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Aircraft Noise Model Improvement by Calibration of
Noise-Power-Distance Values using Acoustic Measurements
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Delft University of Technology, 2629 HS Delft, The Netherlands

To regulate aircraft noise impact on communities surrounding airports, best-practice models
are used to predict aircraft noise levels. In this research the Noise-Power-Distance (NPD) tables
in the European Doc.29 noise model are evaluated with measurements around Amsterdam
Airport Schiphol. Even with accurate input parameters (thrust and distance to the observer),
differences in modelled and measured noise levels are found, which are assumed to be due to
the errors in the NPD table. To further investigate this, thrust-noise relations are derived from
measurements. These relations are found to differ from the original NPD tables. Using the
measured thrust-noise relations, the modelled and measured mean noise levels are in agreement
and the standard deviation of the differences is reduced by 25% for departure operations.
This finding is consequently verified with independent measurements around Oslo Airport
Gardermoen. Next to an improvement in best-practice noise modelling, the methods described
in this research give insight into the creation and validation of NPD tables.

Nomenclature

𝐹𝑛 = Net thrust [N]
𝐿𝐴 = A-weighted sound pressure level [dBA]
𝑁1 = Rotational speed of the low-pressure turbine [rpm]
𝛽 = elevation angle [°]
Δ𝐿 = difference between modelled and measured sound pressure levels [dBA]
𝜇 = average [-]
𝜎 = standard deviation [-]
Subscripts
𝐴 = A-weighted
𝐷𝐸𝑁 = Day-Evening-Night
max = Maximum

I. Introduction

Aircraft noise has been a growing problem for communities living around airports. To regulate this noise, models
are used to predict the expected noise on the ground. Typically, empirical models are used for these calculations

as they are fast and have an accuracy of 1 to 2 dB [1]. The European Civil Aviation Conference (ECAC) developed
a harmonised approach to aircraft noise modelling called Doc.29 [2–4]. In three volumes it explains how noise
should be calculated and how to verify its results. Doc.29, just like other empirical models, works with so-called
Noise-Power-Distance (NPD) tables. In these tables, the (A-weighted) noise levels produced by a single aircraft are
documented for a set of power settings and distances from the aircraft. The values in these tables are often determined
through measurements during the certification of the aircraft and extrapolated for all power settings and distances.

Although noise models are constantly improving, deviations between calculated and measured noise levels remain
[5, 6]. NPD tables are sometimes mentioned as the possible source of these errors. In this study, the effect of calibrating
the NPD tables is investigated by processing measurements around Amsterdam Airport Schiphol and Oslo Airport
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Gardermoen. This will be accomplished with the help of flight data from the Aircraft Condition and Monitoring System
(ACMS) to validate found results.

The research goal is to improve best-practice noise modelling by calibrating the NPD tables based on measurements.
As a first step, the input parameters of the Doc.29 noise model are evaluated. The model results using the found
input parameters are then compared to the measured noise levels around Schiphol Airport. From the measured levels,
relations between thrust and noise are derived and new NPD tables are created. These new tables are used to improve
noise modelling by reducing the found difference between model results and by reducing the standard deviation of the
differences by 25%.

II. Methodology
In this research, measurements are used to validate and improve the Doc.29 model. For a correct comparison of the

model results to the measurements, accurate model input is necessary. To gain a better understanding of how the Doc.29
model works and what its limitations are, an in-depth analysis of its inputs is performed. Further, when comparing
model results to measurements around Schiphol Airport and Gardermoen Airport, the characteristics and uncertainties
of the microphone systems need to be known. In this section, these subjects are discussed.

A. Doc.29 model
In the ECAC developed Doc.29, calculation instructions on how to model perceived noise on the ground are given.
Doc.29 works similar to the Aviation Environmental Design Tool (AEDT) and the Dutch Noise Model (NRM). These
are so-called empirical models, i.e., based on measurements.

In Figure 1 a flowchart of the Doc.29 model is given. As mentioned, the model uses NPD tables which require
two input parameters, i.e. engine power (thrust) and distance between source and receiver. Distance is found from
the (expected) flight path of the aircraft and can thus be estimated accurately. The thrust estimation, however, is more
difficult. For the modelling of planned flights, an estimation of the thrust profile is done by so-called procedural steps.
For each flight phase (take-off, climb-out etc.), a thrust setting is assumed. A few default procedures can be found in the
Aircraft Noise and Performance (ANP)∗ database. These procedures differ by aircraft weight. The weight of the aircraft
is estimated on the expected distance that the aircraft has to fly and thus the amount of fuel it is carrying. Although
many studies on how to estimate thrust from historical flights are being performed, a lack of validated data is still
present. For thrust estimation methods based on aircraft performance, information about the weight and aerodynamic
properties of the aircraft is needed. In Strümpfel and Hübner [7] ADS-B data and the Base of Aircraft Data (BADA)
[8] are used which result in an 11% mean absolute deviation for thrust estimation. For this contribution, a different
approach is followed and thrust is derived from the acoustic data and consequently validated with flight data from the
Aircraft Condition and Monitoring System (ACMS). This method is described in van der Grift et al. [9] and is based on
fan tone estimation as described in Merino-Martinez et al.[10]. Here the thrust could be estimated with a 4% accuracy,
improving on earlier methods.

Fig. 1 Flowchart of input and output of the Doc.29 aircraft noise model.
∗https://www.easa.europa.eu/en/domains/environment/policy-support-and-research/aircraft-noise-and-

performance-anp-data/anp-legacy-data
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The NPD tables are given for most aircraft types but are often generalised. For example, the B737-700 and
B737-800 make use of the same NPD table. A general NPD correction factor, based on the configuration of the aircraft
(engine-frame combination) using the EASA Type Certificate Database and its noise record number, is given for each
aircraft. These noise record numbers can be found in national registers such as the Dutch aircraft register† for each
specific aircraft tailnumber. The correction factor is a single offset in dBA applied to all NPD values, depending on
departure or approach. Over the years, newer and more efficient engines have been placed on aircraft. This development
is visible through changes in these correction factors.

The NPD tables are given for a set of standard situations (right underneath the flightpath, ISA atmospheric conditions
etc.). For operations deviating from these standard conditions, correction factors are applied. These correction factors
can have a significant effect on the calculated noise level.

B. NOMOS measurements
The Noise Monitoring System (NOMOS) encircling Schiphol Airport comprises more than 40 unattended continuous

Noise Monitoring Towers (NMTs) that have been operational since 1993. Each tower is equipped with class 1 microphones
which have an uncertainty of 0.7 dB for elevation angles surpassing 60°[11]. They stand on poles ranging from 6 to 10
meters in various locations. Primarily designed for public awareness, these NMTs are strategically positioned in and
around communities, as depicted in Figure 2. Detailed tower locations are available on the NOMOS website‡.

For the present study, only NMTs meeting the validation criteria outlined in Sahai et al. [12] have been utilised. The
number of measurements from each NMT used in this research is shown in Table 1. These stations record noise levels
(𝐿𝐴<0G and SEL) for each noise event and provide down-sampled (8000 Hz) mp3 files. While 𝐿𝐴<0G and SEL values
are used to update the entries in the NPD table, the mp3 files are used to derive 𝑁1% from the blade passing frequencies
of the engines.

Fig. 2 Locations of NOMOS NMTs with respect to population density. Adapted from [13]

The majority of NMTs operate with a 60 dBA threshold, registering noise events exceeding this limit. However, a
newer software implementation, effective February 2022, introduces a dynamic threshold to capture lower noise level

†https://www.ilent.nl/onderwerpen/luchtvaartuigregister
‡https://noiselab.casper.aero/ams/
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events. Nonetheless, to minimise background noise influence, only measurements with 𝐿𝐴<0G >70 dBA are used for
NPD table updates. Furthermore, measurements with aircraft elevation angles 𝛽 > 60°to the NMT are selected to reduce
lateral attenuation and microphone uncertainties, aligning with ISO 20906 standards [14]. Additionally, only recordings
taken during specified weather conditions as per ISO 20906 (no precipitation and wind speed < 10 m/s) are considered.

While this study analyses various aircraft types, this paper specifically focuses on the B737NG. The measurements
span across the years 2021 and 2022.

Table 1 Number of considered measurements of the B737NG per NOMOS NMT.

NMT 1 10 12 14 21 30 34 40 41 94
# measurements departure - 27 39 57 25 204 581 1725 114 1084
# measurements arrivals 1023 82 - 1314 24 - - - - -

C. Oslo measurements
To verify the findings around Schiphol, measurements are also taken around Oslo airport, Gardermoen. Gardermoen
Airport is equipped with 12 NMTs out of which two are at the end of the runways (NMT 4 and 5) and nine in departure
and/or arrival corridors. The area around Oslo is much less populated in comparison to Amsterdam. This results in
lower background noise levels, for some NMTs even as low as 35 dBA. This makes most NMTs suitable for research
purposes. The locations of these NMTs are visible in Figure 3.

Fig. 3 Locations of the NMTs around Gardermoen airport.

The system used around Oslo is from a different provider (Topsonic) but has similar functionality and output as
the NOMOS system. Due to the low background noise levels, also lower measured noise levels are reliable and a
minimum of 𝐿𝐴<0G of 60 dB is taken. For this study, similar requirements on operational conditions as for the NOMOS
measurements are used with the addition that the ground should be free of snow as this dampens the measured sound
significantly. This gave a set of measurements per NMT for a select number of days in 2023 presented in Table 2.
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Table 2 Number of considered measurements per Oslo NMT.

NMT 1 2 3 4 5 6 7 8 9 10 11 12
# measurements departure 9 - - 2 - - 47 28 5 - - 45
# measurements arrivals - - - - - - - 93 - - - -

III. Model data comparison using standard NPD tables

A. Baseline data set using N1%
The baseline data set of Schiphol measurements used for this research consists of roughly 3800 departures for the

year 2021 and 2600 arrivals from 2022 for the B737-800 aircraft which are considered to fall within the requirements
stated in section II. As mentioned before, the NOMOS measurements provide 𝐿𝐴<0G and SEL, and these will be
the parameters that the model results will be compared to. For simplicity, the figures will be shown for 𝐿𝐴<0G only.
In Figure 4a the NOMOS measured levels of departure operations are visualised by plotting the 𝐿𝐴<0G versus the
acoustically estimated 𝑁1% and the distance of the aircraft to the NMT at the time of the measured 𝐿𝐴<0G . A clear
relation of decreasing measured sound levels with increasing distance is visible, as expected. However, a relation
between measured levels and engine setting is not immediately visible for the departure measurements. For the arrival
measurements, depicted in Figure 4c, the effect of changing 𝑁1% is present but, especially regarding 𝑁1%, difficult to
see in the figures.

In Figures 4b and 4d the verification data set of Oslo airport for departure and arrival are presented, respectively.
Similar patterns are visible as in the Schiphol data set.
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(a) 𝐿𝐴<0G departure measurements around Schiphol. (b) 𝐿𝐴<0G departure measurements around Oslo.

(c) 𝐿𝐴<0G arrival measurements around Schiphol. (d) 𝐿𝐴<0G arrival measurements around Oslo.

Fig. 4 Sound level of measurements of B737-800 with respect to distance and 𝑁1% for the baseline (AMS) and
verification (Oslo) dataset.

B. Difference in sound level between model and measurement
In Figure 5, the measurements are plotted against the Doc.29 model results (with original NPD tables), for the 𝐿𝐴<0G .
The difference between model results and measurements is given by

Δ𝐿 = 𝐿𝑚𝑜𝑑𝑒𝑙 � 𝐿𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑚𝑒𝑛𝑡 (1)

Here a negative Δ𝐿 means an underestimation of the model. The model-data agreement is summarised in Table 3, where
𝜇 is the average difference between the model result and its corresponding measurement of all data points available and
𝜎 is the standard deviation of Δ𝐿. The results indicate different outcomes for arrival and departure operations. An
offset 𝜇 in the arrival operations is visible and the estimated standard deviations are relatively small, while for departure
operations the situation is the opposite.

6

D
ow

nl
oa

de
d 

by
 T

ec
hn

is
ch

e 
U

ni
ve

rs
ite

it 
D

el
ft

 o
n 

Ju
ly

 1
7,

 2
02

4 
| h

ttp
://

ar
c.

ai
aa

.o
rg

 | 
D

O
I:

 1
0.

25
14

/6
.2

02
4-

31
32

 



Table 3 Mean and standard deviation of the model results minus the measurements.

𝐿𝐴<0G [dBA] SEL [dBA]
Airport Operation 𝜇 𝜎 𝜇 𝜎

Schiphol Departure 0.8 2.7 0.9 2.4
Arrival -2.9 1.6 -1.5 1.4

Oslo Departure 1.9 2.0 3.5 1.7
Arrival -0.9 1.5 0.2 1.6

(a) Schiphol departure measurements compared to model
results.

(b) Oslo departure measurements compared to model results.

(c) Schiphol arrival measurements compared to model results. (d) Oslo arrival measurements compared to model results.

Fig. 5 𝐿𝐴<0G measurements of B737-800 with respect to Doc.29 model results (with original NPD tables),
including corresponding correlation coefficient.

A correlation analysis with the two main input parameters (distance and thrust) reveals that Pearson’s correlation
coefficient between input parameters and Δ𝐿 is highest for thrust during departures. No correlation is found between
distance and Δ𝐿. The p-value for both these results is lower than 10�10 indicating significance. In Figure 6, Δ𝐿 is
plotted versus estimated thrust. Here, again, a negative Δ represents an underestimation of the model. This result led to
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research further investigating the relationship between thrust and measured noise levels.

(a) Differences in 𝐿𝐴<0G for departure procedures. (b) Differences in 𝐿𝐴<0G for arrival procedures.

Fig. 6 The differences between model results and NOMOS measurements versus the estimated thrust (including corre-
sponding correlation coefficient).

C. Establishing measurement-based NPD tables
The relation between thrust and measured noise levels is investigated by standardising each measurement to reference
conditions as used in the NPD tables. A least-squares fit is found through these measurements and can be seen in
Figure 7. The detailed method of this standardisation can be found in van der Grift et al. [9]. When observing these
newfound fits, it is seen that the relation between thrust and noise during departure is up to three times smaller than
the original NPD relation. This results in an overestimation of noise at high thrust ranges. In contrast, for the arrival
measurements, a slightly stronger relation is found. These derived relations will be applied in section IV.
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(a) Schiphol departure measurements standardised for 1000 ft.
Taken from [9].

(b) Oslo departure measurements standardised for 1000 ft.

(c) Schiphol arrival measurements standardised for 1000 ft. (d) Oslo arrival measurements standardised for 1000 ft.

Fig. 7 𝐿𝐴,𝑚𝑎𝑥 measurements of B737-800 standardised to a reference distance.

IV. Creation and application of NPD tables based on newfound noise-thrust relations
The use and accuracy of NPD tables is a widely discussed topic. As mentioned before, the way NPD values are retrieved
has some remissness. In many studies where the model results are compared to measured values, and systematic errors
occur, the NPD values are mentioned as a possible source for error. In the study from Giladi and Menachi [15] a
difference between the AEDT model predictions and measurements of up to 4-7 dB was found. Following this result,
they suggest a correction of the NPD tables, as well as the way departure profiles are obtained. In Trow and Allmark [16]
this correction is applied by altering entries in the NPD table. The changes are based on the differences between model
results and measurements corresponding to the specified thrust setting and distance during the time of the measurement.
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