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1.1 Definition of sound

1. Theoretical Background

 Definition: In a physical understanding sound is a mechanical deformation of an elastic medium (such as 
gas or fluids) moving in form of a wave. It can be described as the diffusion of small variations 
of pressure and density within that medium.

 A single sound is described with its frequency f and its pressure amplitude pMax. 

 Depending on the medium, the temperature and the pressure (for fluids) the wavelength λ can be calculated with 
the velocity of sound c.
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1.2 Definition of important terms and variables

1. Theoretical Background

Immission values:

 Sound pressure p [Pa]: Local pressure derivation caused from a sound wave

 Sound pressure level Lp [dB]: Logarithmic ratio of the current squared sound pressure 
and a squared reference value (p0 = 2-6 Pa)

 Equivalent continuous sound   Mean temporal value of the sound pressure level pressure 
level Leq [dB]:

 Equivalent continuous Equivalent continuous sound pressure levels A-
weighted sound pressure with respect to the human hearing. Depending on 

level LAT [dB]: the frequency humans hear a sound with a 

different intensity. 
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1.2 Definition of important terms and variables

1. Theoretical Background

Emission values:

 Sound power P [W]: Is a measure of sound energy per time. The sound power is 
independent from the surrounding medium and the distance between 
emission source and immission point. So the sound power describes 
the sound caused by a machine.

 Sound power Level LW [dB]: Logarithmic ratio of the squared sound power 
and a squared reference value (P0 = 10-12 W)

 A weighted sound power 
level LWA [dB(A)]: Sound power level with respect to the human hearing.
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1.3 Summation

1. Theoretical Background

Two signals with the same sound pressure level lead to a 
signal with a 3 dB(A) higher value than the single signal.

Examples:

1) 45 dB(A) + 45 dB(A) = 10∙log (10 0,1∙45 + 10 0,1∙45) = 48 dB(A) 

2) 12 dB(A) + 12 dB(A) = 10∙log (10 0,1∙12 + 10 0,1∙12) = 15 dB(A) 

3) 95 dB(A) + 95 dB(A) = 10∙log (10 0,1∙95 + 10 0,1∙95) = 98 dB(A)
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2.1 The German situation

2. Legal framework

 Wind turbines with a total height above 50 m are approved according to the Federal Immission Control Act 
(BImSchG)

 Harmful environmental effects caused by noise as well as the precautions against harmful environmental effects 
caused by noise are judged according to the “Technical Instruction on Noise Abatement” (TA Lärm)

 Differentiation between existing, additional and total exposure – exposures that are 10 dB(A) below the binding 
immission values don’t have to be considered because they are “outside the area of influence”.

 Differentiation between day (06 – 22 h) and night time (22 -06 h) (different binding immission values)
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2.1 The German situation

2. Legal framework

 Determination of the effects caused by sound with pre construction immission forecast

 Transmission calculations done according to DIN ISO 9613-2

 Comparison of the calculated sound pressure level with the binding immission values. Operation restrictions or 
refusal of permission if the binding immission values are exceeded. No compensation possible/allowed. Even a 
waiver of sound exposure of an inhabitant is not allowed.

 Validation of the forecast by post construction measurements if the calculated sound pressure levels are close to 
the binding immission values.
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2.2 Binding immission values (for industrial emission sources)

2. Legal framework

 Binding immission values are differentiated between night and day and by the type of area and facilities 
according to the legally binding land development plans. 

Type of area/facilities Day (06:00 – 22:00) Night (22:00 – 06:00)

Industrial areas 70 dB(A) 70 dB(A)

Commercial zones 65 dB(A) 50 dB(A)

Core areas, village areas and mixed-use zones 60 dB(A) 45 dB(A)

General residential areas, small residential areas 55 dB(A) 40 dB(A)

Purely residential areas 50 dB(A) 35 dB(A)

Spa areas, hospitals, nursing homes 45 dB(A) 35 dB(A)
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2.2 Binding immission values

2. Legal framework

 In general only the more restrictive night values are used for wind turbine immission forecasts.

 Note: According to the TA Lärm there are some additional regulations (noise inside building, rare incidents, 
supplement for times of day with increased sensitivity) for the binding immission values which are not part of this 
presentation due to their minor importance for wind turbine immission forecasts.

 Exception 1: If the sound caused (only) by the additional exposure is at least 6 dB(A) below the binding immission 
value the additional exposure is seen as “not relevant”. In this case the exceeding of the binding immission value 
by the total exposure does not cause a refusal of the approval for the additional turbines. 

Binding immission value 45,0 dB(A)

Existing exposure 45,0 dB(A)  

Additional exposure 39,0 dB(A) 6 dB(A) below the binding immission value

Total exposure 46,0 dB(A)
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2.2 Binding immission values

2. Legal framework

 Exception 2: If the noise caused by the total exposure is not more than 1 dB(A) above the binding immission value 
and the additional exposure for itself does not exceed the binding immission values, the approval for the 
additional turbines may not be refused, because the additional exposure is seen as not being relevant.

Binding immission value 45,0 dB(A)

Existing exposure 44,0 dB(A)  

Additional exposure 41,7 dB(A) no exceeding of the binding immission 
value

Total exposure 46,0 dB(A) 1 dB(A) exceeding of the binding 
immission value

 All values are rounded to whole numbers: 40,4 dB(A) → 40,0 dB(A) 
40,5 dB(A) → 41,0 dB(A) 
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3.1 General information

3. Calculation method according to DIN ISO 9613-2

 Downwind propagation – deviation angle of +/- 45° from the center of the sound source 

to the receiver (wind blowing from behind the source)

 For wind speeds between 1 m/s and 5 m/s (3 to 11 m above ground) – post construction measurements show that 
the method is valid for higher wind speeds as well.

 For point sound sources or an assembly of point sound sources.

 Calculation with octave-band sound power levels or with A-weighted sound power levels
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3.1 General information

3. Calculation method according to DIN ISO 9613-2

 According to examinations of the LANUV NRW* the calculations with octave-band sound power levels lead to lower 
sound pressure levels than the calculation with A-weighted sound power levels due to the attenuation of the 
ground being overestimated.

 Post construction measurements have shown that the calculation with A-weighted sound power levels leads to 
more realistic results.

 Consequence: In Germany the calculation with A-weighted sound power levels is commonly used.

 Furthermore, in Germany the ground attenuation is usually calculated with the alternative calculation method 
according to DIN ISO 9613-2.

 The general assumptions and simplifications implied in the method lead to realistic results for the 
conditions defined. They can be trusted as a conservative approach following a precautionary 
principle for public health respecting local variations through a variety of terms in the equations

* Landesamt für Natur, Umwelt und Verbraucherschutz,  Nordrhein Westfalen = state institute for nature, environment and consumer protection
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3.2 General equation

3. Calculation method according to DIN ISO 9613-2

with LAT A-weighted sound pressure level at a receiver

LWA A-weighted sound power level (incl. assessments for 
tonality, impulsivity …) 

DC Directivity correction

A Attenuation terms (for a frequency of 500 Hz) 

Cmet Meteorological correction

metCWAAT CADLL 
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3.3 A-weighted sound power level

3. Calculation method according to DIN ISO 9613-2

with LAT A-weighted sound pressure level at a receiver

LWA A-weighted sound power level (incl. assessments for 
tonality, impulsivity …) 

DC Directivity correction

A Attenuation terms (for a frequency of 500 Hz) 
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metCWAAT CADLL 
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3.3 A-weighted sound power level

3. Calculation method according to DIN ISO 9613-2

 The A-weighted sound power level of a wind turbine is usually measured and certified by an independent 
institution (eg TÜV or others). These measurements take place according to FGW TR1 (German norm) [or IEC 
61400-11 (International norm)].

 Measurements are usually ordered by turbine manufacturers for single turbines at a qualified test site. The 
measured values can then be used for all turbines of the same type and hub height.

 Noise reduced operating modes must be measured separately.

 In case of relevant changes (new blade design, new type of gearbox etc.) compliant measurements must be 
performed.
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3.3 A-weighted sound power level

3. Calculation method according to DIN ISO 9613-2

Required wind range: 

 As the sound power level depends on the wind speed the measurement must cover a wide range of wind speeds.

 For pitch regulated turbines this range is from 6 m/s to the wind speed which leads to 95% of the rated power of the 
turbine. For the forecast the loudest sound power level within this range is used. The sound power level of modern 
turbines does not rise above this value and the background sound overlaps the turbine noise at higher wind speeds.  

 If a turbine is stall regulated (older technique) the sound power level rises with higher wind speed due the airflow 
disruption. So a stall-regulated turbine must me measured over the whole  operating wind speed range - which is 
problematic as wind speeds rarely rise to 25 m/s.

 Sometimes “old” measurement reports only describe the range up to a wind speed of 8 m/s. As this wind speed 
commonly does not lead to 95% of the rated power, the measured values are increased by 3 dB(A).
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3.3 A-weighted sound power level

3. Calculation method according to DIN ISO 9613-2

Tonality and impulsiveness: 

 The sound of a wind turbine can contain tonal and/or impulsive parts. As these can be sensed as annoying both 
effects must be respected.

 The tonality and the impulsiveness of a sound can be derived from the results of an emission measurement. The 
calculated values are valid for the close-up range.

 If the measurement shows that the noise contains tonality or impulsiveness tones a supplement has to be added. 
For the evaluation of the far range (above 300m), the close-up values are classified in different classes. Depending 
on their class an adjustment for both effects of 3 dB or 6 dB has to be added to the A-weighted sound power level. 
In case of installations whose noise do not contain tonal sound or impulses the supplement is 0 dB.
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3.3 A-weighted sound power level

3. Calculation method according to DIN ISO 9613-2

The “upper confidence level”:

 The sound power level is increased by the so called “upper confidence level” (oVB) to cover different uncertainties 
(depending on the federal states – here NRW)

 Hereby the following uncertainties must be considered:

1. Uncertainty of the transmission calculation σProg = 1,5 dB(A)

2. Uncertainty of the measurement σR = 0,5 dB(A)

3. Production spread σP = 1,2 dB(A) or 
standard deviation of at least 3 measurements

4. Uncertainty of a sound barrier (if used) σS = 1,5 dB(A)
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3.3 A-weighted sound power level

3. Calculation method according to DIN ISO 9613-2

The upper confidence level:

 The total uncertainty σGes can be calculated according to 

 For the determination of the oVB the total uncertainty σGes is multiplied with 1,28 as a confidence level of 90% is 
requested.

 If more than one turbine with the same operating mode is planned to be erected, the standard spread can be reduced as 
the turbines will fluctuate about the mean (Gaussian error propagation).

²²²²Pr SPRogGes  
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3.4 Directivity correction

3. Calculation method according to DIN ISO 9613-2

with LAT A-weighted sound pressure level at a receiver

LWA A-weighted sound power level (incl. assessments for 
tonality, impulsivity …) 

DC Directivity correction

A Attenuation terms (for a frequency of 500 Hz) 

Cmet Meteorological correction

metCWAAT CADLL 
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3.4 Directivity correction

3. Calculation method according to DIN ISO 9613-2

Directivity correction DC: 

with O = dihedral angle [Sterad]

example 4 π = full-sphere
2 π = half-sphere

 Correction term for directed sound propagations with dihedral angles below 4 π

 For wind turbines DC = 0 dB because it can be seen as a full-sphere

)Olog(1011 CD
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3.4 Directivity correction

3. Calculation method according to DIN ISO 9613-2

Directivity correction DΩ: 

 As the calculation considers A-weighted sound power levels and the alternative method for the determination of the 
attenuation of the ground, an additional correction term DΩ is necessary to respect the reflection of sound on the ground:

with hs = Height of the source above ground in meter 

hr = Height of the receiver above ground in meter

dp = Source-to-receiver distance projected on the ground in meter

with x = X-coordinate

y = Y-coordinate
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3.5 Attenuation terms

3. Calculation method according to DIN ISO 9613-2

with LAT A-weighted sound pressure level at a receiver

LWA A-weighted sound power level (incl. assessments for 
tonality, impulsivity …) 

DC Directivity correction

A Attenuation terms (for a frequency of 500 Hz) 

Cmet Meteorological correction

metCWAAT CADLL 
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3.5 Attenuation terms

3. Calculation method according to DIN ISO 9613-2

with Adiv = Attenuation due to the geometrical divergence

Aatm = Attenuation due to atmospheric absorption

Ag = Attenuation due to ground effects

Abar = Attenuation due to a barrier

Amisc = Attenuation due to miscellaneous other effects (foliage, industrial sites, housing)

miscbargatmdiv AAAAAA 



/ 463232

3.5 Attenuation terms

3. Calculation method according to DIN ISO 9613-2

Geometrical divergence:

 Consideration of spherical spreading in the free field:

with d = Source-to-receiver distance in meter
d0 = Reference distance (= 1 m)

Atmospheric absorption:

 Consideration of atmospheric absorption effects:

with α = Atmospheric attenuation coefficient [dB/km]
d = Source-to-receiver distance in meter 

11log20
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3.5 Attenuation terms

3. Calculation method according to DIN ISO 9613-2

Ground effects:

 DIN ISO 9613-2 describes two different methods to calculate ground attenuation.

 The first method divides the source-to-receiver distance in three parts and calculates single attenuation terms for 
each part and for different nominal midband frequencies. Hereby a ground factor between 0 (hard ground) and 1 
(porous ground) can be set.

 In Germany the alternative method (only for A-weighted sound pressure levels) is used:

with hm = Mean high of the propagation path in meter
d = Source-to-receiver distance in meter 

 The ground in this method is modeled as mixed ground (predominantly porous).
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3.5 Attenuation terms

3. Calculation method according to DIN ISO 9613-2

Barriers:

 Attenuation Abar due to objects between source and receiver.

 Requirements: - Surface density must be at least 10 kg/m²
- Closed surface without large gaps
- Horizontal dimension orthogonal to source-receiver line is larger than the wavelength 
(l1+l2 > λ)

 Usually barriers are not respected in German wind turbine ´
immission forecasts (conservative assumption)

 For calculation details see DIN ISO 9613-2 Chapter 7.4 
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3.5 Attenuation terms

3. Calculation method according to DIN ISO 9613-2

Reflection:

 The reflection of sound can lead to higher sound immission rates.

 In case of reflection, the immission sound power level possibly has to be increased (“negative attenuation“).  In 
Germany a site visit is mandatory to evaluate if sound reflection effects are possible and to which degree they have 
to be considered.

 For calculation details see DIN ISO 9613-2 Chapter 7.5 – for a conservative/simplified
consideration the summation of 3 dB(A) is often used (= 2 x sound power level). 
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3.5 Attenuation terms

3. Calculation method according to DIN ISO 9613-2

Miscellaneous effects:

 Attenuation due to miscellaneous effects Amisc are described in DIN ISO 9613-2 Appendix A

 Attenuation due to foliage (only when the foliage is sufficiently dense and the transmission is completely interfered)

 Attenuation due to industrial sites (only when Abar is not already used for the industrial site)

 Attenuation due to housing (alternative to Abar)

 The usage of these attenuation terms in practice is really rare and not usual.

 For details see DIN ISO 9613-2 Appendix A
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3.5 Attenuation terms

3. Calculation method according to DIN ISO 9613-2

d Adiv Aatm Ag ASum

[m] [dB(A)] [dB(A)] [dB(A)] [dB(A)]
1 11,00 0,00 0,00 11,00
2 17,02 0,00 0,00 17,02
3 20,54 0,01 0,00 20,55
4 23,04 0,01 0,00 23,05
5 24,98 0,01 0,00 24,99

10 31,00 0,02 0,00 31,02
15 34,52 0,03 0,00 34,55
20 37,02 0,04 0,00 37,06
25 38,96 0,05 0,00 39,01
50 44,98 0,10 0,00 45,07

100 51,00 0,19 0,00 51,19
200 57,02 0,38 0,00 57,40
300 60,54 0,57 0,00 61,11
400 63,04 0,76 0,36 64,16
500 64,98 0,95 1,28 67,21
600 66,56 1,14 1,88 69,59
700 67,90 1,33 2,31 71,54
800 69,06 1,52 2,63 73,21
900 70,08 1,71 2,87 74,67

1000 71,00 1,90 3,07 75,97
1500 74,52 2,85 3,65 81,03
2000 77,02 3,80 3,94 84,76
2500 78,96 4,75 4,12 87,82
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3.6 Meteorological correction

3. Calculation method according to DIN ISO 9613-2

with LAT A-weighted sound pressure level at a receiver

LWA A-weighted sound power level (incl. assessments for 
tonality, impulsivity …) 

DC Directivity correction

A Attenuation terms (for a frequency of 500 Hz) 

Cmet Meteorological correction

metCWAAT CADLL 
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3.6 Meteorological correction

3. Calculation method according to DIN ISO 9613-2

 Downwind propagations are not applicable for all times 

 In times with other wind directions the calculated sound pressure 
levels are lower (for large distance see graphic)

 For calculating the long-term average A-weighted sound pressure level, 
the wind statistics can be considered with Cmet

with C0 = meteorological factor (calculated from wind statistics – in NRW a value of 2 dB is recommended
hS = Sender height above ground
hR = Receiver height above ground 
dP = Source - receiver distance projected to the horizontal ground
d = Source - receiver distance
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4.1 Process for generating a wind turbine immission forecast

4. Practical experience

 Prepare the immission forecast on basis of maps (desktop)! Which buildings could be affected - area of influence?
Are there existing exposures that probably have to be 
considered?

 Visit the site(!)

 Contact the authorities and confirm the immission points and its binding immission values and request the sound power 
level of existing exposures. 

 In most cases these sound power levels are part of the exposures’ approvals. Pre-construction measurements for defining 
the existing exposure are rarely performed due to high costs and imprecise results (background noise).

 Determine the sound power level of the additional exposure (turbine manufacturer).

 Calculate the sound pressure levels for all immission points, differentiated between existing, additional and total 
exposure. 
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4.1 Process for generating a wind turbine immission forecast

4. Practical experience

 If the binding immission values are exceeded, turbines have to be relocated, a noise reduced operating mode has to be 
used or the turbines have to be switched off at night.

 Noise reduced operating modes are available for all modern turbines. As the turbines operate with different power curves 
the energy production is reduced if the sound power level has to be reduced.

 Preparation of an expert report is a mandatory part of every approval application.

 Examination of the forecast by the authorities. If the calculated sound pressure level is close to the binding immission 
values a post construction measurement can be subject to conditions of the operation license. 
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4.1 Process for generating a wind turbine immission forecast

4. Practical experience

Example:

Open Mode: 3 x 108,5 dB(A)

Red. Mode: 3 x 102,5 dB(A)

No real project – only for your information
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4.2 Post construction measurement

4. Practical experience

 Post construction measurements for validating the immission forecast.

 Measurement of the immission or the emissions

 Measurement at different wind speeds and wind directions

 If the measurement of the sound level at an immission point (according to DIN 45645-1) is not possible the 
immission at a similar, alternative immission point can be measured.

 If the immission can not be measured an emission measurement according to FGW TR 1 in combination with an 
transmission calculation can be performed – that implies higher uncertainties due to the uncertainties of the 
transmission calculation.
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Most important facts

Conclusion

 Wind turbine immission forecasts are part of the approval according to Federal Immission Control Act

 Existence of binding immission values

 Calculation according to DIN ISO 9613-2 with A-weighted sound power levels

 A-weighted sound power levels from measurements according to FGW TR 1 (or IEC 61400-11)

 Assessments for tonality and impulsiveness (if needed)

 Assessments for uncertainties - the upper confidence level (oVB)

 Attenuation of the ground is calculated with the alternative method

 Meteorological correction terms and attenuation due to barriers may be considered (but is rarely done to maintain 
the conservative character of the forecast)

 If the calculated values exceed the binding immission values noise reduced operating mode must be used or the 
wind park layout must be adapted.

 Post construction measurements to be performed if the calculated values are close to the binding immission values  
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