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ABSTRACT

The UK has recently recognized the importance of tranquil spaces in the National Planning
Policy Framework. This policy framework places considerable emphasis on sustainable
development with the aim of making planning more streamlined, localised and less restrictive.
Specifically it states that planning policies and decisions shanido “identify and protect

areas of tranquillity which have remained relatively undisturbed by noise and are prized for
their recreational and amenity value for this reason”. This is considered by some (e.g.

National Park Authorities) to go beyond merely identifying quiet areas based on relatively
low levels of mainly transportation noise, as the concept of tranquillity implies additionally a
consideration of visual intrusion of man-made structures and buildings into an otherwise
perceived natural landscape. In the first instance this paper reports on applying a method for
predicting the perceived tranquillity of a place and using this approach to classify the level of
tranquillity in existing areas. It then seeks to determine the impacheiv build,by taking

the example of the construction of wind turbines in the countryside. For this purpose; noise
level measurements, photographs and jury assessments of tranquillity at a medium sized land
based wind turbine were made. It was then possible to calculate the decrement of noise levels
and visual prominence with distance in order to determine the improvement of tranquillity
rating with increasing range. The point at which tranquillity was restored in the environment

allowed the calculation of the position of the footprint boundary.
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1. INTRODUCTION

Significant contributions in understanding the essential physical and psychological qualities
of tranquil environments have been made [1,2] and these can be applied globally when
characterizing restorative space. For the purposes of this study, the extent to which a place is
considered to be tranquil is defined by how much individuals think a particular setting is a
quiet, peaceful and attractive plaoebe, i.c., a place to get away from “everyday life.”

In common with many advanced economies in Europe and in the Far East the United
Kingdom has lost vast tracts of green space both within the inner city and along the urban
rural fringe due to development activity. Despite still having around 27,000 public parks and
gardens[3] the number of tranquil spaces in the UK is becoming seriously compromised and
has prompted systematic research into tranquillity mapping.[4,5] This work has been
conducted along h attempts to define and characterize “quiet areas” in response to the

European Directive on the Assessment and Management of Environmental Noise END.[6]
Although defining quiet areas in accordance with the END using purely acoustical measures
is an important step in protecting tranquil spaces, there is a need to go further and integrate
both aural and visual factors into an overall descriptor that will be sufficiently precise and
practical.

Previous studies at the Bradford Centre for Sustainable Environments have largely focused on
prediction and validation of tranquility ratings in city and country parks using the Tranquillity
Rating Prediction Tool (TRAPT) which effectively combines acoustic and visual factors.
Highly rated tranquil areas are likely to be restorative providing health and well being benefits
as there was shown to be a close relationship between perceived tranquillity of a place and the

degree of relaxation experienced [7]. This latest phase investigates how TRAPT can be used



for planning purposes by considering firstly how it can be used to monitor the level of
tranquillity in a changing situation and secondly how the tool can be used to assess the impact
of a specific energy infrastructure project. Based on laboratory studies with participants
covering a wide age range, statistically significant factors influencing perceived tranquillity of

a place are the noise level and the percentage of natural and contextual features in the visual

scene. The TRAPT formula relating these factorsg given by:

TR=9.68 + 0.04NCF — 0.146 lgay+ MF (1)

WhereTR is the predicted tranquillity rating on a 0 to 10 scdles (least tranquil” and
“10” is “most tranquil”), NCF is the percentage of natural and contextual features in the
landscape anddbyis the equivalent constant A-weighted level of man-made noise during
daytime (7:00am to 7:00pm). Contextual features include listed buildings, religious and
historic buildings, landmarks, monuments and elements of the landscape, such as traditional
farm buildings, that directly contribute to the visual context of the natural environment. It can
be argued that when present, these visually cultural and contextual elements are as
fundamental to the construction of ‘tranquil space’ as are strictly natural features (e.g. grass,
shrubs, trees, water, rock et is a moderating factor that was added to the equation
following an earlier study [8], and is designed to take account of the presence of litter and
graffiti that would depress the rating, or natural water sounds that would improve it. This
minor adjustment is designed to take account of the actual environmental conditions at the
time of assessment and is unlikely to influence the calculated TR by more than +1 scale point.
TRAPT was used in a previous study to assess tranquillity in 8 green open spaces and the

predictions were validated using a questionnaire survey of park visitors [7]. A further study



was completed using a jury approach to rate tranquillity at 9 locations in a country park.
Again it was possible to validate the predictions with average ratings from the jurors [9]. This
paper describes and reports on a method of (a) determining and presenting existing levels of
tranqullity for planning and monitoring purposes using tranquillity contours and (b) the
effects on perceived tranquillity with distance from wind turbines. Of course the methodology
could equally apply to a new road, building development, car park or pylons etc, and the
example should prove useful in demonstrating itosould be used to meet the new
requirements imposed by the National Policy Planning Framework (NPPF) [10]. This
Framework requireghat planning policies and decisions should aim to “identify and protect

areas of tranquillity which have remained relatively undisturbed by noise and are prized for

their recreational and amenity value for this reason”.

2. TRANQUILLITY SURVEYS

A useful initial approach is to identify the most likely tranquil and non-tranquil places in a
defined area and calculate the corresponding range of Tranquillity Ratid4,1] defined

in equation (1) using:

. Noise maps (if available)
. Spot readings of A-weighted sound pressure levels throughout the area
. Noise predictions based on official noise prediction software

. Photographic survey of the percentage of natural and contextual features




2.1 Classification of tranquillity ratings

This survey method provides the expected range of tranquillity ratings in an area. To provide
greater detail it is necessary to calculate the trdlitgurating throughout the chosen area
using a grid sampling approach and to map the resulting levels of tranquillity using suitable
contouring software.

To provide informative tranquillity maps it is necessary to provide an indication of the quality
of the tranquillity rating e.g. acceptable and non-acceptable levels. It has beeneslitjgrst

the following descriptors of tranquillity level should apply for urban parks and green spaces

[11]:

<5 unacceptable
5.0-5.9 justacceptable
6.0-6.9 fairly good
7.0-79 good

>8.0 excellent

Note that for countryside areas these limit values could be increased because expectations

for tranquillity are likely to be higher.

To protect tranquil areas it would be useful to provide plots of tranquillity contours which can
be monitored in order to indicate changes that might pose a threat. Figure 1 illustrates cases
where the noise from traffic varies and indicates the corresponding changes in the areas of

tranquil spaces of various qualities.



Current Acceptable Unacceptable

situation change change
(Tranquil areas expand (Tranquil areas contract
Noise source main road towards source) away from source)

\

\
\

<5 unacceptable

Most tranquil area

5-5.9 Just acceptable >8 “Excellent” Park boundary

6-6.9 fairly good
7-7.9 good
>8 excellent

[Figure 1: lllustrative tranquillity rating contour plots for a park situated adjacent to a major

urban road]

Of particular concern would be significant shrinkage of high quality tranquil areas that might
be of particular benefit for local residents. The health and well-being benefits of such spaces

has been reviewed previously [9,11].

3. IMPACT ASSESSMENT

3.1 Predicting tranquillity

The first stage involved collecting data in an around a wind farm located in Ovenden Moor in

the district of Calderdale in West Yorkshire. The wind farm consisted of 23 turbines in 2 rows



aligned approximately north-south with a ground to rotor tip height of approximately 50m.
Each turbine has a rated output of 0.4 MW. The turbines were built on essentially flat ground
at a height of 400m above sea-level with prevailing winds from the west. While aerodynamic
noise produced by the moving blades was dominant it was possible to perceive some
gearbox/generator noise at distances less than approximately 100m. Figure 2 shows the third
octave band levels recorded at 95m and height of 1.2m over 30 sec with a wind speed <5m/s
showing a broad peak centred at 630 Hz band and a significant low frequency component at

160 Hz.
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[Figure 2: A-weighted third octave band levels at 95m from a wind turbine at Ovenden Moor]

3.1 Measurements and assessments

Tranquillity assessments were made at a distance of 95m from a turbine at the end of the
most westerly row of turbines as part of a jury experiment previously reported [9]. Thirty

participants took part and an average tranquillity rating on a 0 to 10 scale was obtained. A-



weighted noise level measurements were made at a distance of 25 m and height of 1.2m from
the same turbine under different conditions from wind speeds<0.5m/s, 3-5m/s and >6m to
determine a typical reference level from which noise level predictions could be made at
varying distances. The level ranged from 43dB (A) at the lowest wind speed to 57 dB(A) at
the highest. A value of 55 dB(A) was selected for reference purposes though calculations
were carried out additionally at 50 and 60 dB(A) for illustrative purposes. The measurement
distance was considered sufficiently close to avoid significant contamination of measured

noise levels by other turbines.

3.2 Predictions

To illustrate the calculation method predictions of tranquillity ratings were made for a single
turbine and also for a row of turbines (wind farm). The variation with tranquillity is calculated
at distances d to the turbine. The ground is assumed flat and grass covered and the turbine
blades move in a vertical plane. From the analytical work [12] it can be assumed that the
effective centre for the noise generation is at or close to the turbine hub at a height of 32m.
The receiver is assumed to be at a height of 1.5m. The length of the turbine blades was 17m
and the towers were 1.5m in diameter.

For the case of the row of wind turbines it was assumed that there are 11 turbines. The
variation with tranquillity is calculated at distances d normal (right angle) to the centre
turbine. Figure 3 shows and example of a linear array of wind turbines on flat ground.

Figure 4 shows the assumed geometry of the wind farm examined.



[Figure 3: Example of a linear array of wind turbines on flat ground]

Receiver I 120m
d N|
o 1

[Figure 4: Assumed geometry of wind farm based on Ovenden Moor installation]

3.2.1 Noiselevel variations

Using ISO 9613-2[13] the attenuation with A-weighted level distance is given for a single
turbine by:

A= Adgiv + Agr + Aatm (2)

10



Where A is the hemispherical spreading terrg, i8 the ground attenuation ang#Ns the

air absorption effect. For calculating the ground effect the average height of propagation was
16.8m. Air absorption was given a typical value of 2 dB per km. In this example a small
positive wind blows from turbine to receiver as assumed in ISO 9613-2 i.e. between 1-5m/s
measured at a height of 3-11m.

To obtain a realistic baseline condition the sound level at Ovenden Moor wind farm was
measured at 25m from the turbine tower at the end of the line where there was little noise
contamination from adjacent turbines. The average value was found to be 55 dB(A).
Predictions of noise levels were carried out for the single turbine out to a distance of 2000m.
In the case of the row of turbines predictions were made along the perpendicular bisector for
each of the 11 turbines at distances out to over 2000m and the resulting noise levels added
logarithmically to obtain overall levels.

3.2.2 Percentage of natural features

For the purposes of calculating the percentageatimal features it was assumed that the
area swept out by each of the 11 turbine shouldob@ted as a man-made feature
together with the tower. Note that in part thissattempt to take account of the fact
that the blades are moving and therefore are likelyroduce more visual impact than a
stationary blade. Note also there may be access foadgrbine maintenance, fences,
car parks and small buildings to house equipmenées€ are ignored in the following
calculations in order to simplify calculations. Thphesence would tend to reduce
tranquility further but are unlikely to make a sigo#nt difference at distance say
>200m.

The angle of view at the receiver position in tlegtical plane is assumed to be +20 deg

and the area of sky above the horizon is not useldarcalculation of NCF. Calculations

1



are calculated over 360 degrees assuming contigplootgraphs are taken at a height
of 1.5m with the lens axis sweeping a horizontalng.

If N is the area with natural features and M is tbial area of man-made features then
NCF is given by:

NCF = 100 M(N + M) (3)

As mentioned previously at a receiver position theagresented by a single turbine is
composed of the area swept out by the blades, asaviis calculated as 908pand
tower with area 48 Other turbines will present different areas dueffects of

distance and the angle of view of the swept area.

3.3 Predicted impact on tranquillity

For distances from 25m to over 2500m the predittadquility ratingTR was calculated
from equation (1) using the results obtained follogvthe approaches outlined in section
2 above. Figure 5 shows the predicted variatiom®with distance for a single turbine
and Figure 6 the predictions for the row of turlsinen each case the blue curve shows
the results assuming a measured level of 55 dBrit @.e. as measured at Ovenden
Moor wind farm). The red and green curves showptteslicted trends for measured
levels at 25m of 60 dB(A and 50 dB(A) respectivetyresponding to higher and lower

output sound powers respectively.

12
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[Figure 5: Predicted variation of tranquillity ragi{TR) with distance d from a single

turbine for different noise levels recorded at 25onf the turbine tower]
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[Figure 6: Predicted variation of tranquillity ragifTR) with distance d from a line of 11
turbines]

Assuming the nearest major road is at least 2 kimyame may expect a noise level of
less than 30dB(A) under low wind conditions andnwWNCF at 100% before the wind
farm was installed themR will be approaching 10. Note that Ovenden Moositsated

at a distance of 2.5 km from the A629. To restora TR of 10 for a line of turbines of
mid power (blue curve) then a distance of over QB0s required. However for noisier
turbines a larger distance of 2,250m is requiradhk case of a single turbine the
corresponding distance is predicted to be less bahthis distance (1030m). Far
relatively quiet line of turbines the distance woblkllower at 950m. By computing the
TR values at various points in the horizontal plare at grid nodes iis possible to
produceTR contours around the installation which will giveiseful overview of

impact, or “footprint”, of the wind farm. Figure 7 illustrates this type of diagram for the
case of a single turbine with a measured noisd leiv@0 dB(A) at a distance of 25m
from the turbine. At each position in the groundn® it is assumed that the receiver is
downwind of the turbine. In this way the maximumgioted impact is indicated at each
position. Contours of tranquility ratin@R are indicated from 5 to 10. Using appropriate
software (e.g. GIS) this can be combined with a mfne terrain to indentify

properties that are likely to be affected and tegrde of impact.

14
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[Figure 7: Contour plot for a single turbine of greted tranquility ratinglR at a height
of 1.5m above the ground plana this hypothetical case residential properties are
indicated by rectangles and traffic noise from minmads witha very low traffic flow is

negligible]

Note that currently an assessment method for limitinise disturbance from UK wind
farms sets a daytime noise level limit in quiet arabbetween Ago of 35 - 42dB
(equivalent to an Aeq range of approximately 37 - 44 dB) [14]. With NCH s2100%
this equates to &R of 7.7 to 8.4 which it can be argued is relativiely for a quiet rural
area. At nighttime the permissible noise levelusrehigher i.e. an equivalent level of
45dB equating to @R of 7.2. This may prove unacceptable to residemgntiows are
left open.

Clearly if background noise from other sources waesent, e.g. noise from a

motorway, then the distances from the wind farmetstore tranquility levels close to

15



pre-installation values would be shorter. In addithatural sounds such as wind noise
may also mask such low levels of man-made noisecespeif wind speeds are higher
than that assumed in these calculation i.e. >5/fsrther point is that predictions of
TR are relevant to daytime assessments outdoors. @uaighttime sensitivity to noise is
likely to increase, thus lowering the perceived tuaiflity levels below predicted. Tonal
effects and modulation noise from the turbines nlag decrease perceived tranquillity.
Atmospheric effects due for examgletemperature inversions, may facilitate noise
propagation beyond that predicted which would atsatuceTR below expected levels.
Note that the results of the jury experiment gavenaeragelR value of 5.0 [9] at a
distance of 95m whereas in this example the predic¢sult is higher at 6.2. This is
because in the real case the infrastructure to@tipipe turbines would have reduced
NCF e.g. gravel roads, fences, car park and smalldiimg. Figure 8 shows a view taken
from the jury assessment location illustrating tyyget of infrastructure to be expected.

In practice such constructions would be taken axoount in the calculation of NCF

Figure & and 8bViews at assessment point in two pposm directions

16



[Figure 8a and b: Views at assessment point indapposing directions]

4. DISCUSSION OF CONCLUSIONS

The UK has recently recognized the importance of tranquil spaces in the National Planning
Policy Framework [10]. Specifically it states that planning policies and decisions should aim
to “identify and protect areas of tranquillity which have remained relatively undisturbed by

noise and are prized for their recreational and amenity value for this reason”. Using TRAPT

both soundscape and landscape factors are taken into account in determining the perceived
tranquillity of a place and can potentially be used for planning purposes. The level of man-
made noise can be predicted using appropriate software and the percentage of natural and
contextual features in the scene can be captured using photographic surveys. For a detailed
analysis it will be necessary to sample over a grid of points in the area under investigation.
This will then allow plots of tranquillity contours using appropriate software tools. Using
contour maps it will be possible to identify quality tranquil spaces and regular updates of the
maps will enable external threats to tranquillity to be identified and appropriate action taken.
Note that in the past defining a footprint has proved problematic as in a previous study
commissioned by CPRE [5] the assessment of wind farm impact was noted in their 1994
report as “.... loss of tranquillity is absolute within 1km of a wind-farm, and partial within 2

km of a windfarm”. However, later the figure was revised down to 0.5 km though it was

noted that the lower figure may well be an underestimate. It is unclear precisely how these
assessments were made. As clearly revealed in the analysis the source strength and number of
turbines will have an impact as well as the terrain where they are operating as this will affect

sound propagation and visibility.
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In a literature review of the human response to wind farm noise [15] it is clear that visual
factors as well as noise exposure play a part in determining the impact of wind farms and in
particular the degree of annoyance. More generally two important factors determining
emotional response to objects and situations have been found to be pleasantness and arousal
levels [16]. Where a situation is both visually and aurally pleasant and calming we can expect
high levels of tranquillity such as is found in natural environments that are relatively
uncontaminated with man-made noise. Such environments are likely to be restorative
providing health and well-being benefits as has been demonstrated by the close relationship
between levels of perceived tranquility and degrees of relaxation experienced [7,9]. The
tranquillity rating prediction tool is therefore potentially appropriate for quantifying the

impact of new constructions in the countryside and the example of a wind farm built in a
tranquil area has been examined. The initial analygis/&d the “footprint” to be determined

over a large area though further work is needed to consider impact in less tranquil areas and
the effects of modulation noise, night time disturbance and atmospheric effects promoting
sound propagation as well as visual effects produced by the moving blades not captured by a

consideration of swept area alone.

ACKNOWLEDGEMENTS

The co-operation of Mr Chris Sutcliffe (Countryside Officer) and Ms Mary Seaton
(Countryside & Woodlands Manager) of Calderdale Metropolitan Borough Council in
allowing the survey to take place is gratefully acknowledged. The study was funded by the

Bradford Centre for Sustainable Environments, University of Bradford.

18



REFERENCES

[1] T. R. Herzog and G. J. Barnes, “Tranquillity and preference revisited,” J. Environ.

Psychol. 19, 174181 1999.

[2] S. Kaplan and R. Kaplan, The Experience of Nature: A Psychological Perspective

Cambridge University Press, New York, 1989.

[3] G. Watts, P. Morgan, and A. Abbott, “A proposal for identifying Quiet Areas in

accordance with the Environmental Noise Directive END,” Proceedings of IOA Autumn

Conference Vol. 8, pt 7 2006.

[4] R. MacFarlane, C. Haggett, D. Fuller, H. Dunsford, and B. Carlisle, “Tranquillity

mapping: developing a robust methodology for plagrupport,” Report to the Campaign to

Protect Rural England, Countryside Agency, North East Assembly, Northumberland Strategic

Partnership.

[5] CPRE, Developing an intrusion map of England. Access at:
http://www.cpre.org.uk/resources/countryside/tranquil-places (Accessed August 2014)

[6] Commission of the European Communities, “Directive 2002/49/EC of the European

Parliament and of the Council relating to the assessment and management of environmental

noise. L189/12,” European Commission, Brussels, Belgium 2002.

19



[7]. G. R. Watts, A. Miah and R. J. Pheasant, “Tranquillity and soundscapes in urban green
spaces- predicted and actual assessments from a questionnaire survey”, Environment and
Planning B, 40(1) 170-181 (2013).

[8]. G. R. Watts, R. J. Pheasantl K. V. Horoshenkov, “Validation of tranquillity rating
method”, CD-ROM, Proceedings of the Institute of Acoustics and Belgium Acoustical
Society, Noise in the Built Environment, Ghent, April (2010).

[9] G. R. Watts and R. J. Pheasant, “Factors affecting tranquillity in the countryside”, Applied
Acoustics 74(9) 1094-1103 (2013)

[10] Department for Communities and Local Government, 2012, National Planning Policy
Framework. Available at:
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/6077/2116950.
pdf [accessed 4th January 2013].

[11] G. R.Watts, R. J. Pheasant and K.V. Horoshenkov, “Predicting perceived tranquillity in
urban parks and open spaces”, Environment and Planning B: planning and design, 38 (4) 585-
594 (2011).

[12] R. Makarewicz, “Is a wind turbine a point source?”, J. Acoust. Soc. Am. 129 (2), 579—
581 (2011)

[13] ISO 96132, “Acoustics — Attenuation of sound during propagation outdeer$art 2:
General method of calculation” (1996)

[14] ETSU-R-97, The assessment and rating of noise from wind farms. Available at:
http://regmedia.co.uk/2011/08/02/etsu_r_97.pdf

[accessed 6th May 2013].

[15] D. Fiumicelli, “Wind farm dose response — a literature review, Acoustics Bulletin”,

36(6). Institute of Acoustics, St Albans, UK (2011).

20



[16] M. M. Bradley J. L. Lang, “Measuring emotion: the self-assessment manikin and the

semantic differential”, Journal of Behaviour Therapy and Experimental Psychiatry 25(1) 49-

59 (1994).

Figure captions:

Figure [: llustrative tranquillity rating contourqgik adjacent to a major urban road
Figure 2: A weighted third octave band levels an9bom a wind turbine at Ovenden
Moor

Figure 3: Example of a linear array of wind turbireesflat ground

Figure 4: Assumed geometry of wind farm based onrmdea Moor installation
Figure 5: Predicted variation of tranquillity ratiddR with distance d from a single
turbine for different noise levels recorded at 25onf the turbine tower

Figure 6: Predicted variation of tranquillity ratiffigr with distance drom a line of 11
turbines

Figure 7: Contour plot for a single turbine of pictdd tranquility ratingTR at a height
of 1.5m above the ground plane. In this hypothetoeale residential properties are
indicated by rectangles and traffic noise from mirmmads with very low traffic flow is
negligible

Figure 8a and 8b: Views at assessment point indpmosing directions
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