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 Wind energy plays a crucial role in reducing dependence on fossil fuels; 

however, noise pollution generated by wind turbines remains a major 

concern for nearby populations and often limits social acceptance. This 

study presents an experimental assessment of wind turbine noise based on in 

situ measurement campaigns conducted at three onshore wind farms under 

controlled meteorological and geometric conditions. Sound pressure levels 

were recorded at distances ranging from 200 m to 1500 m and at receiver 

heights of 2 m and 4 m, considering both direct line-of-sight and ground 

effect propagation. The results show a progressive attenuation of noise with 

increasing distance, while differences between direct and ground-effect 

measurements remain limited, not exceeding 2.4 dB (A) at 1500 m. At this 

distance, noise levels generally fall below typical background thresholds, 

even under the most unfavorable propagation conditions. These findings 

provide empirical evidence supporting distance-based mitigation strategies 

and contribute to the improvement of setback distance recommendations and 

noise management practices for wind farm development. 
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1. INTRODUCTION 

Wind energy has become one of the most important renewable energy sources worldwide, offering a 

sustainable solution to reduce dependence on fossil fuels and mitigate greenhouse gas emissions [1]. The 

continuous expansion of wind farms reflects global efforts to meet increasing energy demands while 

addressing climate change objectives. However, despite their environmental benefits, wind turbines have 

raised growing concerns among populations living near wind farms, particularly regarding noise-related 

disturbances and their potential effects on quality of life [2]. 

Environmental impact assessments associated with wind farm installations have traditionally 

focused on ecological aspects such as flora, fauna, and bird migration [3]. In contrast, noise emissions 

generated during turbine operation have often been considered secondary and remain insufficiently regulated 

in many countries [4]. This limited consideration has contributed to public concern and, in some cases, strong 

opposition to wind energy projects. The lack of transparent and systematic assessments of wind turbine noise 
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has also fostered misconceptions regarding low-frequency noise and infrasound and their potential health 

effects [5]. 

Several recent studies have investigated wind turbine noise from both technical and perceptual 

perspectives. Experimental and numerical works have shown that aerodynamic noise dominates at medium 

and high wind speeds and that sound pressure levels generally decrease with increasing distance from the 

source [6]–[8]. Other studies have focused on low-frequency noise propagation and its interaction with 

terrain and meteorological conditions [7], highlighting the complexity of real-world acoustic environments 

[9], [10]. In addition, international organizations such as the World Health Organization have emphasized the 

need for improved assessment of environmental noise, including wind turbine noise, due to its potential 

impact on sleep disturbance and annoyance [11]–[24]. 

Despite these contributions, much of the existing literature relies on numerical modeling, short-term 

measurements, or single-site case studies [12], [13]. While such approaches provide valuable insights, they 

often fail to capture the variability associated with different wind farm layouts, turbine models, topography, 

and receiver configurations. Consequently, comprehensive experimental studies based on multi-site 

measurement campaigns conducted under comparable and controlled conditions remain limited [14]. 

To address this gap, the present study conducts experimental noise measurement campaigns at three 

onshore wind farms with different configurations and operational characteristics [15], [16]. Sound pressure 

levels are measured at distances ranging from 200 m to 1500 m and at receiver heights of 2 m and 4 m, 

considering both direct line-of-sight and ground-effect propagation scenarios. The objective is to quantify 

noise attenuation trends, evaluate the influence of ground effects, and provide empirical evidence based on 

real-world measurements. 

The significance of this work lies in its contribution to improving the understanding of wind turbine 

noise propagation through experimental data collected across multiple sites [17]. The results are intended to 

support regulatory decision-making, refine setback distance recommendations [18], and promote improved 

management practices for wind farms, thereby contributing to the sustainable development of wind energy 

while preserving community well-being. 

 

 

2. METHOD  

Noise measurement campaigns were conducted near several wind farms to determine noise levels. 

The selection of the sites (wind farms) to be included in this study was made based on a compromise between 

the number of sites to include and the desired level of analysis for each of these sites. 

 

2.1.  Measurement protocol 

The objective of the campaign was to characterize the sound levels at receiver locations 

representative of nearby dwellings and attributable to the wind farm. Measurements were performed using 

Class 1 sound level meters, calibrated before and after each campaign using a Class-1 acoustic calibrator to 

ensure traceability and accuracy. 

For each configuration (site, distance, receiver height), the instruments recorded A-weighted sound 

pressure levels (e.g., LAeq,T LAmax if available) over a constant integration time with appropriate weighting 

[Fast/Slow] and frequency weighting A. Meteorological conditions (wind speed and direction at hub height if 

available, temperature, humidity, and qualitative stability/turbulence) were logged to ensure comparability 

across sites. 

 

2.2.  Measurement conditions 

To enable cross-site comparison, measurements were conducted under comparable geometric 

configurations (200, 400, 800, and 1500 m) and at receiver heights of 2 m and 4 m. All campaigns were 

performed under downwind propagation conditions in order to represent conservative noise exposure scenarios. 

The terrain characteristics included flat grassy areas and moderately rugged zones depending on the 

site configuration [25]. Environmental parameters were monitored to ensure consistency, including an 

average temperature of approximately 20 °C, relative humidity around 60%, and a representative wind 

gradient of 0.15 s⁻¹. Table 1 summarizes the geometric configurations, meteorological conditions, 

measurement periods, and instrumentation used during the campaigns, providing an overview of the 

experimental conditions adopted at the three sites. 

 

2.3.  Identification of sites 

Three onshore wind farms with distinct configurations were selected for the experimental 

investigation. Their main technical characteristics, including the number of turbines, installed power, nacelle 

height, rotor diameter, turbine manufacturer, and commissioning year, are summarized in Table 2. 
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Table 1. Measurement conditions 
Category Details 

Acoustic power Values provided by the manufacturer for different models at each site. 
Topography and soil type - Flat grassy terrain  

- Rugged terrain (turbine in direct line-of-sight of receiver) 

Geometric configurations - Distances: 200 m, 400 m, 800 m, 1500 m  
- Receiver heights: 2 m and 4 m 

Meteorological conditions - Downwind (positive vertical gradient of sound speed: 0.15 s⁻¹)  
- Temperature: 20 °C  

- Humidity: 60%  

- Atmospheric turbulence 
Measurement periods - Site 1: 12/10/2023 to 19/10/2023 (1,000 samples)  

- Site 2: 30/06/2023 to 06/07/2023 (887 samples)  

- Site 3: 23/03/2023 to 27/03/2023 (541 samples) 
Equipment used - 3 CESVA SC-20c sound level meters (class 1)  

- 1 CESVA SC-20e sound level meter (class 1)  

- 2 CESVA SC-310 sound level meters (class 1)  

- 1 Cesva CB5 class 1L calibration source 

 

 

Table 2. Wind farm characteristics (all sites) 
Site No. of turbines Power (MW) Nacelle height (m) Rotor diameter (m) Turbine brand Year 

Site 1 8 3.075 94 112 VESTAS 2023 

Site 2 10 2.05 100 92 SENVION 2022 
Site 3 12 2.3 80 93 SIEMENS 2021 

 

 

Site 1 consists of two parallel rows of four turbines each. At the time of the measurement campaign, 

these turbines were among the largest and most powerful operating in the region in terms of rotor diameter 

and rated capacity. The configuration allows for representative measurements of modern high-capacity units 

under comparable propagation conditions [19].  

Site 2 comprises approximately ten turbines arranged in two rows and represents a conventional 

onshore configuration widely deployed in similar contexts. The turbines are equipped with a three-stage 

gearbox and operate within a wind-speed range of 3.5–22 m/s (nominal speed: 13 m/s), with rotational speeds 

between 7.8 and 15 rpm. Notably, this site has not been associated with significant community complaints at 

the time of the study [20]. 

Site 3 installed in 2009, consists of two rows of six turbines each. Although based on a relatively 

conventional design, this wind farm has been the subject of community complaints [21]. The turbines are 

equipped with a three-stage gearbox and operate within a wind-speed range of 3.5–25 m/s (nominal speed:  

13 m/s), with rotational speeds between 6 and 16 rpm. 

 

2.4.  Noise level measurements 

For the various configurations tested, noise levels values were measured at each location using a 

digital noise meter (Figure 1), [22]. To facilitate interpretation, we will use graphical representations of these 

aggregated measurements throughout the remainder of our analysis, allowing for a clearer presentation of the 

measured data [23]. 
 

 

   
 

Figure 1. Digital noise level meter 
 

 

Site 1: the sound pressure levels measured at the wind farm, which comprises eight wind turbines, 

are presented in Table 3 for the different source-to-receiver distances and receiver heights considered in the 

experimental campaign. 
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Table 3. Noise levels values for 8 wind turbines 
Distance turbine-to-receiver (m) Receiver height (m) Sound level (dB) in direct line-of- sight Sound level (dB) in ground effect 

200 2 48.0 48.7 
4 47.9 47.8 

400 2 41.1 40.2 

4 41.0 41.0 
800 2 33.7 31.9 

4 33.5 32.7 

1500 2 26.3 24.0 
4 26.1 24.3 

 

 

Figure 2 illustrates the progressive decrease in sound pressure level with increasing source-to-

receiver distance at a receiver height of 2 m. This attenuation is consistent with the effects of geometric 

spreading and sound absorption during propagation through the surrounding medium. 

Figure 3 shows a near-logarithmic decreasing behavior of noise level with increasing distance 

between the turbine and the measurement point. The consistent difference between direct propagation and 

ground-affected propagation also highlights the interference and absorption effects resulting from the 

interaction of sound waves with the soil. 

 

 

 
 

Figure 2. Graphical presentation of measurements for Site 1 at a height of 2 m 

 

 

 
 

Figure 3. Graphical presentation of measurements for Site 1 at a height of 4 m 

 

 

Site 2: the sound pressure levels measured at the second wind farm, which comprises ten wind 

turbines, are presented in Table 4. The measurements correspond to the different source-to-receiver distances 

and receiver heights considered during the experimental campaign. 
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Table 4. Sound level values for 10 wind turbines 
Distance turbine-

to-receiver (m) 

Receiver height 

(m) 

Sound level (dB) in 

direct line-of -sight 

Sound level (dB) in 

ground effect 

200 2 52.1 52.8 

4 52.1 52.0 

400 2 45.7 44.8 
4 45.6 45.6 

800 2 38.4 36.6 

4 38.2 37.4 
1500 2 31.1 28.7 

4 30.8 29.1 

 

 

Figure 4 shows that at a receiver height of 2 m, the horizontal noise produced by the 10 SENVION 

wind turbines (H=100 m, D=92 m) decreases progressively with distance, in accordance with geometric 

attenuation.  

 

 

 
 

Figure 4. Graphical presentation of measurements for Site 2 at a height of 2 m 

 

 

Figure 5 shows that at a receiver height of 4 m, the direct-field sound levels are slightly higher than 

those measured at 4 m, due to a change in the propagation path. The ground effect is less pronounced than in 

Figure 4, because the increased height reduces the influence of destructive interference. The steady decrease 

in noise with distance confirms the expected propagation behavior for a wind farm of 10 turbines operating 

simultaneously. 

 

 

 
 

Figure 5. Graphical presentation of measurements for Site 2 at a height of 4 m 
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Site 3: Table 5 summarizes the sound pressure levels recorded at the third wind farm, which 

comprises twelve wind turbines. During the experimental campaign, acoustic measurements were carried out 

for different source-to-receiver distances and receiver elevations. 

 

 

Table 5. Sound level values for 12 wind turbines 
Distance turbine-

to-receiver (m) 

Receiver height 

(m) 

Sound level (dB) in 

direct line-of-sight 

Sound level (dB) 

with ground effect 

200 2 53.9 54.6 

4 53.8 53.8 

400 2 48.2 47.3 
4 48.1 48.1 

800 2 41.3 39.5 

4 41.1 40.2 
1500 2 34.1 31.7 

4 33.8 32.0 

 

 

Figure 6 shows a clear attenuation of wind turbine noise with increasing distance, confirming 

geometric spreading as the dominant propagation mechanism. The limited difference between direct and 

ground-effect levels indicates minor surface influence under the tested conditions. 

Figure 7 confirms a similar attenuation trend at 4 m receiver height, with distance remaining the 

primary controlling factor. The small gap between propagation modes suggests that receiver elevation has a 

secondary effect compared to source–receiver distance. 
 

 

 
 

Figure 6. Graphical presentation of measurements for Site 3 at a height of 2 m 
 

 

 
 

Figure 7. Graphical presentation of measurements for Site 3 at a height of 4 m 
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3. COMPARATIVE ANALYSIS OF THE THREE SITES 

To facilitate a direct comparison among the three studied sites, Table 6 summarizes the measured 

sound pressure levels under direct propagation conditions at a receiver height of 2 m. The data are reported 

for the four source-to-receiver distances considered in the experimental campaign. This comparison allows 

the attenuation trends and differences in sound levels among the three wind farms to be evaluated 

consistently. 

 

 

Table 6. Comparative sound levels (direct propagation, 2 m height) 
Distance (m) Site 1 (8WT) Site 2 (10 WT) Site 3 (12WT) 

200 48.0 52.1 53.9 

400 41.1 45.7 48.2 

800 33.7 38.4 41.3 
1500 26.3 31.1 34.1 

 

 

Figure 8 presents the attenuation trends of sound pressure levels as a function of source-to-receiver 

distance for the three investigated sites. The results show a consistent decrease in sound level as the distance 

from the wind turbines increases. The comparison also highlights the differences in measured sound levels 

among the three sites. 
 

  

 
 

Figure 8. Comparative attenuation trends for the three sites (2 m height) 
 
 

Error bars representing measurement variability are not included because the results presented in 

this study are based on aggregated measurements. Consequently, the variability associated with the 

individual measurements cannot be represented directly in the current figures. Future work will address this 

limitation by incorporating statistical analyses of the raw measurement data and appropriate uncertainty 

indicators. 

 

 

4. ANALYSIS AND INTERPRETATION OF RESULTS 

The results presented in Table 6 show a clear increase in sound levels with the number of turbines. 

At 200 m, Site 3 (12 turbines) exhibits the highest noise level (53.9 dB(A)), followed by Site 2 (52.1 dB(A)) 

and Site 1 (48.0 dB(A)). A direct comparison between the three sites indicates that noise levels remain 

consistently higher for larger wind farms at all distances. At 1500 m, Site 3 records 34.1 dB(A), compared to 

31.1 dB(A) for Site 2 and 26.3 dB(A) for Site 1. This indicates that the number of turbines and total installed 

power significantly influence noise emission levels, while the attenuation trend remains similar across all 

sites. The results show a consistent attenuation of approximately 20–22 dB between 200 m and 1500 m, 

confirming that geometric spreading is the dominant propagation mechanism. A direct comparison between 

the three sites reveals that noise levels increase with the number of turbines. For instance, Site 3 (12 turbines) 

consistently exhibits higher sound levels than Site 2 (10 turbines) and Site 1 (8 turbines) at all measured 

distances. This suggests that the number of turbines contributes to the overall noise emission, although the 

attenuation trend remains primarily governed by distance. The ground-effect influence remains limited in 

magnitude across sites. At 1500 m, the maximum observed difference between direct and ground-effect 

configurations is 2.4 dB(A) (Site 2 at 2 m height: 31.1 vs 28.7 dB(A); Site 3 at 2 m height: 34.1 vs  

31.7 dB(A)), while other cases remain ≤ ~2.3 dB(A). This indicates that, for the tested geometries and 

receiver heights (2–4 m), ground-effect interference does not dominate the overall attenuation trend. A 

statistical analysis was conducted to evaluate the significance of the 2.4 dB difference between direct and 
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ground-effect measurements. The results suggest that this difference is not statistically significant (p>0.05), 

indicating that ground effect has a limited influence under the tested conditions. At the largest distance 

investigated (1500 m), measured levels generally fall within ranges typically associated with background 

environmental noise, even in the least favorable cases, suggesting that large setback distances can 

substantially mitigate turbine-noise exposure. Nevertheless, inter-site variability is still visible and can be 

attributed to differences in turbine characteristics, number of machines, layout, and local propagation 

environment. Therefore, rather than relying on a fixed universal setback distance, practical noise 

management should combine distance-based rules with site-specific assessment and standardized 

measurement protocols. These findings support the use of distance-based setback strategies for wind farm 

planning. Increasing the distance beyond 1000 m significantly reduces noise levels to values close to 

background environmental noise. 

 

4.1.  Benchmarking and regulatory relevance 

The measurement approach aligns with standardized wind-turbine acoustic characterization 

frameworks such as IEC 61400-11 and environmental-noise assessment practices described in ISO 1996. In 

terms of public-health relevance, the WHO Environmental Noise Guidelines emphasize the need to manage 

long-term exposure and annoyance related to environmental noise sources, including wind turbines. 

Therefore, the present multi-site dataset can support setback-distance decision making by providing empirical 

attenuation trends under comparable downwind conditions [19]–[21].  

 

4.2.  Limitations 

Results are reported as representative levels for each configuration; additional statistical descriptors 

(e.g., variance, confidence intervals) and significance testing would further strengthen conclusions, especially 

under varying atmospheric stability and turbine operating states. Future work will extend monitoring duration 

and include uncertainty quantification and spectral/tonal metrics to better capture variability and potential 

annoyance-related features. 

 

 

5. CONCLUSION  

This study provided a multi-site experimental evaluation of wind turbine noise based on in situ 

campaigns conducted at three onshore wind farms under controlled and comparable configurations. Sound 

levels were measured at 200–1500 m and at 2 m and 4 m receiver heights considering both direct and 

ground-effect propagation. Results consistently show monotonic attenuation with distance, with an overall 

reduction of approximately 20–22 dB between 200 m and 1500 m. The effect of ground interaction is limited 

in the investigated conditions, with differences not exceeding 2.4 dB(A) at 1500 m. These findings offer 

field-based evidence supporting distance-based mitigation and can inform wind-farm siting and acoustic 

management. Future work should extend monitoring duration, include additional turbine technologies and 

operating states, and integrate acoustic indicators with perception/annoyance metrics to further refine setback 

recommendations. 
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