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In this paper, the attenuation due to the ground effect is investigated. Comparisons between CNOSSOS and
the traditional Nordic prediction method show large differences between the two methods, especially when
looking into the spectral domain. One very clear effect is that there are different octave bands that are the
most affected. Understanding these effects is useful, for example when evaluating noise prediction results
from large industrial sites and determining which sources dominate the noise contribution. For industries
with continuous 24/7 noise emissions, it is show that the CNOSSOS prediction method may give
significantly higher noise levels than compared to the traditional Nordic method when using the
recommended settings for homogeneous vs favourable conditions. This could have a significant impact for
the industries that are obliged to comply with their given noise permits.

1 Introduction

The Norwegian guideline T-1442 [1] considers both CNOSSOS and the traditional Nordic Prediction Method to be
equivalent methods. However, when comparing calculation results from the two methods, some quite large differences
can be observed. When looking into these differences in more detail, it appears that some of the key causes are the different
approaches on how the methods calculate the correction factors due to the ground effect.

Tests show that the traditional Nordic Prediction Method and CNOSSOS give significantly different results, with the
most striking differences being how the ground effect are applied across octave bands. For industries with no screening
involved between source and receiver, it is observed that CNOSSOS appears to predict significantly higher noise levels
in the lower mid-frequency range. The largest differences are observed for near-ground sources and near-ground receivers
and especially for industries with continuous 24/7 operations, in which the nighttime noise level (Lnigh¢) usually is the
most important measuring parameter.

2 Ground Effect

2.1 Noise Prediction Methodology

Both CNOSSOS and the traditional Nordic prediction method use a standard approach when calculating the sound
propagation. The sound pressure level (L) is calculated from the sound power level (L) and then with correction terms
for the various attenuation factors considered:

Lp =Lw — Adiv — Agr — Abar — Aatm

Where Adiv is the correction due to distance, Abar the correction due to potential barriers, Aatm the sound absorption in
the atmosphere, and Agr being the correction for the ground effect.



2.2 Ground Effect

In the CNOSSOS calculation method [2], the ground effect is described as the result of the interference between the direct
sound and the sound reflected from the ground, related to the acoustic properties of the ground, combined with the
influence caused by the atmospheric conditions during propagation.

The ground effect could either give either an increase in the calculated level (normally for propagation over hard reflective
surfaces) or an attenuation (normally for absorptive porous ground).

The CNOSSOS model combines the calculated sound propagation attenuation under two different conditions:
homogenous conditions (constant sound speed where sound propagation paths follow straight rays)
favourable conditions (where a sound speed gradient results in downward curved ray paths).

The higher favourable percentage, the higher sound levels.

According to the instructions given for calculations with CNOSSOS in Norway [3], an assumption of 50%, 60%, and
70% favourable conditions should be applied for the day, evening, and night periods, respectively. The night being the
time period with the most effective sound propagating conditions. This recommended set of percentages is what is called
“Norwegian conditions”. In other countries, on the other hand, it is recommended to use detailed matrixes based on
prevailing meteorological data, as observed for the relevant sites. This approach has not been transferred to Norway (yet).

3  The experiment

The experiment in this study, is performed using the calculation software SoundPlan v9.1 and with a simple model
consisting of one omnidirectional point source and sound propagation above flat ground. A series of multiple receivers
are set from a distance of 10 m to 990 m from the source and with spacing 10 m in between the receivers. The corrections
due to the ground effect are then shown as the excessive corrections values after accounting for the geometrical dispersion
due to distance and with atmospheric absorption turned off.

A calculation height of 1,5 m above ground is used, as this is the normal calculation height when assessing the compliancy
with given noise limits in the permits for the individual industry, while a calculation height of 4 m above ground is the
normal calculation height when producing the noise maps for strategic mapping and in the municipality area planning.
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Figure 1: Simple calculation model with one omnidirectional point source above flat ground

In the following section, the calculated ground effects are expressed for each octave bands as dB pr distance to the source.
Three different situations are shown, with the sound source at source height 2, 4 and 30 m, respectively. The ground factor
is varied from soft ground (G = 1) and hard ground (G = 0). Positive correction values indicate that the ground effect give
an increased sound level, and negative correction values indicate a reduction in the calculated sound level.



3.1 Situation 1: Source 2 m - Receiver 1,5 m

Soft Ground, G =1

10

Ground effect [dB]

CNOSSOS — 70 — favourable
Source height = 2 m, Receiver height =1,5m,G =1

-
B ‘_.;RV—L

- . s
1 ) Gk ;'—'i'ni:l:&#%ﬁww-—rr-»
* a7 A

s

—8— 63 Hz

~M- 125 Hz
—&- 250 Hz
-4 500 Hz

~¥- 1kHz
—»- 2 kHz
4 kHz

500 600 700 800 900

Distance [m]

100 200 300 400 1000

Ground attenuation [dB]

10

ST 2 s M A R

0 b pe- b

-2 =

NordicPredictionMethod
Source height = 2 m, Receiver height = 1.5 m, Soft ground G = 1

2 — DD PP D4 D~ Pt PP -3¢ —pe-
’;’t-‘—va/\v_v-v--v—v—'v—wv—-w-v—v—l—av—v—-v-#—v—v—v»v—

"*-Quq.Q.A..Quq.‘.‘..,;ﬁ.ﬂ..\.t.r’.‘“.v’“,."...
A gk =
—8— 63 Hz
'1‘ ~m- 125Hz
Sac —k- 250 Hz
,.
Aok ok A —A ~A—A~—A— A A A4 @ 500 Hz

~¥- 1kHz
—»- 2 kHz
4 kHz

500 600 700 800 900

Distance [m]

200 300 400 1000

Figure 2: Ground effect for CNOSSOS at 70 % favourable (left) and Nordic Prediction Method (right)

For the situation with near-ground source and receivers and soft ground (G = 1), the most pronounced effect is the strong
attenuation predicted by the Nordic Prediction Method in the 250 Hz and 500 Hz octave bands. This attenuation appears
already at short distances, reaching approximately —13 dB at 200 m for the 250 Hz band and -7 dB for 500 Hz. At greater
distances, significant attenuation is also observed in the 125 Hz octave band. In contrast, the 63 Hz band shows positive
correction values at all distances, reaching about +6 dB at longer distances.

For CNOSSOS, it is the 500 Hz octave band that show the highest attenuation correction values. Interestingly, the
strongest corrections are seen only for a very specific distance range between 40 m and 350 m, with a maximum
attenuation of approximately —9 dB at 150 m. Going from 200 m to 340 m, the predicted sound pressure level at 500 Hz
actually increases with distance from the source. This counter-intuitive behaviour is somewhat surprising and hard to
comprehend. In difference from the Nordic method, no positive correction values are observed at 63 Hz.

For industrial complexes with high acoustic sound power in the lower mid-frequencies, the CNOSSOS calculation method
yield less attenuation and a higher predicted sound levels than the traditional Nordic method.
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Figure 3: Ground effect for CNOSSOS at 70 % favourable (left) and Nordic Prediction Method (right)

For the situation with hard ground (G = 0), positive correction values are observed for both methods, with similar
correction values for all frequencies. From approx. 150 m the CNOSSOS method yield around 2 dB higher levels than
the traditional Nordic method.
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3.2 Situation 2: Source and receivers 4 m above ground

Soft Ground, G =1

CNOSSOS70favourable
Source height = 4 m, Receiver height = 4 m, Soft Ground G = 1
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Figure 4: Ground effect for CNOSSOS at 70 % favourable (left) and Nordic Prediction Method (right)

For the situation with both the source and receivers at 4 m height, some of the same behaviour is observed, although to a

smaller extent than in the previous near-ground situation.

From the CNOSSOS method, it is the 250 Hz octave band that give the strongest intermittently corrections for a smaller
distance range, rather than the 500 Hz as in the previous situation.

For the Nordic method, the increase at 63 Hz is still present, but more importantly, the strong correction values at 125 Hz
and 250 Hz remain, even though less pronounced than in the near-ground situation.

3.3 Situation 3: Source at 30 m - Receivers at 1,5 m
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Figure 5: Ground effect for CNOSSOS at 70 % favourable (left) and Nordic Prediction Method (right)

For the third situation, with an elevated source at 30 m height above ground and receivers at 1,5 m (simulating f.ex. an
exhaust stack high above ground), it can be observed that CNOSSOS hardly give any corrections, while the Nordic
method on the other hand, show quite strong attenuation correction values already at short distances. For information, the
situation with hard ground (G = 0), the correction values are identical for both methods (+3 dB for all frequencies - graphs

not shown here).



Hard Ground, G = 0 (0-100 m) Soft Ground, G=1 (100 — 990 m)
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Figure 6: Ground effect for CNOSSOS at 70 % favourable (left) and Nordic Prediction Method (right)

In the final scenario, the ground factor is set to hard ground (G = 0) up to 100 m from the source, and then to soft
ground (G = 1) from 100-990 m.

CNOSSOS appears to handle these changes much more smoothly than the Nordic prediction method, which shows a
very hard shift when entering the soft ground area, resulting in large correction values almost immediately. This
situation is an example where CNOSSOS seems to perform much better than the Nordic method.

4  Summary

The CNOSSOS prediction method does have several advantages; however, it should be noted that the predicted results
may differ from the traditional Nordic prediction method. One striking difference is the considerable spectral differences,
as there are different octave bands that are the most affected. The effect is most pronounced for near-ground situations
where no screening is involved, while differences are smaller for the situations with more elevated sources and receivers.
Additionally, CNOSSOS also show some strange behaviour, where certain frequencies receive a strong correction only
at specific distances.

Using CNOSSOS calculation model, the night time noise level (Lnign) shall be calculated using an assumption of 70%
favourable conditions. For the tests performed for this study, it is shown that CNOSSOS will predict a higher sound level
than the traditional Nordic prediction method, especially if the sound spectrum involved has important acoustic energy in
the lower mid-frequencies. A transition to CNOSSOS might have implications for the Norwegian industries, especially
for the industries with continuous 24/7 operations. The 70% favourable assumption may appear high, given that the nigh
period lasts eight hours and that meteorological variations often occur shifting the wind directions and/or affecting the
strength of the temperature inversions causing non-stable favourable atmospheric conditions with downward refraction.
While this 70% assumption may be reasonable for worst-case calculations (i.e. when assessing compliance with emission
permits on a day-to-day basis), it must be considered as a conservative assumption for situation when assessing long-term
averages (such as in strategic noise mapping in accordance to guideline T-1442).
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