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I. Overview 
 
This report documents the results of a simulation study performed by Persimia engineers to 
validate Persimia’s sound propagation model with respect to other commonly-used software in 
the wind industry, namely Openwind.  Persimia’s sound simulation uses the ISO 9613-2 sound 
propagation model to predict A-weighted sound power levels in the vicinity of wind turbines.  To 
establish accuracy of the implementation, results from Persimia’s sound prediction model were 
compared against those from Openwind’s ISO 9613-2 model.  Simulations were performed for 
several examples involving a single turbine, multiple turbines, flat terrain, uneven terrain, and 
different ground factors.  The results of this comparison study show that the sound predictions 
generated from Persimia’s simulation match those of Openwind almost exactly, with errors in 
predicted sound power levels around 0.1% between the two models.  This level of error is 
considered negligible for the purposes of siting and environmental impact assessment. 

This report details the methodology and results used for this validation study.  Validation was 
performed on the Persimia PSsound simulation model version 2, against Openwind Enterprise 
Edition DEMO version 01.08.00.2465.  Both of these codes implement the ISO 9613-2 sound 
propagation model entitled “Attenuation of Sound Propagation Outdoors – Part 2: General Method 
of Calculation” [1]. 

 

Persimia’s PSsound Simulation Methodology 

Persimia’s environmental noise prediction tool, called PSsound, uses the ISO-9613-2 
International Standard entitled “Attenuation of Sound During Propagation Outdoors”. This enables 
calculation of the predicted cumulative sound power level at each noise receptor, aggregated for 
all turbines and other emission sources.  PSsound assumes that only WTGs act as noise emission 
sources.  By creating a grid of points along the local topography, the cumulative sound power 
level can be predicted at each point and plotted over the entire vicinity of the wind farm site. 

The methodology outlined in the ISO-9613-2 standard provides a scheme to predict the equivalent 
continuous A-weighted sound power level at a point given the presence of one or more point 
sources.  The prediction methodology assumes that meteorological conditions are favorable for 
sound propagation.  Specifically, downwind propagation, or equivalently, propagation under a 
well-developed ground-based temperature inversion, is assumed.  The specific atmospheric and 
geometric assumptions used in the ISO-9613-2 model are provided in Reference [1].  Note that 
sound propagation within the model is calculated for each octave band frequency (62.5 Hz to 8 
kHz) and thus knowledge of the source octave band emission spectrum is an important 
prerequisite in applying the model. 

The following physical effects are accounted for within the ISO-9613-2 methodology: 

• Attenuation of sound due to spherical spreading from the sound source (known as 
geometrical divergence) 

• Attenuation of sound due to absorption by the atmosphere (known as atmospheric 
absorption) 

• Attenuation of sound due to absorption by the ground (known as ground effect, and 
dependent upon the acoustical absorption properties of the ground) 
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In general, sound propagation calculations between a source and receiver depend on the ground 
topography between them.  Topographical (terrain height) data in the Persimia model is provided 
by STK World Terrain [2] through the Cesium interface.  The resolution of this data in the United 
States is 10-30m between height samples. 

 

Persimia-Openwind Validation Simulation Setup 

A generic wind turbine with a 70m hub height was selected for this validation study.  The octave 
band sound spectrum for this generic turbine, representative of modern WTGs, is provided in 
Table 1.1.  This data corresponds to operation at the maximum rated speed for this turbine.  Note 
that this data is provided in decibels (dB) and converted to A-weighted decibels (dB(A)) prior to 
entry into Openwind and PSsound. 
 

Table 1.1.  Octave Band Sound Power Level Spectrum for Generic Turbine. 

Octave Band Center 
Frequency (Hz) 62.5 125 250 500 1000 2000 4000 8000 

Sound Power Level (dB) 111.7 110.1 105.8 101.8 97.9 93.3 86.6 79.2 
 

To compare Persimia’s PSsound simulation module with Openwind, wind turbines were placed in 
several areas around Nova Scotia.  Sound predictions were performed using both PSsound and 
Openwind, and sound power contours were compared in a GIS environment.  Furthermore, a 
variety of noise receptors were generated, and sound power predictions from PSsound and 
Openwind at each receptor were compared.  These studies were repeated for various turbine 
configurations, terrain, and ground factor settings.  Results show that the sound power predictions 
produced by Persimia and Openwind are essentially equivalent. 

For the validation study performed here, atmospheric and ground effect parameters were selected 
that are representative of those used in typical wind project siting studies.  The selected 
parameters for this study are given as follows: 

• Ambient air temperature:  20° C 
• Ambient barometric pressure:  101.32 kPa 
• Relative humidity:  70% 
• Sound receiver height: 1.75 m 
• Wind direction:  Always downwind from source to receiver 
• Ground factors (Gs, Gr, Gm):  Variable depending on study – see below. 

The Openwind sound simulation offers a variety of configuration settings.  The following settings 
were used in Openwind’s Noise Model Options menu under the Operations tab: 
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Table 1.2.  Openwind Noise Model Options Used During Validation Study. 

Parameter Setting 

Distance around turbines to map noise (m) 1500 

Resolution of noise map (m) 20 

Use Octave Band Spreading Selected 

Number of wind directions to test Just downwind 

Calculate atmospheric attenuation coefficients Selected 
 

Note that binary “check-box” parameters in the Openwind Noise Model Options menu such as 
“Treat all vegetation as dense foliage” remained unselected unless noted otherwise.  The 
atmospheric attenuation coefficients in the Openwind model were automatically calculated using 
the atmospheric condition parameters listed above, while the attenuation coefficients in Pssound 
are generated from the tabular data provided in ISO 9613-2.  As shown in Table 1.3, this causes 
a very slight difference between the two sets of attenuation coefficients used by each model.  This 
leads to extremely small prediction differences on the order of 0.1%.   
 

Table 1.3.  Octave Band Atmospheric Absorption Attenuation Coefficients (dB/km). 

Octave Band Center 
Frequency (Hz) 62.5 125 250 500 1000 2000 4000 8000 

Openwind 0.09 0.33 1.12 2.79 4.98 9.04 23.09 77.63 

Persimia 0.1 0.3 1.1 2.8 5.0 9.0 22.9 76.6 

 

Receptor Placement 

In each of the validation studies below, receptor locations were generated randomly inside of a 
constrained project area.  The project area used for all studies was defined by creating a bounding 
box where each boundary is located 1,500 m from the nearest turbine (e.g. the northern boundary 
is 1,500 meters north of the northmost turbine).  Receptors were generated using a uniform 
distribution for their x-y location (in UTM coordinates) within this project region.  However, 
receptors were constrained to be no less than 100 meters away from any turbine, to reflect 
realistic placement. 
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II. Validation Results – Flat Terrain 
 
As an initial validation study, sound prediction results from Openwind are compared against those 
generated by Persimia’s PSsound code on mostly level terrain.  In this initial study, a single turbine 
is placed at 46°59'21.92"N, 60°28'14.10"W (UTM: Zone 20N, 692334m E, 5207094m N).  This 
lies within a relatively flat region within Nova Scotia.  One hundred receptor points were generated 
randomly in the nearby area.  Figure 2.1 shows the turbine and receptor locations, as well as a 
100 m radius line around the turbine for reference.  For this study, the ground factors at the source 
(GS), receiver (GR), and middle (GM) were all set to zero.  This is accomplished through direct 
entry in Persimia, and by setting the Default Ground Porosity in Openwind to zero. 

 

 
Figure 2.1.  Flat Terrain Validation Simulation Layout. 

 

The sound prediction results generated by Openwind and PSsound are shown in Figure 2.2, in 
the form of isoline contours plotted in Google Earth.  Isolines are plotted for the following sound 
power levels (in dB(A)): 32, 37, 42, 47, 52, 57.  Note that the 32 dB(A) isoline is the outermost 
contour, whereas the 57 dB(A) isoline is the innermost contour.  The PSsound contours are 
plotted in red, whereas the Openwind contours are plotted in yellow.  Note that the isolines are 
overlaid, with no visible difference between them.  This indicates excellent agreement between 
the two models. 

The sound power at each of the 100 receptors was generated and compared between the two 
codes.  Pointwise comparisons of these values are shown in Figure 2.3. A linear trendline was 
fitted to the data with an R-squared value of 1, again indicating excellent agreement.   
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Figure 2.2.  A-Weighted Sound Power Level Isolines for Persimia and Openwind Models.  

Persimia and Openwind Contours are Overlaid. 

 

 
Figure 2.3.  Comparison of Persimia and Openwind Receptor SPL Predictions. 

 

To perform a more detailed statistical analysis on the error between the two models, the relative 
error between sound power predictions at each of the receptors was calculated using the following 
equation: 
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where 𝐸"#$,& is the relative error in sound power level at receptor i, 𝑆𝑃𝐿)(,& is the sound power level 
predicted at receptor i by Persimia’s PSsound, and 𝑆𝑃𝐿45,& is the sound power level predicted at 
receptor i by Openwind.  The results of these calculations are shown in Figure 2.4.  The 
relationship shown in these plots is as expected: distances closer to the turbine are associated 
with larger noise values, and slightly higher relative errors. However, relative errors in all cases 
are bounded between 0.1% and 0.3%.  These extremely small differences, likely arising from the 
slight difference in atmospheric attenuation coefficients, are negligible for the purposes of project 
siting and environmental impact analysis.  They are furthermore much smaller than the anticipated 
error arising from modeling errors when using the ISO 9613-2 method to calculate sound 
propagation, which are generally recognized to be +/-3 dB [3]. 

As a final statistical measure of the results, the predicted 2-sided error tolerance was calculated.  
Relative error was determined to be non-normal using a Shapiro-Wilk test (p = 9.893e-15), 
indicating the need for nonparametric methods. Subsequently, a nonparametric 2-sided tolerance 
interval with 95% confidence (𝛼 = 0.05) containing 99% of the population (𝑃 = 0.99) was 
calculated. Results show that, with 95% confidence, 99% of relative noise error values at random 
receptor points between Persimia and Openwind lie within 0.0020 ± 0.0009.  This is again a very 
small bound which indicates an almost exact match between the two models. 

 

    
Figure 2.4.  Relative Error vs Distance to Turbine and Sound Power Level. 
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III. Validation Results – Non-Flat Terrain 
 
To perform a more complete validation, sound prediction results from Openwind are compared 
against those generated by Persimia’s PSsound for three turbines on non-flat terrain.  The three 
turbines were placed at the following locations in a hilly region of Nova Scotia: 
 

Table 3.1.  Turbine Locations for Validation Study. 

Turbine Latitude-Longitude Coordinates UTM Coordinates (Zone 20N) 
T1  46°58'51.44"N,  60°27'37.55"W 693136m E, 5206178m N 
T2  46°58'39.82"N,  60°27'27.92"W 693351m E, 5205826m N 
T3  46°58'57.73"N,  60°27'19.46"W 693512m E, 5206384m N 

 

One hundred receptor points were generated randomly in the nearby area.  Figure 3.1 shows the 
turbine and receptor locations, as well as a 100 m radius line around each turbine for reference.  
As in the above results, the ground factors at the source (GS), receiver (GR), and middle (GM) were 
all set to zero.   
 

 
Figure 3.1.  Non-Flat Terrain Validation Simulation Layout. 

 

The sound prediction results generated by Openwind and PSsound are shown in Figures 3.2 (top-
down) and 3.3 (perspective), in the form of isoline contours plotted in Google Earth.  Isolines are 
plotted for the following sound power levels (in dB(A)): 30, 35, 40, 45, 50, 55.  Note that the 30 
dB(A) isoline is the outermost contour, whereas the 55 dB(A) isoline is the innermost contour to 
each turbine.  The PSsound contours are plotted in red, whereas the Openwind contours are 
plotted in yellow.  Note that the isolines are overlaid, with no visible difference between them.  
This indicates excellent agreement between the two models. 
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The sound power at each of the 100 receptors was generated and compared between the two 
models.  Pointwise comparisons of these values are shown in Figure 3.4. A linear trendline was 
fitted to the data with an R-squared value of 1, again indicating excellent agreement.   

 

 
Figure 3.2.  A-Weighted Sound Power Level Isolines for Persimia and Openwind Models, 

(top-down view).  Persimia and Openwind Contours are Overlaid. 
 

 
Figure 3.3.  A-Weighted SPL Isolines for Persimia and Openwind Models, (perspective 

view).  Persimia contours shown in red, Openwind contours shown in yellow. 
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Figure 3.4.  Comparison of Persimia and Openwind Receptor SPL Predictions. 

 

To perform a more detailed statistical analysis on the error between the two models, the relative 
error between sound power predictions at each of the receptors was calculated using Equation 
(2.1).  The results of these calculations are shown in Figure 3.5.  As in the previous study, slightly 
higher relative errors are observed at higher sound power levels, but the relative error is again 
bounded between 0.1% and 0.3%.  These extremely small differences are again likely due to the 
slight differences in atmospheric attenuation coefficients between the two models.  The relative 
errors observed here reinforce the conclusion that the model outputs are essentially the same for 
the purposes of siting and environmental impact analysis. 

The predicted 2-sided error tolerance for the relative errors was again calculated.  Relative error 
was determined to be non-normal using a Shapiro-Wilk test (p = 3.014e-14), indicating the need 
for nonparametric methods. Subsequently, a nonparametric 2-sided tolerance interval with 95% 
confidence (𝛼 = 0.05) containing 99% of the population (𝑃 = 0.99) was calculated. Results show 
that, with 95% confidence, 99% of relative noise error values at random receptor points between 
Persimia and Openwind lie within 0.0018 ± 0.0016.  This is again a very small bound which 
indicates an almost exact match between the two models. 
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Figure 3.5.  Relative Error vs Distance to Turbine and Sound Power Level 

 

Ground Factor Investigation 

All validation results shown above use ground factors G = 0 (for source, middle, and receiver).  
To confirm that the models matched at non-zero ground factors, an identical 3-turbine case as 
shown above was performed at G = 0.5 (for source, middle, and receiver).  All other simulation 
parameters remained the same.  Results for these simulations were essentially identical to those 
shown in Figures 3.1-3.5, except with somewhat different SPLs due to ground attenuation.  The 
isoline comparisons and relative error comparisons at each of the receptors showed a nearly 
identical match between the two models, indicating that the ground attenuation models of the two 
codes perform essentially the same.  Results for this ground factor study are omitted in this report 
for space reasons but are available from Persimia upon request. 
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IV. Validation Conclusions 
 
The results in this report illustrate that the Persimia and Openwind implementations of the ISO-
9613-2 sound propagation model are essentially equivalent.  These validation studies covered 
the case of a single turbine on flat terrain, multiple turbines on non-flat terrain, and various ground 
factors.  In all studies, it was shown that the predicted receptor sound power levels at reasonable 
distances from turbines (100 m – 1,500 m) was almost the same between the two models, varying 
by between 0.1% and 0.3%.  This slight discrepancy, most likely due to the small differences in 
atmospheric attenuation coefficients between the two codes, is negligible for the purposes of wind 
project siting and environmental compliance analysis.  It is well-known that the ISO 9613-2 model 
accurately predicts sound power only to within  +/- 3 dB [3], which is well above the absolute error 
magnitudes observed between the PSsound and Openwind software.  Therefore, any prediction 
differences between PSsound and Openwind are negligible with respect to the overall accuracy 
of the ISO 9613-2 model. 
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