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across the characteristics (Table 2). Except for one item (education — certificate/ diploma), the ratings
varied by only 2.4%. This suggests that although the survey sample differed from the population, this
would generally not affect the ratings.

Tests of significance indicated that the only characteristic which had a significant effect on ratings
was education. The differences in ratings across the other participant characteristics were not
significant.

Interestingly a high 56.5% of participants indicated that they had seen a wind farm. Around two-thirds
of these wind farms were in Australia — mainly on the Victorian coast at Codrington, or at Starfish Hill
in South Australia. Those overseas were mainly in Europe, UK and the US. Many identified wind
farms in several locations, including overseas.

5. RESULTS

The overall mean of scenes without wind farms was 6.15 (SD = 1.23) but the presence of wind farms
reduced this to 5.49 (SD = 1.28). The difference of 0.66 was significant: ANOVA F = 11.44, df 1. 134,
p = 0.001. The ratings for without wind farm and with wind farm were both normal distributions.

The coastal and inland scenes were analysed separately.

5.1 Coastal Scenes

The presence of wind farms reduced the mean perceived scenic quality rating of the 21 coastal
scenes by 1.52, from 7.61 to 6.09, a significant difference: ANOVA F = 35.78, df 1, 41, p = 0.000.

Coastal scene with wind farm (rating 6.63 — rating without wind farm 8.68

The difference in the ratings is evident by arranging them in descending order of rating difference
(Figure 2). This indicates the rating of each scene without and with the wind farm. The largest gap
occurred where the landscape quality rating was high and reduced as the landscape rating
decreased. Figure 3 shows the trend lines for the data.



New Zealand Association for Impact Assessment Conference, Dunedin, New Zealand
30 November 2006

10
10
9 O Without wind farm| |
B With wind farm
8 4 M
7 H !
K
jo))
£ 5
©
o
4 4
3 4
2 H
1 4

Coastal Scenes (21)

Figure 2 Coastal scenes — arranged in descending order of rating difference
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Figure 3 Trend lines for coastal scenes
Equation for trend line for scenes without wind farm: y = -0.146x + 9.27, R?=0.96
Equation for trend line for scenes with wind farm: y = -0.078x + 6.92, R®=0.36
where y = rating and x = scene number.

Table 3 Predicted effect of wind farms on coastal scenic quality

Rating without wind farm Rating with wind farm Difference
10.0 7.31 -2.69
9.5 7.04 -2.46
9.0 6.77 -2.23
8.5 6.51 -1.99
8.0 6.24 -1.76
7.5 5.97 -1.53
7.0 5.71 -1.29
6.5 5.44 -1.06
6.0 5.17 -0.83
55 4.91 -0.59

5.0 4.64 -0.36
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Table 4 Description of generic

landscape ratings for coastal scenes

Rating 8

Rating 7

High, sheer or very steep cliffs, frequently
indented coast (maximum edge), reefs, islands,
pronounced wave motion, beaches backed by
steep cliffs or high land. Overall contains a high
vertical element and strong awe inspiring effect.

Headlands, long wide beaches, sloping cliffs,
extensive dunes, wave motion, low rocky cliffs,
reefs, some islands, smoother coastline — less
indented. Overall, a lower vertical element, slopin
cliffs and less coastal indentation.

Rating 6

Rating 5

Beaches, low hinterland, no cliffs, islands,
mangrove flats, low dunes, little wave motion.
Overall very little vertical element.

Flat hinterland used for agriculture or other non-
natural uses, coastline lacking indentation, rocks
or other features of interest.

Note: A rating of a given unit, say 6, covers the range 6.00 to 6.99.

Based on the known rating of a given landscape, Table 3 may be used to predict the likely effect of
wind farms on perceived scenic quality in South Australian coastal areas. In South Australia a map of
landscape quality is available based on the author’s survey (Lothian, 2000; See South Australian
Atlas: www.atlas.sa.gov.au/products/other/ a3qual.pdf). Table 4 describes scenes by their landscape
rating as derived by Lothian (2000).

5.2 Effect of distance - coast

Bishop (2002) found using computer generated images of 15 wind turbines adjusted for distance that
the visual effect dropped at 4km, was below 10% at 6 km, and at 30 km only 5% of people recognized
the objects. The wind farms would be expected to diminish perceived scenic quality with distance.
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Note: Trend line y = 0.089x — 1.80, r? = 0.07
Figure 4 Effect of distance on wind farm effect in coastal areas

The differences in the landscape quality rating without the wind farm and with it were compared with
the distance (Figure 4). The scenes below 3 km showed the greatest negative effect on scenic quality
ratings: up to -3. The negative effect of one of the distant scenes (> 7 km) was comparable with that
of scenes < 2 km.

There were three scenes in which the turbines were more than 7 km from the viewpoint. The scenic
quality of all three scenes was affected negatively by the presence of the wind farm. In one of these
scenes, the negative effect was comparable with that of some scenes within 2 km distance, causing a
reduction in rating of 2.2. However, the scenes located within 1 to 3 km showed the greatest negative
effect on scenic quality ratings, with reductions of between -2.5 and -3.

The scattered data yielded an almost horizontal trendline with a low correlation coefficient. Overall the
negative effect of the wind farm did not reduce appreciably with distance.
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5.3 Inland Scenes

The presence of wind farms reduced the mean perceived scenic quality of the 47 inland scenes by
0.26, from 5.47 to 5.21, a small difference which was not significant: ANOVA F = 1.74,df 1. 93, p =
0.19

Inland scene with wind farm (4.94 - rating without wind farm 4.26)
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Figure 5 Rating of inland scenes in descending order

Equation for trend line for scenes without wind farm: y = -0.058x + 6.81, R® = 0.96
Equation for trend line for scenes with wind farm: y = -0.024x + 5.819, R® = 0.56
where y = rating and x = scene number.

Where the scenic quality rating of scenes without wind farms was close to 5 or below (Figure 5), the
rating with the wind farm was always higher. Figure 6 indicates trend lines for the two data sets. The
trend lines cross at a rating of 5.1; above this the wind farm generally detracted from scenic quality
while below it the wind farm generally enhanced scenic quality. Table 5 indicates the likely effect of a
wind farm in an inland scene of known landscape quality rating.
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Figure 6 Trend lines for inland scenes

Table 5 Effect of wind farms on inland landscape quality

Rating without wind farm  Rating with wind farm Difference
7.0 5.90 -1.10
6.5 5.69 -0.81
6.0 5.48 -0.52
5.5 5.28 -0.22
5.0 5.07 +0.07
4.5 4.86 +0.36
4.0 4.66 +0.66
3.5 4.45 +0.95
3.0 4.24 +1.24

Use of Table 5 requires the rating of the landscape quality prior to the wind farms to be determined.
Table 6 describes South Australian scenes by their landscape rating.

Table 6 Description of generic landscape ratings for inland scenes

Rating 7

Rating 6

Highly natural scenes, very hilly or mountainous,
thickly vegetated with tall trees, cliffs or rocks may
be prominent

Hilly or steeply undulating land, tall scattered
trees, orchards, grassland

Rating 5

Rating 4

Broad flatter undulating hills & valleys, grazing
land, scattered vegetation, savannah woodland
with tall scattered trees on grassland, dams

Flat or gentle slopes, distant ridgelines or hills,
fairly treeless or widely scattered vegetation or
distant trees, cereals, grazing, no dams

Rating 3

Flat, treeless, cereals, bare ground

5.4 Effect of Distance - inland

Hull and Bishop (1988) stated that “intuition suggests that visual impact decreases as distance ...
increases”. A comparison of the ratings with and without the wind farm, arranged by the distance
(Figure 7) suggested however that the negative effect actually strengthened with distance. Up to 7
km, wind farms had both a positive and negative influence but beyond this distance, the effect was
almost wholly negative. The trend line (y = -0.06x + 0.055, R® = 0.10) had a negative slope but its
correlation coefficient was too low to be definitive. The differences in the ratings by distance were
significant (p = 0.000) in all but one distance category — that near the viewpoint, 1 — 1.99 km.
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Figure 7 Effect of distance on visual effect of wind farms in inland areas

The effect of the wind farm at 3 km and 11 km was compared for the same scene in the southern
Flinders Ranges (Table 7). The results indicated that the effect was greater at the farther distance,
similar to that suggested above.

Table 7 Influence of distance on Flinders Ranges scene

Distance (km)  Without wind farm  With wind farm Difference p
3 6.43 5.52 0.91 0.000
11 6.69 5.28 1.41 0.000

A possible explanation of the apparent greater impact at greater distances is that in the nearby
scenes the wind farm added interest to the landscape, but at a greater distance they merely appeared
to be structures in the landscape. As structures they were considered to detract from the landscape,
perhaps similar to electricity transmission pylons.

Additional testing and possible consideration of the influence of other factors visible in the scene
would be necessary to establish any clear pattern regarding the effect of distance on the visual effect
of wind farms in the landscape.

5.5 Number of turbines
In three scenes the number of turbines in each scene was varied from six to thirteen (Table 8, Figure

8).
Table 8 Influence of turbine number on landscape quality

0 turbines 6 turbines 7 turbines 9 turbines 11 turbines 13 turbines
Sheringa1 4.97 4.95 4.75
Sheringa2 4.66 4.74 4.89

Tungketta 6.59 5.45 6.06
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Figure 8 Influence of turbine numbers on ratings in three scenes

The results indicated that for Sheringa1, the greater number of turbines reduced scenic quality more
than the lesser number. However, in Sheringa2 the larger number of turbines enhanced scenic
quality. In the Tungketta site, where scenic value was enhanced by a glimpse of the sea, the
presence of 6 turbines depressed scenic value by more than 1, but where 9 turbines were present,
scenic quality decreased by a lesser amount, 0.53. The differences in ratings across the scenes
showing differing numbers of turbines was not significant: ANOVA, F = 0.378, df 1, 11, p = 0.55.

These results indicate no clear trend and further sampling of sites with various numbers of turbines
would be required in order to establish the influence, if any, of turbine numbers on visual impact.

5.6 Colour of Turbines

To test the effect of different colours on the perception of turbines, a range of colours were used in
three scenes (Table 9, Figure 9). The background hues of each scene were a similar straw colour
with blue skies.

Table 9 Ratings of Turbine Colours

Colour Green Point Nth L. Alexandrina Woakwine
None 4.62 4.43 5.71
White 4.85 4.79 5.62
Blue 4.80 4.87 5.62
Grey 4.89 4.38 5.44
Tan 4.50 4.61 4.84
Rainbow 3.46 3.51

Blue was the preferred hue in two scenes (equal with white in one) and grey in the other scene.
White, blue and grey were similar in two scenes and white, blue and tan in the third scene. Most
marked were the rainbow hues which rated well below the other colours. The differences between the
colours were significant: ANOVA, F = 6033, df 4, 13, p=0.012.
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Figure 9 Rating of Turbine Colours

Shang and Bishop (2000) found the size of the object multiplied by its contrast percentage to be a key
factor in determining visual effect. The contrast of the wind turbines against the sky and the land was
assessed on a three grade scale of contrast: low, medium and high based on black and white prints.
The ratings were averaged for each level of contrast and a low level of correlation between ratings
and contrast was detected (r = 31). The highest contrasting scenes were those within 1 km, whereas
the more distant scenes, 2.5 km, were either of low or medium contrast.

Overall the results suggested a preference for white, blue or grey coloured turbines, with the
differences between these very small. The tan hue was less preferred and the rainbow coloured
turbines were definitely least preferred. The contrast the colour presented against its background
indicated a slight correlation between ratings and the degree of contrast. The highest contrasting
scenes were closest and the more distant scenes offered less contrast.

These findings must be regarded as tentative, being based on a small sample of scenes, but
indicates an area for further research.

6. CONCLUSIONS

This research on people’s scenic perceptions of the effects of wind farms has indicated the following
conclusions:

1. Wind farms generally had a negative effect on South Australian landscapes of moderate to high
perceived scenic quality (i.e. rated approximately 5.1 — 10 on a 10 point rating scale).

2. Wind farms generally had a positive effect on landscapes of moderate to lower perceived scenic
quality (i.e. approximately 0 — 5.0 on a 10 point scale).

3. The effect of varying the number of wind turbines on perceived scenic quality indicated no clear
trend.

4. Negative visual effects of the wind farm did not reduce appreciably with distance.

5. The colour of wind turbines and towers affected perceived scenic quality. White, blue or grey
coloured turbines were preferred with very small differences. The tan hue was less preferred and
rainbow coloured turbines were least preferred. There was a slight indication that ratings
increased with the contrast presented.

Because of the small samples involved in examining the effect of the number of turbines, their
distance and colour, further research of these aspects will be necessary.

The effect of other landscape dimensions as variables on perceived scenic quality (e.g. atmospheric
conditions) and in combination with wind turbines was not tested.
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Based on the study findings, it appears likely that negative visual effects of wind farms would be
diminished if:

e The most scenic locations, which are often coastal, are avoided;

e Wind farms are located so as to be not visible from the water’s edge in coastal settings or in
association with the sea from key viewpoints;
Wind farms are located in inland areas of low to moderate scenic quality;
Inland areas of higher scenic quality are avoided.

It is acknowledged that locating the wind farm slightly inland from the coast may reduce the wind
speed and hence the viability of the project, however this balance may need to be considered to
protect scenic quality.

Scenic resources are important to manage and protect in the process of developing wind energy
generation. ‘World experience (in the USA, Denmark, UK and the Netherlands) suggests that
landscape will normally be the single most strongly argued issue in any wind farm permit decision’
(PPV, 2002, Vol 2).

For the wind energy industry, the findings are particularly significant. As a green industry, whose
credentials rest on its generation of pollution-free and greenhouse-friendly electricity, it is particularly
critical that the industry not cause environmental impacts. The findings of this study suggest that it
should avoid the selection of sites which, although having excellent wind resources, are also of high
scenic value to the community. Many of the cases of opposition to wind farms derive from the poor
site selection by the industry. As a green industry, it must display greater sensitivity to scenic values
than it has in the past.
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