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ESDU 94036
ESDU DATA ITEMS

Data Items provide validated information in engineering design and analysis for use by, or under the supervision
of, professionally qualified engineers. The data are founded on an evaluation of all the relevant information, both
published and unpublished, and are invariably supported by original work of ESDU staff engineers or consultants.
The whole process is subject to independent review for which crucial support is provided by industrial companies,
government research laboratories, universities and others from around the world through the participation of some
of their leading experts on ESDU Technical Committees. This process ensures that the results of much valuable
work (theoretical, experimental and operational), which may not be widely available or in a readily usable form, can
be communicated concisely and accurately to the engineering community.

We are constantly striving to develop new work and review data already issued. Any comments arising out of your
use of our data, or any suggestions for new topics or information that might lead to improvements, will help us to
provide a better service.

THE PREPARATION OF THIS DATA ITEM

The work on this particular Data Item was monitored and guided by the Outdoor Sound Propagation Working Party
on behalf of the Aircraft Noise Committee:

The Aircraft Noise Committee first met in 1971 and now has the following membership:

The technical work involved in the assessment of the available information and the construction and subsequent
development of the Data Item was undertaken by

Prof. K. Attenborough — The Open University, Milton Keynes
Dr M.J. Fisher — Institute of Sound and Vibration Research, University of 

Southampton
Mr L.W. Illston — British Aerospace Defence Ltd, Farnborough
Dr M.L. Legerton — Energy Technology Support Unit, Harwell
Mr R.C. Payne — National Physical Laboratory, Teddington
Mr S.J. Perkins — Rolls-Royce plc, Derby
Mr J.D. Turton — Meteorological Office, Bracknell.

Chairman
Mr P.J. Hopkins — Rolls-Royce plc, Derby

Members
Mr S. Arrowsmith*

* Corresponding Member

— European Aviation Safety Agency (EASA), Germany
Mr W.D. Bryce — Bryce Research (Member Emeritus)
Ms C.L. Burley* — NASA, Langley Research Center, USA
Dr T. Imamura* — Japan Aerospace Exploration Agency, Japan
Prof. P. Joseph — Institute of Sound and Vibration Research, Southampton
M. P. Lempereur — Airbus France, Toulouse, France
Mr C.J. Mead — Aero Acoustics Ltd, Surrey, UK
Mr D. Patience — BAE SYSTEMS, Frimley
Mr R. Pinker — Independent
Dr D. Rhodes — Civil Aviation Authority, Environmental Research & Consultancy 

Department (ERCD), London
Mr D.C. Riordan — Bombardier Aerospace Short Brothers plc, Northern Ireland.
Dr B.J. Tester — Institute of Sound and Vibration Research, Southampton

Dr C.B. Chinoy — Head of the Aircraft Noise and Structural Dynamics Group.
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ESDU 94036
THE PREDICTION OF SOUND ATTENUATION AS A RESULT OF PROPAGATION 
CLOSE TO THE GROUND
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ESDU 94036
THE PREDICTION OF SOUND ATTENUATION AS A RESULT OF PROPAGATION 
CLOSE TO THE GROUND

1. NOTATION

SI Units

band averaged ground reflection correction dB

discrete frequency ground reflection correction dB

speed of sound m/s

ground reflection correction at location A (see Sketch 2.1) dB

ground reflection correction at location B (see Sketch 2.1) dB

horizontal separation of source and microphone m

boundary loss factor

free-field spectrum at location A (see Sketch 2.1) dB

free-field spectrum at location B (see Sketch 2.1) dB

frequency Hz

turbulence scale parameter m

measured spectrum at location A (see Sketch 2.1) dB

measured spectrum at location B (see Sketch 2.1) dB

parameter in Equation (4.4) m3/2

relative image source strength

pathlength of direct ray between source and receiver (see Sketch 3.1) m

pathlength of reflected ray between source and receiver (see Sketch 3.1) m

air temperature K

numerical distance

normalised acoustic impedance

inverse effective depth of porous surface layer m–1

parameter in Equation (4.3)

mutual coherence function

ratio of specific heat capacities of air

parameter in Equation (3.5)

Aa

Ad

c

CA

CB

D

F w 

FA

FB

f

L

MA

MB

P

Q

r1

r2

T

w

Z










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ESDU 94036

2. INTRODUCTION

This Item provides a computerized method for predicting the attenuation of sound as it propagates between
two fixed locations in the presence of a stationary noise source close to the ground. If the noise spectrum
at one location is known, the method allows the user to predict the noise spectrum at any other location.
For example, with reference to Sketch 2.1, the method allows the user to predict the attenuation of sound
between any two locations, A and B. If the noise spectrum at location A is known, it is then possible to
predict the noise spectrum at location B.

Sketch 2.1   

The method considers the attenuation of sound due to spherical spreading, atmospheric absorption and
accounts for the effect of ground reflection and air turbulence. The method does not account for variations
in sound velocity due to wind and temperature gradients. Over short ranges, wind and temperature gradient
effects may be calculated rapidly using the method described in Reference 10.  Over longer ranges the Fast
Field Program in Reference 12 should be used.

parameter in Equation (3.5)

phase angle of complex image source strength rad

wavelength m

fluctuating index of refraction

density of air kg/m3

effective flow resistivity kN s/m4

rms value of wind velocity fluctuation m/s

rms value of temperature fluctuation K

ground reflection angle (i.e. angle made by incident or reflected ray with 
ground (see Sketch 3.1)

rad

angular frequency rad/s







<2>



e

V

T





A
B

Source
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ESDU 94036
The implementation of computer programs, known as ESDUpacs and VIEWpacs,* provided with this Item
are described in Appendix A. The programs calculate the A-weighted sound pressure level, dBA, the overall
sound pressure level, OASPL and the perceived noise level, PNL, when appropriate, of the spectra at
locations A and B.

3. METHOD OF CALCULATION

The components of sound attenuation that this Item addresses are those due to:

The calculation of the first of these components is straightforward. For every doubling of distance from the
noise source, the sound pressure level at the reception point drops by 6 dB. 

The two other components are more difficult to calculate, and each of them is considered separately and in
greater detail below. First, however, the basic method of calculating the sound attenuation between two
points, for example A and B in Sketch 2.1, is described.

By definition, the difference between a measured spectrum at a point located above the ground and the
free-field spectrum at that point is caused by ground reflection effects.

If, at location A, the measured spectrum is denoted by , the free-field spectrum is denoted by  and
the ground reflection correction denoted by ,

Then, the attenuation between points A and B can be expressed as

. (3.3)

 is the difference in free-field levels at locations A and B which can be attributed to spherical
spreading and air absorption.  can be calculated from separate calculations of the ground reflection
correction at locations A and B.

If  is known, then it is simple to predict  once  has been evaluated.

This Item offers a modular approach where the user can compute the attenuation arising from any
combination of these three components. 

The calculation of attenuation from air absorption and ground reflection effects is carried out here using
derivations from established methods described in detail in ESDU 78003 (Reference 9) and ESDU 94035
(Reference 11) respectively. 

* The full ESDUpac number has an appended V followed by two digits. These digits indicate the ESDUpac version number. For example,
the full ESDUpac number for version 1.0 of ESDUpac A9436 is A9436V10. The version appendage will not be used when referring to
ESDUpacs in the text of this Item. See Introduction to ESDUpacs for a full description of the ESDUpac numbering system. The current
version of the ESDUpac is given in Appendix A and on the example program output in Section A.1.

i) spherical spreading,
ii) atmospheric absorption

and iii) ground reflection with air turbulence effects.

then = (3.1)

and similarly = . (3.2)

MA FA
CA

MA FA CA+

MB FB CB+

MA MB– FA FB CA CB–+–=

FA FB–
CA CB–

MA MB MA MB–
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ESDU 94036
This Item provides in one convenient package a means by which the major components of sound attenuation
can be estimated together. Though full details of these methods are available in the two ESDU Items
mentioned above, brief descriptions are provided here. 

The sources from which the ESDU Items have been derived are given in Derivations 1 to 7. 

3.1 Band Attenuation of Sound by Atmospheric Absorption

The atmospheric attenuation of sound over a frequency band is obtained by integrating discrete frequency
attenuation values over the frequency range. These discrete frequency attenuation values are given in
ESDU 78002 (Reference 8). If the noise spectrum for which attenuations are to be estimated is available,
the spectrum slope is used to evaluate the band attenuation. If no spectrum is available then the band
attenuation is calculated on the basis of assuming the spectrum to be that of white noise. 

The method used in this Item is a modified version of that described in Reference 9. 

3.2 Ground reflection effects

Ground reflection effects are due to interference between the direct wave between a noise source and a
receiver and the wave that reaches the receiver after being reflected off the ground. The phase relationship
between the two waves which causes this interference is determined by the difference in path lengths
between the direct and reflected waves, and the impedance of the ground material. In addition, air turbulence
affects the coherence between direct and reflected rays and modifies the ground reflection effect.

In the theory used to calculate the ground reflection effect, spherical waves are broken down into a large
number of plane waves. The plane wave sound pressure reflection coefficient, which is dependent on the
angle of incidence of the reflected wave and the ground impedance, can then be used. The prediction method
also accounts for the effect of air turbulence.

The basic equations for calculating the ground reflection correction are given below. A more detailed
derivation is given in Reference 11. 

For a point source located above a semi-infinite boundary (see Sketch 3.1), the arithmetical difference
between the sound pressure level measured in the presence of the boundary and the sound pressure level
measured in free space, for a discrete frequency, is given by

. (3.4)Ad 10  log10 1
r1

r2

----- Q
 
 
  2

2
r1

r2

-----
 
 
 

 Q
2 r2 r1– 


------------------------------ +

 
 
 

cos+ +=
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