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Welcome!

My name is Benno Baksteen and my background is that I piloted airplanes with love and passion for 40 years, of which 36 years for KLM. I look 

back on that time with pride, because aviation connects people and cultures. And people who feel connected are more likely to work together 

than to go to war. That was the vision of aviation pioneers like Alberto Santos Dumont and Albert Plesman, both of whom had personally 

experienced the misery of war.

Of course, aviation also has undesirable effects. When you live near an airport you can be seriously annoyed by the sound of aircraft. No doubt 

about that. But the interesting question is: what will work, and what won’t work to reduce annoyance. To answer that question we need to 

separate sound exposure from sound annoyance. Sound exposure is collective and can be measured and calculated, added and subtracted. 

Whereas sound annoyance is individual and can only be experienced. A case study of Amsterdam Airport Schiphol may provide some interesting 

insights when it comes to sound annoyance. We will start with a closer look at sound exposure.
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Sound level is the starting point for sound exposure. These tables give the maximum sound pressure caused by different types of aircraft during  take 
off and landing and at different altitudes. Sound pressure is measured in decibels, dB, but the human ear is more sensitive to some frequencies than 
others. The measured sound pressure corrected for this is called the dB(A) level.

Compared to the first generation of jet airliners, modern aircraft are much more quiet. On arrival the sound level remains below 80 dB(A) down to an 
altitude of about 1500 feet. On a standard glide path to the runway an aircraft passes that point about 9 kilometers from the touch-down point, so 
less than 8 kilometers from the airport boundary. On departure the sound level drops below 80 dB(A) somewhere between 1500 and 2500 feet, an 
altitude that in most cases is passed even closer to the airport boundary.

Source of the tables: https://www.nats.aero/environment/noise-and-emissions/measuring-noise/lmax



Source: CAA, Noise data for the first three years of Airbus A350 operations at Heathrow Airport, 2019
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Departing aircraft reach that point of less than 80 
dB(A) at the latest when climbing through 2500 feet 
and  the vast majority of aircraft pass that altitude 
about 9 km from the start of the take-off roll. So, less 
than 6 km beyond the airport boundary. 

For an A340, the bottom dashed line, that point is a 
few kilometers further away, because it is a four-
engine aircraft and these climb a bit slower than twin-
jets. This is a consequence of certification 
requirements. But that altitude is still crossed at single 
digit kilometers beyond the airport boundary.

You can absolutely hear 80 dB(A), and very well too, 
but as a sound level it is comparable to sound from 
other sources in modern society. See the next page.



Modern aircraft: <80 dB

Sounds of 80 dB or less are comparable in volume to other sounds in modern society. But here we immediately encounter the first problem. Aircraft sound is often experienced as 
louder than sound of the same volume from other sources.

Note: A reduction of about 3 dB equates 50% less sound pressure, because the dB scale is logarithmic and 10 dB reduction means a reduction of the sound pressure by 90%. But to also 
experience a 50% reduction, a 10 dB reduction is needed, because our ear also works logarithmically. That is very convenient of course, because it allows us to hear both very soft and very loud 
sounds. But it does mean that the sound pressure must be reduced by 90% to achieve a 50% reduction of the experienced level. A major technical task, that nevertheless has been completed 
successfully several times. Which, of course, makes further improvement increasingly difficult.
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88 % less experienced sound

Source: www.bdl.aero/en/topics-and-positions/sustainability/aircraft-noise/
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Because aircraft sound is often experienced as louder than sound of the 
same volume from other sources, another measure has been developed 
especially for aviation: the EPNdB, the Effective Perceived Noise level in 
dB(A). You cannot measure this directly, it has to be calculated.

But the reduction is large according to that measure too: from 115 EPNdB 
in the early years to 85 now. A reduction of 10 dB is experienced as a 
reduction of 50%, so the decrease in the perceived sound level is almost 
88%.*

The next problem is, that this does not reduce sound annoyance. The 
reason often given is that this because airports are busier. Although 
aircraft are much more quiet, there are also many more flights. The 
exposure during a 24-hour period  is therefore greater. A separate 
measure has been developed to capture this as well: the Lden.

*Note: the decrease in sound pressure is an amazing 99.9%
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Roads Railways Aviation For all sounds the exposure to an event says little about the 

amount of exposure over a 24-hour period. So a measure 

to capture this was created as well: the Lden. This is the total 

exposure in a 24-hour period, averaged over a year. As part 

of the calculation 10 dB is added  to sounds in the night (n), 

between 23:00 and 07:00, and they therefore carry ten 

times more weight than sound events during the day (d). 

To sound events in the evening (e), between 19:00 and 

23:00, 5 dB is added.

The graph shows the exposure in thousands of persons in 

the Netherlands by roads, railways and aviation, graded 

from light to heavy. The share of aviation turns out to be 

small. In the lightly exposed range it is about 3%, in the 

heavily exposed ranges it is virtually nothing or even 

nothing at all.

This in no way implies that sound annoyance from aviation 

is not a problem. It certainly is, and it should be addressed.

But first we need to answer the next question: has the 

exposure increased with the growth of aviation and can 

this growth therefore be the explanation for the 

documented increase in experienced annoyance. Source: CE, External Costs of Traffic in Europe, Delft, 2011
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Limit values often used in aviation are more than 53 Lden and more than 58 Lden. In 

the maps on the left those areas for Schiphol have been colored in for 1990 and for 

2007. So despite the growth of aviation, sound exposure was sharply reduced during 

that period.

In 2008 the lower limit was reduced from 53 Lden to 48 Lden. See the small maps. So 

only the dark blue areas match with those in the larger maps and for these, despite 

the increase in the number of movements, the exposure was reduced again. 

Between 2012 and 2018 e.g.  by 3.6 dB(A)*, or over 50% less. 

*Source: Simons et al, Comparative assessment of measured and modeled 

aircraft noise around Amsterdam Airport Schiphol, Elsevier, March 10, 2022.

The paper mentioned above also contains another interesting observation: “Further 

note that, on average, the Lden for total noise is 10 dB(A) higher than the noise due to 

aircraft events alone, i.e., the contribution of background noise to the Lden for total 

noise (background plus aircraft events) is dominant.”

But, as stated earlier, this reduction too does nothing to reduce sound annoyance.

No wonder, some say, because the Netherlands are full and Schiphol is located in the 

most densely populated part of the most densely populated country in the world. Or 

at least the most densely populated country in Europe, after Malta. But is that true? 

Are the Netherlands indeed densely populated?

Before we answer that question, a small side step, because the consequences of 

lowering the lower limit by 5 dB are interesting in themselves.
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Lowering the lower limit from 53 dB to 48 dB seems like a minor intervention, but because the dB scale is logarithmic, it has major consequences. Because that 5 dB less 

amounts to a reduction of the sound exposure by about 70% and therefore to an explosive growth of the restricted area. As can be seen in the before and after maps above. If 

you had wanted to make developments in the area almost impossible you could hardly have devised a more effective tool. It would be interesting to analyze how this decision 

came about and what considerations played a role. Anyway, back to the question: are the Netherlands indeed densely populated?



Nederland is Vol
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The question in the body text on the left translates: “How do the 

benefits of […Schiphol…] relate to the annoyance caused?” and 

was part of the opening sequence of a tv-mini-series titled 

“Nederland is Vol (The Netherlands are Full)”. That question is of 

course legitimate, because starting or allowing any activity is 

always about trade-offs.

The statement in the title is a bit more complicated however. 

The Netherlands may be full, but are the Netherlands also 

densely populated? Many people think so, but that is not what 

you actually see sitting in the cockpit of an airplane.

An urban planner said some twenty years ago: “The Netherlands 

is not a densely populated country, the Netherlands is a lightly 

populated city.” This I did see from the cockpit. And nowadays, 

with Google Maps, everyone can see that.



O’Hare
1.000.000

Schiphol
500.000

The lightly populated city

On the left, Chicago, with O'Hare airport, 

with one million movements per year, and on 

the right, on the same scale, the Randstad and 

Schiphol with, pre-corona, approximately half a 

million movements per year.

The urban areas are gray in Google Maps, 

but here they are colored red to enhance the 

difference. 

On this approach to landing runway 06, 

one of the two main landing runways, you will 

encounter very few homes during the last 15 

kilometers. Quite a difference with almost all 

other major airports of the world.

Source of these and following maps: Google Maps, consulted on November 5, 2022 11



12

For example, see this satellite image of 

Los Angeles International, with four 

parallel runways ...



15 km

13

… and the map, with the 15 km point, added for reference, as the scale differs slightly per map.
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London Heathrow, with two parallel runways …



15 km
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… and the map with the 15 km point and the buildings.
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Schiphol with runway 06 …



15 km
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… and the map with the 15 km point and the buildings.



18Schiphol with runway 18R …



15 km
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… and the map with the 15 km point and the buildings.



Los Angeles London Heathrow

Schiphol Kaagbaan 06 Schiphol Polderbaan 18R

20

Plus all 

four 

together



45-50 dB(A) 50-55 dB(A) > 55 dB(A)

London (Heathrow)

Paris
(Charles de Gaulle)

Frankfurt

Schiphol

Source: F. Wubben en J. Busink, Night time restrictions at Amsterdam-Schiphol, an international comparison, Den Haag,2004

277.000

136.000

84.000

18.000

131.000

38.000

49.000

4.000

69.000

5.000

2.000

0

The fact that compared to other major airports relatively 

few people live in Schiphol’s sound exposure zone is 

reflected in the average night-time sound exposure.

Which is not to say that the people who do live there will 

not experience annoyance, because obviously they will 

and they do. However, judged by the number of people 

affected the problem is quite a bit smaller than at almost 

all other major airports.

For example, at Heathrow the number of people that live 

in the most heavily exposed area is more than three times 

the number of people that live in the lightly exposed area 

around Schiphol.

So, the policy to limit sound exposure has been very 

effective. But, again, this does not lead to less annoyance. 

In fact, if the number of complaints can be used as a 

yardstick, the experienced annoyance has even increased.

The table shows the number of people exposed to night-time sound exposure of three different ranges
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Exposed homes versus complaints

homes complaints

714.000

5.900

55.200

13.900

This graphic shows the paradox of the 
sound annoyance debate. Between 1982 
and 2004 the number of exposed homes 
fell by almost 75%, but the number of 
complaints exploded.

This was partly because the number of 
complaints became a tool in the public 
debate and it therefore became 
important for activists to make that 
number as high as possible. E.g. by using 
computer-generated reporting.

That worked for the public debate, but 
has made the parameter 'number of 
complaints’ de facto unusable as a 
measure of experienced annoyance.

However, other studies, such as the 
experienced annoyance survey by the 
GGD GHOR Netherlands, also indicate 
that, despite the decrease in exposure, 
the experienced annoyance has actually 
increased. 

The explanation for this turns out to be 
quite simple.

Source: Schiphol Group, 2005; CROS, 2005
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Exposure

Annoyance

Policy, not only in the Netherlands but almost everywhere, 

assumes that less exposure results in less annoyance.

That assumption is based on this graph from 1997, which in turn 

is based on over 500 data points of the annoyance caused by 

transport sounds, both aviation and non-aviation.

According to this graph, an Ldn* of 60 dB leads to high 

annoyance for 10% of the local residents, and for 75 Ldn this rises 

to 40%.

In real life you do not see that relationship. Not surprising, 

because if you plot the underlying data points and superimpose 

them on the graph, you get the picture on the next page.

* In the Netherlands and some other countries the Lden is 

used, for day – evening – night, with a mark-up of 5 dB for 

occurrences in the evening and 10 dB for the ones in  the 

night. Many other countries differentiate between day and 

night only, the Ldn. In this parameter a night-time occurrence 

is equivalent to ten during the day as well, because 10 dB is 

added to night-time occurrences too.
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Plot of over 500 data points of annoyance caused by transport sounds.

Source: Fidell & Piersons, Community response to environmental noise, New York, 1997
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The curve in the graph is based on over 500 data points. If you 

plot those individual points in the graph and you also limit 

that plot to the area relevant to aviation, from 55 to 75 dB, you 

will get a data cloud. It is not possible to draw a meaningful 

dose-effect curve.

What this graph indicates is that the relationship between 

sound exposure and sound annoyance is not very strong at all.

You could even say: in the relevant area there is virtually no 

relationship. While the entire policy, at least in the 

Netherlands, is based on the assumption that the relationship 

is solid.

You can predict that this won’t work.  Which is exactly what 

we have seen over the last 30 years.

Aviation Non-Aviation
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Source: ICAO, 2019 Environmental Report, page 91

We are now twenty-five years down the 

road, but with the addition of all surveys 

conducted since 1997, and using aviation 

data only, the picture remains the same. The 

plot is still a data cloud. The relationship 

between sound exposure and sound 

annoyance is weak in the relevant area.

No wonder that ICAO, the International Civil 

Aviation Organization, a part of the United 

Nations with almost all national aviation 

authorities as its membership, states:

“After more than fifty years of meager 

success in predicting community reaction to 

transportation noise, it is time for a new 

approach” (page 89)

Indeed, would be an appropriate reaction. 

Luckily, there are a few new insights that 

suggest more promising policy options.



A

B
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Source: ICAO, 2019 Environmental Report, page 92

Because if you look at the plots for a single airport, you 

do can draw a curve. The interesting observation is that 

those curves differ quite a bit per airport.

See for example the curves for airport A and for airport B.

Which indicates too that non-acoustic factors have a 

much greater influence on the experienced sound 

annoyance than the sound exposure itself. And the 

difference is large.

At airport A hardly anyone is highly annoyed at 54 Ldn, 

but at airport B this is already 25% of those involved. At 

64 Ldn it is less than 10% at airport A, at airport B it is 50%. 

So, the exposure on its own is really not very relevant for 

predicting annoyance.

But there's another problem as well. The process is not 

reversible. The airport curves work for increasing sound 

exposure: more exposure leads to more annoyance.

But the curves do not work for decreasing exposure. 

Once people are highly annoyed they remain annoyed, 

even when the sound exposure decreases. 

We already saw the signs of this twenty years ago, and it 

is confirmed by a recent survey by the GGD GHOR 

Netherlands.



“despite a decrease in the number of flights, 
on average more annoyance was experienced 
by air traffic in 2020 than in 2016.” 

(page 4, my translation)
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Other observations in the report also confirm the major 

influence of non-acoustic factors and thus of the individual 

character of sound annoyance. It would be very helpful to 

take this into account when making policy:

“Sound annoyance is defined by the WHO as a collective 

term for all kinds of negative feelings, such as annoyance, 

dissatisfaction, anger, disappointment, feeling withdrawn, 

helplessness, depression, anxiety, confusion, feeling 

exhausted and agitation (WHO, 2011).

What is an annoyance to one person is not necessarily so to 

another. Sound annoyance is not only determined by actual 

exposure, but also by situational, contextual and person-

related factors, such as personal sensitivity to sounds, 

expectations about upcoming changes, fear reactions and 

attitude towards a source of annoyance.”

(page  8 in the GGD GHOR report, my translation)

This is in line with what Basner et al. noted too: “noise 
exposure alone accounts for only about a third of the 
variance of individual responses.” 

Source: ICAO environmental report 2019

Note: the decrease was 50% of the number of flights and therefore also 50% of the sound exposure.

Source: GGD GHOR, Survey of experienced sound annoyance and sleep disturbance by aviation, 2020



• Policy effective for sound exposure (political)
• sound exposure at SPL lower than at other major airports

• sound exposure by aviation lower than by other infrastructure

• Policy ineffective for sound annoyance (individual)
• very weak relationship between exposure and annoyance

• those who are annoyed remain annoyed

• even a 50% reduction doesn't help
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So, the policy is effective when it comes to 

limiting sound exposure, a collective and 

political measure, but not for reducing sound 

annoyance, an individual experience.

We face a complex problem* and a complex 

problem has no simple solution.

* For an excellent description of complex 

problems, see the first part of this (Dutch 

language) publication: 
https://www.cbs.nl/nl-

nl/achtergrond/2018/20/toepassingsmogelijk

heden-van-complexiteitstheorie-bij-het-cbs

https://www.cbs.nl/nl-nl/achtergrond/2018/20/toepassingsmogelijkheden-van-complexiteitstheorie-bij-het-cbs
https://www.cbs.nl/nl-nl/achtergrond/2018/20/toepassingsmogelijkheden-van-complexiteitstheorie-bij-het-cbs
https://www.cbs.nl/nl-nl/achtergrond/2018/20/toepassingsmogelijkheden-van-complexiteitstheorie-bij-het-cbs


Exposure

Annoyance Living Standard

• Trade-offs almost Always inevitable

Politics
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Solutions are almost never possible, only 

trade-offs can be made.

Making trade-offs is typically a task for 

politicians, but the various aspects must 

then be taken into account.



Exposure

Annoyance Living Standard

• Trade-offs almost Always inevitable

Politics
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Sound Exposure Law: 
limits are absolute

no trade-offs possible

When politicians avoid trade-offs and 

enshrine only one aspect in a law, in this 

case exposure, things inevitably go wrong. 

No matter how good the intention was.  

Because they remove themselves from the 

game. All other aspects are no longer in play 

and trade-offs, inevitable for the well-being 

of society as a whole, are no longer possible.



Does not help for climate, nitrogen and particulate matter

Doesn't help for sound annoyance

Causes large societal costs

Conclusion: no or poor cost-benefit analysis
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This brings us to the drive of the Dutch government 

to shrink Schiphol by 12%. A separate post showed 

that this shrinkage will not help or is irrelevant for 

three of the four goals stated in the Letter to 

Parliament that claims to give the rationale for that 

unheard of intention. See the post ‘Falende overheid’ 

(Failing government, in Dutch only).

But the main motivation stated for the shrinkage was 

reduction of sound annoyance. And as we saw, 

shrinkage does not work for that either. Most 

probably it will even be counterproductive. That 

happened with a shrinkage of 50% and is even more 

likely to happen with a shrinkage of 12% as well.

At the same time, the societal damage of the 

inevitable loss of connections and employment will 

be great. Not just for the Netherlands, but for a lot of 

European regions that rely on the KLM-network as 

well.

In short, if there was any assessment at all, it was 

extremely poorly executed.

https://notthebigbadwolf.com/falende-overheid/


Question 1: who is or is not exposed and why

Uitgeest versus Amstelveen

Question 2: why not build where people already live

Amstelveen and Buitenveldert

Question 3: why no policy for people with little to no annoyance

Plan Kronenburg
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Furthermore, you can ask three interesting questions 

about the focus on sound exposure.

Why are people in Uitgeest, about 13,000 inhabitants, 

maximally exposed through maximum use of runway 

18R, the Polderbaan, and why are people in 

Amstelveen and Buitenveldert, together about 

110,000 inhabitants, minimally exposed through 

minimal use of runway 27, the Buitenveldertbaan?  

Of course, this policy causes the lowest sound 

exposure in number of people, the politically relevant 

measure. But you could also alternate that runway 

use, which could reduce the individual exposure. And 

that may lead to less annoyance, especially if the 

exposure is predictable. Some airports, like e.g. 

London Heathrow, do apply this measure.

And why shouldn't you allow development in places 

where people already live to their satisfaction? See 

for example Amstelveen and Buitenveldert.

Closely related to this: why not make policy aimed at 

those who experience little or no annoyance  and 

therefore have no problem with living near an 

airport? See for example plan Kronenburg for sorely 

needed student accommodation in Amstelveen.



Plan Kronenburg
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Plan Kronenburg is an interesting illustration. 

Kronenburg is a former industrial area, in the 

middle of Amstelveen, under the approach to 

runway 27. The municipality wants to redevelop 

that area, among other things for housing 3000 

students. This is not allowed because of sound 

exposure.

But many people already live in the area around 

the plan. And if the individual exposure is 

acceptable to those people, why shouldn't 

others, who also don’t mind, be able to live 

there. The number of people affected will of 

course increase, but for the individual exposure 

of the 110,000 people who already live there, it 

makes no difference whether they are with 3000 

more or 3000 less.
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Exposure:

Annoyance:
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It would make sense to broaden the policy beyond exposure and to 

include annoyance and living standards as well.

A good starting point would be to face the fact that aviation itself is 

infrastructure and that its size is therefore the result of society's need for 

mobility. The sound exposure must be as low as possible of course, but in 

this regard the policy in the Netherlands has been particularly successful.

Whether you find all mobility desirable, and if not, which not, is another 

matter, with certainly room for debate. This too is a political decision, but 

the discussion should be about the advantages and disadvantages of 

limiting mobility for society as a whole and only thereafter about which 

modality would be best in a specific case.

Reducing annoyance is undoubtedly the most difficult problem because 

of its individual character. As a result, policy in that area appears to be 

missing, while it might well be the most effective tool.

Here too trade-offs will play a major role. Instead of suggesting that, as 

government, you can safeguard individuals from sound annoyance, an 

impossible task, you could make the living environment more attractive. 

For example, by supporting libraries, cultural institutions and swimming 

pools and such that would otherwise have to close. You might also add 

individual financial benefits. 

The decision on whether or not to live somewhere can then be left to the 

individual, instead of being monopolized by the government.

In short, less nuisance seems possible, but requires a policy that is much 

broader than at present. Shrinking Schiphol certainly won’t help. It will 

most probably even have the opposite effect.
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improved policy for less annoyance

Thank You !

Flight Pride

www.notthebigbadwolf.org
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