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BACKGROUND ON ENVIRONMENTAL ACOUSTICS 

How is an Audible Sound Generated? 

Any vibrating surface has the potential to oscillate the surrounding air.  These movements 
create pressure fluctuations that disperse from the surface in the form of a pressure wave, 
analogous to an object falling into a calm water surface, with the intensity of the wave 
decreasing with distance.  An ear, acting like a microphone, responds to the air pressure 
fluctuations allowing the brain to process the fluctuations as an audible sound.  The average 
human ear’s response to sound is in the range of 20 Hz to 20,000 Hz, with the upper frequency 
range decreasing with age and over exposure to noise.   

Sound Pressure Levels – why do we apply Decibels? 

As noted above, the human ear has a wide frequency range of response, and the ability to hear 
an enormous range of sound intensities within those frequencies.  For example, a jet engine 
take-off may produce one million times more sound intensity than sounds of nature in a typical 
forest.  We apply the decibel or logarithmic scale  

Since decibels are based upon a logarithmic scale, it is important to have an understanding of 
how a change in the sound level will be perceived.  In dealing with environmental noise levels, 
differences of 1 or 2 dB are considered to be insignificant and typically not detectable by the 
human ear; a change of 3 to 5 dB is considered to be detectable but generally not sufficient to 
cause an adverse reaction to the sound; a difference of 5 to 10 dB is considered to be 
significant and may cause and adverse reaction and mitigation is recommended.    

What is Noise? 

When sounds interfere with human activity, it is 
considered noise.  The degree of annoyance from a noise 
exposure is highly subjective, as it depends on the 
person, the environment, and many non-acoustical 
factors such as: temperature, lighting, and occupant 
activity and occupation.  A recent study by Health Canada 
[Health Canada,2002] found that while less than 10% of 
the people surveyed were either very bothered or 
extremely bothered by noise exposure, there appeared to 
be significant variance amongst population densities (5% 
very bothered in urban areas versus 1% very bothered in 
rural areas) and amongst geographical regions (e.g. 5% 
very bothered in Ontario versus 2.4% very bothered in 
Alberta).  One may conclude that if a noise annoyance 
study were conducted in an industrial, rural town, they 
may receive significantly different results if the same 
study was conducted in a non-industrial, urban area.   

 

 

  



How is Sound Measured? 

Sound is measured using a Sound Level Meter (SLM).  A modern SLM consists of a polarized 
condenser microphone, digital memory, and a variety of acoustic filters allowing for various 
narrow band sound measurements in addition to averaged overall levels.  SLM response times 
are also key considerations in sound measurement, including ‘slow’ response for sounds that 
vary slowly with time, ‘fast’ response for sounds that vary quickly with time, and ‘impulse’ for 
short-duration impact type sounds.   

How is Sound Energy Reduced in the Environment?   

The most significant mechanism for sound reduction within the environment is geometric 
spreading or divergence loss.  For a point source, this results in a 6 dB reduction in sound level 
for every doubling of distance.  In practical terms, this is limited in its application, as very few 
sources are found to be greater than 500 to 1,000 m from significant noise receptors (e.g. 
residences, hospitals, schools, etc.) in most cities and towns.  Air absorption is another way 
energy is extracted from a propagating sound wave.  And, a ground interaction also influences 
the sound energy reduction, as sound waves interact with the ground (often with variable 
acoustic impedance), causing destructive interference between the direct sound from a source 
and the indirect sound from the ground-reflected sound.      

Noise Emission versus Noise Immission 

The sounds generated by equipment produce noise emissions that are typically organized 
within noise source inventory for a particular facility or process.  The incoming sounds from all 
noise sources (Lpi) are called noise immissions, and are based on the cumulative, logarithmic 
summation of the sound pressure levels (LpT), as follows: 

 

ISO 9613 – Basics of Outdoor Sound Propagation  

Outdoor sound propagation, as detailed in the international standard ISO 9613, Parts 1 and 2, 
and industry best practices, mainly consider five (5) main acoustical mechanisms, including: 

• Source geometry and type (point, line, coherent incoherent); 

• Meteorological conditions (wind and temperature variants, atmospheric turbulence); 

• Atmospheric absorption of sound; 

• Terrain – type and contours (ground absorption and reflection); and, 

• Obstructions (buildings, barriers, vegetation, etc.). 



Hemispherical sound spreading 

For a point source, in a loss-less medium with no reflections, the sound levels decay by 6 dB 
per doubling of distance.  If the source is directional, an additional term (Directivity Index, DI) is 
needed to account for the uneven distribution of sound as a function of direction.  The DI is the 
difference between the actual sound pressure and the sound pressure from a non-directional 
source with the same acoustic power.  It can be validated experimentally, or calculated 
analytically such as a moving piston at the end of a long tube (Beranek, 1954). 

Atmospheric Absorption 

Sound energy is dissipated in the air by two main mechanisms: 

• Viscous losses due to the friction between air molecules; and, 

• A relaxation process, where molecules vibrate and rotate in the atmosphere causing 
interference with the incoming sound. 

 The atmospheric absorption of sound has been found to be a function of frequency, 
temperature, and molar concentration of water vapour.  At distances of less than 500 m, the 
atmospheric absorption is generally insignificant (i.e. < 1 dB).  At larger separation distances, 
this phenomena may be significant, in particular within the high frequencies (i.e. > 1 KHz).  The 
most common atmospheric settings used in acoustical prediction is 10 deg. Celsius and 70% 
relative humidity (ISO 9613-2).   

Meteorological Effects 

Over open ground areas, vertical wind velocity gradients may exist due to friction between the 
moving air and ground.  Wind speed profiles are strongly dependent on the time of day, weather 
conditions, and the nature of the surface (roughness).  The wind speed, in the absence of 
turbulence, will vary logarithmically up to a height of 100 m, with negligible changes at higher 
altitudes.  The velocity gradient creates a sound speed profile (i.e. changing speed of sound 
versus height), influencing the propagation where the sound wave propagating in the direction 
of wind will be bent downward, and sound wave propagation against the wind will be bent 
upward.  This process is called refraction, where the sound waves are ‘curved’ in the direction of 
the lower sound speed.   

Analogous to wind direction, refraction may occur due to vertical temperature gradients.  The 
speed of sound in air is proportional to the square root of the temperature.  In the presence of a 
temperature gradient, the effect is to refract sound waves in the direction of lower sound speed, 
or lower temperature.  Typically, this may result in sound waves refracting upward during a 
sunny afternoon period (negative temperature gradient), and sound waves refracting downward 
during a calm evening period (positive temperature gradient). 

Refraction effects can cause both increases and decreases in sound levels compared to a 
uniform atmosphere.  One common approach is to calculate the sound levels assuming no 
refraction, assuming this represents a reasonable prediction of the equivalent or time averaged 
sound level that would be observed.   



Ground Interactions 

The surface over which sound propagates is often somewhere between highly reflective and  
highly absorptive.  The prediction of the ground interaction with the sound propagation requires 
knowledge of the reflective and absorptive properties, known as the acoustic impedance, of the 
intervening ground surface(s).  The main factors in determining the ground effect include the 
distance between the source and receiver (i.e. direct path), distance of any ground reflected 
paths, angle of incidence of the reflected paths, and the flow resistivity of the surface that is 
used to derive ground impedance.  Experiments have been used to derive flow resistivity for 
various ground surfaces, including snow covered ground (very low resistivity), grass (moderate 
resistivity), and asphalt areas (very high resistivity).  Vegetation and foliage may provide a minor 
amount of sound attenuation when significantly dense and only significant at large separation 
distances (i.e. greater than 200 m).   

Noise Barriers  

When the line of sight between a noise source and a receiver is obstructed by a non-
porous wall, building, or berm, the sound waves must diffract around the object in order 
to be heard at the receiver.  This effect is limited by the sound reduction of the 
obstruction itself.  Typically, the sound propagating through the obstruction or barrier 
must be 10 dB less than the sound waves diffracting around it.  The barrier material’s 
acoustic effectiveness is typically described as the Transmission Loss (TL, dB).  The 
measure of the line of sight blockage that a barrier provides is called the Fresnel 
number, and is inversely proportionally to the wavelength of sound.  Therefore, a 
barrier’s effectiveness increases with increasing frequency. 
















