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Abstract: Despite the advantages that power plants based on renewable energies offer, 9 
there are some restrictions to the social acceptance of these facilities. One of these 10 
restrictions is the visual impact that large power plants may generate on people. This paper 11 
presents a new methodology for ranking the feasible places in a zone for the construction 12 
of new photovoltaic (PV) power plants according to their visibility. The methodology is 13 
based on the fuzzy viewshed and the distance decay methods, which enable to calculate the 14 
maximum number of hours in a mean day in which the new PV plant may be viewed by 15 
each possible observer. This number is related to the inhabitants in the zone, the size of the 16 
plant, the possible observers from paths and roads, and their distance to the PV plant. The 17 
proposed methodology is implemented in a Geographical Information System which 18 
allows the presentation of visual results that help to identify the best areas in the zone 19 
under study. This methodology can be useful to local authorities who have to authorize the 20 
installation of the new power plant in the territory under their competence, or investors 21 
who are trying to find the best locations from the point of view of visual impact. 22 

 23 
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1. Introduction 25 

A photovoltaic system is the most direct way to convert solar radiation into electricity. PV systems 26 
offer an alternative to traditional generation systems for low power applications in isolated areas and, 27 
in zones with access to electricity networks, can be connected to medium and low voltages grids. The 28 
expansion of grid-connected PV systems, as well as other renewable energy based plants, has 29 
experienced an important boost in recent years, in part due to help from policies implemented by 30 
national governments that establish capacity goals and promote them with feed-in tariff schemes and 31 
subsidies [1]. In the near future, PV energy production will become competitive at utility-scale with 32 
wholesale electricity prices in some world regions [2, 3], which will contribute to an increase in the 33 
construction of new large-scale PV plants. 34 

The criteria used in site selection for new solar PV grid-connected plants can include: energy 35 
production, orography (slopes and orientation), environment (land use and visual impact), distances (to 36 
roads, to power substations, and to urban areas), financial, and climate (irradiance, temperature, etc.) 37 
[4, 5]. Although PV systems provide some advantages, as do most renewable energy based power 38 
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plants, there are some restrictions with regard to the social acceptance of these facilities [6, 7]. One of 39 
these restrictions is the visual impact that large power plants causing undesired changes of the 40 
landscape may generate on people. The opposition of the local population can slow down and even 41 
block the construction of new power plants [8], so the selection of the places with lowest visual impact 42 
in a zone can contribute to an acceleration in their construction. 43 

Visual impact assessment (VIA) has become an important issue in the development of projects for new 44 
wind farms [9-13]. Hurtado et al. [10] propose a scale with 6 levels, from minimum to deep, to 45 
evaluate the visual impact: the level is calculated taking into account the distance and the number of 46 
permanent inhabitants in the zone; the same methodology is refined by Tsoutsos  et al. [11] and 47 
applied to a case study in Greece. The height and visibility of large wind turbines can make these 48 
power plants negatively affect the visual perception of the landscape. In general, visual impact 49 
assessment takes into account the distance from the observer to the wind farm. So, Molina-Ruiz et al. 50 
[12] consider the visual impact as high when the distance is less than 10 km; as intermediate when the 51 
distance ranges from 10 km to 20 km; and as low when the distance is greater. Additionally, Torres 52 
Sibille et al. [13] present a function for the calculation of an indicator of the objective aesthetic impact 53 
of wind farms: the factors used include visibility, fractality, colour, climatology and continuity of the 54 
wind turbines; the function is applied to two wind farms, in Spain and Wales, and the results are 55 
compared with those obtained by means of surveys with photographs among inhabitants living nearby. 56 

Geographic Information Systems (GISs) are suitable tools for analysing and visualising spatial 57 
information. GISs have been used in energy applications from resource assessment to infrastructure 58 
planning. GISs can be used to develop spatial decision support systems which are designed to help 59 
decision makers solve spatially related problems by integrating data management and capabilities such 60 
as analytical and spatial modelling, spatial display and reporting [l4]. GISs handle data in digital 61 
models; one of most useful is the raster data model. The raster data model divides the studied 62 
geographic area into a regular grid of GIS cells where each cell contains the value of a variable of 63 
interest and a geographical position.  64 

GISs have been used in the VIA of new wind farms. In [12] a GIS was used to generate 3D maps of a 65 
proposed area for a new wind farm. Rodrigues et al. [15] take into account four parameters for the VIA 66 
of a new wind farm: orography, land-cover height, the facility height and width, and the observer 67 
height. The population in the vicinity and the users of roads and railways are also considered, and the 68 
distance to the facility is included as a divisor of a visual impact index. The authors calculate the visual 69 
impact indexes for six energy production scenarios. The results show the relationship between the 70 
number of wind turbines and the visual impact index values. Manchado et al. [16] use a GIS to 71 
determination potentially suitable areas for the installation of new wind farms, taking into account the 72 
visibility assessment. A whole geographic area is analyzed in order to identify the zones where the new 73 
wind farm has lower visibility from population nuclei.  74 

Wind farms are the most prolific renewable energy based power plants with a greater geographical 75 
diffusion, although large-scale PV power plants, with a capacity comparable to that of medium sized 76 
wind farms or even greater, are being developed all over the world [17]. The size of large PV plants, 77 
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their regular geometry, and the highly reflective surface of the panels used, make these plants visible 78 
for long distances and they may contrast with surrounding natural or rural settings [18]. In the visual 79 
impact assessment of PV plants, the distance between the facility and the observer also has a relevant 80 
importance. This parameter is considered as the most important among others that include the effect of 81 
the scale, topography, vegetation and weather [19]. 82 

A similar methodology to that which is applied to wind farms in [13] was applied to solar power plants 83 
by the same authors [20]; in this case the continuity factor was changed to a concurrence factor, related 84 
to the concentration of solar panels. The risk of glare from PV plants is focused on [21], with a study 85 
of the visual impact produced by a PV plant with 3085 modules sited in Italy. The authors conclude 86 
that although glare can increase the visual impact, this only takes place for very short time periods and 87 
so can be neglected.  88 

So, even though a major effort has been undertaken in order to evaluate the VIA of new power plants 89 
based on renewable energies, it has mainly been carried out for wind farms, and even in those cases 90 
with an a posteriori analysis: once the power plant has been designed, the VIA is calculated. Only a 91 
few works [15, 16] describe the VIA, for new facilities, over a whole area in order to select the 92 
locations with lower visual impact.  93 

The visual impact that a new power plant can cause is directly related to its observability. When the 94 
plant is not visible from the places frequented by people, its visual impact will be negligible. The 95 
visual impact of the plant increases when it is visible from more places and for more people. Even with 96 
a fixed number of people for whom the plant is visible, its visual impact is raised with an increase in 97 
the possible hours of observation.  98 

This paper presents a new methodology, based on GIS, for ranking the places in a zone according to 99 
the observability of a new PV power plant. We define a new variable called the Potential Observation 100 
Hours (POH), which represents the aggregated value of the maximum number of hours in a mean day 101 
in which an object may be viewed by each possible observer. This is related to the inhabitants in the 102 
zone, the size of the object, the possible observers from paths and roads, and their distance to the 103 
observed object. With the evaluation of the POH variable for all the cells (in a GIS) representing a 104 
geographical zone, a map can be obtained. This map helps to visually identify the places in the zone 105 
with the highest or lowest observability. The proposed methodology can be easily adapted to other 106 
kinds of power plants (wind, thermo-solar, etc.), only changing the height, cell size and extension 107 
occupied by the power plant. This methodology can be useful to local authorities who have to 108 
authorize the installation of the new power plant in the territory under their competence, or investors 109 
who are trying to find the best locations from the point of view of visual impact or visibility. 110 

The paper is structured as follows: the second section presents the methodology used for the evaluation 111 
of the POH for each cell (representing a geographical area) in a GIS and the development of maps for 112 
the zone under study; the third section shows two case studies with the application of the proposed 113 
methodology for the selection of locations for the installation of two kinds of PV plants (0.6 MWp 114 
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two-axis tracking system PV plant, and a 1 MWp grid-connected fixed panel PV plant, both located in 115 
rural zones in La Rioja, Spain); finally, the conclusions are presented in the last section. 116 

2. Description of the proposed methodology 117 

The main goal of the proposed methodology is the achievement of a set of GIS maps which help to 118 
visually identify the places in a zone with the lowest observability. These maps are built with the POH 119 
variable which takes into account all the possible observers (in motion or on-site). This variable 120 
depends mainly on the characteristics of the terrain in the studied area (orography, represented in the 121 
GIS by the Digital Terrain Model, DTM). It also depends on existing communities in the area 122 
(observation points and on-site observers), existing roads that connect these communities (moving 123 
observers), and PV plant characteristics (height of panels, extension of land occupied, etc.).  124 

The POH values are stored in raster format in a GIS. The raster format keeps the geographical 125 
information in cells that represent a small square area in the geographical zone under study. In the GIS, 126 
a numerical value is associated to each cell of the raster format. In order to store values for different 127 
variables or results, a set of raster files can be used, where the cells present the same geographical 128 
reference in all the files. 129 

For a single observation on-site point (village, hamlet, farm, viewpoints, etc.) and for a single road 130 
segment, we define the POH as a numerical value that depends on the number of potential affected 131 
observers and on the distance between them and the observed object. The distance plays a key role 132 
because human visual acuity diminishes with distance [22]. The POH also depends on the orography 133 
of the terrain between the observation point and the observed object.  134 

Some published works relating to GIS applications have proposed methods to take into account the 135 
distance in the human visual acuity formulation. So, Fisher proposed the fuzzy viewshed method in 136 
1994 [23]. This method aims to take into account the fact that an object can be seen to a different 137 
degree of clarity under different circumstances. The author applies fuzzy membership functions, the 138 
values of which decay with the increase in distance from the observer to analysed location.  139 

The size of the observed object in the analysed location and the distance from the observer are taken 140 
into account jointly by Ogburn [24]: the author applies the fuzzy viewshed approach modified to 141 
account for target size. In that work, the author establishes that there are no set formulae that directly 142 
factor in the limits of human visual acuity, atmospheric extinction (degradation of visibility over 143 
distance), and the physical properties of objects and their surroundings. So, he proposes the use of 144 
fuzzy membership values obtained with the application of a distance decay function which declines 145 
with distance in relation to the size of the observed object. The parameters of the decay function are 146 
calculated taking into account that the distance at which an object reaches the standard limit of 147 
recognition acuity, i.e., the point at which it subtends a visual arc of 1′. This limit of recognition acuity 148 
is also known as 20/20 vision. The distance decay function is shown in (1), where x represents the 149 
position of the observed object, d is the distance between the position of observer and x, b1 is the limit 150 
(distance from the observer) of the foreground zone of high clarity, and the sum of b1 and b2 151 
corresponds to the distance where an object of the width of the observed object subtends a visual arc of 152 
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1′. Parameters b1 and b2 depend on the size of the observed object. We have used for b1 the distance 153 
corresponding to the limit of short-distance view defined by Higuchi [25], that is the distance at which 154 
the observed object subtends a visual arc of  1º.  The fuzzy membership values obtained with (1) range 155 
0 to 1, giving a value of 0.33 to the 1′ visual threshold.  156 
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This distance decay function can be easily adopted for a GIS environment. The position of the 157 
observed object can be represented by a cell in a GIS raster format, and d corresponds to the distance 158 
between the central position of the area represented by that cell and the position of the observer. For a 159 
single observer, the value obtained with (1) represents the fuzzy membership value for the object 160 
placed in position (cell) x. Fig. 1 plots the distance decay function corresponding to an object with a 161 
size of 10 m. The values of parameters b1 and b2 are 570 m and 33800 m, respectively. 162 

 

Fig. 1. Distance decay function for an object with a 10 m size.  

We propose the use of the distance decay function in order to calculate the POH, because it takes the 163 
size of the observed object into account. Since the height for a PV plant is usually less than its width, 164 
we take only the height into account as a measurement of its size. The number of possible observers 165 
and the orography between these observers and the object also influence in that calculation, as it is 166 
described in the next section. The starting point is the DTM corresponding to the geographic zone 167 
where the new PV plant would be built. The geographic zone is represented by a set of regular cells in 168 
the GIS. The size of the cells is chosen according to the real size of the PV plant (it must occupy the 169 
area represented by only one cell).  170 

2.1. On-site observers 171 



 6 
 

 

Initially, the data corresponding to the on-site observation points are stored in an on-site observer 172 
table. This table contains the geographical position of each observation point, the observer height 173 
above the ground and the number of potential observers. These potential observers can correspond to 174 
inhabitants in communities or single observation on-site points, or to average daily visitor in 175 
viewpoints, monuments, natural parks, etc.  The calculation process of the POH corresponding to a 176 
facility placed in the area represented by the cell i in a GIS and to an observation point j, POHi,j, is 177 
shown in Fig. 2. The stages of the process are as follows: 178 

1. The data corresponding to the height above the ground and the land area of the PV plant are 179 
stored in the GIS in the cell i. 180 

2. The data corresponding to observer height above the ground and number of potential 181 
observers from the observation point j are read from the on-site observers table.  182 

 183 
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X
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Fig. 2. POH calculation flow-chart for a PV plant in cell i, and observers in position j.  

 184 
3. Application of a “visibility filter”:  185 

For on-site observers, this filter corresponds to a function which returns a value 0 if the PV 186 
plant in a position or cell i (with the characteristics stored initially) is not visible from 187 
position j (with the height read in stage 2). This filter returns a value 1 when the PV plant in 188 
cell i is visible from the position j. The visibility filter value is stored in cell i. 189 

4. The GIS calculates the Euclidean distance between the centre of the area represented by cell 190 
i (PV plant) and the position j (observers).  191 
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5. The GIS calculates the value for the distance decay function (value returned by the function 192 
according to the distance between the PV plant and the observers). 193 

6. The GIS multiplies the value obtained with the visibility filter, the value for the distance 194 
decay function, the number of possible observers in position j and the number of daylight 195 
hours of a mean day (12 hours). The result corresponds to the POH generated by the PV 196 
plant in the area represented by the cell i, taking into account only one community or a 197 
single observation on-site point j, POHi,j. 198 

 199 
Steps 2 to 6 are repeated for all the on-site observation points (a total of M observation points, each 200 
one with a different position, height and number of possible observers) in the zone under study and 201 
surroundings. The values obtained, POHi,j for each observation point, are aggregated to obtain the On-202 
Site Global Potential Observation Hours value, OSGPOHi (2), that is, the aggregated value of the 203 
maximum number of observation hours in a mean day for all the possible on-site observers. With this 204 
action, we obtain a numeric value that is stored in the cell corresponding to the position i.  205 
 206 

∑
=

=
M

j
jii POHOSGPOH

1
,  (2)  

2.2. On-road observers  207 

The POH calculation process is slightly different to that one for on-site observers. In this case, the 208 
possible observers are travelling along a road. In order to evaluate the number of possible on-road 209 
observers, the average daily traffic (ADT, that is, the average number of vehicles per day) is used; this 210 
value can be obtained from local authorities. Each road in the studied zone is divided into segments. A 211 
segment is the stretch of road whose nodes have the same ADT value. Initially the data corresponding 212 
to on-road observers are stored in a table (on-road observers table). This table includes, for each road 213 
segment, the number of possible observers (its ADT value multiplied by the average number of 214 
occupants per vehicle), its length, and the average speed of the vehicles in that segment. We suppose 215 
the same height over the road for all the on-road observers.  216 

In the process of calculation, each road segment is divided into evenly separated nodes. Each node 217 
corresponds to an observation point in the GIS. The process, for the road segment k, is as follows: 218 

1. The data corresponding to the height above the ground and the land area of the PV plant are 219 
stored in the GIS in the cell i.  220 

2. Data corresponding to the road segment k are read from the table.  221 
3. Application of the “visibility filter”:  222 

For on-road observers, this filter corresponds to a function which returns the number of 223 
nodes from which the area represented by cell i is visible. 224 

4. The GIS calculates the Euclidean distance between the centre of the area represented by cell 225 
i (PV plant) and the road segment k.  226 
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5. The GIS calculates the value corresponding to the distance decay function (value returned 227 
by the function according to the distance between the centre of the area represented by the 228 
cell i and the segment road k). 229 

6. The GIS multiplies the value obtained with the visibility filter, the value corresponding to 230 
the distance decay function, the number of potential observers, and the distance from node 231 
to node of the road segment k. This product is divided by the average speed of the vehicles 232 
in that road segment. The result corresponds to the POH caused by the PV plant in the cell i, 233 
taking into account only the road segment k, POHi,k.  234 

 235 
The flow-chart for this process is similar to the one represented in Fig. 2, changing “Position j” for 236 
“Road segment k”, “Observers in j” for “Observers in road segment k”, and “Number of daylight 237 
hours” for “Distance from node to node node divided by the average speed of the vehicles in that 238 
road segment”. 239 
 240 
This process is repeated for all the possible on-road observers (a total of K road segments 241 
corresponding to all the roads) in the zone under study and surroundings. Moreover, the values 242 
obtained POHi,k for each road segment are aggregated by (3) to obtain the On-Road Global 243 
Potential Observation Hours value, ORGPOHi, that is, the aggregated value of the maximum 244 
number of observation hours in a mean day for all the possible on-road observers. The numeric 245 
value obtained is stored in the cell corresponding to the position i.  246 
 247 

 ∑
=

=
K

k
kii POHORGPOH

1
,  (3)  

The suggested process can be easily modified in order to consider all kind of mobile observers, from 248 
pedestrians on a path to passengers in a train. All that is needed is to include a new column with the 249 
height of the observers above the road, path or railroad in the on-road observers table. 250 

2.3. Normalized Index Maps 251 

A set of maps related to the POH of the new PV plant can be obtained if the previously presented 252 
process is applied to all of the cells that correspond to the zone under study (all the possible positions 253 
i). The maps are built representing each cell in the map with a colour denoting the value, in that cell, of 254 
the variable represented in the map. For example, using the OSGPOH variable and a monochromatic 255 
colour scale, we can build the OSGPOH map, where the areas with lower or higher values (lighter or 256 
darker colours) are easily identifiable If the value of the variable of interest in each cell is normalized 257 
with respect to the highest value of that variable for all the cells in the zone under study, we can obtain 258 
a normalized index map, where all the cells present values between 0 and 1. So, we can obtain the 259 
normalized OSGPOH and ORGPOH values using (4), where max(OSGPOH) and max(ORGPOH) 260 
correspond to the maximum values, for all the cells, of both variables. 261 
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 262 
A normalized map represents a ranking of the areas where it is possible to build the new PV plant. 263 

Cells with the lowest values correspond to the areas with the lowest POH in the zone, while cells with 264 
value 1 correspond to the areas with the greatest one. Cells with value 0 correspond to areas with a null 265 
visual impact, because they are not observable either by on-site observers or by on-road observers. 266 

 267 
In order to include on-site and on-road observers in a single map, two different strategies can be 268 

chosen: 269 
 270 

A) The normalized POH variables, that is, the variables nOSGPOH and nORGPOH, are 271 
combined by (5) to obtain the Global Potential Observation Hours Index, GPOHI. Both 272 
values are aggregated in each cell with normalized weights (ws+wr = 1) to assign the 273 
importance and quality of every type of observer. 274 

 275 

 irisi nORGPOHwnOSGPOHwGPOHI ⋅+⋅=  (5)  

 276 
The variable obtained with this operation, GPOHI, can be represented in a map in which 277 
each cell (position i) presents a value between 0 and 1. This value is a relative index. 278 
Note that, with this strategy, the weights are assigned to the type of observer, on-site or on-279 
road. This strategy can be useful in zones with a very different number of possible 280 
observers and there are reasons to increase the importance of one kind or another: touristic 281 
zones, road accesses to natural parks, etc. In order to avoid the penalization of possible on-282 
site observers, this strategy must be chosen when the possible on-road observers aren’t 283 
mainly inhabitants in the zone under study: on-site observers are visually affected every 284 
day, meanwhile on-road observers may be affected only occasionally.  285 

 286 
B) The POH variables, that is, the variables OSGPOH and ORGPOH, are combined by (6) to 287 

obtain the normalized Global Potential Observation Hours, nGPOH. The values are 288 
aggregated in each cell with normalized weights (ws+wr = 1) and normalized with respect to 289 
the highest value for all the cells in the zone under study (in the denominator). 290 

 291 

 ( )ORGPOHwOSGPOHw
ORGPOHwOSGPOHwnGPOH

rs

iris
i +

+
=

max
 (6)  

 292 
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The variable obtained with this operation, nGPOH, can be also represented in a map in 293 
which each cell (position i) presents a value between 0 and 1. In this case the cells with 294 
value 1 correspond to those areas with the highest POH in the studied zone.  295 
This strategy can be used in zones where there is an interest in aggregating on-site and on-296 
road observers in order to obtain a joint ranking. The values of POH, on-site and on-road, 297 
are aggregated, although the use of weighting factors can assign more importance to one or 298 
another of the type of observer. This strategy must be chosen when the on-site observers 299 
and the on-road observers are almost the same: the roads are used mainly by the inhabitants 300 
in the zone.  301 

3. Case studies 302 

We present two case studies for different zones. In the first case study we consider the installation 303 
of a new PV plant in a zone where most of the users of the roads are not inhabitants of the zone. In the 304 
second case study we consider the installation of a new PV plant in a zone where the roads are mainly 305 
used by the inhabitants of their own zone. In both cases the PV plant will be installed inside a 306 
municipal territory. The selected zones correspond to the municipal territories of Aldeanueva de Ebro 307 
(case study 1), and of Arnedo (case study 2). Both zones are situated in La Rioja, Spain, a region 308 
famous for its wines and with social interest in maintaining the landscape with vineyards as a tourist 309 
claim. So, for both case studies, the methodology is used to identify the places with the lowest 310 
observability. Fig. 3 shows the two selected zones, which are separated by less than 10 km. 311 

 312 
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Fig. 3. DTM of La Rioja where the zones under study and the main human communities and 
roads are represented. The values in the legend correspond to height above sea level in metres. 

 313 
In order to apply the proposed methodology, all the human communities in the zones under study and 314 
in the surrounding areas were taken into account, with a total (for both cases) of 22 communities 315 
including towns, villages and hamlets. The number of inhabitants in the communities considered 316 
ranges from 24500 (the town of Calahorra) to 8 (a little hamlet).   317 

The traffic measurement stations in the zones chosen for both case studies are shown in Fig. 4. Traffic 318 
measurements have been taken from government sources [26]. In that figure, the denomination of the 319 
measurement station, the ADT value (IMD in Spanish), and the percentage of heavy vehicles (%P) are 320 
represented in boxes, and the measurement stations are marked with stars. In the case studies we 321 
considered all the stretches between two bifurcations as road segments, although shorter segments 322 
could be chosen. Each road segment was divided in nodes (one per meter of length). The total number 323 
of road segments for each case study was 53. 324 

The case studies were carried out to identify the best areas, following visual criteria, for the installation 325 
of two different PV plants with a common characteristic: their construction needs the same surface 326 
area. Although both plants need the same surface area, the rated electrical power of the PV plants is 327 
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different. The two PV plants are the following: a PV plant with solar trackers, with seven meters 328 
average height, and an installed nameplate capacity of 0.6 MWp (in DC and under Standard Test 329 
Conditions) in the case study 1, and a PV plant with fixed ground-mounted panels, with two meters 330 
average height, and a capacity of 1 MWp in the case study 2. The approximate surface area for each of 331 
these facilities is 10000 m2, having taken into account the latitude and the average solar irradiation in 332 
those zones. Therefore, we selected a GIS cell size of 100x100 m. So, each cell, representing an area of 333 
10000 m2 in the studied zones, corresponds to a potential site for the construction of the selected PV 334 
plant.  335 
 336 

 337 

Fig. 4. Data of traffic on the roads corresponding to the studied area. 

 338 
 339 
Case study 1 340 
 341 

In this first case study the new facility corresponds to a two-axes solar tracker PV plant with a 342 
capacity of 0.6 MWp. The new PV plant will be constructed in the municipal territory of Aldeanueva 343 
de Ebro, in La Rioja (Spain). The considered height over the ground is 7 meters and the surface area 344 
needed is 10000 m2. The municipal territory of Aldeanueva de Ebro, with approximately 39 km2, has 345 
an irregular shape (Fig. 3) and was selected as the zone under study. The main community in that zone 346 
is the village of Aldeanueva (2800 inhabitants). Two main roads cross the municipal territory, a 347 
highway and a major road. The users of these roads aren’t usually inhabitants of the zone or of the 348 
surroundings. So, in this case study we used the proposed methodology with strategy A. 349 
 350 
Fig. 5a shows the OSGPOH map and Fig. 5b shows the ORGPOH map. The limits of the municipal 351 
territory of Aldeanueva are represented in black, the area occupied by the urban centre is represented 352 
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in yellow, and the roads are represented by lines. Areas with low-height level are situated on the top 353 
right and correspond to the flood plain of the river Ebro. The urban centre is slightly above the height 354 
of the flood plain; though lower than most of the other areas in the municipal territory.  355 
 356 
In the maps shown in Fig. 5, the green colour represents the cells with a null value of POH. In general, 357 
areas surrounding the urban centre have high values of OSGPOH, except those areas that cannot be 358 
seen from there (areas situated to the west or south of the urban centre). The ORGPOH map shows that 359 
the highest values correspond to areas that can be seen from most of the road segments and not 360 
necessarily to the areas adjacent to the highway or local roads. 361 
 362 

 
Fig. 5. a) OSGPOH map. b) ORGPOH map. 

 363 
Fig. 6 shows the GPOHI map, obtained with normalized weights ws = 0.8 and wr = 0.2. Note that the 364 
areas with null values for the OSGPOH and ORGPOH variables, present a null value again. There are 365 
18 cells with a null value of the GPOHI, which corresponds to areas with 0.18 km2, where the visual 366 
impact of the new PV plant with the above-mentioned characteristics is negligible (the PV plant will 367 
not be seen for any observer, on-site or on-road). Fig. 7 presents the histogram corresponding to the 368 
GPOHI variable which shows that 767 cells present values lower than 0.0117 (12.4% of the maximum 369 
value which is 0.944).  370 
 371 
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Fig. 6. GPOHI map obtained with weights ws =0.8 and wr =0.2. 

 372 

 
Fig. 7. Histogram corresponding to the GPOHI variable. 

 373 
Case study 2 374 
 375 

In this second case study the new facility corresponds to a fixed, ground-mounted panel PV plant 376 
with a capacity of 1 MWp. The PV plant will be constructed in the municipal territory of Arnedo, in La 377 
Rioja (Spain). The height of the panels over the ground is two meters and the surface area needed is 378 
10000 m2. The municipal territory of Arnedo, with approximately 86 km2, has the shape showed in 379 
Fig. 3, and was selected as the zone under study. The main community is the town of Arnedo (14500 380 
inhabitants), situated near the centre of the zone. The roads in the zone connect the town of Arnedo 381 
with the nearby communities, and they are mainly used by the inhabitants in the zone. The two main 382 
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roads in the surroundings (the same ones as in the first case study) hardly affect the POH results in this 383 
zone because the municipal territory is in a valley that is not crossed by those roads.  384 
 385 
The methodology described in section 2, with strategy B, was applied in order to obtain the POH in all 386 
the cells in the area under study. Fig. 8a shows the OSGPOH map and Fig. 8b shows the ORGPOH 387 
map. The limits of the municipal territory of Arnedo are represented in black, the urban centre is 388 
represented in yellow, and the roads are represented by lines. In both maps, the green colour represents 389 
the cells with a null value of POH. The north part of the municipal territory shows low values of 390 
OSGPOH. Areas surrounding the urban centre in east direction have high values of OSGPOH, except 391 
those areas that cannot be seen from there. This is because it is located along a river, in a terrain 392 
depression, and there are nearby areas that cannot be seen from the urban centre. The highest values of 393 
ORGPOH correspond to areas that can be seen from most of the road segments (note that the road 394 
segments considered are not only those inside the territory, but all the ones in the surroundings). There 395 
are some areas with null values for the OSGPOH and the ORGPOH, even near the urban centre.  396 
 397 

            

             

Fig 8. a) On-Site Global Potential Observation Hours Map. b) On-Road Global Potential 
Observation Hours Map. 

 

   398 
Fig. 9 shows the nGPOH map, obtained with normalized weights ws = 0.5 and wr = 0.5. We have 399 
assigned the same value to both weighting factors because the on-road observers are mainly local 400 
inhabitants. In the map there are 245 cells, which represent a total surface area of 2.45 km2, with a null 401 
nGPOH value. These areas are the best ones to install the new PV plant, because they have a null 402 
visual impact (they are not visible from the communities in the zone under study nor from the 403 



 16 
 

 

surroundings, nor from the roads). Areas surrounding the urban centre to the north and to the east 404 
present the highest values of nGPOH (cells with the red colour), while the areas with the lowest values 405 
are located mainly to the north of the municipal territory. Fig. 10 shows the histogram of the nGPOH 406 
variable, where near 44% of the cells present values lower than 0.0117, while only 6% of the cells 407 
present values over 0.8.  408 
 409 

                      

 
 

Fig. 9. nGPOH map with a 0.5 value for both weighting factors. 
 410 
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Fig. 10. nGPOH histogram. 

 411 
In both case studies, the results obtained offer, in a visually friendly format, valuable information to 412 
the municipal authorities that have to approve the installation of the new PV plant or to promoters that 413 
are supporting its construction. All the areas in the municipal territory are classified according the 414 
POH value, allowing the selection of those areas with the lower values. 415 

4. Conclusions  416 

A new methodology for ranking the places in a zone according to the observability of a new medium 417 
size PV plant has been described. It is based on GIS, what allows the presentation of visual maps. The 418 
possible observers considered include both inhabitants in the studied zone and in the surroundings, as 419 
well as travellers crossing it by road. The visual effect on the possible observers is evaluated by a new 420 
variable called the Potential Observation Hours (POH). This variable depends on the number of 421 
possible observers, on-site and on-road, and on the distance to the PV plant, with a function which 422 
depends on its size. The POH value corresponds to the aggregated value of the maximum observation 423 
hours for all the possible observers in a mean day. This variable allows the classification of the areas in 424 
the zone under study from the lowest to the highest observability corresponding to a new PV plant 425 
built on it.  426 
 427 
The POH variable can be represented graphically, for all the areas in a zone, as a set of maps. These 428 
maps help to identify the areas with the maximum or minimum observability in the zone. Since the 429 
observability is related to the visual impact caused by a new PV plant, the proposed methodology can 430 
contribute to speeding up its construction as a result of the selection of the locations with lower visual 431 
impact or with higher visibility. Any PV plant promoter can easily identify, on the corresponding map, 432 
the optimal places for the new PV plant, which means that the time needed to obtain the permissions 433 
from the local authorities may be shorter. 434 
 435 
The proposed methodology can be adapted to any kind of power plant, if its characteristics (surface 436 
size and height), the DTM of the zone, as well as the distribution of the inhabitants, workers or visitors 437 
at each possible observation point or road links are known.  438 
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