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1. INTRODUCTTON

For the Dutch Ministry of Defence a method is being developed to esti-

mate contours of equal annoyance around military shooting ranges

caused by shooting noise. The annoyance level will be based on the

long-term average sound exposure level of impulsive sounds [1]. Since

meteorological variations cause large variations in the sound propagation.

the long-term average sound level has to be determined as an average

over all prevailing weather conditions.

Computations of sound propagation in an inhomogeneous atmosphere

can be performed with a numerical method like the parabolic-equation

method (PE method). This method. however, is very time consuming. For

a practical model we have therefore chosen a method which is based on

three databases:
- a database of emission levels and other source data of weapons;

- a database of transfer functions;
- a database of meteorological statistics for the Dutch situation.
This paper discribes this model which can be used over distances up to

15 km. The model will be valid only for The Netherlands, as the meteoro-
logical statistics of our country are used. However, by adapting the statis-
tical database to the local situation, the model could also be used for

other locations.

2. DATABASE OF TRANSFER FUNCTIONS

To model the effect of the meteorological situation on sound propagation.
we make use of the effective sound speed, which is the sum» of the ther-

mal sound speed and the vector wind as a function of the height 2 above
the ground. in the following this function is refered to as the sound speed
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1.7 profile. In our model we distin-
100 guish 27 different sound speed

profiles to cover a wide range of
possible meteorological situ-

50 ations from strong downwind to
strong upwind conditions (Fig. 1).

0 Using the wide-angle PE-
'10 0 8413 . 20 30 method we generated for these

100 profiles a database of attenuation
functions as a function of 3 soil

2 impedances. 3 different receiver
g’ 50 heigth's and 15 different source
-= heigth’s. For the octave bands

16 Hz to 250 Hz these transfer

0 .10 0 1o 20 30 functions are computed up to a

19-27 distance of 15 kilometers. For
100 higher bands we use a smaller

distance, because at large dis-

50 tances these bands are - as a

 

result of molecular absorption in
the atmosphere - no longer rel-

o. '40 0 1o 20 30 event. The transfer functions are
C(z)_c(o)mls expressed relative to the free

field. Geometncal spreading and

Fig. 1: Meteorological situation cherac- €‘m°5Ph°_ric absorption are "'°‘
terized by the sound speed profile Included In these functlons.

3. STATISTICAL DATABASE

  The sound speedprofile varies with time, as a consequence of variations
of the profiles of temperature and wind. To compute the Iong-tenn aver-
age transfer function one has to know the probability distribution of the
chosen set of profiles. With this distribution the long-temt average trans-
fer function can be computed as the energetical average of transfer func-
tions welghted with the statistical weights (g(m)) of the profiles:

27

L: =10Ig[{jg(m) 10‘4"”‘°] + cM (1)

The statistical distribution is derived from a meteorological model in the
Netherlands [2]. The parameters of this model have been fitted to data of
a large. number of meteorological stations in the Netherlands, collected
over a period of fifteen years. This model yields the statistical weights of
the profiles. depending on two parameters: part of the day (light, dark)
and the ground roughness. The ground roughness can be estimated
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visually, using the Davenport classification.
In the Netherlands south-west winds dominate over other wind direc-

tions. The statistical weights are however independent on the source-

receiver direction. This is been corrected for by a (7",,1 correction.

4. EMISSION DATABASE

Shooting noise may have three components: muzzle noise, due to the

explosion of the propulsive powder; bullet noise for supersonic bullets

and detonation noise for a detonating charge. From the emission data-

base the (direction dependent) source levels tor the muzzle and deton-

ation noise can be derived. A source level for bullet noise can be calcu-

lated on the basis of the dimensions of the bullet and its speed [3].

5. LONG-TERM AVERAGED LEVEL

Combining these 3 databases, the octave band (i) sound exposure level

LE can be calculated for a certain meteorological situation (m) and

geometry using:

LE(s,f,m) = LEMSJ) - z AMm) (2)

where LEw(s,f) is the octave band source level of some weapon (5); and

A.(l.m) is the octave band attenuation in dB that occurs during the propa-
gation from the source to the receiver. We distinguish 4 attenuation terms
(index i) due to geometrical divergence, air absorption, the ground effect

[4] and due to screening. The last two terms are dependent on the
meteorological situation.

This strongly resembles the basic equation of the ISO standard 9613-

22. The main difference is that in this standard the attenuation is calcu-

lated for only one downwind condition. The long-tenn average level is

calculated by means of a (frequency independent) meteorological correc-
tion. in our model however this average level will be calculated as a
weighted average over 27 meteorological conditions (so. 1). Especially at

large distances a more accurate result can then be obtained.

On the basis of the long-term averaged sound exposure level a rating
sound level can be determined [5].

 
6. RESULTS

  Due to the fact that this model will be based on a statistical distribution
not only can contours be constructed around shooting ranges. but it is
also possible to obtain a statistical level distribution at some receiver
point. Figure 2 shows an arbitrary example. A distribution is given for the
A-weighted level for a situation with and without screening. As parameter

in the figure the windspeed at a height of 10 m is given. Positive values
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stand for downwind conditions, negative values for upwind conditions.
From the figure a sharp transition in level can be seen for the situation

without a screen. For the situation with a screen this transition is much
less pronounced. This proves that the statistical distribution is strongly
dependent on the local circumstances.
For strong down- and upwind conditions the attenuation due to the
screen is very small. The attenuation is only significant for moderate

downwind conditions. it the effect of the barrier were to be estimated on
the basis of measurements, this result shows, that a single measurement
is not sufficient, but that several measurements have to be carried out.
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Fig. 2: Distribution ofthe A-weighted sound exposure level for a situation
with and without screening. The long-term averaged level is given in the

figure.
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