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Abstract

This study investigates the increase in noise disturbance resulting from activities at Schiphol airport in the Netherlands over the past decade, through both the impact of increasing airline activity and the decrease in average airline noise. The study begins in section 2 by stating the research questions with respective hypotheses, before conducting qualitative research to look at the overall noise levels emitted by flight activity at Schiphol in section, in order to see whether or not the increase in locals suffering from noise disturbance is proportional or not. Secondly, in section 4, it aims to discover, through quantitative research, the effect that this has had on the local economy, more specifically on housing prices within the areas most affected by it. It was found that the increase in local noise disturbance was indeed at a similar level to increases in actual noise, and that despite average aircraft becoming quieter, the increases in activity have resulted in noise disturbance rising remarkably over the ten-year period. Furthermore with regards to real estate, initial results indicated the very closest municipalities showing a negative correlation between housing prices and flight movements, but these results were found to be insignificant. No solid conclusions could be drawn, and the data did not support the hypothesis that increasing flight movements negatively influenced housing prices.
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1- Introduction

The past decade has seen the highest level of growth in global air travel since the first commercial flights were carried out in the 20s. Rising incomes, increasing population and reductions in general costs of flight have seen the number of passengers carried per year almost double to 4.3 billion since 2008, and the International Air Transport Association (IAIT) expects the amount to double again by 2037 (Garcia, 2018). Schiphol airport has similarly seen significant growth due to its key location and hub operation, making it the 10th largest airport in the world by average daily flight movements. Since 2010, the number of flights arriving and leaving Schiphol have increased by 30% to 499,444, a mere 556 air traffic movements (ATMs) away from the 500,000 limit set in 2008 in the ‘covenants on the future development of Amsterdam Airport Schiphol,’ also known as the Alders platform, which sets the limit until 2020 (Gordijn, 2016). With airline activity clearly rapidly approaching the limit, policy makers must find a way to avoid going over the limit, and more importantly, consider the effects of their future decisions on those whom are most affected by this increased activity.
	The limit set by the Alders Platform was agreed upon by stakeholders including national government agencies (ministry of infrastructure and the environment), aviation parties (Schiphol Group, Air Traffic Control, KLM, etc), regional and local authorities of municipalities nearby and of course the focus of this essay, the residents living in the vicinity of the airport. The agreement made in 2008 aimed to balance the growing needs of the airport with the needs of the locals, specifically trying to limit both environmental and noise pollution, but with the limit all but reached two years before the due date, one has to wonder as to the effectiveness of the Alders Platform, and at the future in store for locals (Schiphol Group, 2018). Measures are being undertaken and considered, such as moving activity to the nearby Lelystad airport, transferring more commercial flights to Eindhoven and Rotterdam which saw a collective rise in ATMs of 10% in 2018 alone, and prioritising long-distance continental flights over short-distance ones. Despite these measures, there has still been no concrete solution, nor an agreement made on a reimplementation of a limit such as the Alders platform. Time is quickly running out; Schiphol group wants to be allowed to grow immediately after 2020, but local authorities and environmental groups want to put a stop to the growth until at least 2023 (Spierings, 2019).
		Noise pollution has been a controversial topic at numerous airports throughout the world, and this is no different in the case of Schiphol. A rising population in the local districts combined with increasing flight activity every year has seen the number of people affected by noise pollution starkly increase every year since 2008. Figure 1.1 below provided by Schiphol group illustrates this: 

Figure 1.1: Graph showing the number of people suffering from noise disturbance from Schiphol between 2001 and 2008.[image: ]

Source: Schiphol Group


According to Figure 1.1 the number of people experiencing noise disturbance has risen every year since the end of 2008 apart from 2014, and has in the past decade increased from 89,0000 people to approximately 150,000, a change of approximately 68.5%. This is rather remarkable, and raises certain economic questions regarding the living conditions of these people. What raises further questions is the fact that the populations of the 15 municipalities within the vicinity of the airport rose less than 8.2% within those 10 years, which leads one to the assumption that the increase in numbers affected by noise pollution comes as a result of an increase in the noise pollution itself, rather than simply more people living within the vicinity of the airport (CBS Statline). Noise complaints have been increasing every year since 2012, and a total of 11,500 people complained about the noise in 2018, three times as many as in 2017. With more noise come irritations such as sleep deprivation, cardiovascular effects stemming from stress and general disturbances creating negative emotions in locals (NOS, 2019). 
	This study looks at two things, the first being the relationship between the noise levels emanated by aircraft activity at Schiphol and the increased number of people affected by noise pollution over the past decade. Has the number indeed gone up so drastically because noise levels have risen, or is it simply because more people live within the vicinity of the airport? Numerous factors will be analysed, for example quieter and more modern aircraft, the frequency at which aircraft are flying and landing and of course the simple possibility that locals complain more often in this day and age. Secondly, this essay will look at the economic effects of Schiphol’s noise pollution by analysing real estate value. It will investigate whether there is a link between noise increases, population, the number of people being affected yearly and variations in real estate since 2008, specifically comparing prices in the local municipalities to those of the entire province and nation as well. 

2- Research Question

Based on the information given in the introduction and in sections 3 and 4, the following research questions have been formulated: 

‘Is the increase in the number of civilians suffering from noise disturbance proportional to the increase in noise levels emitted from Schiphol between 2008-2018?’ 

Section 3 tackles this question through qualitative research, analysing the causes and effects of increasing noise pollution. It questions whether or not locals are justified in classifying themselves as being ‘disturbed’ by noise, whether they are in fact simply becoming more sensitive to noise and complaining more without justification, or indeed whether or not the increase simply stems from an increase in population in the area. Based on the information to come, Hypothesis 1 has been formulated: 

Hypothesis 1: ‘The increase in the number of locals that are noise disturbed is proportional to the increase in noise emitted from Schiphol’. 

The second research question is as follows: 

‘To what extent does increasing airport noise have an effect on the housing prices in the surrounding municipalities?’

This question is tackled by section 4 through quantitative research in a regression analysis. It takes monthly data gathered from mostly government sources from 2008-2018, and compares asking prices to the number of flight movements throughout the period. A number of control variables are included as well. Based off of previous literature and much of the information from section 3, Hypothesis 2 has been formed: 

Hypothesis 2: ‘The increase in the number of flight movements has a negative effect on the housing prices within the surrounding municipalities’

3-  Noise Pollution at Schiphol

	3.1- Measuring Noise

	In accordance with European agreements the noise pollution at Schiphol is measured through the use of decibels (dB(A)) and Lden (level day-evening-night). Decibels is the standard measurement used worldwide for measuring the amount of noise something makes, whereas Lden is a representation of the average amount of noise made at a specific point over a longer period of time, be that a day, a week or even a year. Lden is calculated using three different factors (Eerlijk Over Vliegen, 2018) : 

· The noise made by a particular aircraft, at takeoff or landing, at a certain height and speed. 
· The number of takeoffs and landings. 
· The time of day that an aircraft takes off or lands (used as a weighting factor). 

Lden accounts for the time of day that noise is experienced using three different levels: day from 07:00-19:00, evening from 19:00-23:00 and night from 23:00-07:00. These time sections are weighted differently. 5 Lden are added to decibel measurements during the evening section, and 10 are added to the night section. This is due to the fact that typically noise experienced at these times is more of a hindrance as it causes not only sleep disturbance, but also occurs when people are hoping for time to relax after a day at working or school. The effects of this can be severe, as the body reacts to peaks in noise with increases in heart rate and blood pressure, and if this happens enough this can reduce the amount of rest one gets which may leave permanent effects. Even though one may feel accustomed to the noise after some time, the body can still be under high levels of strain without the sufferer really noticing. After many years this can lead to sickness through lack of sleep and increased stress levels, which in the long term can lead to heart problems, high blood pressure and depression. According to the WHO, noise pollution will be the most significant environmental issue in 20 years time (Plaatsman, 2017). 
	Decibels work exponentially in the way that a doubling of the amount of noise does not see a doubling in the number of decibels. If a starting noise is at 60 decibels for example, and the amount of noise is doubled, the number of decibels increases to 63. Doubling again gets 66, and in the same way halving 66 decibels would return you to 63. To put this into perspective, a Boeing 737-800 about 6.5km away at an altitude of 750 meters emits approximately 75 decibels. An average disco emits 120 decibels, and anything above 130 is considered ‘painful’ (Noiselab, 2018) . Lden, the calculation for the average level of decibels over a period of time, can be converted into ATMs very easily; 60 Lden in one year converts roughly to 60,000 ATMs, meaning that 63 Lden would represent 120,000. Figure 3.1, using information provided by Eerlijk over Vliegen, shows the relationship between Lden and ATMs: 
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Figure 3.1: Graph showing the relationship between Air Traffic Movements (ATMs) and average noise produced at Schiphol. 

Source: Eerlijk over Vliegen

The way Lden measurements work are by calculating the ‘average’ level of noise in a particular period of time, typically through one month or year. This may seem somewhat illogical, as noise experienced from airports is usually through peaks and dips; either there are planes taking off and landing, or there are not. For example, a plane creating 90 decibels of sound for 1.5 minutes is considered the equivalent to one making 75 decibels of sound for an hour. This begs the question, how does this affect local residents? The average person would perhaps prefer shorter bursts of loud noise, rather than long periods of lower to medium noise, and yet they are measured in the same way. 
	Spread around the runways of Schiphol are set borders that indicate average levels of sound coming from airline activity. There are two borders, the quieter one with a sound level of 48 dB(A) and one with 58 dB(A). In the areas within the 48 decibel border, between 15 and 40% of the population experience severe noise pollution or sleep deprivation, whereas in the 58 decibel border, this figure is higher than 40% (Duin & Akkerman, 2018). Regulations are strict in these areas, many forbidding the construction of new buildings and some being classed as ‘demolition zones’. These are areas where incumbent residents may remain, but should they move away their homes are then demolished due to the noise hindrance that comes with them. Figure 3.2 below, provided by NOMOS, Schiphol’s organisation that measures sound, outlines these borders:
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Figure 3.2: Map showing the two noise borders around Schiphol. 

Source: NOMOS


As has previously been stated, according to CBS, the central bureau for statistics in the Netherlands, the number of people suffering from noise hindrance has increased by over 68.5% since 2008, seeing especially large rises over the past two years. The central government furthermore claims that of that 68.5% increase, approximately 60% is due to increasing noise levels from Schiphol. This includes an increasing number of ATMs, more long-distance aircraft being used, increasing numbers of night flights and fewer rest periods between flights (Monitor Infrastructuur en Ruimte, 2018). To add a further point to this, many argue that the official numbers provided by Schiphol are optimistic. Apparently these figures only take into account locals living within the sounds borders, and do not take into account those who live outside them and still suffer from aircraft noise. Natuur en Milieu Federatie Noord-Holland claim that the actual figure of people suffering from noise hindrance is around 200,000. They also predict that those suffering from sleep disruption are around 40,000, not the official figure of 15,000 predicted by Schiphol Group (Paauwe, 2018).

3.2- Airport Activity

	As has been previously stated, Schiphol is limited to the 500,000 ATMs per annum set by the Alders agreement. Activity has steadily risen since 2008, with various increases and decreases between years but by the end of 2018 it has risen a total of 17%, ending at 499,444, a mere 556 ATMs away from the limit. The development of ATMs over the past decade is shown in Figure 3.3 below, with data provided by Schiphol Group:
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Figure 3.3: Graph showing the yearly number of flight movements (ATMs) from Schiphol Airport between 2008-2018. 


These figures are however only the official ones provided by Schiphol. When calculating the number of ATMs from the airport, Schiphol only included the commercial transport and cargo flights. This works in their favour, as officially they are playing by the rules, but in reality they have already breached the limit of 500,000. Helicopters, private charters and business jets are not included when calculating the total. The Boeing 767b owned by the Beatles for example, which can fit up to 80 passengers, would not be counted towards the total. It is estimated that the total number of takeoffs and landings per year is closer to 514,000 (Schreurs et al, 2011).
	Schiphol does try to tackle noise pollution by charging airlines higher fees for louder aircraft. An Airbus A300 for example, one of the loudest planes still in use, is charged almost three times as much per 1000kg of weight (heavier planes cost more) than an Airbus A350. Night activity is more expensive still, as an Airbus A300 pays over triple the price for a night takeoff relative to a standard day takeoff (Schiphol Group, 2019). Schiphol claims that planes have come a long way in sound reduction, and the introduction of new, cleaner long-haul aircraft such as the Boeing 787 ‘Dreamliner’ in 2009 or the Airbus A350 in 2010 has indeed shown progress in starting a new generation of aircraft. Long-haul flights tend to be the largest jets, and as such, make the most noise. The Boeing 747 for example is renowned for the amount of noise it makes, largely due to the fact that it carries four engines, unlike the newer long-haul jets which are able to carry only 2 (Arnot, 2018). 
	Schiphol uses the claim that planes are quickly getting quieter in order to increase activity. They intend to implement the 50/50 rule after 2020, whereby of the total noise decreases due to flying, 50% of the decrease will go to benefit the general public through less noise, and 50% will be filled up by more flights. Natuur en Milieu Federatie Noord-Holland predict that this will allow Schiphol to increase activity to 540,000 ATMs after 2020 (only including official commercial flights). This provides a huge opportunity for Schiphol, but will only benefit local residents if aircraft are indeed getting quieter as Schiphol claims (Natuur en Milieu Federatie Noord-Holland, 2018).

3.3- Are Aircraft actually getting Quieter?

	Officially, and according to Schiphol, aircraft have made significant strides in the attempt to become as quiet as possible in recent years. Schiphol uses this as an argument to propose increasing the number of flights. According to the former Chief Executive of Schiphol, Jos Nijhuis, in a statement made in 2017,  ‘noise pollution around Schiphol has decreased by between 20-34% since 2008, and for this achievement, Schiphol should be allowed to grow in the near future (Mebius, 2018). While this exact figure is fairly dubious and up for debate, it is indeed a fact that many newer aircraft are indeed quieter than older models. The Boeing 747-400 for example as mentioned previously, a large plane with 384 MTOW (maximum takeoff weight, the maximum weight at which a pilot is allowed to takeoff, expressed in tons)  has an EPNdB takeoff noise level of 99.9. EPNdB stands for ‘effective perceived noise in decibels’, the standardised measurement used for testing the noise emitted from a plane. This model was developed in the 80s and is known to be the loudest plane still in use today. The newest long-haul aircraft by Boeing is the 787-9, first put in service in 2014. With a relatively high MTOW of 253, the average takeoff EPNdB was only 88.7. Other aircraft manufacturers show similar figures; Airbus’s A380, the largest commercial carrier in use, is known to be extremely quiet for its size when it was first brought into use in 2007. With an MTOW of 525, the plane shows an average EPNdB of 91.5 at takeoff. Compare this to Airbus’s older long-haul models, for example the A330-300, released in 1987. This model has an MTOW of under half of that of the A380 at 234, but creates a large amount of noise at 94.2 EPNdB. These are but a few examples, and the tables in Appendix 1 provide an overview of the aircraft models most frequently used at Schiphol in 2008 and 2018 respectively and the amount of noise they make (van Woerkom, 2019). Keep in mind however that these are average figures, as even within some models there is some variation in MTOW and in engine types, which do create a small amount of variation in the amount of noise emitted. Also the figures show only takeoff noise, used as a representation of the general noise made. There are also recordings for overflight and landing noise, which are usually slightly higher, but these are more or less proportional to changes in takeoff noise. These figures are provided by the Federal Aviation Administration, part of the US department of Transportation (Federal Aviation Administration, 2016). 
	Looking at the tables it is clear to see that planes in 2018 make on average less noise than those in 2008. Both tables show the top 25 most used plane types in each year, and in addition the top 5 most used cargo planes, making up 97.6% and 96.4% of all flight movements in years 20018 and 2008 respectively. By looking at the standardised noise levels of each plane and its weight, we can calculate the average EPNdB per MTOW, too see how advanced planes can carry more weight with less noise. In 2018 this was 1.021 for flights from Schiphol, whereas this figure in 2008 was far higher, reaching 1.341. Innovation in flight technology is at the heart of this, as airlines are constantly under pressure to be more environmentally aware. The Boeing 747-400 for example was the 10th most used aircraft in 2008, and by 2018 it had dropped to 18th as newer cleaner aircraft such as the Boeing 787-9 and the Airbus A350-900 were developed in 2014 and 2015 respectively, and are able to fly similar distances with similar payloads (Schiphol Group, 2008). 
	Despite this, certain experts say that the development of aircraft has had little to no effect on reducing noise disturbance for local residents. Hans Alders, head of the ‘Alderstafel’, an organisation that advises Dutch airports on possible growth possibilities, and after whom the Alders agreement is named, is of the opinion that despite newer, quieter and cleaner aircraft, no real positive effect can be proven regarding less noise disturbance for the local populace. He wrote in February 2019 that even slightly quieter aircraft flying over residences still produce huge amounts of noise, and that the difference in volume between ‘new’ and ‘old’ planes is hardly noticeable for those on the ground (Up in the Sky, 2019). He said that despite this, Schiphol uses this as an excuse when trying to increase airport activity, for example through the 50/50 rule previously mentioned. This leads to a paradox; quieter, cleaner planes lead to more activity, resulting in poorer living conditions for locals. He goes on to say that although on paper the average noise levels are lower, the thing that really bothers locals is peak noise. More flights, meaning more peaks, are far more likely to bother locals despite a slight decrease in the levels of those peaks. 
	Another point to be made is that planes take a long time to replace. The average economic lifetime of the loudest plane at Schiphol, the 747-400, is around 20 years. Airlines are hesitant to replace these too soon, as doing so early would lower the economic value gained per aircraft. KLM still has 10 747s in their fleet, while many airlines have already gotten rid of them. According to BAS (Bewoners Aanspreekpunt Schiphol), of the 10 individual flights that received the most complaints in 2018, 9 of them were regarding the 747-400 (Up in the Sky, 2018). Schiphol has improved with regards to the very noisiest of planes. The M11 for example no longer flies, and even the 747-400 plays a smaller role than in 2008. The question now is whether the newer planes such as the A380 and the 747-800 deliver all that they have been hyped up to. These are still huge planes, and create a lot of noise disturbance despite new technology seen by the fact that the 2nd and 3rd most complained about aircraft in 2018 were the 747-800 and the A380 respectively. 

3.4- Causes of Increased Noise Disturbance

	It was made clear in section 3.3 that the types of planes flying to and from Schiphol have gotten quieter since 2018. Using the tables in the Appendix with data provided by Schiphol Group and the US Federal Aviation Administration, we were able to calculate that the EPNdB per MTOW had fallen from 1.341 in 2008 to 1.021 in 2018. This means that aircraft at Schiphol have indeed gotten quieter on average, but the amount of people suffering from noise disturbance has increased significantly, meaning that there must be other factors at play here. 
	Using data on plane movements and noise classifications we are able to calculate estimations of the total amount of noise produced by Schiphol as a whole throughout both years. Using the tables in the Appendix this can be calculated by taking the number of movements of a specific plane type, for example the Boeing 737-800, and dividing this by the total number of movements of all aircraft in 2018, 499,444, giving the proportion of movements by all Boeing 737-800s relative to all aircraft activity. Multiplying this by the standardised noise level EPNdB for the 737-800, we have a weighted noise emittance of 19.1. By doing this for each aircraft type, including the cargo planes, and taking the sum of each weighted noise emittance, we come to a figure of 84.409 EPNdB for 2018. Doing the same for flights in 2008 comes to the result of 81.991 EPNdB, an increase of 2.418. Despite advancing technology allowing for quieter planes, the increase in ATMs more than compensated for this and has resulted in a higher noise level than 10 years ago. An increase of 2.418 EPNdB may not seem like a lot, but as was stated earlier, an increase in decibel level works exponentially. An increase of 3 decibels is perceived as twice as much noise, and so an increase of 2.418 decibels is essentially perceived as being 1.612 times as loud. 
	According to these calculations we can approximate that noise at Schiphol has risen by 2.418 decibels, and therefore released 61.2% more sound in 2018 than it did in 2008. As was mentioned in the introduction, the number of people experiencing severe noise disturbance has risen by far more in that time, by over 68.5%. In order to approximate the extent to which this is due to increasing noise, one has to control for the population changes surrounding the airport. The 15 districts that suffer the most due to noise disturbance from Schiphol, according to the Natuur en Milieu Federate Noord-Holland are as follows: 

· Aalsmeer
· Amstelveen 
· Castricum
· Haarlemmerliede en Spaarnwoude
· Haarlemmermeer
· Heiloo
· Kaag en Braassem (from 2009 on)
· Nieuwkoop
· Oegstgeest
· Ouder-Amstel
· De Ronde Venen
· Teylingen
· Uithoorn
· Uitgeest
· Zaanstad

	It is important to note that the municipality Kaag en Braassem was only formed in 2009, after the formation of the two municipalities Alkemade and Jacobswoude. Haarlemmerliede en Spaarnwoude is also currently not a municipality, and the area was added to Haarlemmermeer in January 2019. These changes are of course accounted for in the calculations. 
[bookmark: _GoBack]The table in Appendix 2 shows the population changes for each of the 15 municipalities mentioned within the 10 year period. De Ronden Venen, showed the largest population increase at 27.62%, whereas Castricum and Uitgeest showed only 2.92% and 3.49% increases respectively. The total population increase for all municipalities was 8.18%, coming to 737,976 by the end of 2018. These figures are more or less what was expected from the calculations. With the increase in noise from Schiphol amounting to approximately 61.2%, and then adding the 8.18% rise in population to make 69.38, we are not far off the total increase in populace affected by noise disturbance of 68.5%. The number of people affected by noise disturbance is then, according to our calculations, very close to being proportional to the actual increases in noise pollution from Schiphol. While the research done here is only qualitative, comparing the statistics from 2008 to 2018 gives a good idea of the general trend concerning noise disturbance, and the data supports the statement made in Hypothesis 1.

3.5- Limitations

	The major limitation in calculating noise disturbance is that the concept is subjective; some locals are more sensitive to noise than others and complain more. One of the objectives of this research was to see whether or not an increase in people suffering from noise disturbance was warranted. The results indicate that it was, and that increases in people disturbed are proportional to actual increases in noise. Solid conclusions are hard to make however, due to the subjective nature of the topic; some people get used to it very quickly, some grow more annoyed by the day and others are being damaged physically without even noticing it. To get a totally accurate picture of the effects on local civilians, research would have to be done per household. The method used in this essay gives a general idea of sound increases, but the actual effects on the local population remain speculative due to the subjective nature of the topic (Sensornet, 2017). 
	A limitation of the data is the fact that Schiphol does not include private flights, business flights and helicopters in its annual figures. Natuur en Milieu Federatie Noord-Holland predicted the true number of ATMs per year to be upwards of 515,000, but this is impossible to include in our research as there is no data on what type of aircraft was being used, hence we cannot estimate the level of noise created. Furthermore, Schiphol had just under 32,000 night flights in 2018, just adhering to the limits set by the Alders platform. As mentioned before, night flights create extra hindrance due to the sleep disturbance they can lead to, eventually leading to a number of possible health problems. Because of this de Lden levels of these flights are adjusted, as was mentioned in section 3.1, but there are no records kept by Schiphol on which flights are flying at which times. An average was created to account for the number of night flights in the calculations, but a more accurate picture of the amount of noise created during those hours would have been preferable. 
	Lastly, the way EPNdBs work are as a representation of an average for extended periods of time (expressed as Lden), and so do not account for peaks in noise. The chances are that the average person suffers more from short peaks in high sound, rather than longer periods of lower noise. This means that it is very likely that people are more disturbed by the increased amount of flight movements through 2008-2018, and that slight decreases in noise produced by lower planes would do little to compensate for this. The calculations done here however cannot represent this, and do not account for peak noise. 

4-  The Effects on Local Real Estate

4.1- Literature 

There are a number of papers written on this topic that, while not directly answering the question at hand, do provide valuable insight and supporting data and can help to understand the factors at play. They have contributed not only to the starting concept and ideas of this research paper, but also used interesting methods in order to conduct their research that also proved useful in the finishing of this thesis. 
‘Valuing Airport Noise in the Netherlands’ (Schreurs et al, 2011) is a research paper published in 2011 that was sponsored by the Dutch Ministry of Health, Welfare and Sport that attempted to value the total monetary loss that the Dutch real estate and land value markets were taking at that point in time. This paper is the most similar to this research project out of all relevant literature, as it tackles the problem of valuing the effect of noise pollution with a very specific method, despite it being rather outdated now. It uses something called the Hedonic Pricing method in order to try to value real estate losses, one of several methods, which specifically looks at losses over the entire lifetime of dwellings, rather than annual losses. It uses data based on numerous real estate transactions, cross referencing them with the amount of noise over a certain threshold, and then summating this over thousands of dwellings in the relevant areas. The report rated the total depreciation from airport noise pollution at approximately €1 billion. It further estimated Schiphol itself to be responsible for at least 65% of this figure, citing military airports and flying areas at 30% of all contributions and smaller civil airports at just 5%. It does however admit that the results cannot be classed as being anything more than indicative, as changing certain parameters or using a different model could change the results entirely. It also states that this figure could be reduced drastically in the very near future, as airplane technology is constantly improving and quieter planes are currently in development, certain examples of which have been implemented since this paper was written. 
‘The impact of Aircraft Noise on Housing Prices in Poznan’ (Trojanek et al, 2017) is a relatively recent paper written by researchers from the Poznan University of Economics and Business. It relates to this paper in that it also tries to find the exact effect of increasing aircraft noise on housing prices, looking at 1328 apartments and 438 single-family houses in the city of Poznan, between the years 2010 and 2015. It, like the previous paper, used transaction data in OLS and WLS regressions, of course controlling for numerous factors that could have affected housing prices during that time period. Their results were conclusive, finding strong evidence that aircraft noise was negatively linked to housing prices. The depreciation value found was 0.87% for single-family houses and 0.57% for apartments. It makes the interesting proposal that buyers of apartments may be less sensitive to noise than those buying houses, possibly due to the likelihood of families with small children living in larger houses, hence the difference in effects. Overall this paper provided valuable insight into the methodology and data analysis conducted in this essay, and parallels can certainly be drawn between this paper and the research that will be conducted here. 
‘The Impact of Airport Noise on Residential Property Values: A Case Study of the Portland-Hillsboro Airport’ (Muldoon, 2003) is similar to the paper written by Scheurs et al in that it also uses the hedonic pricing method to investigate the effects of airport noise on real estate value. It focuses its study on Hillsboro airport, one of three airports serving the Portland metropolitan area in Oregon, USA, and incorporated distances from the airport’s runways and its flight tracks over a one year period to look specifically at the effect of distance on price changes. Unlike the studies discussed in the Netherlands and in Poznan, the research done in Portland sale prices of homes were not significantly affected by increased noise levels, decreased distance to the airport, or decreased distance from the flight tracks of the airport. Sale prices were however significantly higher with increasing distance from the runways themselves. The study did estimate a decrease in price per decibel, valuing it at approximately 0.4-1.1%,  but the results were eventually found to be insignificant. This paper shows that despite numerous studies in the past finding that airport noise has a large effect on real estate prices, not every situation is the same, and when analysing the data one must always be open to insignificant results. 



4.2- Data

In order to gain an accurate idea of how the real estate market is affected by the noise from Schiphol, monthly data has been looked at over the past decade, from 2008 to 2018. As mentioned in the introduction, these ten years have seen the largest rise in locals affected by the airport’s noise pollution since the first civilian flights left the airport back in 1920 (Williamson, 1970), by over 68.5%. The variables looked at in this research include the dependent variable, the prices of real estate, the independent variable, being the amount of noise emitted from Schiphol airport over the time period, and various control variables with the purpose of removing omitted variable bias and making the model as accurate and valid as possible. All of these variables are looked at on a monthly basis and for the 15 local  municipalities that are affected most, specified in section 3.4.
	These municipalities all suffer the most from noise pollution emitted from Schiphol, according to research done at the end of 2018 by the Natuur en Milieu Federatie Noord Holland (Federation of Nature and the Environment Noord Holland). According to this research, each municipality does suffer to different degrees, whether that be down to distance to the airport, the exact routes flown by planes when leaving or arriving at a specific runway or simply the types of planes that fly over that specific area. The report gives each municipality a ranking in the form of a percentage, the lowest being the least amount of noise pollution in De Ronde Venen and the highest with the most noise being Aalsmeer and Uithoorn equally. 
	The dependent variable in this investigation is of course the real estate prices from 2008-2018. Historical data is offered by Huizenzoeker (Huizenzoeker, 2019), a public Dutch database that provides numerous types of real estate data specified per municipality, which is available per month for the years that are being researched. In order to represent real estate changes properly, the average asking prices per metre squared per month were taken. This is done in order to control for different housing being built during the period; larger houses are naturally more expensive, and price changes would have little to do with increased aircraft noise, and as such the prices per square metre offer the most valid data. 
	The independent variable, the noise emitted from flight activity at Schiphol, is in this case represented by the number of ATMs per month. As mentioned before, an ATM is counted whenever an aircraft either lands or takes off, creating potential noise disturbance for the local populace. The monthly figures are provided by Schiphol group, starting at 32,571 in January 2008, and increasing over the decade to 38,157 in December 2018, varying significantly throughout this period with some months even seeing ATMs rise to over 40,000 (Schiphol Group, 2019). ATMs have been chosen to represent the changes in the number of noise being emitted from Schiphol activity because as was shown in section 3, despite noise levels dropping over the past ten years due to newer aircraft, the issue of peak noise remains the largest problem. Quieter planes have not compensated for the increase in ATMs, and so this paper assumes than the number of ATMs will be the most significant factor in impacting real estate. 
	There are also a number of control variables included in the model to avoid omitted variable bias in the results. Three of these variables were provided by CBS Statline, including population per municipality, the number of residential buildings per municipality, and monthly inflation rates. Population was then divided by the total landmass in square kilometres in that municipality, to better represent the demand for housing. The variable residential buildings was furthermore divided by the population of that specific municipality to create a variable representing the number of people per building in the area, giving a further idea of the demand for housing, as the laws of supply and demand do of course play a crucial role when real estate prices are determined (CBS Statline, 2018). Interest rates are also included as a control variable, and these monthly figures were provided by De Nederlandsche Bank (De Nederlandsche Bank, 2019). To control for the general level of housing value in the Netherlands, monthly average asking prices per square metre are also provided on a National and provincial (Noord-Holland) level by Huizenzoeker, and included in the model. The municipalities Oegstgeest, Nieuwkoop, Teylingen (Zuid-Holland) and De Ronde Venen (Utrecht) are however not situation within the province of Noord-Holland, but are bordering it, and are expected to show similar regional trends. 

4.3- Methodology

	As has been stated in section 2, this essay aims to answer the following research question: 

‘To what extent does increasing airport noise have an effect on the housing prices in the surrounding municipalities?’

In order to answer this question an association must be searched between the independent variable and the dependent variable, and several explanatory variables, as they have been stated in section 4.2. Hypothesis 2 states that there will be a negative association, and that increasing airport noise has a significant effect on housing prices in the listed municipalities. To test this association, an OLS least-squares multivariate regression has been used to find a potential linear relationship between the variables, while of course including the control variables representing population, provincial real estate, national real estate, interest and inflation rates and available housing per capita. These variables are all linear, and can all be used in a linear regression. This was done so by importing all monthly data of the mentioned variables into the statistical software Stata, and running the function to test for association. The function of a typical linear regression is as follows: 
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The model of this regression is therefore represented by the following equation: 

[image: ]
 
The dependent variable Y in this equation is represented by prmunicipality, the average monthly asking prices per square metre, with seven control variables each with their own slopes shown by bi. The independent variable is represented by monthlyflightmovements, which is the number of ATMs at Schiphol per month, including both takeoffs and landings. Both prmunicipality and monthlyflightmovements had the logs of their data taken, as this makes the interpretation of the results simpler. The coefficients then represent a % change in the dependent variable after a 1% change in the independent variable. The variables  popmunicipality and housingmunicipality show the population ahd housing availability respectively per month, per municipality, where municipality is of course replaced by the name of the actual municipality for each test, and the i shown for each variable represents the changes in the months for each dataset looked at. The variable nhrealestate shows average asking prices per square metre per month for within the province of Noord-Holland, and nlrealestate shows the same but for the entirety of the Netherlands. These are to control for provincial and national housing price movements, and to compare the differences of the areas close to Schiphol. Lastly, variables inflation and interestrate give the inflation and interest rates, also per month. These are included to control these factors as they can have a significant effect on the housing market. The error term at the end controls for random errors in the tests, a represents the population Y intercept, in other terms the constant. All regressions are tested to a 95% confidence level, requiring a P value of under 0.05 in order for a coefficient to be significant. Due to the nature of the variables, one expects monthly flight movements to have a negative slope, as the higher the number of ATMs per month, the higher the noise disturbance, and so the stronger the negative effect is on real estate prices further on down the line. 
	Seeing as the study looks at statistics over a ten-year period the regression is done in the form of a time series. This means that the regression can potentially be prone to bias from autocorrelation, or ‘serial’ correlation, which comes from correlation between observations as a function of a time lag between them. Too much similarity between observations every month may lead to bias in that significant results may be found pointing towards a connection between the causal and dependent variables, when in actual fact the results simply stem from autocorrelation. To account for this, a time variable was created in Stata on monthly intervals, showing the last day of every month in the form of a ‘continuous’ time trend, meaning that the months are simply listed as 1-125, until December 2018. In order to test for this, Durbin-Watson and Breush-Godfrey were used for each municipality’s regression. Durbin-Watson tests for autocorrelation at lag 1 in the residuals, or the prediction errors, from a regression, and the Breush-Godfrey test carries out a similar assessment using Lagrange multiplier testing. Both test the null hypothesis that linear regression residuals are uncorrelated. Should serial correlation be present in specific municipalities, a Cochrane-Orcutt regression will be carried out. This adjusts the linear regression for serial correlation in the form of the following model, taking the quasi-difference of the variables: 




The error terms, which were serially correlated over time, have become ‘white noise’, and so making statistical inferences based on this type of regression is valid. The sum of all the squared residuals (estimates of ) are minimised conditional on , and with respect to  (Wooldridge, 2013).
The reason for using an ordinary least-squares linear regression test is due to the fact that all of the variables are continuous; they are able to take on any value between the maximum and the minimum, unlike discrete variables. The test produces a ‘fitted line’, that minimises the sum of the squared differences between the data points and the line, estimating parameters to understand the mean change in the dependent variable, given a one-unit change in the independent variables. Secondly, the use of time series analysis was chosen instead of panel data for example, because it gives an better idea of the influence of distance to the airport on the effect of the noise. Panel data analysis would give the overall average effect on all areas, and would be interesting to look at in another study, but this study focusses on the effects per municipality. Of course there are certain limitations to using a linear regression model. One of these is that the model is sensitive to outliers; for example if in one month hypothetically housing prices plummeted due natural disasters (earthquake, hurricane, etc.), this could have a significant effect on the results despite prices perhaps rising back to normal levels within a matter of months. Secondly due to its testing of changes in the mean, linear regression can be susceptible to problems of heteroscedasticity, whereby should the data be scattered unequally, with systematic change in the spread of residuals over the range, it may lead to untrustworthy results. This is because a linear regression assumes that all residuals are drawn from a population that has a constant variance (homoscedastic). Despite these limitations however, due to the continuous nature and the structure of the data, the multivariate linear regression model is still the most appropriate model to test for association between the variables. 

4.4- Results

	Each municipality was tested individually to check for a significant effect stemming from the number of ATMs. The results from the initial regressions were mixed , but not entirely unexpected. 10 out of 15 municipalities showed a negative coefficient, indicating a negative effect of noise on housing prices.Two of these, Haarlemmermeer and Uitgeest, were highly significant, with P values below 0.000. The regression results are shown in Table 4.1 below:

	Table 4.1: Linear regression results for the relationship between flight movements (ATMs) and housing prices per municipality

	
	Municipality Effect

	Variable
	Haarlemmermeer
	Uitgeest

	Number of Flight Movements (ATMS)
	-0.023**
(0.405)
	-0.108**
(0.026)

	Housing Prices NH
	0.004**
(0.044)
	0.000 **
(0.000)

	Housing Prices NL
	1.100
(1.030)
	5.56
(3.610)

	Inflation Rates
	-0.004**
(0.000)
	-0.018**
(0.003)

	Interest Rates
	-0.004
(0.002)
	0.003
(0.007)

	Housing per Capita
	-1.28**
(0.168)
	-0.196**
(0.033)

	Population
	0.000
(0.000)
	0.003**
(0.001)

	Constant
	10.349**
(0.526)
	3.771*
(1.410)

	Observations
	124
	124

	
	
	


Note. Standard errors are in parentheses; * p<0.05, ** p<0.01.
Adapted: CBS Statline, Schiphol Group, Huizenzoeker. 

Haarlemmermeer shows expected results, with a highly significant negative coefficient of -0.023% for monthly flight movements. Uitgeest has even stronger results, with a similar significance level and a negative coefficient for flight movements of -0.108%. These two municipalities showed expected results, whereas others lacked significant coefficients. Both Haarlemmermeer and Uitgeest however did suffer from serial correlation; d-statistics of 0.569 and 0.747 were found respectively in the Durbin-Watson test, both being low figures as 2 represents no correlation and 0 represents perfect positive correlation. Furthermore, the Breush-Godfrey LM test indicated significant serial correlation in both regressions. As such, a Cochrane-Orcutt test was carried out afterwards to correct for the effects of serial correlation, shown in Table 4.2 below:

	Table 4.2: Cochrane-Orcutt regression results for the relationship between flight movements (ATMs) and housing prices per municipality

	
	Municipality Effect

	Variable
	Haarlemmermeer
	Uitgeest

	Number of Flight Movements (ATMS)
	-0.003
(0.005)
	-0.002
(0.018)

	Housing Prices NH
	0.000**
(0.000)
	0.000 **
(0.000)

	Housing Prices NL
	-0.008
(0.007)
	-0.001
(0.002)

	Inflation Rates
	-0.004**
(0.000)
	0.003
(0.003)

	Interest Rates
	-0.000
(0.001)
	0.001
(0.010)

	Housing per Capita
	-0.650**
(0.200)
	0.013
(0.071)

	Population
	0.001
(0.001)
	-0.001
(0.002)

	Constant
	7.843**
(0.829)
	7.004**
(2.207)

	Observations


D-Statistic


R-Squared
	124


0.569


0.757
	124


0.747


0.327

	
	
	


Note. Standard errors are in parentheses; * p<0.05, ** p<0.01.

Adapted: CBS Statline, Schiphol Group, Huizenzoeker. 

As is clear, the effect of monthlyflightmovements on the housing prices on Haarlemmermeer and Uitgeest are no longer significant, and the coefficients are considerably smaller. The coefficients are interpreted through exponentiation, due to fact that log transformation were done on the data, and so the coefficient of -0.003 for Haarlemmermeer represents a -0.3% change for a 1% increase in flight movements. For Uitgeest, a 1% increase in flight movements would result in a -0.2% decrease in housing prices.. It becomes clear however that much of the effect found in the initial regressions for the two municipalities were down to autocorrelation, and that after correcting this, we find no significant effect of increasing flight movements on the real estate market. Apart from housing prices in Noord—Holland, and inflation rates and housing availability in Haarlemmermeer, none of the control variables have significant effects either, indicating serial correlation affecting the initial regressions in those areas as well. The results of the regressions for the other 13 municipalities are shown in Appendix 3, but no significant results were found before or after testing for autocorrelation. Interestingly enough, Nieuwkoop did show a significant coefficient at the 5% level from a Cochrane-Orcutt regression, but this cannot be treated as a causal relationship, as statistically 1 in 20 regressions will show significant results at the 5% level. Furthermore, the coefficient was positive, an unexpected result and supports the idea that this was a significant result purely due to coincidence, and cannot be treated as causally effective. 

4.5- Discussion and Limitations

	The results highlighted above are unexpected. More significant results may have been expected beforehand, but the fact that so few significant effects are found is not all too surprising given that the dataset was prone to autocorrelation in the form of a time series. Haarlemmermeer did show significance and with the expected effect, and this is most likely due to its geographical location. The entirety of Schiphol airport is situated within the municipality of Haarlemmermeer, and towns such as Hoofdorp, Nieuw-Vennep and Badhoevendorp are well known to suffer significantly from noise and air pollution from Schiphol. It therefore comes as no surprise that this municipality showed these results, and indicates that real estate effects may be more concentrated around the area of the airport than initially thought. After controlling for autocorrelation however, the results ended up not being significant and we can draw no solid conclusions, nor reject the null of Hypothesis 2. The significant results of Uitgeest may come somewhat as a surprise, due to its relative distance to the airport compared to some of the other municipalities. This can partly be explained however by the activity of the Polderbaan. The Polderbaan, the longest of all runways at 3,800m is by far the most used of the five runways at Schiphol, and is situated to the north-west of the other runways, and is also the furthest away from the airport itself. The Polderbaan saw approximately 163,000 ATMs alone in 2018, and compared to the second most used runway with 107,459 ATMs, the Kaagbaan, is by far the most used runway. Furthermore, due to its size, the Polderbaan is most used by long-distance aircraft, which tend to be larger and noisier. Figure 4.1 below shows the runways and the directions of flight movements: 
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Figure 4.1: Map showing the 6 runways at Schiphol airport, including the Polderbaan to the North-west. 

Source: Schiphol Group


The Polderbaan is either used for takeoff or landing, depending on the wind, but either way aircraft always takeoff to the north, and land while flying southwards, so aircraft using the runway will always fly over areas north-west of Schiphol. Uitgeest is situated right in the path of the Polderbaan, and the business of the runway explains very well the reasons for its high negative coefficient. This explanation is further supported by the fact that Castricum showed results that were very near being significant, with a p value of 0.072 and a negative coefficient Castricum borders the North-Western Border of Uitgeest, and so is slightly further away from Schiphol. We may have seen significant results had it been slightly closer. Just like Haarlemmermeer however, after correcting for autocorrelation, the results for Uitgeest were also seen to be insignificant, meaning that no solid conclusions can be drawn and the null of Hypothesis 2 can once again not be rejected.
The fact that no statistical significance was shown is not unexpected. The effects seen, especially in Haarlemmermeer and Uitgeest, approximated what could happen due to increasing flight movements at Schiphol, but the results did not reach statistical significance. The presence of autocorrelation was fairly high, and after accounting for this we are unable to reject the second null hypothesis. Further research, with longer periods of time and more data (higher n) may have produced significant results, but this is mere speculation. Perhaps in a few years, as populations rise and Schiphol continues to grow (most likely after 2020), a similar test would result in significant results. 
		There are of course a few limitations as to the extent of the accuracy of the research. A few municipalities had a couple of omitted data points for certain months, meaning that these had to be left out of the regression. These were however few and far between, and would not have made significant differences had they been available. Secondly, there may of course be variables not included that correlate with the dependent variable that we do not know about, and so there me be omitted variable bias to some degree, leading to a potential overestimation of the results. Furthermore, the variable monthly flight movements is only used as a proxy for noise emitted. This does not account for different types of planes flying, the times of these planes (night flights) or the altitudes at which they fly at. It is assumed that these variables remain more less the same throughout the period, because as was seen in section 3, the most important factor was peak noise, therefore the number of flights and the time in between them is really what causes noise disturbance. More information would have been useful, but would not have fit into the regression model, and so the number of flights is taken as the most representative variable in causing noise disturbance. Lastly, as was stated in section 3, the true figure of flights is most likely higher than those given by Schiphol group due to private, business, and helicopter flights. This is not made official, and so cannot be used in this research paper, but this most likely causes these results to be slightly underestimated. 


5- Concluding Thoughts

	The first section of this essay looked at data and conducted qualitative research concerning Hypothesis 1, which was stated as such: 

‘The increase in the number of locals that are noise disturbed is proportional to the increase in noise emitted from Schiphol’. 

This was done by looking data provided by Schiphol group and the Federal Aviation Administration in the United States, which showed that average planes at Schiphol were getting quieter, and were able to carry more weight doing so. By cross-referencing this data with data on the local populace affected by noise disturbance, provided by the Natuur en Milieu Federatie Noord-Holland, it was found that noise disturbance was increasing in proportion to actual noise emitted from Schiphol, both rising by approximately 69% over the past decade. This means that we cannot reject Hypothesis 1, as results support the prediction that the number of people suffering from noise disturbance have indeed increased in close proportion to the amount of noise emitted by Schiphol airport. 
	
The second part of this essay tested Hypothesis 2: 

‘The increase in the number of flight movements has a negative effect on the housing prices within the surrounding municipalities’

By looking at the specific regions that were most affected by noise disturbance, this being indicated by changes in housing prices in each of the 15 municipalities. Finding that only 2 of the 15 provinces actually had significant results indicated that effects of noise pollution are harder felt in the very close vicinity of the airport. Haarlemmermeer, which plays host to Schiphol, and Uitgeest, situated right in its busiest flight path, were expectedly the most affected by air traffic, which was strongly shown in the housing data. After correcting for apparent serial correlation in both municipalities however, the results were eventually found to be insignificant with p values over 5%. These results mean that we also cannot reject Hypothesis 2, as despite the few areas closest to airline activity indicating a relatively strong trend, the chances of the trend stemming from random events are too high to draw solid conclusions. 
	Despite noise disturbance being a fairly subjective concept, the results indicate that locals are just as sensitive to noise disturbance as they were ten years ago, and that should Schiphol wish to grow after 2020 using the aforementioned 50/50 rule, using quieter planes as justification, they should keep in mind that this will most likely result in a significant increase in the number of people suffering from noise pollution. Schiphol should also take this into account when looking at compensation per region, as clearly some households are not only seeing health effects due to noise pollution, but also economic effects, as can be seen in Haarlemmermeer and Uitgeest.
Further research is recommended specifically per household. Due to the subjective nature of the topic, much of what can be achieved through data research is limited to speculation. Surveys sent out to households asking specifically to the effects that locals feel, and where, would provide valuable insights into how Schiphol can grow. The link between noise disturbance and housing prices would also be looked at in more depth. Secondly, in the future noise monitors should be placed on a more wide scale in the municipalities surrounding Schiphol. Currently there are only a few in Haarlemmermeer and Aalsmeer, measuring the worst of the noise, but spreading these out and adding more of them would take into account the noise pollution on a much larger scale. 

























Appendix A: Flights and Plane Types

Table A.1 showing the list of flights and plane types at Schiphol 2018:

	Ranking
	Type
	Average MTOW
	Movements (ATMs)
	EPNdB

	1
	Boeing 737-800
	74
	108653
	87.8

	2
	Embraer 190/195
	45
	72289
	85.1

	3
	Airbus A320
	75
	54504
	84.9

	4
	Embraer 170/175
	37
	45435
	81.4

	5
	Boeing 737-700
	62
	43092
	85.6

	6
	Airbus A319
	66
	32426
	81.5

	7
	Airbus A330-300
	234
	14650
	94.2

	8
	Airbus A321
	87
	13911
	83.1

	9
	Boeing 777-300
	349
	11701
	98

	10
	Boeing 777-200
	299
	11122
	94

	11
	Boeing 737-900
	78
	9665
	85.2

	12
	Boeing 787-9
	253
	9176
	88.7

	13
	Dash 8-400
	30
	7832
	80.5

	14
	Boeing 767-300
	183
	7434
	89.1

	15
	Airbus A330-200
	232
	6883
	94.2

	16
	Boeing 747-400
	384
	6544
	99.9

	17
	Bombardier CRJ 700/900/1000
	37
	51
	78.7

	18
	Fokker 100
	45
	3382
	81.8

	19
	Airbus A320neo
	76
	2987
	77.7

	20
	Boeing 787-8
	228
	2951
	87.4

	21
	Boeing 737-300
	61
	2156
	87.5

	22
	Airbus A350-900
	275
	1702
	85

	23
	Airbus A380
	525
	1642
	91.5

	24
	Airbus 220-300
	68
	1254
	78.2

	25
	Embraer ERJ 145
	20
	1125
	77.9

	
	
	
	
	

	Cargo
	
	
	
	

	1
	Boeing 777-200
	347
	5640
	94

	2
	Boeing 747-400
	402
	5019
	99.9

	3
	Boeing 747-8
	447
	2297
	94.5

	4
	Airbus A300
	160
	1046
	87.4

	5
	Boeing 757-200
	105
	832
	82.3






Table A.2 showing the list of flights and plane types at Schiphol 2008:

	Ranking
	
	Movements
	MTOW
	EPNdB

	1
	Boeing 737-800
	58400
	76
	87.8

	2
	Fokker 70
	40255
	38
	76.8

	3
	Fokker 100
	35080
	45
	81.8

	4
	Fokker 50
	27552
	21
	78.4

	5
	Airbus A319
	27485
	66
	81.5

	6
	Boeing 737-400
	27240
	64
	82.4

	7
	Boeing 737-300
	26938
	58
	87.5

	8
	Airbus A320
	24461
	73
	84.9

	9
	Boeing 737-700
	22194
	67
	85.6

	10
	Boeing 747-400
	13573
	396
	99.9

	11
	Boeing 777-200
	12038
	295
	94

	12
	Airbus A321
	9878
	87
	83.1

	13
	Airbus A330-200
	9080
	233
	94.2

	14
	Boeing 737-900
	8897
	78
	85.2

	15
	Boeing 767-300
	7659
	185
	89.1

	16
	Boeing 737-500
	7467
	55
	80.6

	17
	Boeing 757-200
	5672
	114
	88.1

	18
	Airbus A330-300
	5533
	233
	94.2

	19
	MD80
	5435
	66
	88.6

	20
	MD11
	5217
	281
	95.8

	21
	Bae 146/AVRO RJ
	3973
	44
	79

	22
	Bombardier CRJ 700/900
	3954
	36
	78.7

	23
	Boeing 737-600
	3040
	59
	81.9

	24
	Embraer ERJ 145
	2780
	20
	77.9

	25
	Bombardier CRJ 100/200
	2540
	24
	78.7

	
	
	
	
	

	Cargo
	
	
	
	

	1
	Boeing 747-400
	9310
	401
	99.9

	2
	MD11
	2803
	285
	95.8

	3
	Boeing 747-200
	2088
	376
	101.7

	4
	Bae ATP
	1036
	24
	79

	5
	Airbus A300
	995
	167
	87.4









Appendix B: Population

Table B.1 showing municipality population changes 2008-2018
	
	2008
	2009
	2010
	2011
	2012
	2013
	2014
	2015
	2016
	2017
	2018

	Aalsmeer
	28006
	29187
	30189
	30364
	30618
	30759
	31077
	31299
	31373
	31499
	31724

	Amstelveen
	79768
	80695
	81796
	83363
	84379
	85015
	87162
	88602
	89294
	89870
	90827

	Castricum
	34739
	34652
	34593
	34474
	34402
	34288
	34361
	34604
	35216
	35608
	35754

	Haarlemmerliede en Spaarnwoude
	5430
	5398
	5432
	5474
	5526
	5535
	5574
	5578
	5665
	5867
	6161

	Haarlemmermeer
	142042
	142788
	143374
	143943
	144153
	144231
	144152
	144518
	146003
	147282
	148062

	Heiloo
	22216
	22451
	22580
	22650
	22594
	22636
	22553
	22689
	22857
	23099
	23459

	Kaag en Braassem
	25410
	25642
	25744
	25744
	25715
	25745
	25844
	26108
	26374
	26625
	26861

	Nieuwkoop
	26757
	26929
	26988
	26974
	27082
	27104
	27114
	27433
	27914
	28269
	28637

	Oegstgeest
	22564
	22597
	22767
	22788
	23153
	22910
	22997
	23209
	23608
	23887
	24432

	Ouder-Amstel
	13107
	13099
	13146
	13232
	13249
	13271
	13289
	13411
	13419
	13496
	13915

	De Ronde Venen
	34528
	34400
	34213
	42977
	42846
	42642
	42588
	42576
	42763
	43620
	44064

	Teylingen
	35533
	35759
	35812
	35669
	35800
	35735
	35646
	36013
	36093
	36584
	37061

	Uitgeest
	40360
	40536
	40721
	40805
	40948
	40913
	41089
	41247
	41384
	41725
	41770

	Uithoorn
	27660
	28053
	28114
	28317
	28387
	28418
	28731
	29181
	29201
	29445
	29450

	Zaanstad
	144055
	145332
	146940
	148281
	149622
	150598
	151418
	152466
	153679
	154865
	155799


















Appendix C: Regression results for municipalities, excluding Haarlemmermeer and Uitgeest
	Table C.1: Cochrane-Orcutt regression results for the relationship between flight movements (ATMs) and housing prices per municipality

	
	Municipality Effect

	Variable
	 Aalsmeer
	Amstelveen
	Castricum
	De Ronde Venen
	HES
	Heiloo
	Kaag & Brassem
	Nieuwkoop
	Oegstgeest
	Ouderamstel

	Number of Flight Movements (ATMS)
	0.012
(0.012)
	0.009
(0.011)
	-0.007
(0.010)
	-0.004
(0.013)
	0.045
(0.034)
	-0.006
(0.011)
	0.025
(0.014)
	0.041*
(0.016)
	0.002
(0.015)
	-0.009
(0.020)

	Housing Prices NH
	0.000**
(0.000)
	0.000**
(0.000)
	0.000**
(0.000)
	0.000**
(0.000)
	0.000**
(0.000)
	0.000**
(0.000)
	0.000**
(0.000)
	0.000**
(0.000)
	0.000**
(0.000)
	0.000**
(0.000)

	Housing Prices NL
	0.002
(0.002)
	0.009
(0.002)
	0.002
(0.001)
	0.002
(0.002)
	-0.005
(0.005)
	0.002
(0.002)
	0.002
(0.002)
	0.004
(0.002)
	0.005
(0.002)
	0.001
(0.003)

	Inflation Rates
	-0.001
(0.002)
	0.001
(0.002)
	-0.002
(0.001)
	-0.000
(0.002)
	0.001
(0.004)
	-0.004**
(0.002)
	-0.003
(0.002)
	-0.004
(0.003)
	-0.001
(0.002)
	0.006
(0.007)

	Interest Rates
	0.004
(0.006)
	0.005
(0.006)
	-0.004
(0.005)
	-0.005
(0.006)
	-0.026
(0.014)
	-0.007
(0.006)
	-0.009
(0.007)
	0.002
(0.008)
	0.002
(0.008)
	-0.022**
(0.010)

	Housing per Capita
	0.055
(0.187)
	0.028
(0.077)
	0.200
(0.167)
	-0.098
(0.092)
	-0.094
(0.295)
	-0.384**
(0.177)
	1.194**
(0.266)
	0.006
(0.257)
	-0.071
(0.171)
	0.068
(0.238)

	Population
	0.001
(0.001)
	0.009
(0.000)
	-0.002
(0.001)
	-0.000
(0.000)
	-0.003
(0.003)
	-0.002*
(0.002)
	0.001
(0.003)
	-0.003
(0.003)
	-0.000
(0.000)
	0.002
(0.002)

	Constant
	5.670**
(0.971)
	8.534**
(1.054)
	8.010*
(0.878)
	7.545**
(0.288)
	7.878**
(0.881)
	10.500**
(0.886)
	4.322*
(1.462)
	8.168
(1.309)
	7.286
(0.710)
	5.88
(1.087)

	Observations


D-Statistic (standard regression)


R-Squared
	125



0.280




0.404
	124



0.580




0.140
	124



0.449




0.673
	123



0.311




0.492
	125



0.737




0.375
	124



0.417




0.464
	124



0.733




0.533
	125



0.502




0.271
	125



0.310




0.255
	124



0.487




0.304





	Table C.2: Cochrane-Orcutt regression results for the relationship between flight movements (ATMs) and housing prices per municipality (continued)

	
	Municipality Effect
	

	Variable
	Teylingen
	Uithoorn
	Zaanstad

	Number of Flight Movements (ATMS)
	-0.003
(0.0145)
	-0.033
(0.011)
	-0.004
(0.011)

	Housing Prices NH
	0.000**
(0.000)
	0.000**
(0.000)
	0.000**
(0.000)

	Housing Prices NL
	0.002
(0.000)
	0.002
(0.002)
	0.002
(0.002)

	Inflation Rates
	-0.002
(0.002)
	0.001
(0.002)
	-0.000
(0.002)

	Interest Rates
	-0.011
(0.007)
	-0.007
(0.005)
	-0.004
(0.006)

	Housing per Capita
	0.106
(0.218)
	-0.001
(0.201)
	0.473
(0.510)

	Population
	-0.000
(0.001)
	0.000
(0.000)

	0.001
(0.000)

	Constant
	7.588
(1.259)
	6.686
(0.721)
	5.041
(1.358)

	Observations

D-Statistic (standard regression)

R-Squared
	123

0.377



0.341
	125

0.405



0.556
	125

0.642



0.640


Note. Standard errors are in parentheses; * p<0.05, ** p<0.01.

Adapted: CBS Statline, Schiphol Group, Huizenzoeker. 
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