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Summary

The propagation of sound in the atmosphere is a complex process influenced by the atmospheric conditions and
earth’s surface. Thus a comprehensive numerical computation of the propagation of aircraft noise in the vicinity
of an airport needs a detailed description of the atmosphere and ground in a range of about 20-40 km around the
airport. These data are usually not available in practice — and are obviously not available for future scenarios.
So the sound propagation models of common aircraft noise calculation tools, like the German AzBor the Inte-
grated Noise Model from FAA, use standardised meteorological conditions. The main objective of this study is
to quantify the noise level differences between calculations for these standardised meteorological conditions and
calculations based on real weather conditions. Furthermore the study estimates the uncertainties of the sound lev-
els resulting from the variation of atmospheric conditions. This information can be helpful to estimate the uncer-
tainties of common aircraft noise source models in comparison to measured sound level distributions. The study
concentrates on the sound propagation through the atmosphere from point sources at higher altitudes. There-
fore ground effects and the effect of microphone height are not considered in this investigation. A ray-tracing
algorithm is used to model the refraction of sound due to wind, wind gradients, and temperature gradients. The
atmospheric absorption is calculated according to ISO 9613-1. Data on temperature, wind and relative humidity
were collected over one year from radiosonde measurements at the meteorological observatory Lindenberg in
Germany. The results show that the average sound pressure levels calculated for real atmospheric data over a
period of one year and the levels calculated for standardised atmospheric conditions are similar in magnitude.
Furthermore, common noise calculations result in slightly higher levels hence providing a conservative modelling
of propagation effects.

PACS no. 43.20.Dk, 43.20.El, 43.20.Hq, 43.28.Bj, 43.28.Fp, 43.28.Gq, 43.28.Hr, 43.50.Lj, 43.50.Nm, 43.50.Rq, 43.50.Vt

1. Introduction Model [3]),are primarily developed to calculate cumula-

tive aircraft noise over a longer time period in the past or in

This work was performed to compare common and more
sophisticated propagation models and to investigate the ac-
curacy of common aircraft noise models. The accuracy de-
pends primarily on three influencing factors: the accuracy
of the source description, the accuracy of source localisa-
tion and the accuracy of the transmission model. A direct
quantification of the source accuracy is not yet possible,
but it may be derived indirectly from sound level distri-
butions measured under real conditions (e.g. by automatic
aircraft noise monitoring systems), provided that the other
two factors can be quantified. Information on the accu-
racy of source localisation can be derived from radar data.
Hence the remaining task is the estimation of the uncer-
tainty due to propagation effects. Common “best practice”
aircraft noise calculation tools, like the German AzB [1] or
the ECACDoc 29 [2] (implemented in the Integrated Noise
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the future. These calculations have to cover large areas, for
major airports up to some hundreds of square kilometres.
Comprehensive meteorological data in suitable spatial and
temporal resolution are usually not available.

The sound propagation calculation of these tools is thus
based on standardised meteorological conditions, usually
an isotropic atmosphere with 15 °C and 70% relative hu-
midity. Since the aircraft is represented by a point source,
this results in an attenuation due to spherical spreading of
sound waves(i.e. a frequency-independent level decrease
of 6 decibels per doubling of distance).The second atten-
uation effect affecting free sound propagation is the at-
mospheric attenuation. This effect describes the dissipa-
tion of the energy of a sound wave due to heat conduc-
tion and viscosity as well as energy transfer to a molecular
level (excitation of rotational and vibrational modes of the
molecules in the air). The atmospheric attenuation is well
understood [4, 5, 6] and is usually modelled according to
ISO standard 9613-1 [7].Effects induced by variable atmo-
spheric conditions [8] like refraction or scattering are not

© S. Hirzel Verlag - EAA
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Figure 1. Influence of wind and temperature on sound propaga-
tion.
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Figure 2. One-third-octave spectrum used for this investiga-
tion.The original spectrum was measured at a temperature of
3°C, 78% relative humidity in a distance of 60 m under a ra-
diation angle of 135 ° to flight direction. For this study it was
normalized to a distance of 1 m.

taken into account by common aircraft noise models. The
study concentrates on the sound propagation through the
atmosphere. Therefore ground effects like ground reflec-
tion, small elevation angles or effect of microphone height
and position are not considered in this investigation. For
aircraft noise these effects areusually described by empiri-
cal or semi-empirical models [1, 9]. Additionally these ef-
fects were investigated within the DLR project “Quiet Air
Traffic II” [10].

There have been a significant number of investigations
into the theory of sound propagation through the air and
close to the ground [8, 11, 12, 13, 14, 15], but aircraft
noise calculation, where more sophisticated sound prop-
agation models are required, is only a limited field of ap-
plication. Such tasks are usually related to exceptional lo-
cal propagation situations (e.g. engine run-ups at night in
the presence of temperature inversions). Current compu-
tational power offers the possibility to account for the in-
fluence of meteorological conditions on sound propaga-
tion in many ways — from simple approaches like the as-
sumption of constant wind or constant gradient of sound
speed up to the modelling of atmospheric turbulence. Ob-
viously there are different modelling approaches, depend-
ing on the special field of application. Ray tracing algo-
rithms [16, 17, 18] offer the possibility to calculate sound
propagation in inhomogeneous moving media with a mod-
erate computation effort. Another approach realised by the
DLR IPA propagation model [19, 20, 21] uses the imple-
mentation of the Euler equations. The computational effort
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needed by this model is very high, but the consideration of
turbulence, ground surface and obstacles is possible. How-
ever the practical use of such advanced models for aircraft
noise calculation is generally limited by the availability of
suitable data on real meteorological conditions as well as
ground surface properties. The approach of this study is
to calculate noise levels on the ground using a ray tracing
algorithm and over one year measured data on the verti-
cal structure of the atmosphere. These levels are compared
with levels calculated by a common method based on stan-
dardised atmospheric conditions. The resulting differences
are analysed with respect to two main mechanisms. The
first mechanism is the atmospheric attenuation which de-
pends on the vertical temperature and humidity profile.
The analysis of the molecular processes determines the re-
liability of the approach of constant temperature and rela-
tive humidity. The second mechanism is the refraction of
sound due to temperature gradients, wind and wind gradi-
ents: for a temperature inversion or downwind conditions
the sound is refracted downward and in case of tempera-
ture lapse or headwind conditions it is refracted upward
(cf. Figure 1). The analysis of this second mechanism is
primarily an examination of the reliability of the concept
of simple geometrical spreading of spherical sound waves
that is used commonly (i.e. 6 dB per doubling of distance).
Additionally the commonly-cited effect of displacement of
sound rays due to constant wind will be analysed.

2. Study setup

The investigation assumes an omnidirectional static point
source located at altitudes 2000 m and 10000 m above the
ground. The emission characteristic of this source is ex-
pressed by a one-third octave sound pressure level spec-
trum. This spectrum is representative of the direction of
maximum sound radiation of an Airbus A320 aircraft (cf.
Figure 2). The results presented are expressed in terms of
A-weighted sound pressure levels.

Source altitudes at 2000 m are discussed here, because
they are characteristic for aircraft noise prediction in
the vicinity of airports. In addition, source altitudes at
10000 m were analysed, since this is a typical cruising al-
titude — and sometimes people complain about noise from
aircraft in cruising flight.

The levels on the ground plane are calculated consid-
ering variable meteorological parameters, i.e. tempera-
ture, relative humidity, wind velocity and wind direction.
The influence of these parameters on atmospheric attenu-
ation and geometrical spreading is investigated separately.
Therefore the one-third octave sound pressure level L, ,
in a distance s can be calculated from the emitted sound
pressure level L, , in a distance so as

Lp,n(s) = Lp,n(SO) - Adiv(S; SO) - Aatm,n(s: SO): (1)
where Agy denotes the frequency-independent loss due to

geometrical spreading and A,y , denotes the atmospheric
attenuation [22]. Other effects on sound propagation, e.g.
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Figure 3. Vertical profiles of temperature, relative humidity, wind
velocity and wind direction recorded at 18th of November 2004
at 6 a.m. compared to the standardised atmospheric conditions.

ground effects and screening are not addressed here be-
cause the study concentrates on the atmospheric influence
on free sound propagation (cf. introduction). The use of a
reference sound pressure level alternative to a sound power
level is specific for the calculation of aircraft noise. More-
over this approach is more suitable when the geometrical
spreading is described with reference to an emission plane
as described in section 3.2.

The calculations for standardised atmospheric condi-
tions were performed using two approaches. The first ap-
proach uses an isotropic atmosphere with constant tem-
perature of 15°C and pressure of 1013.25hPa. The sec-
ond approach uses the international standard atmosphere
ISA [23] (i.e. a temperature of 15°C and a pressure of
1013.25hPa at sea level with a constant temperature de-
crease of 6.5 °C perkm and a pressure decrease up to the
tropopause). In both cases the relative humidity is assumed
to be 70% over the whole range of the atmosphere and no
wind is considered. The second type of standardised at-
mosphere is usually implemented in conventional aircraft
noise prediction models.

The calculations for real propagation conditions are
based on vertical profiles of meteorological parameters
measured by radiosonde ascents. These measurements
were performed at the meteorological observatory Lin-
denberg of the German weather service DWD in the year
2004. The year 2004 is chosen because the meteorological
conditions were representative for Germany in the long-
term [24, 25, 26]. The measurements include the vertical
profiles of pressure, relative humidity, temperature, wind
velocity and wind direction up to 30-50 km. The data con-
tains measurements at standard altitudes (1000, 850, 700,
500, 400, 300, 250, 200, 150 und 100 hPa) and at every
altitude where a parameter changes significantly. In Lin-
denberg the radiosonde measurements start every 6 hours
(00, 06, 12 and 18 UTC). 2004 there were 14 ascents with
no usable data and also a few with altitude dependent mal-
functions of an instrument, e.g. a frozen sensor. In total the

194

Document downloaded by @DAEL, 2026-06-06 18:44:46 - personal use only

Binder et al.: Free propagation of aircraft noise

sound propagation calculations performed include more
than 1200 vertical profiles of meteorological data.

Figure 3 shows an example of such a data set. It was
recorded on the 18th of November 2004 at 6 a.m. This
dataset shows the maximum average wind across the tro-
posphere and a nearly constant wind direction of 270° (i.e.
the westerly wind situation prevailing in Germany). The
four diagrams show the measured vertical profiles of tem-
perature, relative humidity, wind velocity and wind direc-
tion up to an altitude of 10 km as well as the corresponding
profiles of temperature and humidity for a standard atmo-
sphere and an isotropic atmosphere.

3. Geometrical spreading and atmospheric
attenuation

3.1. Modeling of sound propagation paths

Common aircraft noise models assume that the sound is
emitted from a point source and transported to the observer
on spherical waves, i.e. along straight lines in a ray rep-
resentation. When examining the effect of the real atmo-
sphere on the transmission of sound the effect of refrac-
tion due to wind, wind gradients and temperature gradients
must be taken into account. The consequence is a curva-
ture of the sound rays due to gradients in sound speed or
a displacement due to a constant wind speed. This stud-
ies sound propagation calculations are based on real at-
mospheric conditions and account for these propagation
effects. The atmospheric variables, i.e. wind and tempera-
ture and hence the resulting speed of sound, mainly vary
in the vertical direction. The horizontal deviations are usu-
ally more than an order of magnitude smaller and therefore
negligible in a first approximation. Thus the atmosphere
is assumed as vertically stratified medium with constant
wind speed, wind direction and temperature on each layer
boundary and therefore constant wind gradient, wind di-
rection and temperature gradient in each layer.

Ray-tracing equations [16], as used in this study, are
a valuable tool to calculate the sound propagation under
such variable conditions. The sound propagation is de-
scribed by trajectories, which are sound rays. Each trajec-
tory begins at the location of the source. In a non-moving
coordinate system the ray velocity,

Vray = V47 €, @)

is described by the wind ¥ (the displacement due to the
wind) and the sound speed ¢ multiplied with the normal
vector 7. The normal vector points in the direction of the
ray trajectory (including refraction), i.e. it is perpendicular
to the wave front.

3.2. Geometrical spreading

Assuming spherical wave propagation the loss due to geo-
metrical spreading can be expressed as

Aan (s, 50) = 201og <i> . (3a)

S0
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One goal of this investigation is to identify and to quantify
deviations of geometrical spreading losses calculated un-
der real atmospheric conditions from the assumption of a
spherical propagation symmetry. Therefore it is more help-
ful to change to a planar geometry as shown in Figure 4.
In this case the spreading loss for propagation of spheri-
cal waves can be expressed with respect to an “emission
plane” parallel to the ground as

Lp,n(s) = Lp,n(sl) - Adiv(s’ 51) - Aatm,n(s’ Sl)~

The distance s; is the distance between source and the
intersection point of the sound ray with the emission
plane. The reference sound pressure level on the emission
plane is calculated with equation (1). For an omnidirec-
tional source these levels are not constant. The geometrical
spreading for spherical waves can then be expressed as

N

Adiv(s, s1) = 20log <—> “)

S1

h
20log <h_> with i) = 1m.
1

The advantage of this definition is that the spreading loss
is constant over whole ground plane because it depends
only on the distance h — h; to the emission plane.

A generalized formulation for the geometrical spread-
ing must be able to account for arbitrarily shaped propa-
gation paths. It should be based on an area comparison

F
Adgiv(F, Fy) = 10log <F> , 3)
0

where Fj is the reference area the sound energy passes at
the beginning of the propagation process. During the prop-
agation this area changes to F. A straightforward approach
is to define both areas by three adjacent sound rays form-
ing triangles (cf. Figure 5). Ray tracing allows accounting
for the refraction effects due to gradients in sound speed.
276 sound rays forming 500 triangles were analysed for
this study. Figure 6 shows the intersection points of these
rays with the emission plane with the dimension of 2x2 m.
The intersection points are located on 10 concentric circles
around the plane centre.

An example of ray intersection points with the ground
plane is shown in Figure 7, for spherical propagation and
for the real atmospheric conditions shown in Figure 3 and
a source elevation of 10km. As already mentioned above
this dataset shows the maximum average wind across the
troposphere and a wind direction of about 270°. The up-
ward refraction due to the temperature gradient and the
displacement due to the wind are obvious on this date. In
comparison to the intersection points calculated based on
an isotropic atmosphere (dots) the ones calculated based
on the real data (squares) are wider spread and shifted
eastward.

Figure 8 exemplifies the level reduction differences be-
tween the two ways of modelling the geometrical spread-
ing losses, i.e. area enlargement (cf. equation 3c) based
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source

————— emission plane

ground plane

Figure 4. Definition of the emission plane. The sound pressure
on this plane is not constant for a omnidirectional point source.

- area F,
— distance s,
area F

- - emission plane - ——-

---distance s

-

ground plane

Figure 5. Sound propagation between emission and ground
plane.

2 ...' e
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Figure 6. Intersection points of sound rays with the emission
plane.

on real conditions and spherical propagation. For a source
located at 10 km altitiude the spreading loss for spherical
waves according to equation (3b) is 80 dB.

In this case the level reduction calculated by the area en-
largement is greater than that calculated for spherical prop-
agation. The difference goes up to about 1.5 dB for prop-
agation distances of about 20km. However for source-
observer geometries relevant for aircraft noise propagation
(i.e. source altitudes up to 2 km and propagation distances
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Figure 7. Intersection points with the ground plane for a source
altitude of 10 km once based on an isotropic atmosphere and once
based on the radiosonde data of the 18th of November 2004 at
6 a.m.
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Figure 8. Level reduction in dB due to geometrical spreading for
a source at 10 km altitude for the atmospheric data of the 18th of
November 2004 at 6 a.m. The spreading loss for spherical prop-
agation is 80 dB. The black contours are calculated by the area
enlargement. The coloured background shows the difference to
spherical sound propagation calculation.

up to about 4 km) the differences are substantially lower
than 0.5 dB (cf. Table I) and hence not of practical impor-
tance.

3.3. Atmospheric attenuation

The atmospheric attenuation,
Aaimn (8. S0) = ¥y - Sef (S, 50), (6)

describes the molecular air absorption [7]. It depends
on the frequency-dependent absorption coefficient, «,,
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Figure 9. Absorption coefficient @ according to ISO 9613-1 for
afrequency of 250 Hz at standard atmospheric pressure. The lines
represent the conditions from radiosonde measurements as well
as for the standard atmosphere. The isotropic atmosphere is rep-
resented by a point. The lower diagrams show the corresponding
vertical shapes of temperature and relative humidity.

and on the effective distance s.; the sound travels be-
tween source and observer. The atmospheric attenuation
increases rapidly with increasing frequency [14]. It is
mainly influenced by temperature and humidity. The in-
fluence of pressure variations in the atmosphere is negli-
gible under normal atmospheric conditions [27]. Figure 9
shows the absorption coefficient of the 250 Hz frequency
band as function of relative humidity and temperature at
standard atmospheric pressure. These absorption coeffi-
cients are calculated for the full range of relative humidity
(0-100%) and temperatures between —60 °C and +40 °C
according to ISO 9613-1. This covers the range of both pa-
rameters in the troposphere at mid-latitudes. Also included
are the distributions of temperature and relative humidity
up to 10 km for two days, one with high and one with low
atmospheric attenuation as well as for the standard atmo-
sphere. The isotropic atmosphere is also represented by a
point.

The effective distance s (cf. equation 4) equals the
shortest distance s — sg between the corresponding points
on emission and ground plane only in the absence of re-
fraction and wind. Otherwise it has to be calculated along
the sound ray hence being greater than the closest distance.

The choice of the reference system is important in cal-
culating the atmospheric attenuation. The sound rays com-
puted by the ray-tracing process incorporate not only cur-
vatures caused by wind gradients and temperature gradi-
ents, but also the shift of the air in the wind direction. This
can be illustrated regarding a small air package moving
with the wind ¥ (cf. Figure 10). Inside this package — i.e.
in the moving reference system — the sound is propagating
along an effective path of length s.. For an observer in the



Binder et al.: Free propagation of aircraft noise

ACTA ACUSTICA UNITED WITH ACUSTICA

Vol. 99 (2013)

Table I. Geometrical spreading losses Ag;y based on the isotropic and on the standard atmosphere, as well as the averaged losses for real

atmospheric data measured in 2004.

Source altitude 2 km, vertical 2km, west 43.5° 2 km, east 43.5° 10 km, vertical
Isotropic atm. in dB 66.02 66.02 66.02 80.00
Standard atm. in dB 66.12 66.15 66.15 80.58
2004
Mean in dB 66.11 66.14 66.13 80.58
Median in dB 66.11 66.15 66.12 80.62
Standard deviation 0.034 0.104 0.103 0.093
calculated along the real path s,. The white contours are
~~~~~~ A} for a reference system moving with the wind; they are
~~~~~~~ N . v ——- real paths, calculated along the effective path sey. The background
AP \"\‘ ~~~~~~~~~~ —’ — - effective path s colour indicates that the difference between both cases can
N T reach up to 1 dB for large propagation distances due to the
wind displacement.

Figure 10. Sound propagation paths through the atmosphere un-
der tailwind conditions in a stationary reference system (real path
s,) and within an air package AP moved with wind velocity v (ef-
fective path se).

— stationary reference system
co-moving reference system

0.8

yinkm
o
o
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-20
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Figure 11. Level reduction due to atmospheric attenuation for
a source at 10km altitude indB for the atmospheric conditions
of the 18th of November 2004 at 6 a.m. calculated once for the
stationary and once for the co-moving reference system with the
wind. The coloured background shows the difference between
the two level reductions.

“real” stationary reference system the sound is travelling
along the real path of length s,.. However the molecular
processes determining the atmospheric attenuation have an
effect only along the effective path which consequently has
to be estimated. To achieve this the distance travelled by
the sound due to the pure displacement by wind is calcu-
lated and subtracted from the real path. These calculations
are based on a runtime estimation of the sound rays.
Figure 11 shows the level reductions due to atmospheric
attenuation computed for a source at 10 km altitude. The
black contours are for a stationary reference system, i.e.
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4. Atmospheric influences on long-term
noise immission

4.1. Sound ray displacement due to wind

The analysis of the displacement of sound rays is impor-
tant insofar as this effect is often discussed with respect
to the design of weather-optimised noise abatement depar-
ture flight routes. The current investigation provides quan-
titative information on this effect — it simply requires an
analysis of the sound ray emitted vertically.

These rays are calculated for each meteorological pro-
file recorded by the Lindenberg radiosonde in 2004. Fig-
ure 12 shows the corresponding distribution of the inter-
section points of these rays with the ground for source al-
titudes of 2 and 10 km. The background indicates the fre-
quency of these intersection points. The distribution scat-
ter due to wind is scattered about £150 m with an eastward
shift of about 50 m — a result that reflects the dominance
of westerly winds in Germany. The corresponding results
for an altitude of 10 km show a distribution with a scatter
of about 1000 m.

A scatter of about 100 m indicates that there is no prac-
tical relevance to optimise departure flight tracks with re-
spect to a prevailing wind direction because it is one mag-
nitude less than the dimensions of the lateral flight path
spreading observed in practice.

4.2. Geometrical spreading

The analysis of the geometrical spreading under real atmo-
spheric conditions for source altitudes of 2km and 10 km
is summarised in Table I. The table shows mean and me-
dian values of the geometrical spreading losses calculated
from the real atmospheric data measured in Lindenberg
in 2004 compared with the losses for the isotropic and the
standard atmosphere. The results are shown for a vertically
emitted sound ray (source altitudes of 2km and 10km)
and for the rays radiated with angles of 43.5° westward
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Figure 12. Distribution of the intersection points with the ground
plane calculated for the vertically emitted rays for the atmo-
spheric conditions in Lindenberg measured in 2004.

and eastward (only 2 km altitude). These rays intersect the
ground plane at a distance of about 2 km from its centre.

The differences between the particular cases are negli-
gible for the source at 2km altitude. The losses for the
isotropic atmosphere are about 0.1 dB lower than for the
other cases. The similarity of the results for the real atmo-
sphere and the standard atmosphere is an indicator that the
temperature gradient for the standard atmosphere is quite
a good description of the average gradient in the real at-
mosphere.

If the source is positioned at an altitude of 10 km the
influence of variability of the atmospheric parameters in-
creases. For the vertically emitted rays the losses for the
real atmosphere and standard atmosphere are again com-
parable, but the assumption of an isotropic atmosphere
with no wind underpredicts the losses due to spherical
spreading by about 0.6 dB.

The atmospheric induced variations of the geometrical
spreading losses are, however, very small. The standard
deviations increase with increasing source altitude and in-
creasing radiation angle. The reason is the longer propa-
gation path where temperature gradients, wind speed, and
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Figure 13. Frequency distribution (cf. Table II) of the A-weigh-
ted sound levels on the ground due to atmospheric attenuation
calculated for the measured relative humidity and temperature
in Lindenberg in 2004. Only the vertically emitted sound ray is
analysed and geometrical spreading for spherical waves is as-
sumed.

wind gradient have a stronger influence on the sound prop-
agation. Generally the atmospherically induced variations
of the geometrical spreading losses are only in the order of
0.1dB and less.

4.3. Atmospheric attenuation

The result of the analysis of the atmospheric attenuation is
shown in Figure 13 and summarized in Table II. The fig-
ure shows the distributions of the A-weighted sound pres-
sure levels on the ground. As for the geometrical spreading
these levels are calculated for the vertical profiles of rela-
tive humidity and temperature recorded in Lindenberg in
2004 and compared to the levels on the ground plane re-
sulting from the assumption of the isotropic and the stan-
dard atmosphere respectively. Generally the level devia-
tions due to the atmospheric attenuation are one order
of magnitude higher than those due to the geometrical
spreading. Therefore it is possible to calculate the geo-
metrical spreading for spherical propagation in a windless
atmosphere.

Figure 13a shows the results for a source at 2km al-
titude. The frequency distribution of the levels on the
groundcovers a range of 5.2dB. The annual averages
(mean and median) differ within a maximum range of
0.4dB from the levels estimated for the standard and
isotropic atmospheres. The distribution is asymmetric with
a steep decay at higher levels and a pronounced tail to
lower levels. The level range of +1 dB around the mean
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Table II. A-weighted sound levels on the ground plane for the vertical emitted ray due to atmospheric attenuation for the isotropic and
the standard atmosphere, as well as the averaged level reductions for 2004 and their percentage distribution around the arithmetic mean;

geometrical spreading for spherical waves is assumed.

Source altitude 2 km (Figure 7a) 10km (Figure 7b)

Isotropic atmosphere — Level in dB 71.40 50.49
Standard atmosphere — Level in dB 71.80 49.93

2004

Mean — Level in dB 71.58 49.56
Median — Level in dB 71.78 49.88
Standard deviation 0.73 1.81
Number of values £0.5 dB around the mean 890 (65.5%) 241 (19.0%)
Number of values 1 dB around the mean 1274 (91.8%) 527 (41.5%)
Number of values 2 dB around the mean 1311 (96.5%) 945 (74.5%)

level already includes 92% of all calculated values. The
standard deviation is about 0.7 dB.

The variations in ground level for the source at 10km
altitude are shown in Figure 13b. Because of the greater
variety of the atmospheric parameters, the distribution is
much wider and more symmetric than in Figure 13a. The
distribution covers a range of 10.7 dB with a standard de-
viation of about 1.8 dB. The comparison of the averages
with the values for the standard and isotropic atmospheres
is quite good with a range smaller than 1 dB.

Figure 9 shows two examples of atmospheric condi-
tions. These conditions and a source at 10 km altitude lead
to opposed extreme atmospheric attenuations (tails of the
distribution shown in Figure 13b). The measurement on
the 1st of January shows very low temperatures and a low
relative humidity. A low atmospheric attenuation results
for this combination. The measurement on the 20th of Oc-
tober leads to a high atmospheric attenuation, mainly be-
cause the temperature is higher than the standard atmo-
sphere and the relative humidity above 2 km is low.

5. Summary and conclusion

Current “best practice” aircraft noise calculation tools usu-
ally assume an isotropic atmosphere with no wind to
model the sound propagation for standard situations. This
simplified approach is sometimes criticized. The goal of
this study was to quantify the errors of A-weighted sound
levels on the ground introduced by the assumption of an
isotropic atmosphere. The study focuses on the analysis
of the losses due to geometrical spreading as well as the
atmospheric attenuation. Therefore ground effects are not
considered.

The analysis was performed using a ray tracing algo-
rithm for two static point sources with a typical aircraft
noise spectrum located 2 and 10km above ground. The
atmospheric data were derived from meteorological mea-
surements by radiosondes at the observatory Lindenberg
in Germany during 2004. This year was representative for
a climatologically relevant long-term period for Germany.
About 1200 vertical profiles of temperature and relative
humidity, as well as wind velocity and direction were pro-
cessed.
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The analysis of the geometrical spreading under real at-
mospheric conditions shows that the assumption of spher-
ical spreading introduces very small errors. The predicted
sound levels on the ground are only about 0.1 dB higher
for a source altitude of 2km, or 0.6 dB higher for a source
altitude of 10 km, with a maximum standard deviation of
0.1dB.

The variations of A-weighted sound levels on the
ground due to the atmospheric attenuation (depending
on relative humidity and temperature) are significantly
higher. The ground levels cover a range of 5dB to 11dB
for source altitudes between 2km and 10km. The cor-
responding standard deviations are 0.7 dB and 1.8 dB re-
spectively. However the agreement of average levels with
those derived for an isotropic atmosphere is good. Differ-
ences are about 0.2dB and 1dB for the source altitudes
2km and 10 km respectively.

Due to the assumption of a stationary source the re-
sults are at first relevant only for the estimation of maxi-
mum sound levels rather than of exposure levels. However
the propagation times estimated for the two approaches to
model geometrical spreading are comparable for a source
altitude of 2 km. This indicates, that for relevant propaga-
tion situations the influence on level-time-history is small
and hence the differences in sound exposure level will be
of the same order as the level differences estimated for the
stationary source.

The distributions of maximum as well as exposure
sound levels measured for particular aircraft types by noise
monitoring sites around civil airports show standard de-
viations of the order of 2-3 dB. The standard deviations
found for the two propagation effects investigated are
much smaller. This is an indicator that other effects (es-
pecially variations in engine power and aircraft position)
dominate the long-term distribution of the sound levels on
the ground under real weather conditions.

So the results of this investigation support the assump-
tion that an isotropic atmosphere is a good approach to
calculate aircraft noise over long-time periods (like equiv-
alent sound levels). Standard conditions of 15 °C and 70%
relative humidity are suitable at least for Germany. If type-
specific distributions of emission levels are implemented
in aircraft noise tools (e.g. [1]), the long-term distribu-
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tion of sound levels resulting from a calculation will be
comparable to the measured distribution, although only an
isotropic atmosphere is used for sound propagation.
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