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Abstract

The issue of the value impairing impact of airports on nearby
properties has been studied in the technical literature for
decades. There is quite a wide consensus on the fact that in
North America and Western Europe, the increasing noise pol-
lution caused by airports leads to reduced property values: in
general, each 1 dB growth in noise level leads to a 1% drop
in property value. The purpose of this study is to find a cor-
relation between noise levels and property value impairment
(if any), based on the limited amount of available data, with
regard to Budapest Ferenc Liszt International Airport (BUD).
The examination described in this paper was conducted apply-
ing the commonly-used hedonic model, and, even though this
study could not prove the correlation, it designates the direc-
tion in which necessary database-building and future research
should be conducted.
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1 Introduction

As a result of the extraordinary demands of the explosively
developing tourism industry, airports are the infrastructural
facilities that are being developed the most intensely these
days. However, airports impose concentrated load on the envi-
ronment, and we should be aware of — and possibly control
— its further consequences. Noise pollution is the aspect of the
environmental load imposed by airports on nearby areas that
has the most serious impact on the inhabitants. Noise pollution
causes environmental harm to people living near the airport,
and, indirectly, it causes a loss of value to their properties as
well. This value impairing impact has been examined widely
for a long time in international technical literature. However, no
such research has been published in Central Europe so far. This
study is intended to fill this gap, relying on the limited amount
of available data. We are aware that a significant amount of fur-
ther data and fine-tuning is needed so we can raise local experi-
ence to the level of international research results. What make
this research topical are the increasing demands of society for
sustainability as well as the programme of developing various
elements of social infrastructure: a thorough preparation of
social decisions is only possible if feasibility studies provide a
clear picture on the potential consequences to society and the
economy and additional costs in a timely manner.

This study is focused on the value impairment of proper-
ties situated in the surroundings of the Budapest Ferenc Liszt
International Airport, caused by airport noise. Operated by
Budapest Airport Zrt., Budapest Ferenc Liszt International
Airport (hereinafter referred to as BUD) is Hungary’s largest
airport. In 2014, it reached a record 9.156 million passengers in
total, and in 2013, there were 82,300 aircraft movement in total.
The airport is situated at the southeastern edge of Budapest, 16
km distant from the city centre. It is surrounded by the roads
Ferihegyi Repiil6térre vezeté ut, UllSi 1t, the new Ecseri tt,
Beélatelepi ut and Csévézo ut. Regarding public administration,
the area belongs to the 17th and 18th districts of Budapest,
and to the townships of Vecsés and Ecser. The two runways
of the airport are built in a parallel but offset pattern. For this
reason, the older runway No. 1 (marked 13R/31L) is about
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two kilometres closer to the center of Budapest than the later
runway No. 2 (marked 13R/31R). This type of arrangement is
called a bayonet system. The building complex of the main ter-
minal is in the centre, i.e. between the two runways. The devel-
opment of BUD is still uninterrupted today. The development
of a multifunctional logistics basis was envisaged at govern-
ment level to enhance its commercial capacity’.

As with every airport, the most significant load BUD
imposes on the environment is aircraft noise. However, there
are other types of environmental load as well, such as the tur-
bulence generated by the airplanes, air pollution or fear of the
sight of moving aircraft. Local property sales experts estimate?
the total property value impairment effect of these factors as
25%, and they assume that it actually shows in market prices,
but it should be stressed that this estimate lacks any related
basic studies. Related studies on the spread of air pollution and
noise have already been published in Hungarian technical liter-
ature (Kugler et al., 2010; Munkacsy et al., 2010). Studies that
were conducted during the full flight ban ordered because of
the Icelandic volcano eruption showed that air pollution caused
by aircraft is negligible in proportion to background pollution.

2 Purpose of the investigation; Hypothesis

Setting up a scientific model is a self-evident solution to con-
firm or refute various common beliefs, some of which might
even be labelled “professional”. Especially because extensive
and deep research activity has been conducted and documented
in international technical literature on this matter, and — among
other means — there is a suitable model for the examination,
namely the hedonic method. On the other hand, it is clear that
the database that would be necessary for the application of this
model is only partially available, and it is extremely compli-
cated to gather even the minimum amount of data content that
is required for conducting the analysis. Up to this time, the main
obstacle to conducting this study was the lack of data. Since the
housing market has shifted into the electronic space, this pro-
vides a (still limited) opportunity for an attempt to apply the
experience found in technical literature to an Eastern European
example, i.e. Budapest’s international airport.

The market value of properties is shaped by the actors in
the market, taking experience and comparison data from pre-
vious transactions into account at each transaction. This way,
market value will not be shaped from an aggregate of physical
parameters but from the impacts thereof, filtered through the
subject. In addition, by applying the hedonic model (as will be
explained later), it is shown that the impact of noise pollution

1 Gov. Resolution No. 1473/2015 (15 July)

2 “Blighted Apartments: Even if You Sell Them, You can Take a 20% Loss
for Granted.” (“Rettegett lakasok: ha el is megy, 20 szazalékot biztos buksz
rajta”); http://www.ingatlanmax.hu/index.php?0=22&id=175; downloaded on
16/10/2015.

on the value of a certain property does not depend on the actual
noise level but on the subjective view of the affected individu-
als (Chaso et al., 2012). The subjective feeling of the individual
is of key importance in this matter. This is expressed by the
Life Satisfaction (LSA) index, which was developed primarily
for research related to noise or air quality (Frey et al., 2009).
It should be noted that airport noise will not be treated in the
same way as noise coming from traffic or other sources. The
disturbing effect of aircraft noise is greater, due to its disper-
sion (Miedema et al., 2001).

Based on the above, the hypothesis of this study is as fol-
lows: actors of the housing market (sellers, agents, buyers)
take the noise pollution from the airport into account, and
they make it appear in the asking prices of the properties. We
attempted to justify this hypothesis by conducting a hedonic
study of sample areas. The studied area (the town of Ul18) is
situated well within the noise area of the airport, which means,
it is greatly exposed to airport noise. The control sample area
(the town of Gyomrd) falls into the same category in terms
of the housing market; however, it is outside the noisy area.
There is an average difference of 10 dB in noise levels which
come from aircraft noise between the studied area and the
sample area. This means that, based on our hypothesis and on
international experience, we should find a significant differ-
ence of 8 to 10% in property values.

3 Study of technical literature: The value impairment
of aircraft noise

In 1994, a summary overview® of previous related studies
was made by the Federal Aviation Administration of the United
States (FAA), and, based on these, a recommendation for a new
methodology was made. The purpose of the study was to enable
decision makers, before building new airports, to assess the
expectable additional costs coming from the value impairment
affecting property owners due to increased noise levels. For this
purpose, a mixed data collection and evaluation method was
developed. The study highlights the fact that the value impair-
ment of low-prestige properties is significantly lower than that
of high-prestige properties. It was raised as an open question
that a possible later decrease in noise levels around airports does
not necessarily entail increasing prices. No other (published)
research has been conducted on this matter ever since. Later on,
several (mostly American) experts have researched the value
impairing impacts of airports, always relying on the conclusions
of their predecessors. Besides summarising previous experience
in a 2001 paper, Bell points out that property renters, and thus
rental fees, are less sensitive to increasing noise than to changes
in commercial traffic levels, which is related to the criteria of
property owners (Bell, 2001). Bell illustrates with diagrams the

3 The Effect of Airport Noise on Housing Values: A Summary Report.
Federal Aviation Administration. 1994.
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actions that owners are willing to take in each noise area (legal
measures, group protests, individual complaints etc). Nelson
(2004) studies 33 previous data aggregations in his article, using
a meta-regression model. He experienced that in the area of the
USA, a 0.5 to 1.6 dB increase in noise levels entails a value
impairment of 1%. On the other hand, he pointed out that none
of the previous studies could handle the elimination of value
enhancing impacts of airports, for example, improved acces-
sibility. This factor is also dependent on distance, and, unlike
negative effects, it actually increases property values. In another
paper, published four years later (Nelson, 2008), he described
the modelling procedures for this problem and the related study
findings. He arranged potential methods into two clear-cut
groups: HP (Hedonic Pricing) and SP (Stated Preference). In
2006, Lazic et al. made an overview of significant analyses that
had been made in the USA since 1990, and summarised them
for the purpose of synthesis (Lazic et al., 2006). She found that
both methods applied by analysts lead to the general conclu-
sion that each 1 dB increase in noise load entails about 1% of
property value impairment. Jud applied a new approach com-
pared to previous studies: they studied how the announcement
of building a new airport would affect housing prices (Jud et al,
20006). By applying the SAR model on a sample size of tens of
thousands, the announcement led to a 9.2% decrease within a
2.5.-mile area of the airport and to a 5.7% decrease in a further
1.5-mile area, compared to the usual ~2% discount in the ask-
ing prices. However, despite the massively unequivocal stand-
point of researchers and their multiple synthesis, results with the
opposite outcome appear as well: In his thesis, Valdes (2008)
used a method of spatial correlation and didn’t find any obvious
value impairment in connection with the increase of noise levels
at Oakland Airport. Valdes points out that at certain locations
and for certain types of properties, a change in the items that
constitute value might even lead to an increase in values with
regard to an airport. Boes et al. (2010) share a similar opinion
when they find that rental fees are not influenced solely by the
actual magnitude of noise but also by other, often counteracting,
variables that are related to a certain location. They also found
that in the area of Ziirich Airport, a 1 dB increase in noise levels
led to a 0.5% decrease in rental fees.

4 Technical literature: Application of the hedonic
model

The models used for calculating the value impairment of
stigmatised properties were summarized by Horvath (Horvath
et al., 2014), and they also made a recommendation for the
application of these models in various circumstances. Based on
this recommendation, the hedonic method is the most suitable
in this case. The hedonic model was first extended to the expla-
nation of property values in 1970 (Kain et al., 1970). 39 vari-
ables were divided into 5 groups using factor analysis and, for
each group, regressive correlations were studied and hedonic

formulae were developed for calculating property prices. The
point of the hedonic model is that the value of the property
is broken down into value items, and a multiplying factor is
assigned to each value item, which will represent the weight
of each item in the total value as a “shadow price”. The usual
linear correlation is represented by a formula as follows:

P=a+) (B *x,)+e, (1)

where

P: Value of the property;

o : Constant;

B;: Shadow price of value item No. i;
x;: Value item No. i;

¢: Standard error.

To eliminate an asymmetric development of prices, a loga-
rithmic transformation of variables is often used by applying
the following formula (Malpezzi, 2008):

InP=a+) (B *Inx,)+e. )

The hedonic method has an extensive literature, looking
back to a past of about half a century. In contemporary interna-
tional technical literature, the most research using the hedonic
evaluation method has been conducted by Asian researchers. A
detailed 2002 critical summary (Chan et al., 2002) found that
the housing market can be described by attributes related to
location, building structure and environment. For this purpose,
the target value is determined using a logarithmic transforma-
tion. In this paper, Chan justifies the viability of this model
using a homogenous sample consisting of 120 items. Jim et
al. (2006) also preferred the logarithmic form when they were
studying the value composition of 600 new apartments located
in Guangzhou, China.

In Hungary, the principle of the hedonic method was first
applied to the housing market by Horvath et al. (2007). Horvath
attempted to describe the Hungarian housing market using this
model, taking into account factors related to location, qual-
ity and size of the properties as well as temporal factors. The
Hungarian “House price index”, which was developed by his
workgroup, is also based on this methodology.

Similar problems to those of this study have been researched
using the hedonic method. For example, Thamrongsrisook (2011)
drew up a similar multiple regression model for the value
enhancing impact of the Bangkok underground network, which
justified the hypothesis (i.e. the proximity of the underground
will enhance the value of properties) at certain locations. Hajnal
studied the value impairing impact of telecommunication trans-
mission towers using a hedonic approach in his work marked
(Hajnal, 2012). Some researchers set the goal of fine-tuning
hedonic variables. For example, Herath found that the usual “Bus
stop within 400 meters” value enhancing factor hadn’t brought
any significant change (in the Sydney sample he studied), while
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it was clearly shown in the transaction prices that the “Bus stop
within 200 meters” attribute enhances property values by 6.8%
(Herath, 2015). Morancho also applied a hedonic model in
Barcelona (Morancho, 2003), and experienced that, in the model
of the transaction price, out of the environmental factors, only
the distance to a green park appears, regardless of the size of the
park. As we have previously seen, hedonic model analyses have
been conducted for the value impairing impact of aircraft noise,
too (Nelson, 2004; Nelson, 2008; Boes et al., 2010).

5 Data collection and processing

We chose the family house areas of two very similar settle-
ments for our hedonic study. In the sample area procedure, we
presume that the value conditions of the two settlements are the
same, and the only difference comes from the noise load. In the
case of BUD, the surrounding settlements are quite different
regarding location, available transportation or other attributes;
the two most similar settlements are Ull6 and Gyomré. The
population of Ul18 is 11,600, while the population of Gydémré,
the sample area, is 16,700 (2014 data). Both settlements are
located in the southeastern agglomeration of Budapest. The
distance between their town centres is about 7 km. The attrib-
utes regarding accessibility and available transportation are
very similar in the case of both settlements, in relation to the
whole agglomeration These are typical “commuter towns”; the
housing market revolves around commuters to a great extent’.
The housing markets of both towns show signs of awakening
after the recession, which also shows in the increasing num-
ber of advertisements. Both towns are located at plain areas,
with well-developed town centres and widely dispersed town
structures. The arrangement of buildings is typically subur-
ban style; semi-detached houses are quite typical of both set-
tlements (this is a common feature of Hungarian “commuter
towns”). The biggest difference between the two settlements is
the one relevant for our study: Ull6 falls within the noise area
of BUD, while Gyomr6 doesn’t. This mean that the noise levels
the properties in Ullé are exposed to are 5-10 dB higher than
those in Gyomr6. The designation of a so-called noise-barrier
zone around BUD has been in progress for years now as per rel-
evant law® but it has not been finished yet. The noise isophones
published by the settlements and BUD in 2014 are shown in
Fig. 1. As can be seen in the picture, Ull8 falls within the air-
craft routes, while Gyomrd is outside of this range. This means,
as per our hypothesis, the value impairing impact is constituted
not only by higher noise levels but the visual effect, i.e. the
sight of aircraft, as well.

4 “Migration and the Housing Market in the Agglomeration of Budapest”
(“Migracio és lakaspiac a budapesti agglomeracioban.”) https://www.ksh.hu/
docs/hun/xftp/idoszaki/regiok/bpmigracio.pdf, downloaded on 16/10/2015.

5 Gov. Decree No. 176/1997. (11 October) On the designation, utilisation and
abolition of noise barrier zones to be implemented in the surroundings of airports

Fig. 1 Location of examined areas and noise isophones of BUD
measured in 2014 (source: Budapest Airport)

In Hungary, no public database exists that would contain
the relevant property parameters which are necessary for mar-
ket evaluation. The problem with the public duty imposition
database of the National Tax and Customs Administration of
Hungary (NTCA) is that it lacks the data required for this study
(the ground space of family houses, building quality etc.), and
data related to the properties (number of rooms, comfort level
etc.) are uploaded quite arbitrarily. For this reason, we chose an
advertisement database as the basis of our study. A considerable
part of Hungary’s current real estate offers can be found on the
“ingatlan.com” website. According to the statement published
by the company that runs the website (Arkon Zrt.), the portal
is a market leader, and a large majority of the market offering
can be found there®. This statement is also confirmed by the
experience of real estate agencies. Based on research’, the offer
prices in the advertisements and the prices of the actual transac-
tions are closely related. This relation becomes even stronger
as the market is being stirred up: offer prices are approaching
the actual transaction prices as well. According to the quoted
study, in 2014, asking prices exceeded actual transaction prices
by 16% on average in the affected area. Based on the above, we
found the database of “ingatlan.com” suitable for this study —
with certain corrections and remarks which will be explained
later. Samples were collected on a single occasion, on 21
September 2015, both for Ull§ and Gydmré: the first 200 items
of the daily offer were collected. We picked the category “fam-
ily house for sale” as a filter. Duplicates were weeded out of the
rough sample as follows: if there were more offers for the same
property, we kept the data of the later (more up-to-date) adver-
tisement. Furthermore, we also weeded out extremely deviating

6 “Development according to Demand” (“Fejlesztés az igények szerint.”)
http://info.ingatlan.com/ downloaded on 16/10/2015

7 “Value Map of Residential Properties by OTP Bank” (“OTP Lakodingatlan
Ertéktérkép™) 2014/2, https://www.otpbank.hu/OTP.../Ertekterkep
Lakoingatlan_2014_2.pdf, downloaded on 16/10/2015.
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and obviously wrong data. At the end, there were 149 items left
for the study sample in the case of Gyomrd, and 150 for Ull6.

For each property (record), the following data were
extracted from the advertisement database: asking price of
a property with family house; spatial measures of buildings;
spatial measures of the lot; number of rooms and, if available,
location within the settlement. One of the biggest drawbacks
of the studied database is that it doesn’t enable spatial analy-
sis, because only about a quarter of the advertisements contain
descriptive data related to the location (street name). Moreover,
based on the experience of agents, even this information is
often wrong or misleading. Furthermore, the data, description
and photos related to the quality of the properties are of varying
quality and quantity for each record. These data were analysed
and considered separately for each property, then summarised
under a “quality” data category. As a result, the following
attributes were included under the “quality” variable: year of
building, structure, surfaces, heating method and architectural
value. This variable was evaluated on a scale ranging from 1 to
5: 1 being a property in the worst condition (to be demolished),
and 5 the best, with excellent technical properties. As a result,
the main statistical attributes of the database (managed sepa-
rately for Ull6 and Gyomrd) are as follows (Table 1):

6 Development of the hedonic model

Variables of the above database were examined in a linear
regression analysis as per the hedonic model. Analyses were pre-
pared using the freely downloadable PSPP statistical software
package. As a dependent variable, we chose the price, which was
also considered an approximation of the market value of each
property. Correlation was sought in direct, semi-log and log-log
formats, and the log-log correlation had the greatest explanatory
power (without transformation R* = 0.44; using the natural base
logarithm in the semi-log correlation R* = 0.67, while describ-
ing both dependent and independent variables by natural base
logarithm, R? = 0.73). We therefore applied this model for fur-
ther analysis. Correlations of similar international studies usu-
ally show the explanatory power of the model is between 70
and 90%. The Hungarian analysis of Horvath et al. cited above
stated an R? value of 65-67%, so, we might say our model fits
into the row of similar analyses. After running the model, we
can see that the ground space of the property and the lot, as well
as quality-related variables are decisive, while attributes like the
number of rooms, or whether the property is located in Ull8 or
Gyomrd have no explanatory power. (Table 2).

Table 2 The most important data in the log-log model

Unstandardized Standardized
Table 1 Main statistical data of the sample Coefficients Coefficients t Sig.
o _ . Ulle+Gysmré B Std. Error Beta
uUllé Gyomrd
Total (Constant) -28 18 .00 -1.56  .120
Number of items (n) 150 149 299 INLAKASTER 41 .05 43 8.14  .000
Price (million HUF) Average 19.84 19.61 19.72 INTELEKTER .08 .02 .19 525  .000
Price (million HUF) Min 4.50 5.30 4.50 InNSZOBA .09 .06 .08 1.66  .097
Price (million HUF) Max 63.00 45.00 63.00 InMIN .67 .04 .59 17.14  .000
Pri illion HUF) standard - -
rl({e (ml ion ) standar 9.64 6.24 811 UGYDummy 01 .02 .01 40 691
deviation '
Coefficients (InERTEK)
Area of property (m2) Average 112.69 106.28 109.49
Note: n=299; R=0.85; R°=0.73
Ground space of lot (m2) Average 763.87 694.63 729.37
Number of rooms Average 3.23 3.26 3.25 The final model was acquired by dismissing the number-of-
Quality Average 2.88 3.10 2.99 rooms variable, which shows that the difference between the
Specific price (HUF 000/m2 1 loni
pecific price ( m2) 18658 199.92  193.23 settlements is not significant. (Table 3).
Average
Specific price (HUF 000/m2) Min  42.96 69.13 42.96 Table 3 The most important data in the final model
Speciﬁc price (HUF 000/m2) 372.34 350.00 372.34 Unstandardized Standardized
Max Coefficients Coefficients t Sig.
Specific prlce. (lleF 000/m2) 59 50 5766 58.87 B Std. Error Beta
Standard deviation
(Constant) —-47 .14 .00 -3.26  .001
INLAKASTER 47 .03 .50 14.51  .000
The specific prices in the table were calcu.lated for the InTELEKTER 08 02 19 515 000
ground area of the property, as per the usual practice of the real
‘ , : InMIN 68 04 60 1734 .000
estate market. The comparison of the specific prices of the two
. C . . UGYDummy —.01 .02 .02 -.53 .595
settlements gives grounds for our initial assumption, i.e. the
specific average prices in Gyomrd, the town that is not affected ~ Coefficients (InNERTEK)
. . P Cp= . p2—
by noise load, are 7.1% higher on average. Note: n=299; R=0.85; R*=0.73
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Furthermore, it is clear that the explanatory power of the
quality variable is quite high; in fact, it is higher than that of the
property’s floor area, even though this is practically the only
information used for describing the market, as it enables cal-
culation of the specific price. We have made an attempt to link
cases related to top category (categories 3, 4 and 5) properties
only. (Table 4) The explanatory power of the model is smaller
(R*=0.62), while the significance level of the explanatory vari-
able “location” is decreasing. This change allows us to put a
careful assumption, i.e. (as we have seen in international exam-
ples) that local noise load may prevail more strongly for higher
category properties in this case as well.

Table 4 The most important data in the final model (top category premises)

Unstandardized Standardized
Coefficients Coefficients t Sig.
B Std. Error Beta
(Constant) -.35 21 .00 -1.68  .095
InLAKASTER A7 .04 .65 12.39  .000
INTELEKTER .07 .02 .23 437 .000
InMIN .61 .09 .33 7.17 .000
UGYDummy .03 .03 .05 1.12 262

Coefficients (INERTEK)
Note: n=199; R=0.79; R’=0.62

7 Conclusion

Based on the above examination of the model, we might
draw the conclusion that the extreme, 25% value impairment
that is commonly assumed is not justified by the sample. Even
if such an impact exists at all, it is to a much lesser extent than
commonly thought. Even though the presented model describes
the relations of the housing market well, the hypothesis men-
tioned in the introduction, i.e. the separation of noise-laden and
noise-free areas, could not be justified. This might have sev-
eral reasons: beyond the methodological problems explained
above (insufficient data e.g. asking prices, spatial data etc.),
the reason can be that after the recession, the awakening hous-
ing market and its actors are not sensitive or not as sensitive
to environment-related impacts as we have seen with actors
in the Western European or North American markets. It is an
important finding of the study that the quality of the property
is an essential descriptive variable. This information is avail-
able only arbitrarily in the NTCA database and may be sup-
plemented from advertising websites, even though it can be
crucial for similar hedonic models in the future.

On the other hand, the analysis makes it clear that any further
investigation on the impact of environment-related variables,
including noise, on property prices may only be conducted
by appropriate systematic data collection and compilation of
suitable databases. A more accurate analysis would require
detailed spatial data of each property. By comparing these data

with the properties of the areas that fall within the isophones
of noisy areas, the magnitude of noise could be introduced into
the model. Longer time spans and a regression analysis of them
will be required so that the impacts of market changes can be
considered and filtered appropriately.
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