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Introduction 
In most environmetal impact assessments noise is related to 
the average noise level (i.e.Lden). This indicator merely gives 
the average intensity of the soundscape. A complementary 
feature of increasing importance is the background noise 
level, which is the noise level that is exceeded during 90 % 
of the observation time. Inhabitants of areas with high 
background noise may be more vulnerable to annoyance or 
health effects, as recuperation times are narrowed. Due to 
strong growth of road, railway and air traffic, background 
noise levels have steadily increased in the Netherlands. In 
order to assess the impact of environmental noise levels 
from transport sources, RIVM in cooperation with NLR 
have started a research project in 2007 with the aim of 
setting up background noise maps for road-, railway- and air 
traffic. This paper discusses the mapping and characteristic 
behaviour of background noise. 

Theoretical Background 
The first order approximation of the difference between the 
equivalent noise level (LAeq) and the background noise level 
L90 is determined by the relative variance of the sound 
intensity: 

a

s

I
I

..2
)var(
2 π

ξ =
><

= , 
[-]  (1) 

where ‹I› is average sound intensity over the time interval 
considered, given by I=10(LAeq/10) with LAeq the equivalent 
noise level in dBA ref 10-12 Watt/m2. It can be shown [1] that 
for a line source with a Poisson distributed traffic flow the 
relative variance can be determined using only the distance a 
between the line source and the receiver, and the average 
distance <s> between vehicles on a line source. The 
difference between the LAeq and the L90 is not available in 
analytical form, but only by first order approximation [2]: 
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Combining Equations 1 and 2, the background level L90  can 
be determined using only the equivalent noise level LAeq at a 
receiver position with distance a from the line source, and 
the average distance <s> between vehicles. For road traffic, 
<s> can be derived from traffic data. 

Equation 1 is also an approximation of the aircraft 
background noise having a Poisson distributed traffic flow, 
without using intensity levels. Regular aircraft noise models 
(i.e. INM) do not express source data by intensity noise 
levels I. Source data is typically given by pressure levels. 
Using the variance, as defined by the right part of equation 

1, together with the LAeq (given by an aircraft noise model), 
L90 can be estimated with equation 2.   

For the aircraft attribution to the L90 additional assumptions 
are to be made. First: for every runway all takeoffs are 
projected on an average track and all landings are projected 
on an average track. Second: the average sound power and 
average speed for all average tracks are considered 
statistically constant. Subsequently, for each average track i 
the sound intensity Ii is as follows: 
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The contribution ratio of the average track i to the average 
sound intensity level over the time interval considered 
becomes: 
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Therefore the average noise level contribution LAeq.i can be 
written as: 
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For each average track i, the L90.i is estimate by equation 2. 
The final L90  for the aircraft traffic can be obtained using the 
following equation: 
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Accumulation of background noise levels can be modeled 
using the above theory if one can assume that the sources 
involved behave independently. Their variances can then be 
added and the resulting total relative variance can be 
determined from the sound intensity of the individual 
sources Ik and their relative variances according to: 
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Validation 
The theory as outlined in the previous chapter is only a first 
order approximation of the statistical properties and resulting 
background levels and relies heavily on a number of 
assumptions. Validation of the model was therefore 
necessary in order to assess the possibility to predict 
background levels from traffic flow in practice with 
sufficient accuracy.  

Road traffic 
To validate the predicted L90 levels from road traffic noise 
this measurement data from a RIVM (unmanned) noise 
monitoring station at the A2 motorway between Amsterdam 
and Utrecht [3] was analyzed at this site. The site is located 
at 25 m east of the road. For each hour the LAeq and the L90 
are both measured and stored. Also from a counting device, 
for each of the six lanes , the number of vehicles and average 
speed were registered. This data allows to determine the 
relative variance of the sound intensity and the resulting 
difference between the LAeq and the L90 for each hour, 
according to the theory outlined previously. The hourly 
values were averaged in order to obtain an average 24 hour 
distribution of the equivalent and background levels. The 
result is shown in Figure 1 

55

60

65

70

75

80

0 6 12 18 24

hour

L
ev

el
 d

B
A

LAeq L90 measured L90_predicted

 
Figure 1: Comparison of measured and predicted average 
24 hour distribution. Measured data was acquired from the 
A2-Motorway Amsterdam-Utrecht at Breukelen in 2004  

As can be seen in Figure 1, the predicted background noise 
gives a fair approximation of the measured background 
noise. The deviations are at largest between 3.00 and 4.00 
hours and between 8.00 and 9.00 hour in the morning. The 
former probably stems from the relatively low traffic volume 
at that time and the second may have to do with traffic jam. 
In the evening hours, the agreement is excellent. 

Airport noise 
For validation of the predicted L90 levels from airport noise, 
no real long time measurement data of background levels 
was available. This is because in a practical situation the 
background level from airplanes is often exceeded by the 
levels from road traffic. Therefore, use was made of 
modeled real time data, based on the flight tracks as obtained 
from NLR. Although the level data is calculated in stead of 
measured, the real passages times are taken into account, 
which allows one to accurately determine the time behaviour 

of the noise level at a certain location.  The time series was 
modeled according to:  
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Here, k is an index taken over all planes passing by in the 
observed time period and tk indicates the time of shortest 
distance from the plan to the receiver. To save computation 
time, the summation is limited to the 20 nearest planes at the 
time t of interest only. Figure 2 gives an example of the 
behavior of the instantaneous level Lp(t) at a receiver located 
5 km west of the ‘Buitenveldert’ runway from Amsterdam 
airport Schiphol from 16.00-17.00 hr at January first of 2007 
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Figure 2: Time behaviour of the sound level due to aircraft 
flying by at 5 km west of the Buitenveldert runway of 
Amsterdam Airport Schiphol, 16.00-17.00 hr 1-1-2007  

Figure 2 shows 28 planes flying over the receiver, causing 
an equivalent noise level LAeq of 59 dB. The L90 percentile 
level in the observed hour is approximately 34 dBA. The 
relative variance as defined by equation 1 comes at 7.1 dBA 
and so equation 2 predicts a background level L90 of 40 
dBA. In this case the 90% percentile value is overestimated 
by 6 dB.  The estimated value of 40 dBA corresponds to the 
level that is exceeded approximately 77% of the observed 
hour. In a similar way the calculation was extended for all 
hours of 2007 at the receiver point. For each hour, both the 
observed L90 and the predicted L90 were determined and 
averaged. The results are given. Figure 3. 
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Figure 3: Comparison of the measured and predicted 
background noise levels. 

Figure 3 shows that the predicted background noise level in 
general overestimates the observed L90 levels. This 
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particularly is the case for the hours in which there are 
hardly any planes passing by i.e. the night hours and evening 
hours after 21.00 h. For the day hours the predicted 
backgrounds levels exceed the observed levels by 
approximately 4 dB. The differences for airport noise 
between the prediction and the observations are higher than 
for traffic noise. This is probably due to the number of 
sources involved. As the relative variance becomes larger, 
the first order approximation as given by  equation 2 is less 
accurate and eventually a more sophisticated statistical 
model is needed. However with regards to periods in 
relatively many planes are passing by, the model gives a 
useful first approximation of the behaviour of background 
levels. 

Noise maps 
Using traffic numbers for the major roadways in the 
Netherlands and combined with the Schiphol data provided 
by the NLR, a noise map of the background noise can be 
constructed using Equations 2 and 7. Using equivalent noise 
levels for specific periods of the day, it is possible the 
produce noise maps for the background noise present 
specifically in the daytime (7:00 – 19:00), evening (19:00 – 
23:00) and nighttime periods (23:00 – 7:00). Figure 4 shows 
such a noise map of the background noise produced in the 
daytime period, for the Randstad Region in the Netherlands. 

Figure 4: Noise Map of the background noise produced by 
roadways, railways and Schiphol Airport in the daytime 
period. 

It can be seen that the background noise from the main 
motorways has a large impact on the surroundings due to 
their high traffic density. For most of the local roadways, a 
background noise is present but not as dominant as for the 
motorways. Also the impact from Schiphol Airport can be 
seen, runways and routes are just visuable. The railway 

traffic however is nearly absent from this noise map: the 
average distance between each train <s> is much larger than 
for roadway traffic, resulting in a high relative variance in 
the sound intensity and subsequently a low background noise 
level. 

Figure 5 shows the noise map of the background noise 
present in the nighttime period: 

 
Figure 5: Noise Map of the background noise produced by 
roadways and Schiphol Airport in the nighttime period. 

For the nighttime, the only significant sources of background  
noise are the major motorways, due to the high traffic 
numbers still present in the night. The local roadways still 
produce some background noise between 30 and 40 dB, but 
this will cause little disturbance to the surroundings. The 
background noise from Schiphol airport has disappeared; the 
number of flights in the nighttime period is not high enough 
to produce a significant background noise levels. 

Future Scenario’s 2006-2020 
Road Traffic 
In order to assess further possible increase of background 
noise levels in the next decades, noise maps were determined 
for a traffic growth in 2006-2020 of 30% . This means that 
the equivalent noise level increases with an amount of 
10log(1.3)�1dB. Background noise levels however may 
increase stronger, as more traffic decreases the variance of 
the statistical distribution of noise levels. For example 
doubling traffic volumes leads to 3 dB increase of Leq 
values, but can cause up to 7 dB increase of background 
noise nearby the sources. A possible result for the future 
development is illustrated in Figure 6. 
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Figure 6: Noise Map of the increase 2008-2020 of 
background noise on motorways assuming an increase of 
traffic flow of 30% 

Figure 6 shows a simulation of traffic growth on the major 
motorways. Where the equivalent noise levels will increase 
with roughly 1 dB, the background noise levels show an 
increase of over 2 dB at certain motorways. The increase is 
limited on motorways which already have high traffic 
numbers, such as the A2 between Utrecht and Amsterdam, 
the A12 between Utrecht and The Hague, and the ring roads 
around Amsterdam and Rotterdam. However, the motorways 
just outside the Randstad region show larger growth of 
background noise. These can be considered more rural and 
near sanctuaries. It is likely that with a steady increase of 
traffic numbers, the region with high background noise 
levels will spread outside the Randstad. 

Backgound noise from Schiphol Airport 2008-2020 
Using the approach outlined in this paper NLR investigated 
background noise future development around Schiphol, 
assuming a traffic growth of 19%. To analyse the average 
impact on dwellings of the equivalent and background noise 
levels the average noise level, according to  
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was determined over the region interest (55 x 71 km2 around 
Schiphol).  

In equation 9, Ni is the number of dwellings exposed by a 
noise level Li the index i refers to the location in the noise 
map and the sommation is taken over the entire region of 
interest. 

Basically the dose indicator is proportional to the average 
noise level over all dwellings in the region of interest. The 

noise level chosen can be the LAeq as well as the L90, 
resulting in an equivelent and a background dose.  These 
were determined for 2006 and 2020 and the results are 
shown in Table 1. 

‹LAeq› ‹L90›  
period 2006 2020 2006  2020 

Day 45,8 46,8 31,5 33,2 
Evening 45,1 46,1 30,0 31,6 

Night 35,6 36,6 16,9 18,6 
Table 1: Average noise levels in dB for a region of 55 x 71 

km2 around Schiphol airport, for 2006 and 2020. 

As shown in Table 1, the dose levels for the equivalent noise 
levels increase with 0.8 dB, consistent with the increase of 
the flights. The average background levels show an average 
increase of 1.6 dB, showing that background noise levels 
increase more with increasing flight numbers. 

Discussion 
This study indicates that in the future background noise 
levels may increase faster than equivalent noise levels. In 
noise annoyance studies however, background noise is at the 
moment considered to be much less important than 
equivalent noise levels or peak levels as people tend to be 
more easily annoyed by single high noise events than a 
omnipresent ‘sound blanket’. However, RIVM believes that 
the impact of high background noise levels for 
environmental quality, speech intelligibility, sleep- and 
health effects may be underestimated. Further increase of 
background noise could lead to disturbance of outdoor social 
activities and further deterioration of areas that are now 
considered to be sanctuaries. If traffic grows noise 
abatement in particular by developing and improving source 
measures (new and better silent pavings, silent tires, quiet 
aircraft etc) will be most important. 
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