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ABSTRACT

Although house prices and airports are influenced by distinct factors that shape their evolutions, they are
also intrinsically connected through the natural and built environment. Standard theory suggests that air-
traffic noise and proximity to key economic hubs such as airports are of prime importance to house prices
and the housing market. This study contributes to understanding the link between the housing market,
airport location proximity and air traffic. The research investigates this association across four key urban
areas within New Zealand proximal to an international airport: Auckland, Wellington, Christchurch and
Queenstown. Applying a generalized least squares (GLS) regression approach, the analysis reveals that
house prices, air-traffic activity and proximity to airports within New Zealand demonstrate a statistically
significant effect, and that air traffic volume has a positive effect on house prices. Moreover, the
findings reveal a ‘U’-shape relationship between distance to the airport and house prices, suggesting
that airport noise and pollution adversely affect house prices, with this effect diminishing with distance,
indicating that economic influences and employment may also serve as a positive externality.

ARTICLE HISTORY
Received 20 October 2022; Accepted 28 February 2023

KEYWORDS
house prices; airports; air-traffic activity; cities; amenities

1. INTRODUCTION

In the housing literature, there is evidence that the location of the house is one key characteristic
that can impact its price (Chau & Chin, 2003; Heyman, Law, & Berghauser Pont, 2019;
Lieske, van den Nouwelant, Han, & Pettit, 2021) as a consequence of proximity to both positive
and negative externalities such as schools or public parks (Bartholomew & Ewing, 2011;
Diewert, Haan, & Hendriks, 2014) or exposed to pollution and antisocial behaviour
(Han, Han, & Zhu, 2018; Mohamad et al., 2016; Wadley, Elliott, & Han, 2017). The impact
of air quality, noise and proximity to various types of urban infrastructure can arguably have an
important influence on the quality of life and has become a key issue for consumers when choos-
ing a residential neighbourhood (McCord et al., 2018).
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Notably, the effect of noise ostensibly depends not only on the noise intensity to which
dwellings are exposed, but also on the nature of the noise source and the consequences for social
aversion. Schreurs, Verheijen, and Jabben (2011), undertaking research for the National Insti-
tute for Public Health and the Environment in the Netherlands into valuing airport noise, esti-
mated that the depreciation of real estate value due to airport noise to be in the region €1 billion.
Equally, they estimated the depreciation of land value to be approximately €600 million. There-
fore, the effects of major airports, and their expansions, can be quite controversial and present a
topic of debate in terms of an externality effect on house prices and housing markets.

Seminal studies, such as that of Tomkins et al. (1998), do, however, point out that there is a
noise versus access debate on the impact of airports on urban property markets, with the effects
unlikely to exhibit a uniform, or linear, spatial distribution. Regarding the relationship between
airports (noise and other pollutants) and house prices, various international studies (Cohen &
Coughlin, 2008; Dekkers & van der Straaten, 2009; Lijesen, Straaten, Dekkers, Elk, & Blok-
dijk, 2010; McMillen, 2004; van Praag & Baarsma, 2005; Zheng et al., 2020) have tended to
show that properties located in closer proximity to an airport tend to have their prices lower
than their counterparts, primarily due to increased exposure to noise and air pollution. In con-
trast, studies such as that of Lipscomb (2003) have revealed price premiums in relation to proxi-
mity to airports. Accordingly, there are associated costs and benefits, or disamenity and amenity
effects with regards to the presence of, and distance to, airports, with the benefits generally per-
ceived to be access, employment and upgraded infrastructure; and the costs mainly environ-
mental degradation and problems of noise and traffic congestion for adjacent populations.

Despite the voluminous literature examining the adjacency of airports as an externality, there
remains limited evidence and empirical insights as to whether this effect is observable in the
New Zealand context. More importantly, given the recent COVID-19 pandemic where the
global aviation sector was halted with much fewer flying activities, one question arises: Does
proximity to airports influence house prices? This study, therefore, examines housing prices
and their determinants in New Zealand suburbs surrounding the four international airport cities
of Auckland, Christchurch (Harewood), Wellington (Rongotai) and Queenstown (Frankton).
The reasons to choose New Zealand as a case study is that the country’s housing prices kept
increasing even during the COVID-19 recession (Yiu, 2021), and that only New Zealanders
were allowed to travel back to the country via the four international airports due to the country’s
border restrictions (Gdssling et al., 2021; Ngo, 2020). Applying cross-sectional data at the sub-
urb level, we develop several generalized least square (GLS) regression models and measure the
distance of the suburb to the airport, airline traffic (passenger) volume change between 2017 and
2021, and finally we account for the effect of COVID-19 to examine whether this has had an
impact on the New Zealand housing market. In this sense, our contribution to the literature is
twofold. First, this study is the first attempt to account for the non-linear relationship between
airport proximity and house prices, despite the fact that it has been observed previously (Kaur
et al., 2021; Rahmatian & Cockerill, 2004). Second, we provide a more detailed picture of the
above relationship in the New Zealand housing market using a large dataset (four airports, five
regions — of which Auckland Airport covers two regions, 334 suburbs and five years, yielding
about 1500 observations), especially during the COVID-19 pandemic where a record number
of New Zealanders returning to the country was observed, which significantly affected the mar-
ket (Statistics New Zealand, 2020; Stuff, 2020; The New York Times, 2021).

2. RELEVANT STUDIES

In the context of housing literature, an emerging and important area of research in terms of sus-
tainability goals and the more general health and well-being of the global population relates to
noise pollution and the environmental, economic, and social (dis)amenity effects. These
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environmental externalities, neighbourhood amenities and their proximity are key consider-
ations for property prices (McConnell & Walls, 2005). Indeed, in relation to environmental
economics there has been a long and established history within hedonic pricing studies
which have examined the nature and role of proximate locational externalities (Kauko, 2003),
neighbourhood and school quality (Gibbons & Machin, 2008; Forrest et al., 1996; Mohamad
et al., 2016; Rehm & Filippova, 2008), environmental degradation (Bao, 2021), air pollution
and quality (Amini et al., 2022), traffic noise and proximity (Andersson, Jonsson, & Ogren,
2010; Blanco & Flindell, 2011; Day, Bateman, & Lake, 2007), accessibility to amenities
(Duarte & Tamez, 2009) and key infrastructure amenities (Efthymiou & Antoniou, 2013).

2.1. Airport proximity and noise

The institutional setting and impact of airport proximity on neighbouring communities is a
strongly debated topic as to whether they are perceived as amenities or disamenties (Affuso
et al., 2019; Salvi, 2008). According to Salvi (2008), the positive aspects of proximity are gen-
erally related to the provision of communication links and to the direct economic importance of
airports, with the negative impacts largely stemming from the adverse environmental effects pri-
marily associated with aircraft noise. Numerous studies have therefore examined the proximal
effects to airports and aircraft noise on housing markets using a variety of econometric specifi-
cations and approaches. Indeed, studies investigating the effects of airport noise on residential
housing markets extend back to the mid-1970s where seminal research (Nelson, 1979;
O’Byrne, Nelson, & Seneca, 1985; Rosen, 1974) explored the connection between cumulative
measures of airport noise and property prices for a number of North American and European
airports. Since then, research within this area has progressed alongside the increased sophisti-
cation of software and the availability of data for measuring the proximity and noise effects.

The early study by Uyeno, Hamilton, and Biggs (1993) estimated the density and impact of
airport noise on property values for detached houses, multiple-unit residential condominiums
and also for vacant land. Applying a variety of regression models to test continuous and banded
distance, they found that a unitary increase in noise level results in a decrease of approximately
0.65% in property price for detached houses. Notably, the authors showed that a one unit
increase in noise level results in a decrease of approximately 0.90% for condominiums. When
considering the impact on vacant land values, they found that vacant land values are approxi-
mately 16% lower for properties exposed to a 10 dB incremental levels. Taking a slightly differ-
ent approach, and building on the findings of Uyeno et al. (1993), Collins and Evans (1994)
applied an artificial neural network (ANN) approach to identify whether there was an effect
between aircraft noise and residential property values. Considering the application of ANNs
to be useful due to their powerful abilities for pattern recognition and to distinguish between
complex neighbourhood classifications, the authors revealed a range of value effects which differ
markedly between property types. Notably, they identified that detached house prices are more
sensitive to aircraft noise than semi-detached or terraced properties.

Espey and Lopez (2000) applying hedonic analysis also estimated the relationship between
residential property values, airport noise and proximity to the airport in the Reno—Sparks area of
Nevada, USA. Their results showed a statistically significant negative relationship between air-
port noise and residential property values, with the average home in areas where noise levels are
65 dB or higher displaying a discount of US$2400 than equivalent homes located in quieter
areas. Similarly, Cohen and Coughlin (2008) when comparing various spatial econometric
models to examine the impact of airport noise for Atlanta in Georgia, USA, showed that houses
located in areas considered outside of ‘normal’ day—night general decibel levels sold for 21% less
than houses located in areas where the normally accepted decibel ranges were not breached. In
addition, they revealed there to be a negative price elasticity effect, indicating that houses further
from the airport, on average, have lower sales prices, inferring that proximity to the airport
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demonstrates somewhat of an amenity effect. This finding is in accord with the earlier study of
Tomkins et al. (1998) who found proximity to Manchester Airport in the UK to comprise an
amenity effect citing employment and economic benefits.

The work of Affuso et al. (2019) also questioning whether airport proximity is an amenity or
disamenity, applied spatial autoregressive models with directional effects to assess the impact of
airport noise on housing values in Mempbhis, Tennessee, USA. Their study established that
proximity to Memphis International Airport is perceived as a disamenity, with an average exter-
nal cost of US$4795/dB of noise per household. This was also notable in the research of Dek-
kers and van der Straaten (2009) who developed a spatially explicit hedonic pricing model to
quantify the social cost of aircraft noise disturbance around Amsterdam Airport in the urban
fringe of the Amsterdam region. They found that higher noise levels resulted in lower house
prices. More specifically, the authors discovered air traffic noise comprising the largest price
effect, showing a marginal benefit of 1 dB noise reduction of €1459 per house, leading to a
total benefit of 1 dB noise reduction of €574 million. Salvi (2008) also applied spatial econo-
metric techniques to measure the impact of airport noise on the price of single-family homes
in the Zurich Airport area. Using approximately 4000 sales transactions and georeferenced
noise measurements aligned to changing patterns of runways configurations derived from a pro-
prietary aircraft noise model,' and controlling for neighbourhood fixed-effects, the author
established a noise discount index of 0.97%, with typical discounts ranging between 2% and
8%. In a comparable paper, Rahmatian and Cockerill (2004) observed that the average home
prices in southern California were lower by approximately US$16,600-17,400 for houses
located within 150-300 m from an airport, and more than US$21,000 for houses located
between 600 and 750 m. Similarly, recent research undertaken by Kaur et al. (2021) also
found that houses locate within the 400-500 m radius of Essendon Airport in Melbourne, Vic-
toria, Australia, have an average price of AUS $515,015, noting that when the radius increases
to 1.3-1.4 km (but still within the noise contour of the airport) and further to 1.6-1.8 km, the
average prices respectively increased to AUS $809,748 and then dropped to AUS $688,659.

A strand of enquiry has evolved with studies investigating the relocation and expansion of
airports and flight paths on housing market activity, behaviour and pricing levels, with
opponents of airport expansions arguing that increased noise will reduce property values and
lower tax bases. In a study estimating the effect of the expansion of O’Hare International Air-
port in Chicago, Illinois, USA, and the accompanying noise on property values in the area,
McMillen (2004) found home values to be 10% lower in areas that are subject to severe
noise. Despite this initial finding, they did acknowledge and estimate that with aircraft becom-
ing quieter, house prices may rise by as much as US$284.6 million in the densely populated area
around O’Hare after a new runway is added to the airport. A comparable study by Jud and
Winkler (2006) also explored the influence of the announcement effect of a new airport hub
on housing prices. Controlling for extraneous influences, they found that property prices within
a 2.5-mile radius declined approximately 9% in the post-announcement period wizhin a 65 dB
noise contour band, with properties located within the subsequent 1.5-mile proximity band,
decreasing by 6% in the post-announcement period.

More laterally, Mense and Kholodilin (2014) scrutinized the effects of an airport expansion
and accompanying noise on house and apartment prices located under (new) planned flight
paths. The findings revealed that property listing reduced sizeably in areas located under the
published flight paths, with an average decrease in value of 9.2% up to a distance of 3 km.
Their analysis also indicated that where the intended flight altitude was below 1 km, the dis-
count ranged between 11.8% and 12.8%, whereas higher flight altitudes observed an average
discount of approximately 8.3%.

A similar research study was conducted by McCord et al. (2018) using advanced spatial mod-
elling techniques to assess proximity to airport noise and if the flight path affected property prices
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for Belfast, UK. The authors found that high and moderate noise dB levels exhibited a negative
influence on house prices. They also noted that there are spatially distinctive patterns in proximity
to the airport, observing some market areas to be unaffected by the distance and noise externality,
whereas other markets areas displayed negative associations across the coefficient quartiles which
they suggested was a consequence of the existing flight path which is located directly above the
south of the city. Directly measuring whether the houses fell within the boundary of being directly
under the regional airport flight path, and whether the dB levels impact market pricing, they
found that flight path noise has a negative impact on house prices of approximately 5.5%.

Some existing research has further explored the effect of airport proximity and noise on dif-
fering sized airports. Lipscomb (2003), in an interesting paper focusing on the impacts an air-
port on a small urban city, found that being 1 mile further from Hartsfield International Airport
in Atlanta, Georgia, decreases the sales price of a house, on average, by approximately US
$36,332, and also demonstrating a US$9083 decrease in the sales price for each quarter-mile
proximity relative to an average valued house of US$101,708. Appositely, the author revealed
there to be no statistical significance of noise as a predictor of sales price, which he suggests
is most likely due to a change in the noise level not causing a significant change in sales
price, and that proximity may infer that the benefits outweigh the liabilities in smaller cities reli-
ant to the economic benefits of the airport.

A comparable study undertaken by Lu and Morrell (2006) also investigated the existence of
environmental and social costs at different sized airports and the role of aircraft noise and engine
emissions. Employing data for three major British airports and two Dutch airports, the authors
found that the impacts of engine emissions were greater than that of noise. Further assessing the
environmental cost with the traffic volume of an airport, the results for the five selected airports
revealed a curvilinear relationship between annual environmental costs and aircraft movements,
suggesting that marginal environmental costs are increasing as aircraft movements increase,
more notably for larger airports as a consequence of social costs.

Equally, Tsao and Lu (2022), for the case of Taiwan Taoyuan International Airport, eval-
uated the impact of aviation noise on house prices employing three different hedonic price
models (HPMs). Their empirical results revealed that aviation noise has a significant negative
impact on house prices in the region of US$2356/dB within the noise contour areas of 60-64
dB, and US$3623/dB for contour areas greater than 65 dB.

In terms of air-traffic volume, the research conducted by Tsui et al. (2017) applying a two-
least squares methodology to establish whether house prices across three key regions and air-
ports within New Zealand are related to the level of air traffic, empirically found that airport
traffic volume positively and significantly influenced house prices.

Other studies have integrated the role, proximity and noise related to airports in relation to
socio-demographic characteristics of surrounding neighbourhoods and land-use ordinance and
regulation. Ogneva-Himmelberger and Cooperman (2010) in a spatio-temporal analysis of
noise pollution near Boston Logan airport, Massachusetts, USA, identified ‘hot’ and ‘cold’
socio-demographic clusters representing spatial concentrations of social groupings to corre-
sponding levels of vulnerability to environmental impacts and noise levels. Their findings
revealed that social groupings ‘paying’ for the cost of noise from Logan International Airport
in Boston is highly vulnerable as there are more minority and lower income populations, and
lower house prices in the noise-affected areas.

In terms of planning ordinance, Batdg, Forys, Gaca, Gluszak, and Konowalczuk (2019),
investigating airport noise for a number of regional airports in Poland with a specific emphasis
on the role of land-use regulation, applied spatial hedonic regression and a difference-in-differ-
ences approaches to examine the introduction of new land-use restrictions on property prices.
They found that the introduction of land-use restrictions impacted upon property prices adja-
cent to airports.
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In a follow up study, Batég et al. (2019) examined single-family house prices in adjacent
areas proximal to the Gdansk Lech Walesa Airport and the Warsaw Chopin Airport in Poland.
Using a variety of spatial econometric approaches, the findings revealed differential effects of
proximity to airports on the prices of single-family houses located in limited-use areas in
Gdansk and Warsaw.

2.2. Airport proximity and the willingness to pay

Whilst revealed preferences using hedonic-based price studies have dominated the literature,
there have also been a number of stated preference studies, generally contingent valuation and
‘willingness-to-pay’ (WTP) methods, examining the impact of airport proximity and noise ema-
nating back to the early to mid-1990s such as Feitelson et al. (1996) and Navrud (2002). Feitelson
etal. (1996) in a WTP and contingent valuation approach for investigating the impact of airport
noise in light of an airport expansion revealed that compensation programmes do not fully com-
pensate homeowners or renters for the loss associated with higher noise exposure. Research
undertaken by Wardman and Bristow (2008), examining Manchester, Lyon and Bucharest,
looked at embedding aircraft noise nuisance within a broader quality-of-life context, namely
changes in aircraft movements by aircraft type within specific time periods, and changes in generic
aircraft movements by time of day. They established that respondents across the three selected
airport regions value a change of one aircraft per hour in the daytime between €0.87 and
€1.10, with evening changes in hourly aircraft volume ranging between €0.31 and €1.26.

Carlsson, Lampi, and Martinsson (2004), using data on Stockholm, Sweden, also scruti-
nized how the marginal WTP for changes in noise levels is attributable to changes in the volume
of flight movements by applying a choice experiment method. Similar to Wardman and Bristow
(2008), they found the WTP to vary with the temporal dimensions, insofar that mornings and
evenings have higher marginal values. The study undertaken by van Praag and Baarsma (2005),
employing a survey in relation to individuals’ ‘life satisfaction or ‘happiness’ relative to income
and exposure to aircraft noise, showed that the net income compensation required to offset air-
craft noise equates to approximately 3% of net annual household income or 9% of housing costs.
Similarly, Pope (2008) focusing on the role of asymmetric information, and more specifically
seller disclosure on the implicit price for airport noise for Raleigh-Durham International Air-
port, North Carolina, USA, indicated that the airport noise disclosure reduced the value of
houses by almost 2.9%, which they estimate to translate into approximately a 37 percentage
point increase in the implicit price of airport noise.

The existing studies, in line with an earlier meta-analysis undertaken by Nelson (2004),
reveal noise discounts attributable to airport proximity and air traffic which are more (or less)
sizeable relating to market context and other economic circumstances, differences and market
structures. The literature generally exhibits there to be consensus in terms of the noise discounts;
however, the proximity of airports is more ambiguous with studies showing proximity to be
either a disamenity or an amenity for some adjacent urban housing markets. This study there-
fore augments this debate by examining four key regional airports across New Zealand in order
to identify whether, and to what level, there is an externality effect negative relationship between
airport noise exposure, air-traffic volume and residential property values.

3. DATA AND METHODOLOGICAL APPROACH

3.1. Methodology

This research applies a critical realist approach, which relates to underpinning economic and
consumer preference and choice reality of people making housing decisions based on house
prices and amenity value such as proximity to airports (Affuso et al., 2019). In this regard,
the hedonic price model (HPM) is the most common statistical approach used in housing
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price analysis (Affuso et al, 2019; Dekkers & van der Straaten, 2009; Salvi, 2008;
Swoboda, Nega, & Timm, 2015; Theebe, 2004). In general, the HPM contends that buyers
value each characteristic or attribute that makes up the product, for example, a house, differ-
ently, such that the price of that product should and can be disaggregated according to those
characteristics (Lieske et al., 2021). Among those characteristics, the HPM literature, as dis-
cussed in the previous section, has identify a non-linear impact of airport proximity on house
prices (Kaur et al., 2021; Rahmatian & Cockerill, 2004); however, this impact has not been
empirically examined. In this sense, the incorporation of critical realism and HPM can provide
better insights on this issue.

Specifically, Lieske et al. (2021) and Zhang and Tao (2020) argue that one could estimate
the relationship between price and characteristics of a house as:

PRICE; = By + BiX;u + & 1)

where PRICE;; measures the median price of houses in suburb i sold in year # X;; is a vector of
housing characteristics (including location, house size, land size, etc.) of the median house of sub-
urb 7 sold in year # B is a vector of parameters to be estimated; and € is the measurement error.

It is well versed that standard ordinary least squares (OLS) hedonic models are prone to
functional form, biased coefficients and instability due to heteroscedasticity
(Fletcher, Gallimore, & Mangan, 2000). To account for any possible correlation between the
regression residuals, a panel generalized least squares (GLS) estimation method is employed
in this study to examine the effects of different attributes on property price. In case the residuals
are correlated and/or the variances of the observed values are not equal (i.e., heteroscedasticity is
present), OLS and weighted least squares (WLS) will fail to be an efficient estimator, resulting
in misleading spurious statistical inferences. In contrast, the GLS approach produces unbiased,
efficient, consistent and asymptotically normal results.” Therefore, within the confines of this
research, the panel GLS allows for the estimation of robust results from an unbalanced panel
dataset of the 312 suburbs in the neighbourhood of four international airports in New Zealand
for the five-year period of 2017-21, whilst also controlling for the fixed effect variables (Haddad
et al., 2011; Quigley, 1995; Wooldridge, 2016).

For the main techniques employed, two central themes are developed, each containing four
regression models, in which both static and dynamic GLS regression approaches are adopted.
The first theme explores a static temporal view (year on year), and the second theme adopts a
dynamic temporal view where the time lag of price is also included. For each of these static and
dynamic themes, we construct (1) a (base) model with no fixed effect, (2) a model with only the
regional fixed effect, (3) a model with only the time/year fixed effect, and (4) a model with both
the regional and yearly fixed effects.

From a technical perspective, a static linear regression takes the form of y, = aw, + ¢,
whereas a dynamic linear regression can be expressed as y, = y,_z + ax, 4 ¢,. In other words,
in a static model, the dependent variable y is a function of a set of independent variables x
from the same period, whereas in a dynamic model, y is also affected by its own value(s)
from the % previous period. The temporal variability of the coefficient in the dynamic model
therefore allows us to observe and model the change in the impact of an attribute on house
price in a more flexible manner, which more accurately reflects the property price determination
process in reality.

For the first theme, it is assumed that house prices (of a certain suburb in a certain year) are
impacted by the characteristics of the houses in the same year and, thus, we define it as a static
model of house prices. This first static approach incorporates a baseline model that explores global
results for all five geographies with an international airport in proximity. The second model looks
atregional fixed effects of the five geographies under analysis, with the third model statically looks
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at global results over time year by year (e.g., 2014, 2015, etc.). Model 4 further accounts for the
regional fixed effects, but takes account of the temporal dimension, year by year.

As identified, several studies have found a positive linkage between tourism and air traffic to
regional house prices (Alola et al., 2020; Biagi et al., 2015, 2016; Tsui et al., 2017). Since airport
activities can influence air traffic and tourism, we therefore include the number of air passenger
arrivals, PAX, as a further control variable within the modelling. As discussed previously, the
location characteristic represented by the distance between the house and the closest airport
(DISTANCE) can also contribute to house prices. Subsequently, we further control for the
non-linear effect of this factor via DISTANCE? (i.e., the square of DISTANCE); as previous
research indicated that this non-linear relationship is apparent but remains limited within exist-
ing studies investigations. Note that the use of the quadratic term in non-linear econometric
analysis is common (Dai et al., 2020; Pérez-Molina, 2022; Xiao et al., 2019).

Furthermore, to account for the impact of the recent COVID-19 pandemic, and to also con-
sider the differences in house prices between regions and across different years, we modify
equation (1) as follows:

PRICE;, = By + BX,it + PAX; + DISTANCE; + DISTANCE? + COVID
+ REGION + YEAR + & )

where PAX;; represents the number of air passenger’s throughput at airport i in year f
DISTANCE; measures the geographical distance between the centroid of a suburb 7 and the clo-
sest airport; DISTANCE?; is the squares of DISTANCE;; COVID is a dummy variable which
has the value of 1 for 2020 and 2021, and 0 otherwise; REGION is a vector of dummy variables
represents the five regions of Auckland—Manukau city, Auckland—Papakura city, Wellington,
Christchurch and Queenstown; and YEAR is also a vector of dummy variables represents differ-
ent years from 2017 to 2021.

It is noted that the five regions correspond to four international airports in New Zealand,
which are Auckland Airport (covering two regions), Wellington Airport, Christchurch Airport
and Queenstown Airport. These airports have the largest activities in the country, even during
the COVID-19 pandemic (Ho, Nguyen, Ngo, & Le, 2021; Official Airline Guide, 2022).
Therefore, we expect that the impact of PAX on PRICE as in equation (2) would be more pro-
nounced at the suburbs surrounding those airports. We also note for the dataset timeframe that
the city of Dunedin in the South Island also has an airport of international status, but since the
COVID-19 pandemic the one regular international flight has not been reinstated, and thus it is
omitted from the study.

For the second theme, we argue that house prices do not only reflect the same year’s charac-
teristics but also are influenced by the house prices of the previous year, that is, the ‘momentum
effect’ (Head, Lloyd-Ellis, & Sun, 2014; Oikarinen & Engblom, 2016; Tsui et al., 2019; Tit-
man et al., 2014). Therefore, we include the time lag of price as an independent variable with the
initial baseline global model — note that this technique is also popular in the generalized method
of moments (GMM) approach (Le et al., 2021, 2022; Ngo et al., 2022; Yuen et al., 2022). The
second model also incorporates a fixed spatial regional effect of all five geographies, with the
third model a dynamic time lagging on price developed, and a final regional fixed effects of
all five geographies further incorporated as follows:

PRICE;, = By + B;X,is + PRICE;,_1 + PAX;, + DISTANCE; + DISTANCE}
+ COVID + REGION + YEAR + & 3)

where PRICE; ;_1 is the house price from the previous year. In this sense, the empirical themes
and models can be summarized as in Table 1.
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Table 1. Empirical themes and models used within the analysis.

DISTANCE
Variables Xijit PRICE; PAX: DISTANCE? CovID REGION YEAR
Static theme
Model 1 v v v v
Model 2 4 v v v v
Model 3 v v v 4
Model 4 4 v v v v
Dynamic theme
Model 5 4 4 v v v/
Model 6 v v v v v v
Model 7 4 v/ v v v
Model 8 v v v v v 4

Note: The dependent variable for all models is PRICE; (in logarithms). The dummy variable COVID is omitted
when the YEAR dummy variables are introduced in the model (e.g., model 4 or 7) due to the multicollinear-
ity issue.

3.2. Data

The data applied within this study are derived from two main sources. First, the house price data
for the four international airport cities of Auckland, Christchurch, Wellington and Queenstown
encompassing sales prices (PRICE) and property characteristics such as house size, land size and
number of bedrooms (X) was collated from CoreLogic who provide information on property
analytics, valuations and sales transactions,” providing 422,884 transactions in total dating
back to 1980. CoreLogic is a global leader in property information in the United States, Aus-
tralia and New Zealand; the property data of CoreLogic have been widely used by commercial
banks, mortgage advisors, insurers and even the government (CoreLogic, 2022).

Comparative units of administrative geographies were applied based on the size of popu-
lation and geographical expanse of each city. Notably, the Auckland ‘Supercity’ warranted
the inclusion of both Manukau city and Papakura city given their geographical proximity to
the airport. Overall, the data comprised 312 suburbs within the five city regions to which
cross-sectional analysis was conducted in order to calculate the average price and distance
(km) from each suburb (centroid) to the airport to obtain a robust ‘price—distance’ fixed effect
from 1981 onwards. In this sense, this paper differs from previous studies by using suburb-
level data, that is, each suburb is an observation, instead of regional or house-level data (T'sao
& Lu, 2022; Tsui et al., 2019). However, it comes with a trade-off: we could not include
other popular house-level variables such as the distance from a suburb to its central business dis-
trict (CBD) or motorways as additional explanatory factors of our models.

Second, regarding air passenger traffic volume (PAX), the data were directly extracted from the
four international airports’ (Wellington, Christchurch, Auckland and Queenstown) monthly traf-
fic 1reports4 between 2017 and 2021. Table 2 presents the variables, their descriptions and descrip-
tive statistics of the data applied within the study. Given the nature of real estate data, the
logarithmic of sales price is used as the log-linear model helps normalize the dataset and ease
of interpretation of the estimation effects (Knoke, Burke, & Burke, 1980; Wooldridge, 2016).

4. EMPIRICAL RESULTS AND DISCUSSION

4.1. Static analysis findings
We first report the results of static models, that is, ones that examine a median house in a certain
suburb, with house price considered as a function of the house’s hedonic characteristics and
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Table 2. Variables and descriptive statistics.

Variable Description N Unit Mean SD Minimum Maximum
Dependent variable

PRICE Sales price 1470 NzZD 929,993 613,775.60 66,750 10,000,000
Explanatory variables

HOUSESIZE Property size 1471 m? 137.2 53.82 10 385
LANDSIZE Parcel (land) size 1471 m? 3640.98 22,018.24 50 610,100
BEDROOM Number of bedrooms 1471 room 2.86 0.85 1 5

PAX Passenger numbers 1515 person 8,811,267 6,846,704 1,152,996 21,100,000
DISTANCE Distance from suburb to airport 1515 km 566.09 2043.86 0.48 14,010.47
DISTANCE? Distance squared from suburb to airport 1515 km 4,495,078 18,800,000 0.23 196,000,000
coviD COVID = 1 if the sale is after 1 March 2020, 0 otherwise 1515 dummy 0.4 0.49 0 1

REGION Suburb in which the property is located 1515 dummies 3.14 1.79 1 6

YEAR Year property transacted 1515 years 2019 1.41 2017 2021

Note: The statistics of the original values of the variables are shown. In our estimations, their logarithmic values, except for dummy variables such as COVID or YEAR, are

used instead.
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Table 3. Estimated results of the static models.

Model 1 Model 2 Model 3 Model 4
Variables Coefficient SD Coefficient SD Coefficient SD Coefficient SD
HOUSE SIZE 0.399*** 0.032 0.481*** 0.029 0.408*** 0.028 0.474%** 0.026
LAND SIZE 0.077*** 0.011 0.082*** 0.009 0.083*** 0.01 0.085*** 0.008
BEDROOM 0.027 0.037 -0.016 0.036 0.026 0.032 —0.008*** 0.031
PAX 0.107*** 0.024 -0.022 0.031 0.173*** 0.022 0.101*** 0.028
DISTANCE —0.134*** 0.042 —0.134%** 0.027 —0.147*%** 0.042 —0.133*** 0.026
DISTANCE? 0.014%*** 0.004 0.012*** 0.003 0.014*** 0.004 0.012%** 0.003
coviD 0.348*** 0.023 0.24*** 0.028
REGION
Christchurch —0.998*** 0.044 —0.886*** 0.042
Manukau —0.35%** 0.045 —0.347%** 0.044
Papakura —0.439*** 0.066 —0.436*** 0.065
Queenstown —0.491*** 0.08 —0.241%** 0.074
Wellington —0.534*** 0.054 —0.418%** 0.051
YEAR
2018 0.027** 0.013 0.033** 0.013
2019 0.045*** 0.013 0.053*** 0.013
2020 0.3711*** 0.021 0.259*** 0.025
2021 0.553*** 0.024 0.493*** 0.028
Constant 9.527 0.411 11.772%%* 0.532 8.385*** 0.379 9.695%** 0.482
R? 0.33 0.76 0.39 0.78
Wald XZ 1012.36 2160.32 1702.86 2828.43
N 1276 1276 1276 1276

Note: SD, standard deviation; ** and ***statistical significance at 5% and 1%, respectively.
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other airport’s relevant factors (Table 3). The large values of the Wald y* suggest that all the
static models (models 1-4) provide insightful explanations on the influence of house size,
land size, tourism, distance to the nearest airport and COVID-19 on house prices. Notably,
the analysis shows that the signs and significant levels of the estimated coefficients are consistent
across the models.

Model 1 provides the baseline model estimates with an R of 33%,” and shows proximity to
the nearest airport (DISTANCE) to exhibit a negative coefficient (—0.134), which is statistically
significant at the 1% level, with the number of passengers (P4X) exhibiting a positive significant
effect on house prices. As previously noted, we included the squared term of distance (DIS-
TANCE?), to account for non-linearity. The findings from model 1 show this to be positive
and statistically significant (0.014, p < 0.001), suggesting that the negative effect of proximity
to airports seems to diminish over distance.

Model 2, accounting for regional fixed-effects, reveals an increase in R? to 76%, and further
confirms that proximity to airports display a negative effect of 13.4%. In contrast to model 1, the
results observe PAX to be negative, although not statistically significant.

Model 4, which includes all variables (but the COVID dummy variable was omitted due to
multicollinearity with the YEAR dummies), shows R? increasing to 78%, and also exhibits dis-
tance to airports showing a negative effect (13.3%) on house prices, which also appears to
diminish over space (DISTANCE? = 0.012, <0.001).

4.2. Dynamic analysis findings

Table 4 reports the results of the dynamic models (models 5-8) in which the median house price
in a certain year is also influenced by its price from the previous year. The models exhibit
increased R* and x* values, compared with the static models, suggesting that the inclusion of
house price from the previous year improves the explanatory power of the models. Further,
the coefficients on PRICE,_ are positive and statistically significant, implying a certain degree
of temporal autocorrelation within the transaction price time series. Similar to the static models,
there is a relatively high consistency across models 5-8 in terms of their coefficient estimations.
The findings of model 8 comprising both regional and time fixed effects show air passenger
volume to be positive (PAX =0.012, p > 0.05), however statistically insignificant. In terms of
proximity to international airports, the findings exhibit both distance coefficients to be signifi-
cant at the 1% level and revealing a negative effect of 9.8% (DISTANCE), which appears to
diminish over space (DISTANCE? = 0.009, p < 0.001).

Further analysis into the role of proximity to airports exhibits a non-linear and inverse U’-
shape relationship to be evident between airport proximity and house prices (Figure 1). To esti-
mate the nature of the effect, we combine the positive coefficients of DIS TANCE? with the
negative coefficients of DISTANCE to estimate the degree of distance and house prices. As
observed in Figure 1, using the distance coefficients from model 8 in our analysis, we estimate
the level of X at the minimum value of the quadratic function Y = aX? + 4X + ¢, where
a=—0.098 (ie., the coefficient of DISTANCE?), b = 0.009 (i.e., the coefficient of DIS-
TANCE), and ¢ is a constant. Accordingly, the value of X which makes the quadratic function
reach its minimum is computed as X = — 2—1; = — ;ﬂ%ﬂ%%% = 5.59 and, thus, the corresponding
value of airport proximity is DISTANCE = exp(5.59) = 266.65 .2 In other words, houses (sub-
urbs) located approximately within 300 m from an airport in New Zealand will have the lowest
price, holding other factors constant, and as distance increases those houses (suburbs) further
away show price premiums. This indicates that distance to airports can be viewed as both nega-
tive and positive externality as it suggests that houses in the immediate adjacency to airports will
have lower prices, but only to a certain level of distance, then the prices will start to increase. In
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Table 4. Estimated results of the dynamic models.

Model 5 Model 6 Model 7 Model 8

Coefficient SD Coefficient SD Coefficient SD Coefficient SD
HOUSE SIZE 0.335*** 0.036 0.417*** 0.031 0.372*** 0.034 0.438*** 0.028
LAND SIZE 0.040*** 0.010 0.063*** 0.008 0.055*** 0.010 0.077*** 0.008
BEDROOMS 0.085* 0.045 0.032 0.039 0.094** 0.041 0.053 0.035
PRICET_4 0.532*%** 0.021 0.316*** 0.022 0.396*** 0.021 0.185%** 0.021
PAX 0.059*** 0.020 —0.121%** 0.032 0.114*** 0.021 0.012 0.029
DISTANCE —0.053** 0.023 —0.078*** 0.021 —0.082*** 0.025 —0.098*** 0.022
DISTANCE? 0.005** 0.002 0.007*** 0.002 0.007*** 0.002 0.009*** 0.002
CcoviID 0.240%*** 0.021 0.105*** 0.029
REGION
Christchurch —0.752%** 0.044 —0.768*** 0.042
Manukau —0.266*** 0.035 —0.305*** 0.037
Papakura —0.331*** 0.052 -0.376*** 0.055
Queenstown —0.521*** 0.074 —0.325%** 0.070
Wellington —0.433*** 0.046 —0.384*** 0.045
YEAR
2019 0.023** 0.014 0.020** 0.012
2020 0.217*** 0.022 0.145%** 0.026
2021 0.395*** 0.025 0.341*** 0.030
Constant 3.496*** 0.379 9.281 0.600 4.200%** 0.385 8.706*** 0.538
R? 0.78 0.85 0.75 0.84
Wald XZ 1664.48 2962.24 1735.51 3198.02
N 1006 1006 1006 1006

Note: SD, standard deviation; ** and ***statistical significance at 5% and 1%, respectively.

(0194

‘|e 19 06BN yueyy



House prices, airport location proximity, air traffic volume and the COVID-19 effect 431

04 | InPRICE

0.3

0.2 Y =-0.098X2 + 0.009X

P

-4 -2 0 2 4 6 8 10 12 14 16

-0.1 InDISTANCE

-0.3

-0.4
Figure 1. 'U’-shape relationship between house price and airport proximity.

short, one can argue that airport noise and pollutions adversely affect the housing market in
New Zealand, and that houses father away from the airport sell at a premium.

5. KEY FINDINGS AND DISCUSSION

This section is mainly based on the extended models of our analysis where the improved R? of
those models (compared with model 1) suggests that they can explain the situation of the New
Zealand housing market. In this sense, we have successfully applied the HPM approach to
examine whether and how the various attributes (e.g., house size, number of bedrooms, distance
to the airport) affect property prices in New Zealand across regions and over time.

Our first notable finding is that across all eight models, the analysis exhibits the hedonic
model tends to hold true for the New Zealand housing market. Specifically, house prices in
New Zealand are influenced by the housing attributes, in which larger houses (both in terms
of land size and house size) tend to be more expensive than smaller ones. This finding is in
line with the hedonic price literature (e.g., Affuso et al., 2019; Lieske et al., 2019; Swoboda
et al., 2015; Zhang & Tao, 2020). The impact of the number of bedrooms is, however, less
clear, which may be explained by the fact that a three-bedroom house is the most common
in New Zealand, so the variation in the number of bedrooms is small and contributes less to
house prices. For instance, the number of three-bedroom houses dominates our dataset repre-
senting 64.85%, whilst the second and third popular sizes are four and two bedrooms, which
account for only 12.92% and 11.01% of the sample, respectively.

Second, we also observed that house prices vary across New Zealand regions, which is
revealed through the regional dummy variables (i.e., Auckland, Christchurch, Manukau, Papa-
kura, Queenstown and Wellington). Particularly, the (negative) values of those regional dummy
variables suggest that houses in Auckland were the most expensive, as all other regions have
negative and significant coefficients (compared with the base region of Auckland). The second
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and third expensive regions are Manukau and Papakura (practically can also be considered as
part of the Auckland Supercity), respectively, followed by Wellington and Queenstown. Houses
in Christchurch were the cheapest (with the largest coefficients across models 2, 4, 6 and 8),
which may be due to the major earthquakes in 2010 and 2011 (Kusumastuti & Nicholson,
2018)7 as well as stigma from the Christchurch attack in 2019 (BBC News, 2019).

Our third finding indicates that passenger volume (P4X) seemingly has an effect on house
prices. It is evident in the literature that this type of external demand exerts pressure on local
housing demand which both directly and indirectly impacts on housing values (Alola et al.,
2020; Biagi et al., 2016; Tsui et al., 2017). As such, the service economy, tourism-related activi-
ties, and auxiliary effects such as job creation and the development of the hospitality sector to the
local economies can result in higher incomes for the local communities and, thus, also has an
indirect impact on house prices (Fu et al., 2021; Mikuli¢ et al., 2021; Paramati & Roca,
2019; Tsui et al., 2019). Accordingly, this finding not only supports the tourism-led policy of
New Zealand (MBIE, 2017; Tourism Industry Aotearoa, 2019), but also indicates that dom-
estic travel and tourism can play an important role for house prices.

Fourth, while passenger volume may be observed as a positive externality, the effects of air-
port noise, distance and congestion have been viewed in the literature as negative externalities on
house values (Affuso et al., 2019; Dekkers & van der Straaten, 2009; McCord et al., 2018;
Mense & Kholodilin, 2014). Our findings confirm this effect, as demonstrated by the negative
coefficients across the static and dynamic models which suggested that houses in closer proxi-
mity to an airport are cheaper than their counterparts; however, that this effect also diminishes
and displays an inverse parabolic ‘U’-shape effect. This finding is in keeping with studies such as
Rahmatian and Cockerill (2004) and Kaur et al. (2021) which both observed house prices within
immediate proximity to airports to be lower which diminished with distance and increased out-
side the airport noise contour.

Finally, we also examined the impacts of the recent COVID-19 pandemic on the New Zeal-
and housing market, which reflects via the dummy variable COVID, and via the yearly dummies
(i-e., for 2020 and 2021 compared with the 2017-19 period). The first impression is that hous-
ing prices were on an increasing trajectory, with the coefficients of the yearly dummies all posi-
tive and significant across the models containing time-fixed effects (models 3, 4, 7 and 8). In
fact, the ‘housing bubble’ was observed in New Zealand even before the pandemic (Johnson
et al., 2018; Tookey, 2017). In combination, the coefficient of COVID is also positive and sig-
nificant, suggesting that the recent pandemic also contributed to the prices increase of New
Zealand houses driven by acute demand tastes and increased monetary supply. The onset of
the pandemic in 2020 led to a record increase in the number of New Zealanders returning to
the country (Statistics New Zealand, 2020; Stuff, 2020; The New York Times, 2021). This, in
turn, has put more pressure on the country’s housing market and, thus, it is understandable
that house prices kept increasing during the 2020-21 period.

6. CONCLUSIONS

There exists a volume of research that has isolated the effects of externalities on property prices,
and specifically investigating the role of airports as an amenity. This paper has added to this lit-
erature base and provides one of the first, if not the first, studies to conduct analysis into the
proximal effect of four international airports located in New Zealand on their surrounding sub-
urbs using several static and dynamic fixed-effects GLS hedonic models.

The research findings, across the differing GLS models, showed when accounting for
spatial and time fixed-effects that the proximity to airports in New Zealand revealed a con-
sistent negative effect on property prices. When further investigating the proximity effect by
measuring the quadratic function of the distance coefficients, the findings clearly exhibited an
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inverse ‘U’-shape relationship to be evident indicating that housing in suburbs closer to air-
ports exhibit a discount, which diminishes with distance and houses located further away to
display a premium. An interesting finding also showed that air traffic volume seemingly has a
positive impact on property prices which may be due to economic benefits this brings to the
local economy, although further research is required to isolate and examine this potential
effect in more detail.

The research is therefore important in terms of providing an evidence base for policy par-
ticularly in terms of planning interventions in urban environments, such as pollution controls,
air traffic limits, congestion charging proposals and urban infrastructure proposals. This study
also contributes to the real estate valuation literature, valuation profession and policy, in that it
provides a market transaction price-based empirical assessment of how property values can be
impacted by the presence of key infrastructure such as airports. For example, the findings
could serve as a reference for determining the amount of compensation for noise/air pollution
impacts on affected communities due to new private or public (re)development projects such as
airport expansion under the ‘polluter pays’ principle. The findings provide clear evidence that
local air zone management strategies and noise abatement and management strategies need
further examination in suburbs proximal to airports in New Zealand, a fundamental issue for
policy development and management targeting.

In consolidating these findings, future work will seek to use data which are spatially referenced
in order to measure the nature of the effect more proficiently, and specifically the spatial hetero-
geneity of house prices and proximity to airports. Accordingly, the results of this study are sub-
jected to some limitations that should be addressed in future research. For example, we do not
consider other sources of pollution within the vicinity of the airport (such as soil pollution),
which may have price dampening effects. We also do not investigate whether other key
infrastructures or transportation comprise an effect and if the proximity to airports varies by prop-
erty typology. Future research is suggested to incorporate other housing attributes and local ame-
nities to further measure this relationship, and also within a more spatially based framework.
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NOTES

Provided by the Swiss Federal Laboratories for Materials Testing and Research (EMPA).
2 For instance, see Case and Quigley (1991) and Olmo (1995) for a discussion on the appli-
cation of GLS in real estate research.
? See http://www.propertyvalue.co.nz/.
* For instance, for Auckland and Christchurch airport passenger traffic updates, see https://
corporate.aucklandairport.co.nz/news/publications/monthly-traffic-updates; and https://www.
christchurchairport.co.nz/about-us/who-we-are/facts-and-figures/monthly-passenger-arrivals-
and-departures/.
5 Tt is not uncommon to find such low R? values in previous HPM studies (e.g., Lake et al.,
1998; Yun Joe Wong et al., 2003; Elsinga & Hoekstra, 2005; Bourassa et al., 2011; Leishman &
Watkins, 2017; Betej et al., 2020), not to mention that it is only our base model and that the R?
was improved in the extended models.
® A quadratic function is minimized when its first derivative equals zero, that is,
Y’ =2aX + b = 0. Therefore, X = —4/2a. The numbers are subjected to the rounding effect.
House prices in Christchurch increased faster than in Auckland and Wellington during the
2005-09 period (Shi et al., 2014), but the market slowed after 2010.
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