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meters were enclosed in environmental cases with battery power to enable 21 days continuous 
logging at the required ten-minute averaging periods. Outdoor windshield systems were used to 
reduce wind induced noise on the microphones and provide protection from rain. These windshield 
systems were supplied by the sound level meter manufacturer and maintain the required 
performance of the whole measurement system when fitted. The environmental enclosures provided 
an installed microphone height of approximately 1.2 to 1.5 metres above ground level, consistent 
with the requirements of ETSU-R-97. 

2.2.4 The sound level meters were located on the wind farm side of the property in question where 
possible, never closer than 3.5 metres from the façade of the property and as far away as was 
practical from obvious atypical localised sources of noise such as running water, trees or boiler flues. 
Details and photographs of the measurement locations are presented in Annex C. 

2.2.5 All measurement systems were field-calibrated on their deployment on 13th September 2013 and 
upon collection of the equipment on the 6th October 2013 (except for the meter at Gobagrennan 
that was deployed and field-calibrated on the 13th September, field-calibrated on the 6th October and 
field-calibrated and collected on the 5th November 2013 due to an extension to the monitoring 
period at this location that was necessary owing to a battery failure). No acoustically important 
(>0.5 dB(A)) drifts in calibration were found to have occurred on any of the systems. This equates to a 
total ETSU-R-97 analysis period of at least 20 days at Killocraw, Drum Farm and Corrylach and 
14 days at Gobagrennan. The total survey period is in excess of the minimum of one week required 
by ETSU-R-97, and a suitably representative range of wind conditions was obtained in line with IOA 
GPG requirements. 

2.2.6 All measurement systems were set to log the LA90,10min and LAeq,10min noise levels continuously over the 
deployment period. The internal clocks on the sound level meters were all synchronized with 
Greenwich Mean Time (GMT) by the use of a Global Positioning System (GPS) receiver. The clock on 
the meteorological mast from which wind data was collected was also set to GMT. 

2.3 Measured Background Noise Levels 

2.3.1 The ETSU-R-97 assessment method requires noise data to be related to wind speed data at a 
standardised height of ten metres, with wind speeds either directly measured at a height of ten 
metres or by calculation from measurement at other heights, the appropriate choice being 
determined by practitioner judgement and the available data sources. Since the publication of  
ETSU-R-97, the change in wind speed with increasing height above ground level has been identified 
as a potential source of variability when carrying out wind farm noise assessments. The effect of site 
specific wind shear can be appropriately addressed by implementing the ETSU-R-97 option of 
deriving ten metre height reference data from measurements made at taller heights. It is this method 
that has been used in the noise assessment for the proposed development to account for the 
potential effect of site specific wind shear. This method is consistent with the preferred method 
described in the IOA GPG. Wind speeds were measured on an 80 metre high meteorological mast 
located within the boundary of the proposed development site. Values of wind speed at a 
standardised height of ten metres were calculated from those measured on the mast (to obtain a 
“standardised wind speed”).  

2.3.2 This analysis was updated in the present assessment to account for potential hub heights of 125 m, 
which is higher than the 90 m previously assumed in the analysis for the Tangy IV Wind Farm. Full 
details of the calculation method are given in Annex F. This remains in line with the guidance of the 
IOA GPG as the tallest height used (80 m) is more than 60% of the assumed hub height of 125 m. 

2.3.3 Figures D1 to D4 in Annex D show the range of wind conditions experienced during the noise survey 
period. During the quiet daytime and night-time periods wind speeds were typically less than 18 m/s. 
The wind was observed to be directed most frequently from the northwest during the survey period, 
with a wind direction from the southeast also being common. It is understood that this is generally in 
line with the long-term wind rose for the site. 
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2.3.4 Figure E1 to E8 in Annex E show the results of the background noise measurements at each of the 
four monitoring locations. The background noise data are presented in terms of LA90,10min background 
noise levels plotted as a function of the standardised ten metre wind speed. Two plots are shown for 
each location, one for quiet daytime periods and the other for night-time periods, both derived in 
accordance with ETSU-R-97.  

2.3.5 Data from all survey locations were inspected to identify periods which may have been influenced by 
extraneous noise sources, giving rise to atypical and elevated levels. ETSU-R-97 suggests that any 
data that may have been affected by rainfall be excluded from the analysis. The meteorological 
monitoring system had a rain gauge installed during the noise survey period; data from this gauge 
were therefore used to exclude those periods where rain was indicated.  

2.3.6 In addition to the impact noise of rainfall on surrounding vegetation and the sound level meter itself, 
in some environments rainfall can result in appreciable changes in background sound levels, for 
example as a result of wet roads which increase tyre noise emissions or dissipating flow noise in 
water courses and drainage systems. Observations whilst on site indicated traffic noise to be a 
negligible influence on background sound levels, and thus the possible effect of increased tyre noise 
from wet roads is not considered relevant to this site.  

2.3.7 In terms of water flow noise, some locations around the site (and in particular Corrylach and 
Gobagrennan) have burns that run in relatively close proximity to the property. In these instances, the 
noise monitoring equipment was located as far as reasonably practical from water courses. Water 
flow noise in water courses was evident in some of the measurements obtained, characterised by 
relatively high noise levels after periods of rain followed by a gradual reduction in noise levels, and 
the measured data has been filtered to remove these periods. 

2.3.8 Notwithstanding this, the possibility exists that some of the measured background noise data at low 
wind speeds may have been increased by other extraneous or rain-related influences. Time histories 
of the noise levels at each survey location were inspected to look for any atypical relationships when 
compared to the wind speeds present during that time. Any elevated levels found in this way were 
excluded. The trend of the data when plotted against wind speed was also inspected to look for 
atypical relationships or outliers within the dataset which were excluded. A variation in background 
noise levels with wind direction was observed at some of the monitoring locations, and in particular at 
Killocraw due to the relatively exposed character of the location in westerly winds (see Annex C for 
details). For these properties, data was excluded for wind directions under which background noise 
levels were elevated. Any data removed from the analysis is indicated on the charts as red circles.  

2.3.9 This is similar to the data analysis and exclusion previously presented as a basis for the assessment of 
the Tangy IV Wind Farm. 
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Annex B – Map of Noise Measurement Locations 

Figure B1 Map showing the noise monitoring locations (blue dots)  

 

Map data from OpenStreetMap  
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Figure C1 View of the monitoring location at Killocraw looking southeast 

 

 

Figure C2 View of the monitoring location at Killocraw looking northwest 
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Figure C3 View of the monitoring location at Killocraw looking west 
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Figure C4 View of the monitoring location at Drum Farm looking southwest. 

 

 

Figure C5 View of the monitoring location at Drum Farm looking west. 
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Figure C6 View of the monitoring location at Drum Farm looking northwest. 
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Figure C7 View of the monitoring location at Gobagrennan looking east. 

 

 

Figure C8 View of the monitoring location at Gobagrennan looking west. 
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Figure C9 View of the monitoring location at Gobagrennan looking north. 
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Figure C12 View of the monitoring location at Corrylach looking north. 
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Annex D – Wind Speeds and Directions 

Figure D1 Wind speed and direction range during all quiet daytime periods at Killocraw, Drum Farm and Corrylach. 

 

Figure D2 Wind speed and direction range during all night-time at Killocraw, Drum Farm and Corrylach 
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Figure D3 Wind speed and direction range during all quiet daytime periods at Gobagrennan. 

 

Figure D4 Wind speed and direction range during all night-time at Gobagrennan. 
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Annex E – Background Noise 

Figure E1 Chart of background noise levels against wind speeds and best fit curve to the data, for Killocraw during quiet daytime periods. 

 

Figure E2 Chart of background noise levels against wind speeds and best fit curve to the data, for Killocraw during night-time periods.  
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Figure E3 Chart of background noise levels against wind speeds and best fit curve to the data, for Drum Farm during quiet daytime 
periods. 

 

Figure E4 Chart of background noise levels against wind speeds and best fit curve to the data, for Drum Farm during night-time periods 
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Figure E5 Chart of background noise levels against wind speeds and best fit curve to the data, for Gobragennan during quiet daytime 
periods. 

 

Figure E6 Chart of background noise levels against wind speeds and best fit curve to the data, for Gobragennan during night-time periods 

 

                                                        

  

  

  

  

  

  

  

  

  

  

  

  

  

                  

 
 
  
 
  
 
 
 
  
 
 
 
 
 
  
 

                                     

                                                    
                                                  

             

                      

                   

         

                                                        

  

  

  

  

  

  

  

  

  

  

  

  

  

                  

 
 
  
 
  
 
 
 
  
 
 
 
 
 
  
 

                                     

                                                      
                                                  

             

                      

                   

         



TANGY IV WIND FARM -  DATA 

REANALYSIS 

SSE RENEWABLES SERVICES (UK)  

 ACOUSTICS 

TANGY IV -  DATA REANALYSIS  –  

REV.  2 

 28 

 

 

Figure E7 Chart of background noise levels against wind speeds and best fit curve to the data, for Corrylach during quiet daytime periods. 

 

Figure E8 Chart of background noise levels against wind speeds and best fit curve to the data, for Corrylach during night-time periods 
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Figure F1 Wind speed profiles calculated for the four different ground roughness lengths listed in Table F.1. The figure adopts a fixed 
wind speed at ten metres height of v10=5 ms-1 then presents the calculated wind speeds at other heights as the curved lines. The 
calculated wind speeds at 80 metres height corresponding to the assumed U10=5 ms-1 are also presented as numerical values, ranging 
from U80=6.1 ms-1 for a ground roughness length of z=0.001 metres to U80=8.0 ms-1 for ground roughness length of z=0.3 metres. 

 

F6. When undertaking noise certification measurements of wind turbine sound power outputs, the 
relevant procedure applies a standard means of converting between hub height and ten metres height 
wind speeds. This involves using a ‘standard’ roughness length of 0.05 metres in Equation F1, 
regardless of what the actual roughness length seen on the test site may have been. This 
‘normalisation’ procedure is adopted to ensure direct comparability between test results for different 
turbines. However, when this standardised data is subsequently used to calculate the sound power 
radiated from an installed turbine on an actual wind farm site, it is important to convert between ten 
metres height wind speeds and hub height wind speeds using the actual wind speed differences 
experienced on the site itself. These hub height wind speeds may well be different from those 
calculated by assuming the standard 0.05 metres ground roughness length. 

F7. The relevance of this conversion between wind speeds at ten metres height and wind speeds at hub 
height has come under increasing scrutiny with the acknowledgement that, on some sites, the wind 
shear (i.e. the increase in wind speed with increasing height above ground level) can vary significantly 
between daytime and evening/night-time periods. This difference occurs for the reasons discussed 
above concerning the radiative cooling effects of the earth on the lower levels of air. When this effect 
occurs, the wind speed experienced by the turbine blades at night can be significantly higher than that 
derived using either a ‘standard’ assumed roughness length based on the characteristics of the general 
terrain, or from using on a roughness length or shear factor based on longer term averaged 
measurements of the difference in wind speeds measured at two different heights. This issue, and the 
manner in which it has been accounted for in the case of the proposed development, is discussed in 
the following section. 
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Approach 
F8. The site of the proposed development has a temporary 80 metre meteorological (met) mast installed 

which measured wind conditions at various heights as follows: 

– 80 metre Wind speed 

– 78 metre Wind direction 

– 60 metre Wind speed 

– 58 metre Wind direction 

– 40 metre Wind speed 

F9. Wind speeds are needed at a height of ten metres for correlation with measured noise data as 
specified in ETSU-R-97. ETSU-R-97 also requires the noise assessment be performed with a wind 
speed maximum of no more than 12 m/s at ten metres height. Whilst it would be possible to use the 
direct measurement of wind speeds at a height of ten metres, this approach has been questioned due 
to potential differences in the wind shear profile during the evenings and night times when compared 
to the daytime. In accordance with the preferred methodology set out in the Institute of Acoustic Good 
Practice Guide [3], all ten metre wind speed data is calculated from those which will be directly 
experienced by the wind turbines. Wind speeds are therefore related directly to those at hub height 
and calculated to be at ten metres height assuming reference conditions. Reference conditions are 
those used when reporting the measured and/or warranted sound power levels of the wind turbines 
and assume a ground roughness length of 0.05 metre. The process used to calculate the ten metres 
height wind speeds is therefore described below. 

Methodology 
F10. ETSU-R-97 specifies that where measurements are not made using a ten-metre met mast, 

measurements at other heights may be used to provide ten metre height wind speeds by calculation. 
Equation F1 is given in ETSU-R-97 for this purpose. 

 

Where: 

 H1 The height of the wind speed to be calculated (10 metres) 

 H2 The height of the measured wind speed 

 U1 The wind speed to be calculated 

 U2 The measured wind speed 

 z The roughness length (0.05 metres in the case of reference conditions) 

F11. Equation F1 is of the same form as that given in BS EN 61400 11:2003 [2] for calculating ten metre 
wind speeds related to hub height wind speeds when providing source noise emission data for wind 
turbines. ETSU-R-97 suggests that the roughness length may be calculated from wind speed 
measurements at two heights, by inverting equation F1. Alternatively, wind shear can be described by 
the wind shear exponent according to equation F2 as follows: 
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Where: 

U calculated wind speed. 

Uref measured wind speed 

H height at which the wind speed will be calculated  

Href height at which the wind speed is measured 

m shear exponent 

F12. In this case, the wind shear exponent may be calculated from wind speed measurements at two 
heights, by inverting equation F2. 

F13. Data from the met. mast were available for the duration of the survey. These data were used to 
perform a calculation of the shear exponent found between the highest two wind speed measurements 
of 80 and 60 metres for every ten-minute period. Where wind speeds were the same at both heights 
or lower at greater height, the shear exponent was assumed to be zero. The shear exponent so 
calculated for every ten-minute period were then used to calculate the hub height (125 m) wind speed 
from that measured at 80 metres using equation F2. Equation F1 was then used to calculate a ten-
metre height wind speed from the hub height wind speed every ten minutes assuming the reference 
roughness length of 0.05 metres. 

Conclusions 
F14. By using this method, measured background noise levels were correlated to ten metre wind speeds 

calculated from wind speeds at hub height. Any likely difference in the shear profile during the 24 
hours of the day will be accounted for within the method and be reflected in the resulting ten metre 
wind speed data. 

F15. The method used to calculate ten metre wind speeds from those at hub height is the same as that used 
when deriving noise emission data for the turbines. Because the same method has been used, direct 
comparison of background noise levels, noise limits and predicted turbine noise immission levels may 
be undertaken. This method is consistent with guidance published in the Institute of Acoustic Bulletin 
Good Practice Guide [3]. 

 

References for Wind Speed Calculations 
[1] ETSU-R-97, The Assessment and Rating of Noise from Wind Farms, Final Report for the 

Department of Trade & Industry, September 1996. The Working Group on Noise from Wind 
Turbines. 

[2] IEC 61400 11:2003 Wind turbine generator systems - Part 11: Acoustic noise measurement 
techniques. 

[3] A Good Practice Guide to the Application of ETSU-R-97 for the Assessment and Rating of Wind 
Turbine Noise, M. Cand, R. Davis, C. Jordan, M. Hayes, R. Perkins, Institute of Acoustics, May 2013. 
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