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Abstract:Wind energy represents one of the most important renewable resources. Although wind farms are repre-
sented as environmentally friendly projects, they frequently encounter public resistance. One of the main criticisms
of wind farm construction projects is directed at their aesthetic impact. This work develops an indicator to assess
the magnitude of the objective aesthetic impact caused by the installation of the wind farm. The indicator combines
measures of ’visibility’, ’colour’, ’fractality’ and ’continuity’ which can be taken from photographs. Value func-
tions are constructed for each variable and incorporated into the indicator, which has been applied to three wind
farms. Analysis of the results suggests that the indicator is an appropriate objective measure of aesthetic impact of
wind farms.
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1 Introduction

The last few decades have been characterised by an in-
creasing demand for ”Renewable Energy” which has a
low, or negligible, environmental impact. Wind power
is an important contributor to the renewable energy
mix. Over the last ten years, global installed gen-
erating capacity has recorded a consistent growth of
over 20% per year [1]. Although wind farms are often
represented as environmentally friendly projects, they
frequently encounter public resistance due to the poor
integration of the turbines into the landscape [2]; often
over 100 meters tall and of a highly artificial appear-
ance the generators are criticised for their aesthetics
[3].

Large scale developments such as wind farm con-
struction projects require a visual impact assessment,
which has now become a statutory requirement of En-
vironmental Impact Assessment (EIA). Thus there is
a need to establish a tool to analyse and evaluate the
aesthetic impact generated by wind farm projects.

Work reported on the analysis and evaluation of
the aesthetic impact of wind farms on a landscape
shows that visual perception of a wind farm is influ-
enced by different factors, of which physical attributes
such as visibility and colour may be determined ob-
jectively [4, 5, 6, 7, 8] . However, the majority of the
studies have analysed each attribute individually with-

out consideration of the collective effect of the com-
ponents.

One way to evaluate the landscape and its compo-
nents is by means of quantifiable indicators [9]. Nu-
merical evaluation of an impact is desirable for com-
parative purposes and because of the straightforward-
ness with which it can be used in EIA. Often however,
indicators become too complicated, or too specific to
be useful in practice. The aim of this work is to de-
velop a user-friendly indicator to quantify the objec-
tive, collective, aesthetic impact generated by the con-
struction of a wind farm on a given landscape.

This work is a continuation of a paper presented at
the X International Congress of Project Engineering
[10], which introduces the concepts and the steps nec-
essary to develop an indicator to evaluate the visual
impact of wind farm projects. Aesthetic impact of a
wind farm is affected by the ’visibility’, the ’colour’,
the ’fractality’ of the turbines, and the layout of the
farm (’continuity’). It is suggested that the effect of
each variable on visual impact can be described by
value functions determined by expert opinion. The fi-
nal indicator combines these functions in a weighted
sum.

This work presents the value functions for the im-
pacts due to visibility, colour, fractality and continu-
ity. The Indicator of Objective Aesthetic Impact of
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Wind Farms (hereafter referred to asOAIWF ) is con-
structed thereof and subsequently used to assess the
aesthetic impact of three different wind farms.

2 Aesthetic Impact
Aesthetic impact of an object on a landscape com-
prises both an objective part which includes physi-
cal characteristics of the object, and a subjective part
which involves human perception of the object. For
example a larger turbine will have a greater impact
than a smaller one (objective component). This dif-
ference however, may be perceived differently by an
external observer, compared to the local resident who
may find the turbine unacceptable regardless of its
size. Considering human perceptions thus introduces
a subjective component. The purpose of this investi-
gation is to study objective visual impact. Hence, it
will not seek to establish whether the impact is ap-
proved of or not by the viewer population, rather it
will present a method to determine the size of the im-
pact, its magnitude[11].

One way to quantify objective aesthetic impact is
through the use of indicators. Two conventional meth-
ods exist for the development of an indicator of envi-
ronmental impact, the expert approach and the public
preference approach [12, 13, 14]. The first method re-
quires the contribution of skilled and trained experts in
the field of environmental sustainability, whereas the
second relies primarily on the subjective judgement
of the participants affected by the project. The expert
paradigm seeks to devise ways of measuring physi-
cal attributes of the landscape to reflect visual quality.
This approach is widely used in the literature, partic-
ularly for landscape planning and management [13].
In this work, we will apply an expert-based methodol-
ogy to develop an indicator of objective visual impact
of wind farms.

3 Development ofOAIWF

Visibility, colour, fractality and continuity will affect
OAIWF differently, and each will generate a separate
impact. A change in the visibility of the landscape
will generate an impact due to visibility,Iv. Simi-
larly, changes in colour, fractality and continuity will
generate impactsIcl, If andIct respectively.

OAIWF should enable comparison between im-
pacts generated by different types of farms on differ-
ent types of landscape. Consequently, eachIv, Icl, If

andIct, will be a function of the contrast between the
farm and the surrounding landscape.

Photographs were taken of different wind farms
with varying contrasts in visbility, colour, fractality

and continuity, and the ratios were calculated. The
calculation procedures for each variable are shown in
the following section. Minimum and maximum ratios
were assigned impact values of 0 (no impact) and 1
(total impact) respectively. The photographs and their
respective results were presented to a panel of ten ex-
perts, who were asked to evaluate the visual impact
induced by each variable on a scale of 0 to 1. Sub-
sequently, individual value functions were created for
eachIv, Icl, If andIct.

3.1 Impact due to Visibility, Iv

The concept of visibility refers to the degree to which
it is possible to see within a certain territory, through a
certain medium [15]. Introduction of a wind farm into
a landscape will decrease the amount of visible area,
thereby obstructing the view of the background.

Ratios were calculated for five different pho-
tographs by comparing the area occupied by the farm
(Sfa) to the area taken up by the initial background
landscape (Sba). The calculations were done using
Photoshop. The area of the farm is the sum of the
areas of the individual turbines. The area of a turbine
was calculated as the area of the mast together with
the area of the ellipse formed by the rotation of the
blades. The expert evaluation showed thatIv can be
described as (Figure 1):

Iv =

{

0.184x for0 < x ≤ 0.7
−0.003x2 + 0.114x + 0.051 for0.7 < x ≤ 12.3
1 for12.3 < x ≤ 20

(1)

whereIv is the aesthetic impact due to the visibility of the wind farm,
Sfa is the area occupied by the turbines in view,Sba is the area of the

photograph, andx=100 · (
Sfa

Sba
)
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Figure 1: Value functionIv as given by the experts.

When there are no turbines in the landscape, the
impact perceived is zero. Visual impact increases with
the number of turbines and reaches a maximum value
of unity when the farm makes up 15% of the view.
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3.2 Impact due to Colour,Icl

Differences in hue, saturation and brightness can
generate contrasts in colour and affect aesthetic im-
pact [8, 15]. These differences are calculated us-
ing the CIELAB colour formulae [16], which gen-
erate CIELAB points. For each turbine and each
background, mean values of the three characterising
parameters (L, a, b parameters) were obtained us-
ing Photoshop. CIELAB points were calculated for
nine combinations of turbine colour and background
colour, and assessed with respect to aesthetic impact.
The resulting value function is (Figure 2):

Icl =

{

0 for0 < x ≤ 5
−( 356

109
)x2 + ( 12

104
)x − ( 56

104
) for5 < x ≤ 1563

1 for1563 < x ≤ 1700
(2)

whereIcl is the aesthetic impact due to colour andx is CIELAB points.
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Figure 2: Value functionIcl as given by the experts.

The larger the colour differences, the greater the
impact.

3.3 The Climatology Coefficientβ∗

Visibility and colour will depend on the atmospheric
conditions of the area between the object and the ob-
server [15]. Thus, the impact due to visibility and
colour must be corrected by the atmospheric coeffi-
cient β∗. For calculation of the atmospheric coeffi-
cient, see [10].

3.4 Impact due to Fractality, If

Fractality is quantified by the fractal dimension,D.
As nature builds many of its patterns from fractals, the
fractal dimension can be used to identify the natural-
ness of a pattern [17]. Thus man-made structures such
as wind turbines against natural backgrounds will gen-
erate an impactIf which can be represented by con-
trasts in fractal values.

This investigation will use the box counting
method [18] to calculateD. Using Photoshop, the
contour of the wind farm and of the main topographic
line (usually the skyline) are extracted from the pho-
tograph ([10]). This information is then fed into the
program ’fdc Linux’ [19], andD is calculated from
N(d) = 1/dD, whereN(d) is the number of boxes
of linear size d necessary to cover a data set of points
distributed in a two-dimensional plane.

The ratio ’fractal dimension of the farm versus
fractal dimension of the skyline’ was calculated for
five photographs andIf was generated (Figure 3):

If =















0 forx = 0
1 for0 < x ≤ 0.7
−0.3−1x + 0.3−1 for0.7 ≤ x ≤ 1
−2.04x2 + 6.94x − 4.9 for1 ≤ x ≤ 1.7
1 for1.7 ≤ x ≤ 2

(3)

whereIf is the aesthetic impact due to fractality,x =
Dfa

Dfb
,Dfa andDba

are the fractal dimensions of the farm and of the background respectively.
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Figure 3: Value functionIf as given by the experts.

Assuming that a background is geometrically pla-
nar (Db = 2), impact will reach a maximum when
a straight line is introduced into the scene. This
value remains constant as more turbines, and thus
more lines, are incorporated into the landscape up to
the point where adding further turbines will start to
convert a group of lines into a plane. At this point
(Df/Db = 0.7), the impact starts decreasing and
becomes zero whenDf reaches the value of 2 and
the fractal ratio is unity. The remainder of the value
function shows impact increasing as more planes are
created on top of a planar background. As three-
dimensionality is approached, the impact generated
by the contrast against a planar background is once
again at its highest.

3.5 Impact due to Continuity, Ict

Continuity refers to the silhouette enveloping a group
of objects and is measured in terms of the number
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of ”turns” in the silhouette. An envelope can turn
depending on the layout of the turbines and on the
line defining the topography of the area, making the
farm appear more or less continuous with respect to
the background. A difference between the number of
turns of the wind farm envelope and the number of
turns of the background envelope will affect impact
perception [17, 20]. The number of layers of turbines
in a farm too, will exert an effect. This relationship
can be represented by:

Ict = f(

N
∑

j=1

(
2N−j

2N − 1
) · (1.05|twf−ttl|j )) (4)

whereIct is the aesthetic impact due to continuity,N is the number of
layers andj is the number describing the position of the layer.

In a similar manner to visibility, colour and frac-
tality, a value function was obtained for continuity
(Figure 4):

Ict =

{

−4x2 + 12x − 8 for1 ≤ x ≤ 1.5
1 for1.5 ≤ x ≤ 3

(5)

wherex =
∑N

j=1
( 2

N−j

2N−1
) · (1.05|twf−ttl|j )
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Figure 4: Value functionIct as given by the experts.

Figure 4 shows the impact due to continuity in-
creasing with the difference between the number of
turns of the envelope of the wind farm and the number
of turns of the topographic lines. Whenx approaches
1.5, the continuity impact reaches a maximum value
of unity.

3.6 The Indicator OAIWF

The global indicatorOAIWF combines the above
value functions in a weighted sum (Equation 6):

OAIWF = β∗(0.64 · Iv + 0.19 · Icl) + 0.09 · If + 0.08 · Ict (6)

The weights are given by expert judgement in a
Delphi procedure [21, 22] and analysed by means of

the Analytical Hierarchy Process (AHP). Greatest im-
portance was attributed to visibility, which was con-
sidered more than three times as important as the sec-
ond most important attribute, colour. Fractality and
continuity were assigned smaller weights, but were
still significant.

4 Application of the Indicator to
Three Wind Farms

OAIWF was applied to study the objective aesthetic
impact of three different wind farms, Wind Farm A,
Wind Farm B and Wind Farm C.

Wind Farm A is one of the main wind farms in the
region of Tarifa (Spain). This particular wind farm
consists of 50 turbines rated at 150 kilowatts situ-
ated in an environmentally protected natural park in
a mountainous area, such that its accessibility is re-
stricted to a main road, a rural road and one scenic
view-point. The wind turbines differ in design, with
most turbines exhibiting truss towers as opposed to the
tubular towers used for farms B and C.

Wind farm B consists of 25 turbines of 21MW
capacity and is located on a rocky and agricultural
Valencian landscape (Spain). Four views of the
farm were identified; three from three different fields
nearby and one from a road leading into the town.

Finally, Wind Farm C has been built on a field in
Cardiff (Wales), in the vicinity of two villages, and
consists of 20 turbines, with 9MW capacity.

Figure 5 shows photographs of the three farms.

4.1 Analysis forIv, Icl, If , Ict, β∗ and Results
The analysis is carried out for close-up views of the
wind farm, as a worst case scenario. A close-up view
of a wind farm is one for which the area required to
enclose the farm takes up more than 33% of the actual
view (Law of Land Planning and Landscape Protec-
tion, Valencia, Spain). At each close-up view, highly
frequented locations which offer maximum visibility
of the farm are identified, and panoramic photographs
are taken of the entire expanse of the wind farm. For
each Wind Farm A, B and C, a total of five, seven, and
four photographs respectively were analysed for visi-
bility; five, four and four respectively for colour; four,
six and four respectively for fractality and five, seven
and four respectively for continuity.

The average values for visibility, colour, fractal-
ity and continuity of the farms and of the background
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(a)

(b)

(c)

Figure 5: Photographs of (a) Wind Farm A, (b) Wind Farm B and (c) Wind
Farm C.

views were calculated from the photographs. The cor-
responding ratios were computed and translated into
values ofIv, Icl, If and Ict. The climatology coef-
ficient β∗ was calculated for each farm, using atmo-
spheric data obtained from the Spanish an UK Mete-
orological Offices websites. The resulting values are
presented in Table 1.

Inserting these values intoOAIWF (Equation 6),
the objective aesthetic impacts of the wind farms are,
in order from most impacting to least impacting, 0.58
for Wind Farm A, 0.42 for Wind Farm B and 0.28
for Wind Farm C. The results of these analyses are
presented in Table 1.

Wind Farm β∗ Iv Icl If Ict OAIWF

A (Tarifa, Spain) 0.74 0.91 0.59 0.47 0.37 0.58
B (Valencia, Spain) 0.76 0.53 0.84 0.30 0.22 0.42
C (Cardiff, Wales) 0.55 0.51 0.44 0.43 0.20 0.28

Table 1:β∗, Iv, Icl,If , Ict, andOAIWF calculated for the three wind
farms.

4.2 Discussion of Results

A combination of a high degree of visibility (IvA
=

0.91), moderately high colour contrasts (IclA = 0.59),
and a sunny climate with low precipitation levels
(β∗

Tarifa = 0.74), makes Wind Farm A the most im-
pacting of the three sites analysed. Although the farm
is located in an environmentally protected, mountain-
ous area and is thus of limited accessibility to ob-
servers, the elevated topography of the land and the
farm’s proximity to nearby, highly frequented roads,
make the turbines very noticeable. The farm consists
of a large number of truss-tower turbines and so it is
not surprising to see that the farm’sIf of 0.47 exceeds
that of the other two farms. Further, because of the
hilly nature of the landscape, the turbines are placed
in a discontinuous manner with respect to the main
topographic line of the background. Thus, Farm A’s
continuity impact (IctA = 0.37), is nearly twice that of
Wind Farm E, which is located on a flat field.

The turbines at site B have have been made to
follow the shape of the skyline. Hence the moder-
ately low continuity impact of this wind farm (IctB =
0.22), which combined with reduced values for vis-
ibility and fractality (IvB

= 0.53; IfB
= 0.30), con-

tribute to place the overall visual impact of Wind Farm
B below that of Wind Farm A. On the other hand, the
sunny weather conditions (β∗

V alencia = 0.76) guaran-
tee a strong contrast between a blue sky and the white
shades of the turbines and hence the largestIcl (=0.84)
of the three farms. HighIcl values are characteristic
of older farms, whereas new turbines are painted such
that their colour approximates that of the background
sky, as is the case of Wind Farm C.

Colour contrast for Wind Farm C is relatively low
(IclE = 0.44) because the turbines have been painted
white to match the colour of the sky, typical of a re-
gion prone to precipitation and fog (β∗

Cardiff = 0.55).
Similarly to Wind Farm B, Farm C consists of fewer
turbines which are aligned with the background to-
pography. Hence the lower visibility and continuity
impacts (IvC

= 0.51; IctC = 0.20). The fractal value
on the other hand is rather high (IfC

= 0.43), nearing
that of farm A. This is because Farm C is situated in a
grass field away from any trees or objects that can in-
crease the fractal dimension of the skyline and thereby
reduce the fractality ratio.
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5 Future Work

In an attempt to developOAIWF as objectively as
possible, the approach taken in this study is analo-
gous to the expert-based approach, widely used in
landscape evaluation. Analysis of the indicator re-
sults for the three wind farms suggests that visibil-
ity, colour, fractality and continuity are representa-
tive objective measures of aesthetic impact of wind
farms. Nevertheless, even though professional judge-
ments can help assess the landscape, it is ultimately
the non-professional public who evaluates it. Hence
there is a need for the social validation of the indica-
tor. This is the next step in the development of the in-
dicator, which could also serve to confirm the validity
of the indicator variables as representative of public
preferences. Further study on subjective judgement
is also recommended. Integrating expert knowledge
with public evaluative reaction constitutes an impor-
tant step towards the holistic approach of landscape
assessment, which is gaining more strength in land-
scape evaluation practice [13].

6 Conclusion

In this work we have developed a composite indicator
for the objective aesthetic impact of a wind farm lo-
cated in a defined landscape. The indicator combines
measures of visibility, colour, fractality and continuity
which can be taken from photographs, and includes
weighting functions determined by expert opinion.
Application of the indicator to three different wind
farms shows that the variables, and hence the indica-
tor, are objective measures of aesthetic impact of wind
farms. Improvement of the analysis would require a
social validation. Further, a study of the subjective
aesthetic impact is necessary to develop a general in-
dicator of aesthetic impact of wind farms.
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[15] I. Español,Las obras públicas en el paisaje,Ministerio de
Fomento–Madrid 1998.

[16] A. Robertson, The CIE 1976 Color-Difference Formulae,
COLOR research and application2, 1977, pp. 7–11.

[17] A. Stamps, Fractals, skylines, nature and beauty,Land-
scape and Urban Planning60, 2002, pp. 163–184.

[18] C. Hagerhall, T. Purcell, R. Taylor, Fractal dimensionof
landscape silhouette outlines as a predictor of landscape
preference,Journal of Environmental Psychology24, 2004,
pp. 247–255.

[19] fdc Linux, Fractal Dimension Calculator,Paul Bourke.

[20] R. Thayer, C. Freeman, Altamont: Public Perceptions of
a Wind Energy Landscape,Landscape and Urban Plan-
ning14, 1987, pp. 379–398.

[21] N. Dalkey,O. Helmer, An experimental application of the
Delphi method to the use of experts,Management Sci-
ence9, 1963, pp. 458–467.

[22] G. Rowe, G. Wright, The Delphi technique as a forecasting
tool: issues and analysis,International Journal of Forecast-
ing 15, 1999, pp. 353–375.

Proc. of the 3rd IASME/WSEAS Int. Conf. on Energy, Environment, Ecosystems and Sustainable Development, Agios Nikolaos, Greece, July 24-26, 2007       451


