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ABSTRACT
One of the main factors affecting public acceptance of wind parks is their visual impact. Very

often this problem can be solved by taking into account certain methods and techniques.

This paper reviews the most common methods (such as Quechee analysis, the Spanish

method, the method of visual limits); as example is presented the evaluation of the visual

impact of a wind park in Chania, Crete. Besides, the outcomes are combined with the

psychometric testing of the residents by the use of questionnaires and with the values of the

Spanish method. The results of the study prove that the quantification of the potential visual

impact could minimize this, apparently, main reason that affects public acceptance.

Keywords: Wind park, Wind systems, Wind landscape, Visual impact assessment, Spanish

method, Psychometric testing.

1. INTRODUCTION
The impressive increase of the use of wind power during the last decade had, often, a negative

influence on their acceptance from the local population. For instance, there are some Greek

regions where inhabitants do not seem ready to accept the erection of Wind Parks (WPs) in

their areas [1]. Acceptance in most islands is greater than in mainland, since the insular

population is more familiar with the sustainable exploitation of wind energy. In general the

reduction of public acceptance is explained from the NIMBY (Not In My Back Yard) syndrome,

which does not appear only in Greece. For example, in Wales, also, the percentage that

supported the evolution of wind energy (WE) was really high reaching approximately 75%,

but decreased 40 units in certain regions after the announcement of the erection of  new WPs

there. In latest researches in the same regions the percentage of acceptance regained a great

part after the erection and operation of the WPs reaching again 65%. The NIMBY

phenomenon is also verified in other countries, like Holland, where 61% of the population of

Friesland was positive towards the erection of new WTs as long as they were not constructed

in their region [1,2].

At any rate it seems that people against the construction of a WP are afraid of a potential

vitiation of landscape. The issue of visual ‘impact’ seems to be, very often, the greatest enemy

of public acceptance towards WPs. That is the reason that the rational siting of a WP

constitutes a matter of great importance for the farther exploitation of WE.



This paper, after a short review of the most common methods, aims to study the visual

impact of a wind park in Chania, Crete, using the Spanish method [3]. The outcomes are

combined with the psychometric testing of the residents by the use of questionnaires and with

the values of the Spanish method, in order to obtain useful conclusions concerning the visual

impact of contemporary WPs. 

2. VISUAL AND TECHNICAL DESIGN
WTs cannot easily match to an existing image because of their technical character. That is

why they have to be sited in locations where they are not visible or they do not constitute

visual impact for the habitants. The WP siting may be developed according to certain

principles, such as: 1) rows in straight lines or curved, 2) small clusters of WTs (e.g. 2–8 WT), 

3) “Randomised” siting.

The visual and technical design of a WP depends on many characteristics, some of which

are listed below [4–10]:

• WT towers have a simple aim: to elevate the WT above the ground. Whether the

result is acceptable depends on how the problem is approached. Towers are an

afterthought to many wind turbine designers, although aesthetically, the tower

plays an important role in the WT design.

• The nacelle cover shelters windsmiths that service the machine, and is an integral

part of the WTs’ noise control. The nacelle cover also serves an important aesthetic

function: it hides the drive train from view.

• Unlike nacelle covers, nose cones seldom provide an engineering utility; they are

simply an aesthetic enrichment. On some models, nose cones even obstruct

servicing of the rotor. Many designers understand and utilize the aesthetic function

of the nose cone; however, some engineers do not add nose cones mainly for

economical reasons. 

• The zone of “visibility”, where the turbines can be seen but become part of the

landscape extends to a distance of about 10 times the turbine’s height. Although

visible, they may not be visually intrusive. How we view WTs on the landscape,

whether in the foreground or in a distant mountainside, strongly reflect our desire

for visual “tidiness”. Maintaining order and visual utility is the single most important

means to lessening the visual impact of WT arrays.

• As more turbines are added to an array, the influence zone expands. The public

appears better able to accept WT arrays in distinct visual portions of uniform

density. Using the topography, such as hills, or ridgelines to separate machines

visually into distinct clusters could lessen the visual impact.

• The term “visual uniformity” refers to the visual impression of a “uniform whole”,

created by a cluster of WTs, which have the same design characteristics (tower,

nacelle, blades). Examples of lack of uniformity are, when the blades of some WT

are spinning clockwise while the blades of other WT are spinning

counterclockwise, when WTs with 2 and 3 blades, tubular and truss WT towers, or

WT towers of different height are placed next to one another.

• Many surveys show that the public prefers three-bladed WTs. Two-bladed WTs seem

to produce unusual optical effects, which the observer finds distracting. The

position at which the rotor is parked is also important. In one array, visual harmony

is observed when WTs are parked at the same position. Because of their inherent
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symmetry, three-bladed WTs create a less bothering impression than the two-

bladed WTs when they are parked at any position [11].

• Although color and construction materials offer no panaceas for concealing the

WT, they should not be overlooked. In the desert and rangeland of the southwestern

United States, regulators prefer beige or tan color schemes to lessen the contrast

between the WTs and the landscape.

• The most striking visual feature of a WT is its verticality, which in many cases forms

a distinct contrast with horizontal landforms. This is particularly evident in the

lowlands of northern Europe, where the tallest objects on the landscape were

churches and traditional windmills. However, when tall constructions such as grain

silos or television towers already exist in the landscape, the visual contrast between

vertical and horizontal is lessened.

• The auxiliary constructions in a WP should be made of native materials in order to

fit in the landscape. However, it is important that hi-tech materials are used for the

construction of the WTs so that they will be competitive in the energy market [12,13].

• Unnecessary fencing of the perimeter of a WP isolates the WTs giving them a

threatening and hostile character. One of the most visually irritating parts of a WP

besides W_s is the access roads and power lines.

• Visual impact can also be caused from flashing lights that can be particularly

annoying at night. Flashing lights should be used for WTs taller than 60 m, so there

are a lot of designers who prefer to keep the tower’s height lower than that.

3. METHODS OF EVALUATING VISUAL IMPACT
In general the aesthetic value and the “image” of an area, determine the financial development

and the way of living of the residents. In order to evaluate the aesthetic impact many methods

have been developed. The most basic methods are described briefly below. Each method has

its own advantages and disadvantages and many times their combination is very useful [14–16].

3.1. Quecheetest
The aim of a Quechee Test is the determination of whether a construction will cause serious

damage to the “natural beauty” of a landscape [17,18]. The Quechee test is based on two

essential questions:

1. Will the project have any “adverse” aesthetic impacts on the scenic quality of the area?

And if so,

2. Will those impacts be considered “undue” when taking into consideration the type of

development proposed and its surroundings?

It is determined if that adverse impact is improper in regards with various parameters, like

the potential violation of regulations, the offend of aesthetic percept of an average person and

the negligence of the constructor to take decisions which a reasonable person would take to

improve the harmony of the proposed project to its surroundings.

Essential elements of the method are the “harmony” and the “compatibility”. Constructions

that have the same colors and materials with the surroundings, and their size is relatively small

size are generally harmonized with the landscape. On the other hand, constructions with sharp

contrasts with respect to their adjacent environment, such as isolated buildings in open fields

or quarries in forest areas, cannot easily “fit in” a landscape. It is obvious that a WT is a

construction that belongs to the second category. Moreover, the most essential characteristic of
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WPs is that the optimum performance can be achieved by siting WTs in areas with high wind

potential (e.g. ridge) where of course they can be easily seen from the residents.

The necessity for plenty of wind cannot allow conventional methods of hiding to be

applied (e.g. peripheral tree planting). A new concept is essential, for an effective solution that

can be supported [17] on four principles:

• the compatibility of wind generated electricity with the established values of

environmental conservation, stewardship and self-sufficiency

• the potential of wind farms to be an integrated element of a working, resource-

based landscape

• the basic environmental “fit” and “harmony” of seeing wind farms located where

the natural resource it depends on, wind, is most abundant

• the experience of other RES projects that suggests the more people know about

wind power, the more attractive they find it

There are two parameters to evaluate [18] aesthetic impacts:

i. The determination of whether there are landscape characteristics which make

either the project site or specific viewing points particularly sensitive to aesthetic

impacts.

ii. The determination of whether the project’s siting or design characteristics seriously

degrade an aesthetically sensitive site or view point.

For the evaluation of a “visually sensitive” landscape various methods have been

developed. These techniques are often combined with surveys in order to minimize public

reactions [19, 20].

3.2. Windpro
WindPro is a well known Windows modular based software, suite for the design and planning of

both single WT and WPs. Maps are firstly scanned into the PC and after the user can select the

relevant objects from the toolbox and place them on the map with a mouse click. The user can

import and define surface roughness, local obstacles and topography directly on-screen [21].

The program distinguishes between existing and new WTs and this makes it possible to

calculate the output from new WTs in a wind farm, including the influence from existing WTs.

Other objects of the module are the determination of local obstacles, noise sensitive areas,

shadow receptors etc. One additional option is the visualisation of the WP (photomontage and

virtual reality). On top of these WindPro may be used to determine the wind energy yield, the

environmental aspects and the feasibility of the project.

A sub-module of Windpro is WVM (Weighted Visibility Model) whose aim is the

determination of the area of a region where WTs are to be sited with the least visual impact. In

this context, one can also determine the areas that a WP will not be visible for the majority of

the residents.

3.3. Spanish method
Another method was developed from Hurtado et al (2004) for the evaluation of visual

impact [2,22].

The visual impact level for a village or a town can be determined from equation (1):

(1)

with PA: the Partial Assessment coefficient; α: the visibility coefficient of WP from village; b:

the visibility coefficient of village from WP; c: the visibility coefficient of the WP taken as a

PA a b c d e= ∗ ∗ ∗ ∗
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cuboid, depending on the side of view and on the number of WTs; d: the distance coefficient

between the WP and the village; e: the population coefficient of the village.

According to this model, “α” can be calculated from equation (2), i.e.:

(2)

where n: is the number of areas inside the village with different views of the WP; Xi: is the

number of WTs visible from area i; and “WT” is the total number of WTs.

Subsequently, “b” is the ratio of the number of houses visible from the wind farm to the total

number of houses in the village. Finally, “c”, “d” and “e” are obtained from tables given from the

authors.

In this context, the visual impact level can be found then from the following Table 1.

The total coefficient of affected people (population permanently affected by the view of

WP) is given from equation (3), i.e.:

(3)

with “NHm” the population of village and “NTHE” the total number of people in the area

analyzed.

The coefficient of population is considered to take values in the range [0, 1]; in order to

make the necessary estimations the authors have divided this range into three parts

(0.00–0.33; 0.33–0.66; 0.66–1.00).

3.4. Visual thresholds
Shang and Bishop developed a method for defining threshold distances for detection,

recognition and visual impact in landscape settings. A tower or a tank were inserted in a

landscape image and through certain procedure the following equations resulted [19]:

Uninformed detection: Zud = –16.02 + 0.0124(C*S) + 12.75(CD) + 1.525(SH) (4)

Uninformed recognition: Zur = –7.56 + 0.0017(C*S) + 5.014(CD) – 1.623(SH) + 0.037(S) (5)

Informed recognition: Zir = –30.7336 + 0.0089(C*S) + 27.971(CD) (6)

Informed medium visual impact: Zimp = –19.7861 + 0.0045(C*S) + 14.457(CD) (7)

where S:  is the visual size (square minutes of angle); C: is the visual contrast (measured in

grey scale percentage difference between the object and its immediate background); C*S: is

the visual size weighted by contrast; CD: is the visual contrast direction [CD = 1 (positive

contrast), CD = 0 (negative contrast)]; SH: is the shape type [SH = 1 (tank), SH = 0 (tower)].
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Table 1: Impact level of the visual impact
PA Impact level
0.00–0.10 Minimum
0.10–0.30 Light
0.30–0.50 Medium
0.50–0.70 Serious
0.70–0.90 Very serious
0.90–1.00 Deep



The terms informed and uninformed refer to whether the public is aware of the fact that an

object has been introduced in the landscape or not.

4. APPLICATION IN A GREEK WIND PARK
4.1. Method applied
The study area is a wind park in the location of Rovas in the area of Enachorio [4], which

covers the south-western section of the Kissamos province of the prefecture of Chania. The

wind farm is constituted by eleven (11) wind generators Vestas V52, the height of tower is 45m

and the diameter of rotation is 52m. The power of each wind generator is 850 kW and the total

power of the park is 9350 kW. The average annual energy yield of the WP is 25GWh, covering

the corresponding electricity consumption of almost 6000 families.

The analyzed areas were selected based on the levels of landscape sensitivity [20]. The

levels of landscape sensitivity are as high as the public interest or the frequent use of the

particular place. Thus, the area that was chosen in order to apply the method of visual impact

analysis were the villages Kostogiannides and Melissia, since they are the only ones that have
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RECORDING OF ALL THE POINTS OF INTEREST
(RURAL STREETS, CHURCHES, VILLAGES)  WHICH

HAVE A VIEW OF THE WIND PARK AND
MEASUREMENT OF COORDINATES OF EACH POINT

WITH THE USE OF GPS (MAGELLAN EXPLORIST 210)

PHOTOGRAPHING OF THE WIND PARK FROM EACH POINT
OF INTEREST FOR THE VISIBLE WIND TURBINES COUNTING -
PHOTOGRAPHING OF THE TWO VILLAGES FROM THE PARK

FOR THE VISIBLE HOUSES COUNTING

AERIAL PHOTOGRAPHING FOR THE THREE-
DIMENSIONAL DEPICTION OF THE WIND PARK

MEASURING OF THE DISTANCES OF THE POINTS OF
INTEREST FROM EACH WIND TURBINE BY
PROCESSING THE COORDINATES OF THE

REGIONAL MAP USING AUTOCAD

RECORDING OF NUMBERS OF RESIDENTS AND
HOUSES IN THE TWO VILLAGES NEAR THE WIND

PARK (KOSTOGIANNIDES, MELISSIA) 

MARKING OF THE 22 POINTS OF INTEREST ON THE
MAP AND ON THE AERIAL PHOTOGRAPH OF THE

REGIONUSING PHOTOMAPS ANDAUTOCAD 

Figure 1: Process of recording the Spanish method coefficient.



direct visual contact with the wind park. These points have been recorded and placed on the

map and on the aerial photograph of the area by the use of GPS and Autocad.

The applied method for the visual impact quantification of the wind park is based on the

Spanish method [3,4]. There are four main steps that were followed:

(i) Recording of some parameters that concern the visibility of the wind turbines and

also the visibility of some points of interest around the wind park (villages, roads,

churches), see also Figure 1.

(ii) Calculation of five coefficients which are used for the evaluation of visual impact.

These coefficients are: 1) visibility coefficient of wind farm from village (a), 2)

visibility coefficient of village from wind farm (b), 3) visibility coefficient of the

wind farm taken as a cuboid (c), 4) distance coefficient between the wind farm and

the village (d) and 5) population coefficient of the village (e).

(iii) Partial assessments for the evaluation of visual impact. There are two partial

assessments: 1) partial assessment 1 (PA1), which allows one to obtain a factor

between 0.00 and 1.00 that would correspond to the visual impact level generated

for each village and 2) partial assessment 2 (PA2), which is identical to the previous

one except that the village and the town are not the same importance and then, a

population coefficient (e) is added.

(iv) Total evaluation of the visual impact through the calculation of the coefficient of the

population that would be permanently affected by the view of the wind farm,

divided by the total number of people in the area analyzed.

4.2. Results from the applied method
The results are presented in the Tables 2 and 3. According to the tables of determination of

the level of impact related to the partial assessment, the wind park has only a light visual

impact on the population of the village Kostogiannides and minimal visual impact on the

population of the village Melissia. As far as the total visual impact of the park in the area is

concerned, this is characterized by the tables as “medium”. This means that it would be

reasonable to reduce the harmful effect by covering the area either with color or with some

kind of vegetation.

There was also a psychometric approach via questionnaires, according to which, the

evaluation of the landscape is based on the public opinion. The evaluation was based on three

pairs of photographs that show the landscape in its initial natural form without the wind

generators (photo processing), but also in its actual form with the wind generators (example

in Figure 2). Some demographic questions are also included in the questionnaires regarding

sex, age and place of permanent stay.
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Table 2: Coefficients data of method
Coefficients Village a b c d e
Kostogiannides 0.575 0.857 0.50 0.67 0.45
Melissia 0.318 0.375 0.50 0.755 0.35

Table 3: Results of method
Results Village Partial Evaluation (PA1) Partial Evaluation (PA2) Total Evaluation
Kostogiannides 0.1167 0.075 0.356
Melissia 0.045 0.0157



With regard to the questionnaire results, the overwhelming majority of residents (93%)

declared that they think positively towards the existence of the wind park in the region and

generally the use of wind energy for the production of electricity. A small proportion of

residents (7%) expressed their annoyance from the wind parks in general but also by the

particular one in their region. Relating to the evaluation of photographs, 15% of those asked

felt that the landscape is negatively influenced by the placement of wind generators, 58%

were positively influenced and 27% sited that the landscape remained the same.

5. CONCLUSIONS
Taking into account the previous analysis, it is concluded that even though the aesthetics of a

place is something special, there are rational methodologies able to quantify the visual impact

of a wind park. Actually, the following methods have been investigated contributing on the

visual impact evaluation of existing wind parks. More specifically,

• The aim of Quechee Test is the determination of whether a construction will cause

serious damage to the “natural beauty” of a landscape; essential elements of the

method are the “harmony” and the “compatibility”.

• WindPro is a well known Windows modular based software suite for the design and

planning of both single WTs and WPs; the program offers the option to calculate

additional information like the output from new WTs added in a wind farm,

including also the influence from existing WTs.

• The Spanish method was developed from Hurtado et al, it is feasible to be used and

its results can be successfully validated by the potential environmental auditors.

• The method of Visual Thresholds is a useful tool for defining threshold distances for

detection, recognition and visual impact in landscape settings.

Recapitulating, the visual impact evaluation methods are valuable tools especially in

potential projects in mainland, since the insular population is more familiar with the sustainable

exploitation of wind energy, in order to overcome the NIMBY syndrome. Thus, using the existing

computational tools, one may improve the wind farm design and the siting of the corresponding

wind turbines reducing significantly their visual impact. However, in addition to the above

analysis, the right informing of the nearby population and the establishment of some financial

benefits for the local society could radically change the public attitude on future wind parks.
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