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Abstract 10 

Impacts to landscapes have been identified as major drivers of social opposition against renewable energy 
projects. We investigate how the process of mitigating landscape impacts can be improved and accelerated, 
through a re-conceptualization of visibility analysis.  

In their conventional format, visibility analyses cannot be implemented in early planning phases as they 
require the finalized locations of projects as input. Thus, visual impacts to landscapes cannot be assessed 15 
until late in development, when licensing procedures have already begun and projects' locations have 
already been finalized. In order to overcome this issue and facilitate the earlier identification of impactful 
projects we investigate the reversal of visibility analyses. By shifting the focus of the analyses from the 
infrastructure that generates visual impacts to the areas that have to be protected from these impacts, 
visibility analyses no longer require projects' locations as input.  This methodological shift is initially 20 
investigated theoretically and then practically, in the region of Thessaly, Greece, computing Reverse - 
Zones of Theoretical Visibility (R-ZTVs) for important landscape elements of the region, in order to then 
project visual impacts to them by planned wind energy projects.  

It was demonstrated that reversing visibility analyses (a) enables the creation of R-ZTV-type maps that 
facilitate the anticipation of landscape impacts of projects from earlier planning stages and (b) discards the 25 
requirement for individual visibility analyses for each new project, thus accelerating project development. 
Furthermore, R-ZTV maps can be utilized in participatory planning processes or be used independently by 
projects' investors and by stakeholders in landscape protection. 

Highlights:  

 Reverse visibility analysis enables the early projection of landscape impacts  30 
 R-ZTV maps enable the integration of visibility analysis in multi-criteria planning 
 Once computed, R-ZTV maps can be used for multiple projects thus accelerating EIA 
 R-ZTV maps can reduce project investment risks associated with public opposition 
 R-ZTV maps can be co-produced with local communities through participatory planning 
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1 Introduction 45 

In the last two decades, the expansion of renewable energy (RE) has imposed extensive land use 
requirements [1–4] and resulted to major transformations of the visual character of landscapes [5–8]. Since 
the design of the RE equipment is mostly predefined by industrial specifications and cannot be adapted to 
architectural traditions and local landscape features, these projects have been strongly criticized for 
industrializing landscapes [9]. This is primarily the case for wind turbines, but also applies to photovoltaic 50 
solar panels, and to a lesser extent to hydroelectric projects [10–12]. Following the definition of landscape 
by the European Landscape Convention [13], i.e. "landscape is part of the land, as perceived by local people 
or visitors, which evolves through time as a result of being acted upon by natural forces and human beings", 
the industrialization of landscapes by infrastructure can be the cause of negative perception due to unwanted 
cultural, environmental and aesthetic transformations to landscapes. In the case of RE, landscape impacts 55 
have been identified as one of the major motivators for opposition against new projects [6,9,14]. 
Indicatively, In Europe, the conflict between RE development and landscape quality is demonstrated in the 
following two ways: 
A) Public opposition against RE on landscape-protection grounds has significantly delayed their desirable 
penetration into the energy mix. Even though RE has been associated with significant impacts to the natural 60 
[14], cultural [15,16] and aesthetic [17,18] character of landscapes, so far spatial planning of RE systems 
for the mitigation of landscape impacts has been given a secondary role [19]. Thus, landscape impacts have 
become a major cause of public opposition and, consequently, of delays in the pan-European effort to make 



renewables the key player in energy production and moving beyond the goal of a minimum 32% share for 
RE in the energy mix, under the so-called “2030 Climate and Energy Framework”.  In Greece, for example, 65 
there has been significant opposition to wind energy projects from activist initiatives [20] and local 
communities [9] that has even escalated to clashes between police and opposing groups. The installed 
capacity of the major projects that have been challenged, using various arguments – including landscape 
impacts  – adds up to more than 1200 MW [9]. For comparison, in 2020 Greece was 3512 MW below [21] 
its target for 7050 MW for wind power capacity in 2030 [22]. Similarly, in the rest of Europe, landscape 70 
quality degradation due to RE has been identified as a major issue [6,8] that has arguably contributed to 
opposition and that is eventually associated with the failure of more than half of the member states in 
meeting RE development targets based on the EU directives. 
B) While the penetration of RE is a broadly desirable goal, a non-controllable expansion of such projects 
is expected to cause significant transformations to European landscapes. Arguably, Europe has a very high 75 
density of scenic landscapes that are associated with architectural and cultural monuments and historical 
settlements. The protection of this heritage is of high priority not only for its preservation and its connection 
to the sense of place, cultural identity and quality of life of European citizens, but also due to its direct link 
with touristic and, consequently, economic development. Using one of the most informative quantifications 
for the extents of visual intrusion of RE projects to landscapes, viewshed analysis, it was estimated that the 80 
portion of the land area from which wind turbines were clearly visible was 18% in Spain, 21% in the 
Netherlands and even 96% in Denmark (Jutland region) [23–25]. Such extensive impacts require specific 
mitigation strategies, especially when they are carried out in the vicinity of protected cultural [26] or natural 
landscapes [27], and also given that suitable locations for siting RE projects are currently diminishing. 

From a social perspective, RE is subject to a major contradiction. On the one hand, there seems to be a 85 
general support for renewables [28–30], yet on the other there are strong oppositions movements against 
numerous projects under development [9]. Given that literature has disapproved of the well-known NIMBY 
(“not in my back yard”) disposition as the primary source of social oppositions against RE [30–34], their 
root should also be looked for in planning methods and procedures instead of public attitudes. Thus far, 
large-scale multi-criteria analyses have supported the siting decisions for RE projects based on technical 90 
issues, such as resource availability, distance from the electricity grid and the road network, and various 
socio-environmental restrictions [35–41]. However, these analyses rarely account for landscape protection 
and when they do so, they have not managed to fully integrate calculations of project visibility and visual 
impacts in their assessments [42], with very rare exceptions [28]. Of course, the visibility of RE projects is 
not always perceived negatively. Actually, it is reported that considerable percentages of observers have 95 
neutral or even positive perception in the view of RE works, due to aesthetic [43,44], cultural [45,46] or 
other reasons [47,48]. Indicatively, in the review of relevant literature in 2020, it was found that 34% of 
articles investigating landscape impacts of wind energy works also included references to positive 
perception of the examined landscape transformations and that this percentage dropped to 22% for solar 
energy. Interestingly, in the case of hydroelectric energy, the positive views were actually more than the 100 
negative ones [9]. Nevertheless, it is made clear from these percentages that, especially in the case of wind 
and solar energy, negative opinions seem to be predominant. 

For the minimization of this footprint through planning and the mitigation of landscape impacts, visibility 
analysis has been established as the best practice [19,49,50]. In this vein, it can be generally hypothesized 
that the lack of utilization of such analyses at the early planning stages of RE projects is a significant 105 
limitation to the projection, assessment and mitigation of landscape impacts, and may be responsible for 
such strong public oppositions [9]. The present study investigates the reversal of visibility analyses as a 
methodological twist that can enable the earlier identification and mitigation of potential landscape impacts 
of new projects. 



The motivation of this study lies in the facilitation of a more sustainable development of RE through 110 
improved methods for the mitigation of landscapes impacts. In this regard, preemptive reverse visibility 
analysis is proposed, by employing the concept of Reverse - Zones of Theoretical Visibility (R-ZTVs), in 
order to consult the siting of RE infrastructures, in terms of minimizing their landscape impacts, at early 
stages of their planning or conception. The method aims at improving the mitigation of impacts to the 
cultural, natural and aesthetic character of landscapes, as it is perceived by humans, and thus reducing 115 
associated impacts and public opposition. 

2 Materials and methods 
2.1 Visibility analysis in spatial planning of renewable energy – Current practice 
With the emergence of landscape impacts as a major cause of opposition to RE, significant effort has been 
put into their mitigation, through planning policy and targeted guidelines [23,24,51,52]. In this endeavor, 120 
various visual impact assessment (VIA) methods [42] have been developed. Among them, visibility 
analysis has been established as the basis for the quantitative assessment of landscape impacts [53]; e.g. the 
prominent Scottish SNH guidance [49,51] and the Spanish Method [19,50]. Arguably, the most widely used 
mapping method for visual impacts of RE projects in the academic literature [9,54], planning practice 
[49,55] and institutional reports [23,56,57], are the so-called Zones of Theoretical Visibility [58]. A ZTV 125 
is defined as the sum of all locations from which particular examined objects are theoretically visible, and 
is calculated with the use of spatial analysis tools of Geographic Information Systems (GIS). In this respect, 
the locations of an array of examined objects that generate visual impacts, e.g., wind turbines, are inserted 
in a digital elevation (or terrain) model, and a line-of-sight test is carried out, producing a binary map of 
locations from which the objects are visible and the locations from which they are not. In a more in-depth 130 
review of terminology and methodology, ZTV mapping has also been recognized as similar [58] or 
interchangeable [59] with the so called Zones of Visual Influence/Impact [60]. Furthermore, from our 
literature review, it can be noticed that the ZTV method shares the common foundation of requiring the 
calculation of cumulative viewshed [24] with various other methods for mapping the visibility of projects, 
e.g. maps of visually affected areas [23,25] or visual influence [56]. 135 

2.2 Reflections on the timing of visibility analyses 
In spite of the identification of landscape impacts of RE as one of the major causes for social opposition 
against renewable energy [6,9,14], the quantitative tools for their assessment have been so far generally left 
out from the early stages of RE planning. Indicatively, ZTV analysis, which is the most widely utilized 
quantitative method for visual impact quantification, has been implemented not earlier than within the 140 
Environmental Impact Assessment (EIA) studies, which typically follow the technical, i.e., planning and 
design, ones. In the spatial scale of EIA, however, such analysis loses its capacity to act as a decision 
support tool that can detect siting alternatives, in order to mitigate potential landscape impacts, and is 
downgraded to a modelling procedure for assessing the impacts of a particular project in its finalized 
location. Therefore, at this phase, visibility analysis should be considered a principally ad hoc calculation,  145 
for the evaluation of landscape impacts of projects and after their preliminary or final siting [19,49,50]. 
This is the case especially with wind energy projects, since wind turbines cannot be concealed in the natural 
terrain through short-distance siting adjustments, which are the sole available option at that stage of 
planning; in the case of solar panels though, this may be feasible [9,61,62]. Furthermore, even though ZTV-
type visibility analyses can be carried out in large spatial scales, this has only been done in a posteriori 150 
studies, for the assessment of cumulative visual impacts of already constructed RE projects, at the regional 
[24,54,57,63] or national scale [23,56]. It is possible that a ZTV-type visibility analysis can also be carried 
out a priori, but only under the condition that hypothetical-potential locations for examined projects have 
to be determined beforehand, such us in the study of Rodrigues et al. [25]. 



Overall, in the investigation of the early-stage and large-spatial-scale planning analyses [35,36] or strategic 155 
environmental impact assessment studies [64] that support decisions on RE siting studies, it can be observed 
that ZTV and viewshed analyses have been hardly utilized. Indicatively, in the systematic review by Shao 
et al. [35] on multi-criteria decision making methods, only eight out of 85 studies mentioned visual impacts, 
and only three of them actually included any form of viewshed or visibility analysis [28,65,66]. In 
particular, only Tegou et al. [28] have explicitly utilized viewshed analysis in the planning procedure, by 160 
employing an interesting mixture of reverse viewshed calculations and buffer zones, to produce a generic 
map for visual impact assessment of potential projects in the examined island. In another review of spatial 
planning of renewable energy [36], from 12 compiled studies only two discuss the importance of integrating 
visual impact assessment within RE planning [67,68], yet without making reference to practical methods 
for addressing this issue.  165 

On the other hand, other multi-criteria approaches that actually consider visual impacts, are subject to 
important limitations. For example, in the studies by Daskalou et al. and Gigović et al. [69,70], the 
evaluation of the visibility criterion is simplified to the application of buffer zones around protected areas, 
without the use of viewshed analyses. In the analysis by Kazak et al. [46], visual impacts were evaluated in 
more detail, by using viewshed-type visibility analysis; nevertheless, its implementation was limited to the 170 
examination of already highlighted potential positions for projects. This is reasonable, since viewshed 
analysis requires as input the siting of the proposed projects. Altogether, the integration of landscape impact 
indexes informed by complete visibility analyses is found to be almost completely absent from early-stage 
and large-scale spatial planning analyses, where the project locations are not yet specified. 

2.3 Reversing visibility analyses 175 
Even though there is precedent for visual impact assessment with predictive characteristics [28,71,72], 
which could be utilized to handle the above-mentioned issues, the significance and methodological 
differentiation of these tools has not been emphasized, leading to their scarce and rather inconsistent 
application, as described in Section 2.2. In order to support the transition from the current practice of a 
posteriori landscape impact assessment, i.e., after the design phase, to a priori assessment, i.e., in early 180 
planning stages, the essential adaptations of existing landscape impact assessment methods need to be 
explicitly explained and realized. 

The major shortcoming of mainstream visibility analyses that makes the early prediction of landscape 
impacts too difficult, is that they require project-specific information as their input [53]; namely, the 
finalized layout of the RE system and the exact micro-siting of its components (e.g., wind turbines, solar 185 
panels) is required in order to carry out  viewshed analyses. In contrast, a map of projected landscape 
impacts that would be compatible with the format of spatial planning studies would need to be generic and 
independent of project-specific information, as are all spatial data that are commonly used in such studies, 
such as spatial layers on resource availability, buffer distances from road and electricity grids, etc. 
[28,35,73]. These are all generic spatial information that can be used to guide the planning of RE projects 190 
in advance, without requiring a finalized design of RE infrastructures. 

To overcome this obstacle, we propose reversing the running paradigm of visibility analysis, by shifting 
their focus from the proposed infrastructure to the landscape sites that need to be protected. In conventional 
Zone of Theoretical Visibility (ZTV) method [23–25], the RE system is the focal point of the analysis and 
the generated map represents an extent around each component. Conversely, we propose the so-called 195 
Reverse Zone of Theoretical Visibility (R-ZTV) analysis, in which the focal points are the protected 
landscape elements themselves. Thus, an R-ZTV map illustrates all the locations around protected 
landscape elements from where a given type of RE infrastructure would be visible to those elements (Figure 
1). In GIS terms, ZTV is based on calculations of viewshed, while R-ZTV is based on reverse viewshed. 



The use of ZTVs in planning, consists of (a) computing the ZTV using the predetermined location of the 200 
RE project of interest as input and then (b) looking for potential overlap of the ZTV with important 
landscape elements, which would indicate the generation of significant visual impacts. In the proposed 
concept, R-ZTVs are a priori computed for selected landscape elements and then these R-ZTV areas can be 
"avoided" during the planning procedure, in order to protect the selected landscape elements from non-
desirable visual impacts. In hindsight, it is reasonable that landscape elements should be the focal point of 205 
the analysis, during the planning procedure, since they are static and in fixed positions, while the RE 
projects under study are the ones that can be moved and be sited according to the results of R-ZTV analysis. 

By means of R-ZTV maps, visibility analysis can be utilized preemptively to indicate the areas to be 
preferred for the installation of RE projects, under the primal (yet not exclusive) criterion of minimizing 
landscape impacts. The protected landscape elements to be included in the calculation of R-ZTV maps can 210 
include any selection of areas and landscape features of cultural or natural significance that is considered 
important for the protections of landscapes' quality: e.g. historical or archeological sites, traditional 
settlements [74], tourism-related infrastructure [75,76], etc. It also has to be noted that in in the context of 
strategic planning, the spatial scale of R-ZTV maps should be relatively extensive, since such studies are 
by definition carried out across large scales; e.g. multi-criteria planning analyses are usually implemented 215 
at the regional or national scale [35,36,73,77]. The scale of application is another key difference with typical 
visibility analyses, which essentially refers to the specific project-site scale. Through reversing visibility 
analyses, the implementation of visibility analysis in large spatial scales becomes possible, as it is no longer 
dependent on the siting details of single projects, but can be carried out for multiple landscape elements at 
once, stretching over whole regions or even countries. Contemporary spatial planning frameworks usually 220 
include mapping of such elements at these spatial scales, and thus can be used as inputs to R-ZTV analyses. 

Figure 1 Graphical presentation of differences of conventional ZTV vs. proposed R-ZTV analysis. 

The early projection of landscape impacts of RE projects can facilitate the timely dismissal of problematic 
locations and thus contribute both to the mitigation of landscape impacts and the reduction of associated 225 
public opposition. In theory, maps that expedite the prediction of visual impacts could be used for guidance 



in the sitting of projects at the initial development stages before conflicts emerge, that way lowering the 
risks of investment plans [78] and limiting the time and effort that is lost when projects are rejected at the 
stage of EIA. For example, it is a common regulatory requirement for proposed projects that mean wind 
speeds have been recorded in the examined location for more than one year and that complete business 230 
plans have been submitted [69,79]; all this effort is wasted if the projects are later rejected in the stage of 
EIA, which is quite often the case in Greece [79]. 

2.4 Implementation of R-ZTV analysis at the regional scale: Case of wind energy 
development in the Region of Thessaly 

In order to reveal the methodological requirements of reversing visibility analyses within large-scale RE 235 
planning, the proposed method was applied in the region of Thessaly, Central Greece, which extends over 
an area of 14 000 km2. In this context, R-ZTV maps were generated for already specified important 
landscape elements, in order to be used for the projection of impacts from proposed wind energy projects. 
The region of Thessaly was selected due to two major reasons. On the one hand, because various wind 
energy projects, at different stages of maturity, are already planned [21]. On the other hand, because it is 240 
one the few regions of Greece having established a complete Regional Spatial Planning Framework, 
mapping various locations and areas of importance for the regional landscape [80]. The associated data are 
available through an online GIS platform (http://mapsportal.ypen.gr/maps/694). 

The first step for the production of R-ZTVs for wind energy projects in Thessaly was the implementation 
of reverse viewshed analyses for the important landscape features of the region. The computation of reverse 245 
viewshed were selected to be binary, or Boolean – as they are also called, in order to maintain the reciprocity 
between viewshed and reverse viewshed calculation [81]. The required inputs in GIS were the digital 
elevation model (DEM), the observer's and observed object's height and the maximum distance of the 
observer’s visibility. In our study, we utilized a DEM of the region Thessaly with a cell size of 25 m, the 
height of the observer was set at two meters above the z-value of the observation point, and the height of 250 
the wind turbines was set at 90 m, which is representative of the size of turbine towers used in recent wind 
energy projects in Greece.  

The maximum distance of visibility, also called visibility threshold or discernibility range, was identified 
as the most important parameter of reverse viewshed analysis, thus requiring a thorough justification over 
its selection. The visibility threshold defines the radius of the analysis, i.e., the distance limit used when 255 
investigating the areas that are visible from each observation point, and therefore has a significant impact 
on the size of generated viewshed zones. In the literature, the visibility of a wind turbine under clear weather 
conditions is reported as long as 58 [55] or 42 km [82]. On the other hand, the estimations of distances of 
moderate visibility of wind turbines exhibit a wide range from 3 to 40 km [55,59,83,84]. We should remark 
that for distances less than 2 to 3 km, the visibility is considered dominant [59,83,85]. In recent studies, it 260 
is more common that distances on the highest end of the spectrum are preferred. For instance, Sullivan et 
al. [55] propose distances from 16 to 48 km, Bishop [84] 20 km, and Vissering et al. [86] from 16 to 40 km. 
Moreover, in the latest version of the acclaimed SNH guidelines [9], the use of a 35 km distance is proposed 
for ZTV analyses of modern wind turbines from 101 to 130 m height. In this study, two applications of 
reverse viewshed were carried out, one for a 10 km and one of 30 km visibility threshold, in an attempt to 265 
cover the broad range of visual thresholds that are reported in the literature, and also taking into account 
that these are the most common ones in large-scale ZTV-type analyses [9]. 

In regard to the data sets used to represent the protected landscape elements in the reverse viewshed 
calculations, the following spatial layers were selected from the Regional Spatial Planning Framework of 
Thessaly [80], as they were identified to be relevant to the protection of the cultural and natural landscape 270 



of the Region: (i) "Archaeology/landscape" in which the delimited archeological sites of the region are 
mapped, (ii) "Cultural routes" that includes a section of the E4 European long distance path as well as other 
proposed routes of natural and cultural interest, (iii) "Traditional settlements", and (iv) "Natural/Cultural 
Heritage and Landscape" that includes proposed important lands of cultural heritage and natural 
environment (iv-a) as well as landmarks of international, national or regional touristic interest (iv-b). The 275 
above-mentioned landscape elements of the region of Thessaly are depicted in Figure 2. 

Since the spatial information for the protected landscape elements was represented in various forms in GIS 
(points, polylines and polygons), different assumptions had to be made in reverse viewshed computations, 
regarding the position of theoretical observers within these areas. The basic logic for the placement of 
theoretical observers was the depiction of locations of indicative visitors within the examined areas. In the 280 
case of the polygon layer (layer i), theoretical observers were placed in each angle of their perimeter as well 
as the mid points of each side. The analysis was not carried out for theoretical observer points within the 
polygons, since these areas were considered to be by definition less preferable for wind energy projects, 
provided that they are already demarcated as archaeological sites-landscapes. In the case of the polyline 
layer (layer ii), theoretical observers were placed every 500 m along the length of the paths. Finally, in the 285 
case of point-type layers (layers iii and iv), the points themselves were used as locations of the theoretical 
observers.  

 

Figure 2 Map of the landscape elements of the region of Thessaly that were used in the R-ZTV analysis. Source of 
data: Regional Spatial Planning Framework of Thessaly [80]. 290 

3 Results 
3.1.1 Reverse Zone of Theoretical Visibility (R-ZTV) maps 
The reverse viewshed calculations for all examined spatial data were merged together in the final R-ZTV 
maps. The generated R-ZTV maps and the results of the individual reverse viewshed analyses that were 



carried out for each of the protected landscape elements are presented in Figure 3. The colored areas 295 
demarcate all locations from which an installed wind turbine would be visible to any of the protected 
elements. The results of all reverse viewshed computations for the five types of landscape elements of 
Figure 2 are presented as spatial layers with a 50% transparency in Figure 3, so that the overlap of reverse 
viewsheds can be discernible in the cumulative R-ZTV map. 

 300 

Figure 3 R-ZTVs analysis of protected landscape elements in the region of Thessaly for the case of wind energy 
projects (right), and reverse viewshed calculations for examined landscape elements (left). The upper and lower maps 
refer to visibility thresholds of 10 and 30 km, respectively. 

In theory, the areas calculated through R-ZTV analysis could potentially expand to outside the borders of 
the examined region, as presented in Figure 4. It is thus demonstrated that offshore projects or projects in 305 
adjacent regions could also have some impact to the protected landscape elements within the region of 
Thessaly. However, in the context of this study, the investigation was focused to the planning of projects 
within the borders of the region and thus within the mainland. This was both due to limited data availability 
for adjacent regions and lack of information regarding the emergent field of marine spatial planning [87]. 



Nevertheless, to our knowledge, the exploitation of the actually large offshore wind energy potential of the 310 
country involves marine areas thar are far away from the region of interest [88]. 

 

Figure 4 Expansion of R-ZTVs calculated for the protected landscape elements in the region of Thessaly 
(Figure 3) beyond the region's borders to offshore areas and to adjacent regions with the use of 10 km buffer 
zones. 315 

3.1.2 Utilization of R-ZTV maps in spatial planning 
The overall purpose of R-ZTV maps is their utilization for the a priori assessment of landscape impacts of 
renewable energy projects, with emphasis on early-stage spatial planning analyses and decision making. In 
this section, the method is investigated in regard to its capacity to provide information than can support 
these aims and facilitate the mitigation of landscape impacts. 320 

Initially, we investigate how R-ZTVs can be optimally mapped, in order to be compatible with multi-criteria 
spatial planning analyses and, more broadly, to be comprehensible and useful to stakeholders in the 
mitigation of landscape impacts of renewable energy. 

As was expected, from the results of section 3.1.1 we conclude that the visibility threshold used in the 
reverse viewshed analyses has a significant influence on the size of the generated R-ZTVs. In particular, as 325 
shown in Figure 3, with the use of a 10 km visibility threshold, 37% of the land area of the region of 
Thessaly would be suitable for the installation of new wind energy projects without causing any visual 
impact to the protected landscape elements of the region. However, this percentage is reduced to only 12% 
of the region if a 30 km visibility threshold is applied. As expected, the 10 km R-ZTVs allows for a wider 
freedom for site selection under the goal of minimizing landscape impacts. However, since both visibility 330 
thresholds (10 or 30 km) have been used widely in literature [9], and also given that various other thresholds 
are also used, as discussed in section 2, it is clear that R-ZTVs should be compatible with both large and 
small visibility thresholds, in order to be useful in the spatial planning of RE. 

To this aim, two different logics of implementation can be proposed, depending on the size of the visibility 
threshold:  335 



(i) When smaller visibility thresholds are applied, such as 10 km, R-ZTVs can be used as a binary spatial 
layer demonstrating in which spatial units the installation of RE infrastructure would cause visual impacts 
to important landscape elements, as demonstrated in Figure 5. This binary R-ZTV is generated through the 
union of the reverse viewsheds of the protected landscape elements.  

(ii) When larger visibility thresholds are adopted, such as 30 km, R-ZTVs can be used as a weighted spatial 340 
layer in which each pixel is characterized by the level of visual impact that would be generated to protected 
landscape elements if RE infrastructure was installed within it. The weighted R-ZTVs can be generated, for 
example, by overlaying the reverse viewsheds of protected landscape elements and giving each pixel a 
weight according to the number of overlaying reverse viewsheds within it. In the example of Figure 6, we 
present an adjusted R-ZTV map for wind energy projects in Thessaly, weighted by the number of reverse 345 
viewsheds of the protected landscape elements that overlay in each cell of the map. 

As a first assessment of the utility of R-ZTVs in a real-world planning scenario, the R-ZTV maps of Figures 
5 and 6 were used to evaluate the potential impacts of proposed wind energy projects in the region of 
Thessaly. Spatial data on wind energy projects in various stages of development were collected from the 
Greek Regulatory Authority for Energy (RAE) [21]. We highlight that the examined wind energy projects 350 
were already in advanced stages of their licensing procedure, while R-ZTV maps can also be used even in 
earlier stages before the licensing processes of projects begin. However, even in this case the use of R-ZTV 
maps is again useful as it discards the requirement for carrying out individual visibility studies for all the 
examined projects, since now one map (e.g., the maps of Figures 5 or 6) can be used for the evaluation of 
the visual impacts of all of them at once (Figure 7). 355 

 

Figure 5 Binary R-ZTVs (with the use of 10 km visibility threshold) 



 

Figure 6 Weighted R-ZTVs (with the use of 30 km visibility threshold) 

 360 

Figure 7 Wind projects in Thessaly region (in various development stages) assigned to R-ZTV maps (Figures 5 and 
6).  

We also remark that projects that are referenced by RAE as rejected during the licensing procedures (for 
various reasons, including environmental and legal justification), were also included in the analysis. On the 



other hand, proposed projects located inside the delimited archaeological areas that are presented in Figure 365 
2 were excluded, as the severity of their landscape impacts were considered as self-evident. 

The final list of examined projects, that sum 4.3 GW of nominal power capacity, was incorporated in the 
aforementioned maps, to evaluate the R-ZTV method over its capacity to propose favorable locations for 
the installation of wind turbines, under the criterion of landscape protection. In Figure 7, the R-ZTV maps 
of Figures 5 and 6 are presented in combination with the projects of the region that are currently under 370 
development. Next, the results in regard to the overlap of the wind energy projects with R-ZTVs are 
presented in Tables 1 and 2. 

In the case of the binary R-ZTV with a 10 km visual threshold, 29.2% of the examined wind energy projects 
were outside its borders and would thus be considered to be causing minimal impacts to the protected 
landscape sites (Table 1). In the case of the weighted R-ZTV with a 30 km visual threshold, the projects 375 
that are completely outside the borders of the R-ZTV were only 2.2% of the total set, mainly located in the 
North-Western and Southern border areas of the region. However, this is not to say that site selection would 
be limited to these areas. In fact, the weighted R-ZTV map demonstrates the number of protected landscape 
elements that would be impacted from the installation of wind energy projects, with a spatial resolution 
equal to the cell size of the DEM. Therefore, weighted R-ZTVs could be used, for example, to prioritize 380 
locations that generate visual impacts to a smaller amount of protected landscape elements [76]. With the 
use of this type of weighted R-ZTVs, we can compute that 19.7% of the analyzed projects would be visible 
by only one protected landscape element, while another 34.2% would be visible by two elements (Table 2). 
Overall, the weighted R-ZTVs seem to be better suited to the setup of mainstream multi-criteria spatial 
planning analyses, in which various criteria have to be rated and taken into account, while the binary R-385 
ZTVs could be used for the computation of exclusion zones or for independent guidance to stakeholders on 
significant anticipated landscape impacts. An additional observation that might be indicative to the utility 
of R-ZTV analyses is that rejected projects in the datasets of RAE present a slightly increased overlap with 
R-ZTV zones than projects in other stages of development. In particular, in Table 1 there is a 77.4% overlap 
of rejected projects with the R-ZTV, in contrast to 70.8% for the rest of projects. Additionally, in Table 2 390 
the sum of rejected projects in overlap with zones 3, 4 and 5 is 55.9%, in contrast to 43.1% for the same 
sum in non-rejected ones. This could be a first indication that R-ZTVs can anticipate problematic locations, 
but this is certainly not definitive, since a detailed investigation of the reasons of rejection would be 
essential. 

Overall, the results demonstrate that R-ZTV maps can be utilized for the projection of potential landscape 395 
impacts by RE projects, both applying large or small visibility thresholds. The inclusion of projections of 
landscape impacts that are informed by visibility analysis in early strategic planning and decision making, 
in general, and in operational multi-criteria siting studies, in particular, would be an improvement over the 
current practices. We remind that visual impacts so far are typically neither projected nor mapped in these 
stages [35,36], while the few cases of application are in the form of predominantly qualitative rather than 400 
quantitative assessments [66–68,89]. 

 



Table 1 Wind energy projects under development in Thessaly region vs. binary R-ZTV of Figure 5. 

Project authorization stage 
Number of 
projects in 
category 

Number of projects 
overlapping with the 

binary R-ZTV 

Percentage of projects 
overlapping with the 

binary R-ZTV 

1 - Under evaluation 38 23 60.5% 

2 - Generation authorization 92 70 76.1% 

3 - Installation authorization 5 3 60.0% 

4 - Operation authorization 2 1 50.0% 

Totals of not rejected projects 137 97 70.8% 
Rejected projects (rejection 

decision) 84 65 77.4% 
 

Table 2 Wind energy projects of Thessaly region under development vs. weighted R-ZTV of Figure 6. 405 

Project authorization stage 

Number 
of projects 

in 
category 

Percentages of projects overlapping with the following 
number of protected landscape element types 

0 1 2 3 4 5 

1 - Under evaluation 38 2.6% 10.5% 36.8% 34.2% 13.2% 2.6% 

2 - Generation authorization 92 1.1% 22.8% 35.9% 21.7% 15.2% 3.3% 

3 - Installation authorization 5 20.0% 40.0% 0.0% 0.0% 20.0% 20.0% 

4 - Operation authorization 2 50.0% 0.0% 0.0% 0.0% 0.0% 50.0% 

Totals of not rejected projects 137 2.9% 19.7% 34.3% 24.1% 14.6% 4.4% 
Rejected projects (rejection 

decision) 84 1.2% 11.9% 31.0% 33.3% 20.2% 2.4% 

4 Discussion 
4.1 The shift from a posteriori to a priori assessment of landscape impacts 
The aim of reversing visibility analyses of RE is to allow for an early assessment of potential landscape 
impacts and to enable the timely dismissal of highly impactful ones, thus reducing conflicts and social 
opposition, and eventually favoring the development of RE. 410 

So far, visibility analysis has been a very useful tool for the quantification of landscape impacts of RE 
projects across various spatial scales [9,49]. The reconceptualization of this tool so that it can be 



incorporated in the earliest stages of planning for RE can consequently be considered an important step 
towards the improvement of the quantification and optimal mitigation of landscape impacts. Until this point, 
an a priori application of visibility analysis in the stage of multi-criteria planning for RE investments and 415 
in large spatial scales has been very rare [35,36]. Visibility analyses have either been carried out (a) in large 
scale but ad hoc [23,25,54,56,63], therefore mostly having academic rather than planning utility, or (b) a 
priori but in local project's site-scale, reviewing the project's location as part of EIA [26,49,51,59]. 
However, this timing is not optimal, both for investors and the local communities, since at that stage there 
are very limited options for modifying the siting of projects. Thus, given the fact that public discourse 420 
[30,31,90–92] and co-production [93,94] have been identified as one of the basic means to improve the 
social acceptance of RE projects, technological updates, such as the proposed R-ZTV analysis, will be 
required for the facilitation of public participation in the planning phase of RE projects, in a meaningful 
way. It has to be noted that a well-justified siting is actually the only major way to mitigate the landscape 
impacts of RE projects. In contrast to other types of infrastructure works in which landscape integration 425 
can be improved through architectural design [10], this not a potentiality for two out of the three primary 
types of RE projects, since their shape is predefined by industrial specifications and cannot be modified [9]. 
In particular, wind turbines and utility-scale solar panels have a predetermined shape that cannot be altered, 
in contrast to works like bridges or dams that be treated architecturally through architectural and landscape 
studies. Out of RE works, architectural and landscape design is only applicable to civil engineering 430 
infrastructures that are associated with hydroelectric projects, such as dams and their appurtenant structures 
[10]. Parts of wind turbines have also started to be used for architectural purposes [95,96], but this becomes 
possible after their decommission and does not refer to wind projects thereof. 

R-ZTV analysis is formalized particularly to allow for a priori and large-scale assessment of potential 
landscape impacts of RE projects. The facilitation of this shift is the major challenge of this study, since it 435 
can enable the inclusion of landscape impact projections, by means of visibility analysis, at the very early 
stages of project planning, and apparently far before their design (and thus siting) study. Through the 
proposed R-ZTV maps: (a) landscape impacts can be included in the well-established planning method of 
multi-criteria analysis among other criteria that have so far been commonly utilized [35,36], and (b) can be 
used even earlier than the beginning of licensing stages (e.g. for wind energy: suitability studies for mean 440 
wind speeds and efficacy of intended turbines, etc.), thus saving significant time and effort for projects that 
would go on to face important landscape-impact induced opposition. Regarding the shortcomings of current 
practices in RE planning, it is indicative that in a 2016 multi-criteria spatial planning study for the examined 
region of Thessaly [69], the mitigation of landscape impacts was addressed with 1 km buffer zones around 
protected landscape sites. This is one of the relatively lenient and simplistic measures for landscape 445 
protection suggested by the Greek Framework for Spatial Planning and Sustainable Development of RE 
[97], that has also been also in other studies in Greece [37]. We remark that similar practices are reported 
in multi-criteria studies in other countries, as well [38]. 

The outcomes of this analysis, as presented in Figures 5, 6 and 7 and Tables 1 and 2, demonstrate how R-
ZTV maps can indeed facilitate the incorporation of visibility analysis in RE planning, at the regional or 450 
even coarser spatial levels. The format of R-ZTV maps, i.e., a generic spatial layer calculated for a whole 
region or country, is compatible with spatial multi-criteria analyses [35,36,98] or strategic environmental 
impact assessment studies [64] that are commonly used for RE planning across such scales. R-ZTV maps 
can improve the assessment of landscape impacts within such well-established design and planning 
practices, since they are based on accurate reverse viewshed calculations. By reducing subjectivities, such 455 
tools can facilitate decision-making for the social environmental and techno-economic optimization of RE 
projects. An additional advantage of R-ZTV maps is that after a single calculation at the regional or national 
scale for any selected protected landscape features (historical and cultural monuments, traditional 



settlements, touristic areas, etc.) they can be re-used for any project with similar characteristics in the 
proximity of these protected areas. Furthermore, they are quite easily expandable, whenever additional 460 
information has to be added (e.g., new features of interest or new restrictions), by means of overlapping 
layers. This disconnects visibility analysis from the locations of particular examined projects, as has been 
the common practice so far; therefore, the R-ZTV method has the potential to reduce the load of EIA and 
simplify policy, if utilized in large spatial scales. The use of visibility analyses based on reverse viewshed 
calculations in early stages of development is also supported by the similar yet even more generic method 465 
of Zones of Potential Visual Impact on Protected Landscapes presented by Natural England [72] or the 
already mentioned study by Tegou et al. [28]. 

R-ZTV maps are relevant to private or state-owned enterprises involved in the development of RE, as well 
as to institutions and local authorities that are active in cultural heritage management and landscape 
planning and preservation. In this respect, these maps can be used for the projection of impacts either as 470 
part of multi-criteria planning studies or independently, especially from the investors’ part, usually lacking 
local knowledge. In fact, many companies that are active in the field of RE development are multinational 
and have limited information about landscape-quality issues, such as cultural heritage, tourism, etc. As a 
result, in many cases, conflicts with local communities and opposition that emerges over landscape effects 
could be potentially avoided if tools for early projection of these impacts were available. Thus, the R-ZTV 475 
maps can be used for the classification of cases of projects in regard to their landscape impacts and 
additionally such institutions can also have an active role in the selection of protected landscape sites that 
are used to generate the R-ZTVs. This last point can be of particular significance given the broadly accepted 
importance of public participation in RE planning [31,90,92], and also illustrates a potential for synergies 
with participatory GIS tools [99,100]. R-ZTV maps can facilitate the communication between stakeholders, 480 
by providing spatial quantification and classification of impacts. Eventually, such maps can be used in this 
process to aid in the justification of objections, trade-offs or compromises, overall easing the handling of 
conflicting objectives in the planning process of projects [75] and contributing to reducing the social 
turmoil, delays and costs associated with conflicts over landscape impacts. 

4.2 Study limitations 485 
Even though R-ZTV mapping can contribute to improved projections of landscape impacts of RE during 
the planning procedure, it should not be considered as an indisputable quantification, similarly to any 
method of quantifying landscape and visual impacts. Even though the calculation of visibility is relatively 
accurate, visibility cannot be considered equivalent to visual impact [101]. Visual impact is a rather 
qualitative than quantitative concept, which is subject to personal opinions and biases [102–106], and thus 490 
depends on multiple other factors besides visibility; for example, on the perception of individuals on the 
quality [107,108] or the scenicness [109] of the transformed landscapes prior to their transformation, on 
place attachment [110], etc. Additionally, various other project-related or site-specific visual phenomena, 
such as glare from PV panels [111] or movement of turbine blades [112], can also affect the visual impacts 
of RE projects. Finally, viewshed calculations and the ZTV method, which is the basis of R-ZTV, also have 495 
additional computational flaws of their own [113,114]. Therefore, the proposed method of R-ZTV mapping 
is not manifested as a definite quantification of landscape impacts. It is rather a tool that can be used to 
support planning practices or policy frameworks and national directives for RE planning, in terms of 
improving the quantitative aspect of landscape impact assessments. 

In addition to the aforementioned shortcomings of visibility analyses in general, the R-ZTV method has 500 
some additional more specific prerequisites and limitations. In particular, the basic requirement for its 
implementation in the large scale (national and regional), where it is more meaningful, is that sites of 
landscape importance must have been already designated and mapped and be available in GIS compatible 



formats. In some countries, such data are already mapped in those scales by environmental and cultural 
institutions and agencies [38,72]. However, this is not necessarily the norm. For instance, in Greece, only 505 
three out of the 13 basic administrative regions have published such data in GIS format.  

Lastly, there are additional limitations that are specific to the present study and are related with technical 
assumptions and decisions. The first of them is that a DEM (Digital Elevation Model) was used for the 
analysis rather than a DSM (Digital Surface Model) that includes adjusted land surface heights according 
to land uses [115]. The latter was not found for the examined region, and in general, the differences between 510 
a DEM and a DSM in the scale of examination of this study are not expected to be significant. Nevertheless, 
we remark that the use of DEMs is approved by practice guidelines for ZTV analysis [51]. Second, another 
space for improvement involves the positioning of theoretical observers within protected areas. For 
example, traditional settlements were presented as points within the utilized data sets, while more accurate 
representations of them would allow for the inclusion of more theoretical observers, thus improving the 515 
accuracy of the derived R-ZTV maps. Differences between R-ZTVs could also be investigated by means 
of using centroids or peripheral points or combinations of the two for calculations in polygon type protected 
areas. The number of points that are generated to represent a structure in the landscape have already found 
to affect the calculation of area of visibility [81] in R-ZTV analyses at the smaller spatial scale and may 
also have some impact, probably less significant, in larger scales. 520 

5 Conclusions 
The inability to integrate visibility analyses into the strategic planning of RE projects has hindered the 
timely projection of landscape impacts, thus impeding their mitigation and arguably contributing to 
significant landscape-impact induced public opposition. In this study, the realization of a methodological 
twist in visibility analyses is proposed as a solution to the above-mentioned shortcoming: shifting the focus 525 
of visibility analysis from RE infrastructures that cause visual impacts to the landscape elements that should 
be protected from such impacts. With this twist, R-ZTVs (Reverse Zones of Theoretical Visibility) can be 
calculated and be used to anticipate landscape impacts of projects, much before their design studies and 
before the crucial steps of licensing and EIA. 

The practical challenges of this shift were investigated in the region of Thessaly, Greece, where the R-ZTV 530 
analysis was implemented at a regional scale of 14.000 km2. This proof-of-concept demonstrated how the 
proposed reverse visibility analysis can be used to support the sitting of projects is various levels of maturity 
(initial evaluation of wind speeds and business plans, EIA, finalized licensing, etc.) with the landscape-
protection criterion, a priori and in large spatial scales. It has to be noted though that the generated maps 
can also be used for the projection of landscape impacts of proposed projects within the region, even in 535 
earlier preliminary stages of development, namely in early planning or conception. 

Through both the theoretical and the practical investigations of the study it was demonstrated that reversing 
visibility analyses can contribute to overcoming some of the common landscape-associated difficulties of 
RE planning, in the following ways: 

1) The reversal of visibility analyses enables their integration into the early planning stages of RE, 540 
which has been impractical so far. Mainstream ZTV and viewshed analyses could not be carried 
out at these stages since they require the detailed project layout as input, while in that time the 
project design (including its micro-siting) is still under investigation. However, since important 
landscape features (historical-archaeological sites, cultural monuments, touristic areas, etc.) are in 
already known locations, visibility analysis can be instead carried for them in the form of reverse 545 
viewshed, using their locations as input. The combination of the computed reverse viewsheds in R-



ZTV-type maps formulates a novel spatial layer that projects potential visual impacts to the 
examined landscape elements. This layer can be used as early as in the conception phase or can be 
integrated into multi-criteria strategic planning studies, along with other technical, economic and 
environmental criteria, thus allowing for the early anticipation of potential landscape impacts. 550 

2) After a single calculation, R-ZTV maps of protected landscape elements can be then used in the 
future for multiple planned RE projects in their proximity. Thus, in terms of policy implications, 
they can potentially render the requirement for individual visibility analyses for each new project 
obsolete, overall accelerating the EIA of RE. Since protected landscape sites are static, the 
computation of the reverse viewshed of every site is only required once, and would not need to be 555 
re-calculated for each new project, as is the case with common visibility analyses. A new 
implementation will only be required if basic geometrical features of the examined RE projects, 
such as wind turbine or solar photovoltaic panel heights, are modified significantly. 

3) Finally, R-ZTV maps can be used independently by stakeholders in the early planning phases of 
RE development, when the siting or projects is still under consideration, thus allowing for better-560 
informed siting decisions. From the perspective of investors, R-ZTV maps can be used for the 
selection of locations with low anticipated landscape impacts, thus reducing investment risks. From 
the perspective of stakeholders that are active in the protection of landscapes, R-ZTV maps can 
provide quantitative data that can be used to facilitate communication and public discourse over 
projected landscape impacts. Furthermore, R-ZTV maps can be co-produced with local 565 
communities and landscape protection institutions, who can be involved in the selection of 
landscape features to be included in the R-ZTV analysis. 

Overall, it can be expected that the continuous effort to expand RE in combination with the fact that low-
impact sites for such projects are declining [116–118], will render the RE transition one of the most 
significant drivers of landscape change in the following decades.  It is evident that the mitigation of impacts 570 
to landscapes will be a key goal for both investors and local communities that aim to protect their landscapes 
[9], with conflicts being detrimental to both groups, as being especially manifested in countries with highly 
developed economies [119]. Technological tools, such as the proposed R-ZTV analysis, can aid towards 
this effort, by providing quantitative data that can have a synergetic relation with the methods proposed in 
the ongoing research on public discourse and participation schemes [93,100,120] and decision making 575 
policies [94,109,121] with respect to RE development. In regard to future research, further steps for the 
evaluation and utilization of R-ZTV analysis include its implementation across even larger spatial scales, 
as well as the incorporation of R-ZTV maps within multi-criteria studies. Qualitative analysis of the efficacy 
of the proposed method in assessing potential landscape impacts, e.g., by means of photomontage and 
questionaries for visitors of important landscape sites, would also be useful. 580 
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