-L. (2021) The Challenge of Teacher 

Training in the 2030 Agenda Framework Using Geotechnologies. Education Sciences, 11, 

38 

Ramirez-Reyes C., Brauman K.A., Chaplin-Kramer R., Galford G.L., Adamo S.B., Anderson C.B., 

Anderson C., Allington G.R.H., Bagstad K.J., Coe M.T., Cord A.F., Dee L.E., Gould R.K., 

Jain M., Kowal V.A., Muller-Karger F.E., Norriss J., Potapov P., Qiu J., Rieb J.T., Robinson 

B.E., Samberg L.H., Singh N., Szeto S.H., Voigt B., Watson K., Wright T.M. (2019) 

Reimagining the potential of Earth observations for ecosystem service assessments. 

Science of The Total Environment, 665, 1053–1063 

Redecker, C. (2017) European Framework for the Digital Competence of Educators: 

DigCompEdu. Punie, Y. (ed.), EUR 28775 EN, Publications Office of the European Union, 

Luxembourg, 2017, p. 93 

Riesch H., Potter C. (2014) Citizen science as seen by scientists: Methodological, epistemological 

and ethical dimensions. Public Understanding of Science, 23(1), 107–120 

Santé I., Tubío J.M., Miranda D. (2020) Public participation in defining landscape planning 

scenarios and landscape quality objectives (LQO): Landscape Guidelines for Galicia (NW 

Spain) case study. Land Use Policy, 94, 104559 



REFERENCES  | 75 
 

Educational Handbook for Monitoring European Landscape   
 

Sevenant M., Antrop M. (2010) Transdisciplinary landscape planning: does the public have 

aspirations? Experiences from a case study in Ghent (Flanders, Belgium). Land Use Policy, 

27, 373–386 

Symons N.P., Vogiatzakis I.N., Griffiths G.H., Warnock S., Vassou V., Zomeni M.,  Trigkas V. 

(2013) Geospatial tools for Landscape Character Assessment in Cyprus. In: Proceedings 

of SPIE, First International Conference on Remote Sensing and Geoinformation of the 

Environment (RSCy2013), Hadjimitsis D.G., Themistocleous K., Michaelides S., Papadavid 

G. (eds.), Vol. 8795, 87951B 

Terkenli T.S., Gkoltsiou A., Kavroudakis D. (2021) The Interplay of Objectivity and Subjectivity in 

Landscape Character Assessment: Qualitative and Quantitative Approaches and 

Challenges. Land, 10, 53 

Tuan Y. (1977) Space and place: The perspective of experience. Minneapolis: University of 

Minnesota Press, USA 

Vasiljević N., Filipović B., Cvejić J., Ilić B. (2018) Landscape policies and landscape education: 

Serbian experience. 21st Council of Europe Meeting of the Workshops for the 

implementation of the European Landscape Convention: Landscape and Education, 

Tropea, Italy, 3-4 October 2018 

Vlami V., Zogaris S., Djuma H., Kokkoris I.P., Kehayias G., Dimopoulos P. (2019) A Field Method 

for Landscape Conservation Surveying: The Landscape Assessment Protocol (LAP). 

Sustainability, 11, 2019 

Zanato Orlandini O. (2007) Lo sguardo sul paesaggio da una prospettiva padagógico-ambientale. 

In: Il Paesaggio Vicino a Noi: Educazione, Consapevolezza, Responsabilità, Castiglioni B., 

Celi M., Gamberoni E. (eds.). Museo Civico di Storia Naturale e Archeologia: Montebelluna, 

Italy 

Zhang Z., Liao H., Tang A. (2022) Renewable energy portfolio optimization with public 

participation under uncertainty: A hybrid multi-attribute multi-objective decision-making 

method. Applied Energy, 307, 118267 

Zielinski S., Milanés C.B., Cambon E., Perez Montero O., Rizo L., Suarez A., Cuker B., Anfuso 

G. (2021) An Integrated Method for Landscape Assessment: Application to Santiago de 

Cuba Bay, Cuba. Sustainability, 13, 4773 



REFERENCES  | 76 
 

Educational Handbook for Monitoring European Landscape   
 

Yang D., Gao C., Li L., Van Eetveldec V. (2020) Multi-scaled identification of landscape character 

types and areas in Lushan National Park and its fringes, China. Landscape and Urban 

Planning, 201, 103844 

 
 

Legislation 

Council of Europe (1995) The Pan-European Biological and Landscape Diversity Strategy 

(PEBLDS). Sofia, Bulgaria 

Council of Europe (2000) European Landscape Convention. Treaty Series No. 176, Florence, 

Italy 

Council of Europe (2008) Guidelines for the implementation of the European Landscape 

Convention. Recommendation CM/Rec (2008)3 

 
 

Web Sources 

Cherian A., 2018, "The Importance, Types And Scope Of Educational Technology". 

https://nollytech.com/educational-technology/ 

European Commission, 2016, “The European Digital Competence Framework for Citizens”. 

https://data.europa.eu/doi/10.2767/00458 

European Commission, 2018, “DigCompOrg Framework”. https://ec.europa.eu/jrc/en/ 

digcomporg/framework 

European Commission, 2021a, “Digital Education Action Plan (2021-2027)”. 

https://education.ec.europa.eu/focus-topics/digital/education-action-plan 

European Commission, 2021b, “Digital Economy and Society Index (DESI) 2021: Thematic 

chapters”. https://digital-strategy.ec.europa.eu/en/policies/desi 

European Commission, 2021c, “INSPIRE KNOWLEDGE BASE: Infrastructure for spatial 

information in Europe”. https://inspire.ec.europa.eu/about-inspire 

European Environment Agency, 2011, “Global citizen observatory - The role of individuals in 

observing and understanding our changing world”.  



REFERENCES  | 77 
 

Educational Handbook for Monitoring European Landscape   
 

https://www.eea.europa.eu/media/speeches/global-citizen-observatory-the-role-of-

individuals-in-observing-and-understanding-our-changing-world 

Great Schools Partnership, 2016, “The Glossary of Education Reform”. 

https://www.edglossary.org/student-engagement 

Joint Research Centre, 2021, “DigComp: Being digitally competent – a task for the 21st-century 

citizen, EU Science Hub”.  

https://joint-research-centre.ec.europa.eu/digcomp_en 

Landscape Observatory of Catalonia, 2021, “Presentation: What is the Landscape Observatory”. 

http://www.catpaisatge.net/eng/observatori.php 

Natural Resources Wales, 2021a, “LANDMAP - the Welsh landscape baseline”. 

http://www.naturalresources.wales/landmap 

Natural Resources Wales, 2021b, “BETA: Wales environmental information portal”. 

https://naturalresources.wales/evidence-and-data/accessing-our-data/beta-environmental-

data/ 

UNESCO, 2015, “Incheon Declaration and Framework for Action for the Implementation of 

Sustainable Development Goal 4: Ensure Inclusive and Equitable Quality Education and 

Promote Lifelong Learning Opportunities for All”.  

https://unesdoc.unesco.org/ ark:/48223/pf0000245656 

 

 

 

 

 

 

 

 



APPENDIX  | 78 
 

Educational Handbook for Monitoring European Landscape   
 

Chapter 7   
APPENDIX 

Abbreviations and Acronyms 

CS Citizen Science 

DEM Digital Elevation Model 

ELC European Landscape Convention 

EO Earth Observation 

ESA European Space Agency 

EU European Union 

GIS Geographic Information Systems 

HE Higher Education 

IT Information Technology 

JRC Joint Research Centre 

LCA Landscape Character Assessment 

LQO Landscape Quality Objectives 

NASA National Aeronautics and Space Administration 

NDVI Normalized Difference Vegetation Index 

PPGIS GIS-based Public Participation 

RS Remote Sensing 

UAV Unmanned Aerial Vehicle 

US United States 
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