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A weather dependent noise contour prediction concept
Combining a standard method with ray tracing

Problem area

Standard noise contour prediction
methods make assumptions which
results in fast algorithms to calcu-
late the noise exposure around
airports. One such assumption is to
use average atmospheric conditions
for the noise calculations. However,
meteorological phenomena play an
important role in the propagation of
sound through the atmosphere. Not
taking the varying atmosphere into
account may therefore lead to
deviations in the computed noise
levels.

More complex and more detailed
noise models may be used in
situations where this is not
acceptable. A major disadvantage
however of the more detailed noise
simulation models is their
computational inefficiency. This
drawback makes these models
practically unsuitable for computing
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the cumulative exposure from a
high number of flight operations.

This paper presents a hybrid
solution, based on components from
both types of noise models.

Description of work

From a high-level perspective, the
work described in this paper is
based on the removal of one of the
default components of a noise
contour prediction method. At the
same time, the model is extended
with an interface to an external, so-
called excess attenuation model. In
such a way, the external model will
be able to replace the removed
component. With the help of the
external model, the noise model is
able to account for weather effects.

From a more detailed point of view,
the component that is removed from
the noise model is the lateral
attenuation adjustment. This
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component normally adjusts the
power- and distance based noise
level for several effects. These
effects include absorption by the
ground surface, refraction and
scattering of the sound signal as a
result of meteorological conditions.

The external excess attenuation
model that takes over the respon-
sibility to correct for these effects is
primarily based on acoustical ray
tracing. This is a numerical
technique to obtain the sound
propagation paths from a source to
locations on the ground surface.
Apart from a ray tracing model, the
developed excess attenuation model
also recalculates atmospheric
absorption along the paths of the
rays and applies a ground
attenuation model to calculate the
overall excess attenuation.

Together, the two models provide a
setup that offers some of the
capabilities of detailed noise
simulation models, without
compromising on computational
efficiency. In practice, there is a
fixed penalty (in terms of
computation time) for pre-
processing a particular atmospheric
situation. However, the impact on
the computation time for the noise
evaluation process for a particular
flight trajectory itself is negligible.

UNCLASSIFIED

A weather dependent noise contour prediction concept
Combining a standard method with ray tracing

Results and conclusions

Both the results from the validation
process as well as the numerical
example affirm that propagation
based on average conditions
(assuming spherical spreading) as
used by most of the current noise
contour models is not a good
assumption in non-standard
atmospheric conditions. The setup
presented in this paper provides an
alternative that allows correcting for
non-standard meteorological
conditions.

It should be realised however that
the validation of the excess
attenuation model is currently based
on comparisons with theoretical
methods only. It is recognized that
it would be desirable to also
validate the extended version of the
noise model using measurements.

Applicability

Although the hybrid model can be
used for multiple purposes, it was
specifically developed for an
application in the area of aircraft
trajectory optimisation. Since
trajectory optimisation involves the
evaluation of a high number of
(slightly) alternative trajectories
through the same atmosphere, the
computational efficiency of the
weather-dependent noise model was
of primary importance.
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Summary

Standard noise contour prediction methods make assumptions which results in fast algorithms to
calculate noise around airports. One such assumption is to use average atmospheric conditions for
the noise calculations. However, the actual noise propagation depends on the actual atmospheric
properties. In this paper, a concept to include weather dependent propagation effects is described
and evaluated. The concept comprises the replacement of the standard excess attenuation method
by a model based on ray tracing. This paper shows it is possible to include the impact of weather
conditions on noise propagation in a standard noise prediction method without major impact on
computation times. When applying a more realistic weather situation, the noise results for a single
flight show remarkable differences compared to the results from the standard methods. Further
studies should assess the effects on accumulated yearly noise metrics and contours.

PACS no. 43.50.Vt, 43.50.-x, 43.50.+y

1.  Introduction into account will therefore lead to deviations in the
computed noise levels. For more information on
Airport noise contour modelling is typically this phenomenon, see for example reference [3-4].
performed using ‘integrated NPD-based models’,Typically, the integrated NPD-based models do
where NPD stands for Noise-Power-Distance. Anot take these varying conditions into
popular example of such a model is the Integrate@onsideration. They are designed to estimate long
Noise Model (INM) [1]. INM is the FAA's official term average noise levels. It is assumed that using
methodology for noise impact assessment in th@ model that is based on the average atmosphere
vicinity of civilian airports in the US since 1978. should suffice for computing the long term average
The underlying methodology of the model is in noise exposure. At the same time it is recognized
line with noise computation method as describedhat this may sometimes lead to deviations from
in Doc.29 of the European Civil Aviation observed levels. For applications where this is not
Conference (ECAC) [2]. Other, but similar acceptable, one could use a higher-fidelity model.
computer model implementations exist as well. ~ These higher-fidelity models typically employ a
The integrated NPD-based models depend heavilgimulation approach that offers more flexibility for
on tabulated data, called the NPD curves.more complex computation. In that case, the noise
Basically, these curves translate source levels intgource itself, for example, can be specified as
levels observed at a distance by applyingdirectional, both in lateral and longitudinal
attenuation due to spherical wave spreading andirection. Furthermore, the source can typically be
due to standard-day atmospheric absorption and depecified using 1/3rd octave bands instead of the
so for multiple engine settings [2]. A-weighted level and the propagation models used
Meteorological phenomena play an important rolefor high-detail noise models can be more complex
in the propagation of sound through theas well. They generally allow for more acoustical
atmosphere. Not taking the varying atmosphereffects (e.g. terrain, Doppler shift) and can cope
with non-standard atmospheric conditions, such as
(c) European Acoustics Association temperature inversions. Examples of models that
ISSN 2226-5147 use these more complex noise modelling
ISBN 978-80-01-05013-2 techniques include NOISIM [4], FLULA [5] and
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ANOPP2 [6]. A major disadvantage however of3.  Model description

the more detailed noise simulation models is their

computational inefficiency. This makes them lessThe excess attenuation functionality with respect
suitable for computing the cumulative exposureto the noise model itself comprises a minor
from a high number of flight operations. adaptation. This adaptation concerns the addition
This paper presents a hybrid solution, based oef an interface that allows the noise model to
components from both families of noise models.interpolate and apply an EA-correction that is
We will present a Doc.29-based noise model thaspecified in an external database. These databases
offers some of the capabilities of detailed noisecan be generated using a separate excess
simulation models, without compromising on attenuation model, called the EA-database
computational efficiency. In practice, there is agenerator. The relation between the two models is
fixed penalty (in terms of computation time) for provided in Figure 1.

pre-processing a particular atmospheric situation.

However, the impact on the computation time for
the noise evaluation process itself is negligible.
While this hybrid model can be used for multiple
purposes, the first foreseen application will be in
the area of aircraft trajectory optimisation. Since
this involves the evaluation of a high number of Atmospheric
(slightly) alternative trajectories through the same input data
atmosphere, computational efficiency is of primary
importance for this application. ‘

Excess attenuation

Noise model
model

Noise model
(Doc.29)

2. Overall Methodology

EA-database

The primary component of the NPD-based models generator

is NPD interpolation. Furthermore, there is a major
noise level correction mechanism. This mechanisnm
is based on the observation that, generally

speaking, there is a difference in sound level ‘
directly under the aircraft flight path and locations
to the side of the flight track, even when the
distance between the aircraft and observer is equg |
for both situations. This attenuation effect is !
termed I_ateral attenuation and_is in excess of th?igure 1. Diagram showing the relation between the

attenuation that can be attributed to distancycess attenuation model and the noise model

effects, as already accounted for in the NPD data.

Lateral attenuation itself is a collective term. The )

physical mechanisms that are involved in lateralThis means that the developments involved two
attenuation include: absorption by the groundmModels: the EA-database generator itself and the
surface, refraction and scattering of the soundddition of an interface to the pre-existing, ECAC

signal as a result of meteorological conditions and?0¢-29-based noise model.

engine_-installation effgcts [7]. . 3.1 Adaptation to the noise model

Especially the refraction effects are influenced by
wind and temperature gradients. This means thathe EA-correction replaces part of the standard
the default lateral attenuation is not always a goodateral attenuation correction in the noise model
estimate for a particular meteorological condition.(the engine installation effect correction remains
To obtain better estimates for these particulatunaffected). This updates equation (4-6a) and (4-
cases, a Doc.29-based noise model has bed) in the Doc.29 specification document [2]. The

extended with functionality to compute excesslateral attenuation correction term is replaced by
attenuation (EA) for any atmosphere using adn €xcess attenuation correction term in the model.

separate EA-model. The value of this component is obtained using 3D
linear interpolation on the EA-database values.
The three interpolation parameters used are the
horizontal and vertical distance between aircraft

EA-database |memmpp EA-interface
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and observer and the propagation directionAccording to ray tracing theory, no sound pressure
(azimuth). is present in these regions. While it is true that
sound pressure levels in reality are significantly
lower in these zones, other propagation effects
The excess attenuation model is primarily ansuch as diffraction and (turbulence induced)
acoustical ray tracing model. The ray tracingscattering can be expected to carry some of the
method that was used here to obtain the rays igcoustical energy into the shadow zone. Since ray
based on the numerical integration of Snell's lawtracing cannot predict sound levels in the shadow
of refraction. This principle is applied to the zone, which was considered unacceptable for this
concept of the effective sound speed. The effectiv@pplication, a different approach had to be selected
sound speed is a summation of the adiabatic sourfiere.

speed and the horizontal component of the wind~or the shadow zones, results from a Fast Field
velocity in the travelling direction of the ray [8]. Program (FFP) code were used to obtain the sound
The ray trace model assumes a layeredoressure levels [9]. FFP is an acoustics method that
(horizontally stratified) atmosphere where in eachsolves the Helmholtz equation, which is the linear
layer the atmosphere is constant. By consequemwave equation in the frequency domain. Compared
evaluation of Snell's law for small ray segmentsto ray tracing, FFP is computationally expensive.
(e.g. small time steps), a ray path can be tracedherefore, the FFP code was not included in the
along which the sound propagates. This is done foEA-database generator. Instead, an FFP tool was
a variety of initial travel directions at the source used to compute intensities within a shadow zone
and different source heights. Each ray is tracedor different propagation ranges, linear effective
until it exceeds a predefined time limit, or hassound speed gradients and frequencies. Based on
bounced a number of times at the ground surfaceghe results, linearised loss rates (dB per meter into
For this specific model, the ray travelling time the shadow zone) have been obtained as a function
limit was set to 60 seconds. For the noise modelpf refraction coefficient and frequency. Sound
this should be well inside the range of interest angressure levels are eventually calculated using the
basically means that effects that may occur outsideéay tracing based level at the nearest shadow zone
this range are ignored. boundary and the FFP-derived loss rate. The
When all required ray paths are determined, th&€ombination of ray tracing and this FFP-derived
resulting geometries can be used to compute theodel will be referred to as the augmented ray
intensity relative to the source. This computation istracing method.

based on the principle of focusing and defocusingThe excess attenuation model also applies
the observation that in a refracting atmosphereatmospheric absorption. Atmospheric absorption
different rays may converge (focusing) or divergerates are calculated for all 24 considered™1/3
(defocusing) when compared to a non-refractingoctave bands for all local temperature and
atmosphere. Actual focusing factors are computediumidity conditions along the ray using the
by comparing the mutual distance between two omethod described in reference [10].

more adjacent rays near the receiver to theiFinally, the excess attenuation model also uses a
mutual distance at the source [8]. ground attenuation model. The ground attenuation
Typical problems with ray tracing are the depends on the characteristics of the ground and
formation of caustics and shadow zones. Causticthe angle of incidence of the sound wave. The
are locations where adjacent rays cross each otheground characteristics are described using ground
At this location the focusing factor (and the soundimpedance determined by the effective flow
pressure level) goes to infinity. In reality however, resistivity of the ground material and the frequency
although the sound pressure level is indeed higheof the sound wave as described in reference [11].
in these areas, it cannot be infinite. ThisThe effective flow resistivity was set to 250
phenomenon is a weakness of geometricakPa-s/m, a typical value for grass covered ground.
acoustics, for which solutions to the problem, areFinally, the overall excess attenuation as written to
ranging in complexity. For the solution chosenan EA-database is computed by combining all
here, sound pressure levels based on focussing agemponents, as depicted in Figure 2.

set to a maximum of 10 dB over the corresponding

spherical spreading levels for that same distance.

The second typical ray tracing problem concerns

shadow zones. These are regions where, due to

upward refraction, no rays can penetrate.

3.2 Development of the EA-database generator
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Figure 2. Overview of the computation process of the

: 4. Verification and validation
excess attenuation database generator

. The excess attenuation functionality involves two
Generally speaking, the method to compute the y

overall excess attenuation follows the method usecfmdels: the EA-database generator itself and the
addition of an interface to the pre-existing noise
to correct the NPD curves for non-default

. ; . model. Both developments have been verified
atmospheric absorption [2]. Starting from a .
reference spectrum, nominal and non-nom'naland/or validated.
rona ationpareucc’Jm arelzd and  the resulltin The EA-interface to the noise model has been
propag P Y erified using comparative analyses. To this end,

difference is the excess attenuation as written to, "o\ (oiopoce oo used that holds values
the EA-database.

: Lo corresponding to the default lateral attenuation
Due to underlying model limitations, there are function. The results, when compared to the
tr;i)ecisse)iﬁz?us(;lls | dtobetkr]sen?\(;?]reﬂl hg?j%ﬁ?'?goriginal, default Doc.29 implementation show that
2xce tion is the lilo dB Iimi![ that is a. lied iln R‘or Lamax, the differences are minor and are caused
P . . PP by the introduction of the interpolation process.
case of extreme focussing, which has already beeq.he same holds for & for observer positions
gg:;f(;ed'a -30 dB(A) correction limit has been below and astride of the flight path. Behind and
ondly, . . ahead of the flight path however, the results show
applied for the overall excess attenuation. W'thomsignificant differences. Further analysis showed

g;ﬁ gzlgb(;zrrr\fzgé'(;rt] vgg?t?snfv&/; thiz?o-tsk?edsi?d)o that although the interface works as intended, the
sone.  especiall pbeca se tphe FEP-base doption of simplified geometric definitions that
au m,entatign mei/hod is u#bounded Itis believedenable the use of this interface does lead to results
gmente . " "~ for Lae that may be less comparable to results that
that limiting the overall correction will result in have been generated without using the extension
more re?“St'C correction values. . . Acknowlegding this restriction, the results have
Finally it should be noted that this ray tracing been accepted
|mp|¢_ementat|on s not intended for _sources at Validation of the EA-database generator has also
relatively low heights. Therefore, the EA-databas_e been performed using a comparative analysis. Two
gene_rator uses the standard lateral _attenuatlorg)ther propagation techniques, namely spherical
function as used by the standard version of thespreading and EEP. have been used as reference.

Doc.29 model to generate excess attenuationry, o it results are based on an atmosphere with a

}/i?sllt“i:\ f?r;(gﬁlgt:;ss[ﬁ: il‘;’o girearfe(??gr Ze:gv'h-trg?purely theoretical effective sound speed profile,
Y 9 9 9 assuming a fixed rate of dc/dz = + 0.1. §he

100 meter. This means that the noise mOdeIresults in terms of transmission loss (excluding

G e o' efects of aimospnerc sbsorpion and_rounc
y Y impedance and at ground level) for the three

par;[s of flight trajectories between 50 and 100 propagation methods have been analysed for
meters. several directions. Figure 3 shows the results for
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the downwind direction (i.e. dc/dz = 0.%)s The fact that the ray trace only needs a fraction of the
figure shows that both the FFP and ray tracecomputation time that the FFP requires.
solution identify three zones where the intensity is While it is recognized that none of the three
higher than spherical spreading theory predicts. methods is flawless in practice, the results in this
Tranamiesion loe: source height 500 m reauency 500 1z section also clearly show_ that spherical spreading
-50 : e as used by popular noise contour models not
5l FFP solution always seems to be a good assumption.
\\ 2 Ray Tracing
60 5. Numerical example
65 w
= ‘1\%\% This section shows a result of the EA-database
87 £y = 1 generator and the effects of applying this result on
~ gl f NG Y - ] the overall noise level for a simple flight
T, E”“e,g trajectory. The results are based on the same
i T ! weather balloon sounding data as was used for the
-85 - second validation case in the previous section.
w0 . Figure 5 shows the overall EA-correction as stored
e in the database for a single height (150 meter). A
typical database contains correction values for 15

Figure 3. A comparison of spherical spreading, different helghts between 100 and 3000 meter.

augmenteq ray tracing and FFP for a theoretical sound A LA for source at height 150
speed profile. 15 - — -

10

. . . 10
A second validation case is not based on 4

theoretical effective sound speed profile, but is 5k

based on a typical result from a weather balloon| 8 Sz
sounding. Figure 4 shows the results, now for thel § o 108
upwind direction. The shadow zone is clearly | 7 _15::1

visible in the figure. -5

Transmission loss: source height 500 m, frequency 500 Hz

50 e . -10
oy pherical spreading —-25
60 e o FFP solution
= Ray Tracing _15 = z < = £ £ _30
70 -15 -10 -5 0 5 10 15
o T X-distance
,80_
T o Figure 5. Excess attenuation for all directions, based on
= . a typical atmosphere from weather sounding balloon
2 .
S -100 ° ce el
e From this figure (which includes atmospheric
-120 absorption and ground impedance) it is clear that
130 the shadow zone is located south-west (upwind)
from the source, while the illuminated zone is on

% i 2 3 4 5 the north-east side (downwind).

Radial distance [km]

ik When providing this excess attenuation database
to the noise model and running the model for a
flight trajectory existing of a single, straight
segment at constant altitude (150 meter), speed

Overall it was concluded that the augmented ray@"d POWer settings, the results fokmky are as

trace method generates results that show fairly_sl_?]owr;fin ::igure 6. red by th tenuati
good resemblance with the FFP, especially with € eflects as computed by the excess attenuation

respect to the localisation of areas with elevategdat@base generator are clearly visible in the overall
and reduced intensities. Assuming that the FFPNOISE result. Especially the asymmetry between
provides the best results, the ray trace results aré"® ukpvgllnd and the downwind direction is
certainly acceptable, especially considering thefemarkabie.

Figure 4. A comparison of spherical spreading, ray
tracing and FFP for a typical sound speed profile.
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Figure 6. Lynax When using the excess attenuation from
Figure 5, for a simple trajectory (black line).

6. Conclusions

This paper presents the development and
validation of a pre-existing NPD-based noise
model that has been extended with functionality to
apply an excess attenuation correction from an

around airports, based on the overall contribution
of all flights during a longer period, typically a
year. In this case, the overall noise exposure is
based on the sum of contributions of all flights.
The numerical example in this paper confirms that
non-standard conditions can have a significant
influence on the result for a single flight. In this
light, an interesting research problem would be to
investigate whether a computation for a full year
using the standard model would yield comparable
results to a computation for a full year based on all
atmospheric conditions in that year. And
furthermore, it would be interesting to determine
whether the answer to this question would differ
from airport to airport, based on the corresponding
weather patterns. Work in this direction has
already started.
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