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ABSTRACT ARTICLE HISTORY
Although there is evidence that more regional airport activities can Received 26 October 2023
increase regional house prices, no study has examined the relevant Accepted 22 August 2024
impacts of aviation discontinuity. My unique quasi-experiment data
comes from New Zealand where Jetstar withdrew its domestic serv-
ices from four airports/regions in December 2019. The synthetic discontinuity: reqional
control method (SCM)’s results reveal that the withdrawal created house price?/’Syngthetic
dlff_erent impacts on the house prices of the regions involved, in control method (SCM)
which the overall effect was negative in the short run but the hous-
ing market in New Zealand has recovered in the long run. JEL CODES

C21; L93; R10; R30
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1. Introduction

New situations bring new challenges. For instance, just before the COVID-19 pandemic
broke out, it was forecasted that the aviation sector would reach 8.2 billion air travellers
in 2037 with the expansion of 37,000 new aircraft for that period (IATA 2018; KPMG.
2019). However, the COVID-19 pandemic has affected the entire global aviation system
(Air Transport Bureau 2020; Arora et al. 2021; Czerny et al. 2021), including airlines, air-
ports, air travellers, and other third-party businesses, with a 66% decline in the revenue
passenger-kilometers (RPKs), a 58% decline in the number of flights, and a 56% decline in
available seat-kilometers (ASKs), compared between 2020 and 2019 (IATA 2020; Arora
et al. 2021). Therefore, instead of expecting an expansion in the aviation sector
(Kiguikonal and Sedefoglu 2017; Dimitriou 2018; Tsui et al. 2019), one should examine the
impacts of aviation discontinuity. This article aims to look at the chances in regional hous-
ing prices relevant to their airport’s activities, particularly the withdrawal of airline(s) from
the airports, as what happened in New Zealand in December 2019.

Among the impacts of aviation on the other sectors, the hedonic price model
(HPM) argues that house price is a function of the house’s characteristics (Powe,
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Garrod, and Willis 1995; Mulligan, Franklin, and Esparza 2002; Chau and Chin 2003), of
which air quality, noise, and proximity to various types of urban infrastructure can
arguably have an important influence on the price, although the direction of the
impacts is inconclusive. For instance, it is commonly argued that houses located close
to an airport tend to have their prices lower than their counterparts due to increased
exposure to noise and air pollution (Cohen and Coughlin 2008; Dekkers and van der
Straaten 2009; Zheng, Peng, and Hu 2020). Contradictory, there is also evidence that
the amenity effect (regarding job opportunities and access to urban infrastructure)
may outweigh the dis-amenity effect (regarding noise and pollution) and thus, houses
located near an airport may have a price premium, compared to their peers (Biagi,
Brandano, and Caudill 2016; Tsui, Tan, and Shi 2017; Tsui et al. 2019; Fu et al. 2021).
For the latter strand, more importantly, the literature has shown that more airport
activities (e.g. flight frequency, large aircraft operations, and routes) are positively asso-
ciated with the amenity effect and thus, house prices (Breidenbach et al. 202021n.d,,;
Brueckner 2003; Tsui, Tan, and Shi 2017). However, to the best of my knowledge, there
is no study on the effect of aviation discontinuity on (regional) house prices.

This paper aims to address the research question of “How do the regional prices
of houses in an airport neighbourhood change after an airline withdraws its serv-
ices from that airport?”. | examine that question using a unique quasi-experiment in
New Zealand for three reasons. Firstly, since December 2019, Jetstar New Zealand
(hereafter referred to as Jetstar) has withdrawn its services from six domestic airports
corresponding to five pairs of secondary routes of Auckland-Napier, Auckland-New
Plymouth, Auckland-Nelson, Auckland-Palmerston North, and Wellington-Nelson
(Jetstar 2019). As such, the four small regions of Napier, New Plymouth, Nelson, and
Palmerston North were directly affected by this withdrawal in terms of air transport
activities, relevant jobs and income issues, and house prices.! Using such quasi-experi-
mental data, therefore, we can examine the impacts of such withdrawals on the New
Zealand housing market. Secondly, the New Zealand housing market itself has experi-
enced a boom in the last several years (Tookey 2017; Johnson, Howden-Chapman, and
Eaqub 2018; Rehm and Yang 2021; St John and Baucher 2021). It is thus interesting to
revisit this housing market, given changes in the discontinuity of Jetstar’ services.
Thirdly, despite the intensive literature on HPM and airport proximity, there remains
limited evidence and empirical analyses regarding the New Zealand context. This
study, therefore, will not only contribute to the HPM literature (in terms of the effects
of airline discontinuity) but also provide important implications for policymakers (e.g.
regarding the housing market) and aviation managers (e.g. regarding route closure
and discontinuation). Although not capturing the impacts of COVID-19, as our quasi-
experimental event happened before the pandemic occurred, this paper can still pro-
vide useful suggestions to future housing studies on the discontinuity effects that the
pandemic brought to the aviation industry.

| construct the rest of the study as follows. Section 2 reviews the relevant HPM lit-
erature with a focus on the airport proximity setting. Section 3 introduces the empir-
ical models and data. Section 4 reports and discusses the results, and Section 5
concludes the study.
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2. Literature review
2.1. The trade-off between airport activities and house prices

There is a rich body of literature showing that, due to their negative externalities,
airports can adversely contribute to the house prices in their neighbourhood (Espey
and Lopez 2000; Cohen and Coughlin 2008; Salvi 2008). For instance, Rahmatian and
Cockerill (2004) examined the housing market in Southern California (US) and found
that the houses located within 150-300 metres and between 600-750 metres from an
airport will have their prices lower than their counterparts by approximately 17,400-
16,600 USD and more than 21,000 USD, respectively. For the Australian housing mar-
ket, Kaur et al. (2021) also found that houses located within 400-500 meters from
Essendon Airport have the lowest average price, compared to ones located further
from that airport. In a similar vein, but focusing on the noise levels, Affuso et al.
(2019) argued that the external cost for the housing market in Tennessee (US) can
go up to 4,795 USD per decibel of noise created by the nearby Memphis
International Airport. For the Taoyuan International Airport (Taiwan), airport noise
can cost the neighbouring houses up to 2,356 TWD per decibel (for houses within
the noise contour areas) and 3,623 TWD per decibel (outside the noise contour
areas) (Tsao and Lu 2022). Regarding expansions such as building a new runway or
terminal, Jud and Winkler (2006) and Mense and Kholodilin (2014) both found that
housing prices react negatively to the announcement and/or implementation of
such airport expansions.

A different strand of research argued that there is a trade-off between the pros and
cons of the airports, which determines the neighbouring house prices. While the first
strand focuses on those negative externalities (i.e. the cons), this strand focuses on the
pros of an airport, including job opportunities, local economic development, and hos-
pitality and tourism development, among others (Graham 2018; Doerr et al. 2020;
Cattaneo et al. 2022). When the pros outweigh the cons, one can observe a premium
in the prices of houses within the proximity of an airport, compared to their counter-
parts, as in the cases of Croatia (Mikuli¢ et al. 2021), Italy (Biagi, Brandano, and Caudill
2016), the Europe (Paramati and Roca 2019), and New Zealand (Tsui et al. 2019).
Consequently, one should expect that the higher traffic flows and connectivity an air-
port has, the higher the premium that the houses located near this airport can
achieve. For instance, McMillen (2004) argued that the expansion of the Chicago
O’Hare Airport (in the US) would bring more gains in both the number and values for
homes with increased values, compared to the ones with decreased values. In
Thailand, Limlomwongse Suksmith and Nitivattananon (2015) found that higher air
traffic also helps increase the property value of the neighbourhoods of the
Suvarnabhumi International Airport. For the case of New Zealand, Tsui, Tan, and Shi
(2017) similarly found that a 1% increase in the airport traffic (proxied by the airport’s
workload units) can bring from 0.27 to 0.43% increase in the property price index of
the region where that airport resides. Ngo et al. (2023) further argued that there is evi-
dence of a U-shape relationship between airport proximity and house prices, whereas
the negative externalities of airports on house prices have a diminishing effect, and
that economic influences and employment may also serve as positive externality.
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To sum up, the debate between the pros, the cons, and the trade-off between air-
port activities and neighbouring house prices is inconclusive. However, they all focus
on the topic of how airport development, i.e. more airport activities, can affect house
prices. Theoretically, discontinuity is the opposite of airport expansion; however, there
is no empirical study on the impact of aviation discontinuity, i.e. less airport activities,
on the prices of the houses located near that airport. Using quasi-experimental data
from New Zealand airports/regions, where Jetstar withdrew some of its domestic serv-
ices in December 2019, this study is the first to do so.

2.2. Event studies: difference-in-difference and the synthetic control method

The analysis that examines the influence of a certain policy (change) on the economy,
like the case of airport expansion or discontinuity on house prices, is called an ‘event
study’ (Armitage 1995). The purpose of an event study is to comprehend how the
announcement or implementation of such policy impacts the market. It has been
applied in various fields such as marketing (Sorescu, Warren, and Ertekin 2017), bank-
ing and finance (MacKinlay 1997; Campbell, Cowan, and Salotti 2010), biotechnology
(Austin 1993), and building/property (Asquith, Mast, and Reed 2023).

Basically, in an event study, the researchers typically select an event window sur-
rounding the policy announcement or implementation date and compare the perform-
ance of the market before and after the event (MacKinlay 1997). It is also important to
separate the units that being impacted by the event (i.e. the treated group) and the
ones that are not (i.e. the control group). A popular approach to examine this setting
is the difference-in-difference (DiD) approach that can estimate the differences
between the two groups (i.e. ‘difference-’) before and after the event (i.e. ‘in-differ-
ence’). The DiD assumes that outcomes for the treated and control units follow parallel
trends over time in the absence of the treatment (Abadie 2005). Another important
note is that similar to other regression methods, the DiD focuses on examining an
average unit (i.e. the mean) representing all the units involved (Bertrand, Duflo, and
Mullainathan 2004). By examining the ‘difference-"in-difference’, DiD can control for
unobserved heterogeneity and therefore, has been widely applied in examining
changes in house prices (e.g. Zabel and Guignet 2012; Oikarinen and Engblom 2016;
Bui, Wen, and Sharp 2022; Damen and Schildermans 2022). For instance, Tu (2005)
examined the impact of a new FedEx stadium in Washington DC on housing values. In
a wider range, Voicu and Been (2008) used DiD to analyse the effect of community
gardens on neighbourhood property values in New York. For Montreal (Canada), the
DiD analysis of Dubé et al. (2014) surrounds the implementation of a commuter rail
transit system in the city and examines how the city’s house prices changed accord-
ingly. Recently, Zheng, Peng, and Hu (2020) used DiD to examine the impact of the
relocation of Hong Kong Airport from Kai Tak to Chek Lap Kok in 1998 on the city’s
house prices.

Given the limitations and assumptions of the DiD, there are cases when it does not
work properly. Abadie and Gardeazabal (2003) and Abadie, Diamond, and Hainmueller
(2010) proposed the use of the synthetic control method (SCM) thanks to its advan-
tages over the DiD (more details in the next section). These advantages give rise to
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the SCM in various fields such as labour economics (Castillo et al. 2017; Peri and
Yasenov 2019), transportation (Tveter, Welde, and Odeck 2017; Xin et al. 2021), tax-
ation (Biagi, Brandano, and Pulina 2017; Ben-Michael, Feller, and Rothstein 2021), and
tourism (Addessi, Biagi, and Brandano 2019; Doerr et al. 2020). However, SCM studies
on house prices and the property market are scarce: a study on a property tax imple-
mented in Shanghai and Chongqging, China (Zheng and Zhang 2013), a study on the
change in the Code of Conduct for mortgage loans in The Netherlands (Rouwendal
and Petrat 2022), or a study on the cancellation of house purchase restriction in Jinan,
China (Zhao et al. 2024); none have examined airport discontinuity. More importantly,
it helps explain the housing market in each region of New Zealand, especially the
ones impacted by the discontinuity of Jetstar’ services. This paper is the first to do so.

3. Methodology
3.1. The synthetic control method (SCM)

Examining the treatment effects is one challenging task for researchers because it is
difficult to accurately estimate the counterfactual outcomes for the treated units in
the absence of treatment, i.e. if the treatment did not happen (Li 2020). While the DiD
can effectively estimate the average treatment effect for all treated units involved, one
may find it difficult to examine each of those units independently. In this sense, com-
pared to the DiD approach, the synthetic control method (SCM) has several attractive
features: (i) it allows for each control unit to have their own weights in the estimation
of the counterfactual outcomes of the treated units; (ii) these weights are nonnegative
reassuring better extrapolation; and (iii) it can drop some (weak) control units to
reduce the estimation variance. Besides, SCM also have several advantages compared
to DiD (Abadie 2005; Abadie, Diamond, and Hainmueller 2010; Gilchrist et al. 2022) as
follows.

e The DiD relies on the assumption of parallel trends, which assumes that the treat-
ment and control groups would have followed a similar trend in the absence of
the intervention. This assumption can be restrictive and hard to validate. In con-
trast, the SCM constructs a synthetic control group that is a weighted combination
of control units,? providing a more flexible approach that doesn’t require strict par-
allel trends assumption.?

e The SCM allows for more effective control of time-varying confounders that may
affect the treatment and control groups differently. The constructed synthetic con-
trol unit closely matches the treated unit’s pre-intervention characteristics, thereby
accounting for potential time-varying factors that could bias the estimated treat-
ment effect. DiD may struggle to adequately control for such confounders.

e The SCM can be particularly useful when dealing with small sample sizes. In situa-
tions where only a limited number of treated units are available, the SCM allows
researchers to create a synthetic control group using a combination of control
units, providing more robust estimates compared to DID, which may struggle to
generate reliable treatment effect estimates with small sample sizes.
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e The DIiD estimates an average unit of the sample, while the SCM constructs the
synthetic units for all treated units involved. The SCM, therefore, can provide a
closer look at each of those units.

A recent study by Arkhangelsky et al. (2021) also argued that SCM is suitable for a
setting with only a single, or small number, of units being treated - in this study, |
have only four treated regions versus another twelve untreated ones. Particularly, this
study aims to examine the impacts of Jetstar's withdrawal on several domestic routes
to the local house prices of the airport/region affected. In this sense, | would like to
analyse the changes in house prices of each airport/region (e.g. Palmerston North or
New Plymouth) after the withdrawal (i.e. 1 December 2019) and thus, the SCM is an
appropriate approach.” Briefly, the SCM first uses the pre-intervention data of the con-
trol units to generate a counterfactual treated unit (or “artificial unit”, “synthetic unit”,
or “synthetic control group”). Using data from the post-intervention, one can then
compare the outcome of this synthetic unit (assuming no treatment) with the actual
outcome of the treated unit (with treatment) to analyse the impacts of the interven-
tion. Note that SCM can overcome the confounding and endogeneity issues using the
placebo tests (Abadie 2005; Gilchrist et al. 2022). The formulation of the SCM can be
expressed as follows.

Let N be the number of regions involved in our analysis, T be the time variable, Ty
(1<To<T) represents the period when the intervention happens, and N
(1 < No < N) be the number of regions that are affected by the intervention. Thus, Y¥
is the outcome for all region i at time t in the absence of the intervention.

Let also Y}, be the outcome that would be observed for region i at time ¢ if the
regions are affected by the intervention in periods [To + 1, T]. Consequently, we have
Y, = Y,.’;’ (i=1,.,N;t=1,.,Ty) for all regions before the intervention happened, and
also have Y, = Y,-’}’ (i=No+1,. ,N;t=Ty+1,.,T) for the unaffected regions after the
intervention. Generally, the observed outcome for region i at time t is

Vi = Yo + 04D (M
where o; is the effect of the intervention on region i at time t; and D;; is a dummy

variable that equals to one for the regions affected to the intervention at time t, and
zero otherwise. Specifically,

(2)

1if i <Ny and t > Ty,
7] 0 otherwise.

My purpose is to estimate a; when D; = 1, in which Equation (1) can be re-written as

% =Y, — Yy =Y =YY where i <Np and t > Tp (3)

Since Y/, is observed, | need to first estimate Y} to derive at o;. Suppose that Y¥ is
given by a (HPM) factor model

Vi = 0+ 0 + Zept; + it (@)

where §; is the time fixed-effect across the regions, X; is a vector of the hedonic pre-
dictors (e.g. house size and land size contribute to house prices), 0; is the vector of
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parameters, A is the vector of common factor, y; is the regional fixed-effect, and &;
are the stochastic errors.

Abadie and Gardeazabal (2003) and Abadie, Diamond, and Hainmueller (2010)
proved that if one can find a non-singular vector of weights Wj* = (w,f,o+1,w,’§,0+2, W,*(,)
that can satisfy the conditions in Equation (5), using data from the pre-intervention
periods, then one can derive at an unbiased estimator of o as in Equation (6), using
the post-intervention periods. Note that Y; = ij‘th in Equation (6) represents the
counterfactual or synthetic treatment units (or regions).

Yi =Y wY; and X; = > w/X;

P=1,.No "
j=No+1,.,N,

t=1,.,T.

% = Y:!t_ Yl\'t = Yilt_ZWj*Yff

i=1,.,No, ©)
j=No+1,.N,

t=To+1,.,T.

3.2. The variables of interest and their data sources

The outcome variable (Y;;) of my SCM model is the median house prices collected
from the Real Estate Institute of New Zealand (REINZ). As a membership organisation
accounting for over 90% of the residential property market in New Zealand, REINZ
provides data on New Zealand’s housing market activities based on actual sales as
they occur nationwide (REINZ 2022). Unlike previous studies which were based on the
property index (Janet Ge 2009; Tsui, Tan, and Shi 2017; Squires and Webber 2019; Tsui
et al. 2019), this study instead utilises the median housing price data because the
median prices are more volatile to short-term shocks in the market due to changes in
supply and demand, compared to other property indices (McCarthy and Peach 2004;
Case and Wachter 2005; Brunauer, Feilmayr, and Wagner 2012). However, in this study,
| see it as an advantage of the medium price to reflect better the volatility of the
property market, especially regarding the changes in Jetstar's withdrawal. Therefore,
using the medium price is another contribution of this study. In addition, there are
two important notes regarding the use of this variable in my analysis. First, | have also
used the property index as the outcome variable (Y;) of the SCM analyses for robust-
ness testing. Although the specific values are different, the overall effects are consist-
ent with the results presented in Figures 2-6 and thus, are not reported here to save
space. Second, | have also compared the results between using log-values and level-
values of the median prices; the latter produces far better pre-treatment fitting results
(R? ranges from 0.438 to 0.961) than the former (R? ranges from 0.134 to 0.784). The
analyses in Section 4 below are, therefore, based on the level-value results.
Nevertheless, REINZ data covers the monthly median house prices (PRICE) for all 16
New Zealand regions from January 2017 to December 2021, yielding a total of 960
observations. Note that previous studies such as Kuethe and Pede (2011), Zhang, Hui,
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Figure 1. Total number of Jetstar' scheduled passengers in the four airports (2016-2019). Source:
Official Airline Guide (2022).

and Wen (2017), Bangura and Lee (2022), and Ngo et al. (2023) also examined housing
prices at the regional level with similar or fewer numbers of observations or data
points.

Several factors are considered as the predictor variables (X;) that can contribute to
the changes in house prices, following a rich body of real estate literature. For
instance, there is a “momentum effect” in which the house price in the current period
is significantly and positively affected by the price of the last period (Head, Lloyd-Ellis,
and Sun 2014; Titman, Wang, and Yang 2014; Tsui et al. 2019). Since there is a high
correlation between these two prices, it is expected that the previous price can mainly
explain the current price and account for other omitted factors of the SCM model.
Such an approach is also popular in the generalised method of moments (GMM)
econometric approach (Ullah, Akhtar, and Zaefarian 2018; Ngo et al. 2022; Yuen et al.
2022). Prices are also dependent on the supply and demand of the housing market, in
which the number of approved building consent for new houses (CONSENT) can rep-
resent the supply side (Grimes et al. 2007; Masood, Lim, and Gonzalez 2021), whilst
the number of net migrants (MIGRANT) can proxy for the (additional) demand on the
regional housing market (Janet Ge 2009; Torstensen and Roszbach 2019; Wijburg,
Aalbers, and Bono 2021). | also control for the regional heterogeneity via its gross
domestic products per capita (GDPC), as the GDPC may influence both the supply (e.g.
richer regions may have more resources to build more houses) and demand (e.g.
richer residents may purchase more houses) of the regional housing market. Data for
those predictor variables (X;) was collected from Statistics New Zealand (2022). Table 1
reports the descriptive statistics of the variables in this study, after matching and filter-
ing for missing data, as follows.

It is noted that the SCM does not account for events applied to all regions such as
tax policy or COVID-19, as the impact of such events will be the same across the
regions and thus, there are no treated and control units for the analysis. Nevertheless,
we assume that the impacts of those factors are similar across the examined regions,
i.e. if COVID-19 made people lose their incomes and consequently their purchasing
power, then it should happen in all regions. In this sense, our results are not strongly
affected by including/excluding such (dummy) variables.
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Figure 2. The 16 regions in New Zealand and the four airports involved.

4. Empirical results and Discussions

This paper aims to examine the effects of Jetstar's withdrawal of its domestic services
from five pairs of secondary routes corresponding to four secondary airports in New
Zealand (i.e. Napier, New Plymouth, Nelson, and Palmerston North), starting 1
December 2019. In this section, | first present some details on our case study of
Jetstar New Zealand. | then show that DiD is not applicable to the current context of
aviation discontinuity and the regional housing market in New Zealand. The SCM,
therefore, is more appropriate.
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Figure 3. Average housing prices in New Zealand before Jetstar's withdrawal.

4.1. Jetstar New Zealand and its withdrawal in December 2019

Jetstar had its first commencement of operations in New Zealand on December 1%,
2015, for the Sydney - Christchurch route. In the following years, its trans-Tasman
operations increased to more than 50 weekly international return flights across differ-
ent Australian and New Zealand airports such as Auckland, Christchurch, Melbourne,
and Sydney. It resulted in the airline’s announcement in June 2009 to start its New
Zealand domestic operations with over 200 weekly return flights between Auckland,
Christchurch, Dunedin, Queenstown, and Wellington (Jetstar 2020). In August 2015
and then December 2015, new routes for Napier, Nelson, New Plymouth, and
Palmerston North were further introduced and operated, respectively (Stuff 2019). In
October 2019, however, Jetstar announced that it would withdraw from those routes
in December 2019 (Jetstar 2019), putting an end to Jetstar's four years of operations
(2016-2019) at those four airports. The main reasons for this decision, according to the
airline, are due to loss-making, high costs, and a softening of the regional travel mar-
ket (Jetstar 2019). Figure 1 shows the continuous decline in terms of passengers flying
with Jetstar through those airports.

Figure 2 further illustrates the 16 regions of Auckland, Bay of Plenty, Canterbury,
Gisborne, Hawke’s Bay, Manawatu-Whanganui, Marlborough, Nelson, Northland, Otago,
Southland, Taranaki, Tasman, Waikato, Wellington, and West Coast; of which the four
airports (regions) being examined are Napier airport (Hawke's Bay region), New
Plymouth airport (Taranaki region), Nelson airport (Nelson region), and Palmerston
North airport (Manawatu-Whanganui region). In this SCM study, these four regions are
the ‘treated’ units (where Jetstar’'s withdrawal happened), while the other twelve are
the ‘donor’ units (i.e. not directly affected by Jetstar's withdrawal). Since Auckland and
Wellington airports are the two largest airports in New Zealand, and they also accom-
modate international flights, we assume that Jetstar's withdrawal had fewer impacts
on those two.
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Figure 4. The results of SCM analysis for Hawke's Bay region. (A) Actual and Predicted outcomes,
(B) Treatment effects, (C) Leave-one-out (LOO) robustness test

4.2. DiD analysis

We first attempt to examine the regional house prices using the conventional DiD
approach. In this sense, it involves four treatment regions (i.e. Hawke's Bay, Nelson,
Taranaki, and Manawatu-Wanganui) and twelve control regions (see Figure 1). The period of
analysis runs from January 2017 to December 2021, with December 2019 (Jetstar's



12 (&) T.NGO

A. Actual and Predicted outcomes

600000
N
600000
N

500000
L
500000
L

PRICE
PRICE

400000
L
400000
L

300000
L

300000
L

T T T T T T T T
017m1 2018m7 2020m1 2021m7 017m1 2018m7 2020m1 2021m7
TIME TIME

Actual ———-—- Predicted ] I Actual —-—--—- Predicted

B. Treatment effects

40000
L
40000

20000
L
20000

0
L

treatment effects of PRICE

-20000
!
treatment effects of PRICE
0

-20000
i

-40000
i

a0 -40000
L

T S T T T
017m1 2018m7 2020m1 2021m7

2017m1 2018m7 2020m1 2021m7
TIME TIME

Figure 5. The results of SCM analysis for Taranaki region. (A) Actual and Predicted outcomes, (B)
Treatment effects.

withdrawal) as the treatment time. A structural test following Bai and Perron (1998) and
Karavias, Narayan, and Westerlund (2023) resulted in a Wald statistic of 3.21 (p-value =
0.02) confirming that December 2019 is a structural breakpoint in New Zealand house pri-
ces. The means of house prices for the two groups are plotted in Figure 3, in which one
can observe that house prices in the treated regions had increased at a higher speed
toward the treatment time, in comparison to those in the control regions. As such, one
may expect that the trends in house prices of the two groups are not parallel.

Statistically, the pre-trends test under the null hypothesis that linear trends between
the two groups are parallel before the treatment time resulted in a F-statistics of 4.12 and
a p-value of 0.0605. One could, therefore, reject that null hypothesis and conclude that
the parallel trends assumption does not hold; DiD is thus inappropriate. If one still insists
on conducting the DiD estimation, one may find that the average treatment effect on the
treated (ATET) regions is marginally small and insignificant (coefficient = —0.0024,
p — value = 0.807), suggesting that there is no significant difference between the house
prices across those regions after Jetstar's withdrawal. In short, DiD could not explain the
impact of such aviation discontinuity on New Zealand’s regional house prices. In the fol-
lowing subsections, we will examine this impact at each of the four treated regions and
the overall impact using the SCM approach.
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Figure 6. The results of SCM analysis for Nelson region. (A) Actual and Predicted outcomes, (B)
Treatment effects.

Table 1. Descriptive statistics.

Variable Unit Observation Mean Standard deviation Minimum Maximum
Outcome (Yj)
PRICE NZD 960 518,449.00 186,789.20 170,000 1,280,000
Predictors (X;)
PRICE(-1) NZD 944 514,454.30 183,824.20 170,000 1,250,000
MIGRANT Person 768 60.26 421.91 —1,947 3,801
CONSENT House 960 200.36 320.40 3 2,188
GDPC NzZD 960 4658.25 78235 3,164.26 25

This table provides information on the unit, mean, standard deviation, minimum and maximum values of the varia-
bles involved in our research. PRICE is median house price (in NZD) of region i at time t; PRICE(-1) is the median
house price (in NZD) of region i at time (t — 1); MIGRANT represents number of net migrants (in person) into the
region; CONSENT is the number of building consents approved in the region i at time t; and GDPC is the regional
GDP per capita (in NZD) of region i at time t.

4.3. SCM analysis for Hawke’s Bay region (Napier airport)

Recall that SCM estimates a synthetic region for Hawke's Bay, one of the four treated
regions, as a weighted sum of other unaffected ones, assuming that if there is no
intervention (i.e. Jetstar's withdrawal) then the house prices in Hawke’s Bay should fol-
low the synthetic outcomes, rather than the ones being observed. In this sense, |
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follow Arkhangelsky et al. (2021) and exclude Auckland and Wellington from the
donor pool of the SCM because they have also been affected by the withdrawal,
although the magnitudes are less significant given their international and hub status.®
As such, the donor pool of my SCM consists of ten regions (Bay of Plenty, Canterbury,
Gisborne, Marlborough, Northland, Otago, Southland, Tasman, Waikato, and West
Coast).

Using data before the event, i.e. monthly data from January 2017 to November
2019, the synthetic Hawke's Bay region can be seen as the weighted sum of Gisborne
(the corresponding weight is 0.417), Bay of Plenty (0.376), Tasman (0.105), and
Southland (0.102); the former two are in the neighbourhood of Hawke's Bay (see
Figure 1). The fitting result has an R? of 0.840 and a Root Mean Squared Percentage
Error (RMSPE) of 0.025, suggesting a good approximation of the synthetic region, com-
pared to the actual one. For instance, the studies of Alfano, Ercolano, and Cicatiello
(2021) and Xin et al. (2021) even relied on the RMSPE of as high as 2.044 and 0.18,
respectively. For robustness purposes, as suggested by an anonymous reviewer, we
also conducted the SCM analysis using the announcement date (i.e. October 2019)
instead of the commencement one (i.e. December 2019). Accordingly, SCM results
using the commencement date are reported on the left-hand side, and our discussions
follow those results, while results using the announcement date are reported on the
right-hand side of Figures 4-8.

Specifically, Figure 4(A) shows that the house prices of the actual and synthetic (or
predicted) Napier regions closely followed each other for the pre-treatment period
(visualized as a vertical dotted line at the point of December 2019); after the with-
drawal, however, the actual prices were always (and slightly) higher than the synthetic
ones. Therefore, one can argue that if Jetstar did not withdraw from Napier (as in the
synthetic case), house prices in the region should be lower than what happened. |
then argue that in Hawke’s Bay, the benefits of such aviation discontinuity (e.g. fewer
flights leading to less noise and pollution) may outweigh its disadvantages (e.g. less
convenience for travellers), in which the demand for air travel might be smaller than
the demand for houses. Consequently, the treatment effects of Jetstar's withdrawal
(i.e. the differences between the actual and synthetic prices) show a positive and
increasing trend as in the second quarter of Figure 4(B).

The “leave-one-out” (LOO) placebo test (Abadie, Diamond, and Hainmueller 2010)
can deal with the confounding issue. Figure 4(C) shows that all other predicted move-
ments of the synthetic Hawke's Bay regions (with different settings when one drops a
random region from the donor pool represented by the grey lines) are consistently
under the actual prices. It is, therefore, robust to argue that after Jetstar withdrew
from Napier airport, the house prices in the Hawke's Bay region increased over time,
suggesting a positive impact of the intervention on the regional house prices.

4.4. SCM analysis for Taranaki region (New Plymouth airport)

The fitting result of the synthetic Taranaki region, for the pre-intervention period, is
weaker than that of the Napier region, with an R? of only 0.645 and RMSPE of 0.031.
Consequently, one can observe a slight fluctuation between the actual and synthetic
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house prices of the region for the pre-intervention period, as in Figure 5(A). The
regions that are used to construct the synthetic Taranaki region are Marlborough
(0.625), Southland (0.358), and Canterbury (0.017).

For the post-intervention period, one can argue that the synthetic prices were
higher than the actual ones, especially right after the event and once again in mid-
2021 (see Figure 5). It suggests a negative effect of the event on the regional house
prices in Taranaki — note that this region is a popular tourism destination and thus,
aviation discontinuity may be a counter-affect for the argument on the trade-off
between the pros and cons of the airports (Biagi, Brandano, and Caudill 2016;
Paramati and Roca 2019; Tsui et al. 2019; Mikuli¢ et al. 2021). This argument is robust,
according to the LOO placebo tests (similar to Figure 4(C)); although we do not report
it here to save some space. More importantly, Figure 5(B) also suggests that after a
sharp decrease right after Jetstar's withdrawal, the housing market in New Plymouth
started to show some recovery in July-October 2020, then fell off again in the first half
of 2021. The regional housing market, however, started increasing since October 2021.

4.5. SCM analysis for Nelson region (Nelson airport)

The synthetic Nelson region is heavily relied on its eighbor - Tasman region (0.773),
followed by Gisborne (0.107), Southland (0.079), and lightly influenced by Bay of
Plenty (0.040). The values of the R? and RMSPE are 0.867 and 0.021, respectively, sug-
gesting a good fit for the synthetic region. Similar to the case of New Plymouth,
Figure 6(A) shows that the actual prices of houses in the Nelson region were lower
(robust to the LOO placebo test, although not reported) than what they were sup-
posed to be (as in the case of synthetic Nelson if there was no withdrawal from
Jetstar). However, unlike New Plymouth, the fourth quarter of Figure 6(B) shows that
the impacts of Jetstar's withdrawal were negative for the whole period after February
2020. Although there are some signs of market recovery after September 2021 (Figure
5(a)), the decreasing trend in the treatment effects (Figure 6(B)) arguably indicates
that the impacts of Jetstar's withdrawal will continue to hinder house prices in the
Nelson region. |, therefore, argue that the impact of this withdrawal on the Nelson
region is stronger than that of the other regions because Jetstar did not only cancel
one pair of routes (e.g. for the case of Auckland-Napier) but two for Nelson (i.e.
Auckland-Nelson and Wellington-Nelson).

4.6. SCM analysis for Manawatu-Wanganui region (Palmerston North airport)

Despite a moderate goodness-of-fit (R? = 0.705, RMSPE = 0.042), the synthetic
Manawatu-Wanganui region helps identify an increasing trend in the housing prices in
the regional market. As the synthetic prices were under but closely follows the actual
ones (see Figure 7(A)) and because the treatment effects were mainly positive (and
increasing) for the post-intervention period (see Figure 7(B)), it is reasonable to argue
that the withdrawal of Jetstar from Palmerston North airport did not hinder but
increased the median prices of houses in the region.
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Figure 7. The results of SCM analysis for Manawatu-Wanganui region. (A) Actual and Predicted
outcomes, (B) Treatment effects.

There are several plausible explanations for this situation. Firstly, the Manawatu-
Wanganui region is the most populated region among the four treatment ones: in
2022, there were about 258000 persons in Manawatu-Wanganui while the same fig-
ures for Hawke's Bay, Taranaki, and Nelson were 182000, 127000, and 54000, respect-
ively (Statistics New Zealand 2022). As such, the demand for houses contributed to
the increase in house prices in this region. Secondly, the median house prices in
Manawatu-Wanganui and Taranaki were both NZD$400000 in November 2019 (before
the intervention); at the same time, the median prices for Hawke's Bay was
NZD$525000 and the one for Nelson was NZD$580000. Obviously, the housing market
in Manawatu-Wanganui will be more attractive and competitive than those of Hawke’s
Bay and Nelson since it is more affordable for buyers in the former region.

4.7. The overall impacts of jetstar’s withdrawal on the housing market in New
Zealand

Because we have multiple treated regions instead of only one, to access the overall
impacts, | follow Abadie, Diamond, and Hainmueller (2010) and Kreif et al. (2016) to
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Figure 8. The results of SCM analysis for the ‘artificial’ ALL_FOUR region. (A) Actual and Predicted
outcomes, (B) Treatment effects.

aggregate all four treated regions (Hawke’s Bay, New Plymouth, Manawatu-Wanganui,
and Nelson) into a single ‘artificial’ region named “ALL_FOUR". The SCM is then used
to examine this ALL_FOUR region, similar to what has been done for each of the four
regions above.

At first glance, the ‘artificial’ ALL_FOUR region is constructed from Marlborough
(with the highest weight of 0.478), Gisborne (0.242), Northland (0.170), Canterbury
(0.102), and Bay of Plenty (0.008). This combination has a goodness-of-fit R? of 0.731
and a RMSPE of 0.026, suggesting that the ALL_FOUR region is a good approximation
to examine the overall impacts of the aviation discontinuity caused by Jetstar's with-
drawal in December 2019.

Regarding the impacts of Jetstar's withdrawal on regional house prices, | have pre-
viously reported a positive impact in Hawke’s Bay and Manawatu-Wanganui, and a
negative impact in Taranaki and Nelson. The combination effect for all four regions, as
illustrated in Figure 8(A), suggests that the positive impact generally outweighs the
negative one. To be specific, one can observed that the treatment effects (i.e. the dif-
ferences between the actual and synthetic prices due to the intervention) sharply
dropped for four months right after the withdrawal of Jetstar but had been increased
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since June 2020 (see Figure 8(B)). Consequently, my argument is that the event had a
negative impact on the New Zealand housing market in short-run but a positive
impact in the long-run.

5. Discussions and conclusions

This study empirically explores the effects of the withdrawal decision of Jetstar New
Zealand regarding several domestic routes from 1 December 2019 on the median house
prices of the airports/regions involved. Specifically, four regions of Hawke's Bay (correspond-
ing to Napier airport), Taranaki (New Plymouth airport), Manawatu-Wanganui (Palmerston
North airport), and Nelson (Nelson airport), among a total of 16 regions of the country, are
examined under a quasi-experimental setting of a synthetic control method (SCM) for the
period of January 2017 to December 2021. The basic idea is to estimate the synthetic prices
for each region as well as for all four regions, assuming if the withdrawal did not happen,
and then compare them with the actual ones. The results reveal meaningful findings and
implications for the managers or policymakers of the involved airlines, airports, and regions.
Future studies could extend and improve our research with larger datasets (e.g. using indi-
vidual house prices or larger time frames), more modern techniques (e.g. dynamic or
Bayesian synthetic controls), and different fields/topics (e.g. aviation discontinuity/disruption
and regional/national socio-economic developments).

First, it is observed that Jetstar’s withdrawal created some significant impacts on
the house prices of the regions involved. While the previous literature has addressed
the impacts of expanding airline/airport activities on the surrounding housing markets
(McMillen 2004; Tsui, Tan, and Shi 2017; Affuso et al. 2019), this is the first time such
discontinuity of aviation services has been examined. In this sense, it is important for
regional managers and policymakers to be aware of such impacts and thus, can react
accordingly. For instance, to maintain its housing market, regional councillors of
Taranaki and Nelson may need to support the managers of New Plymouth and Nelson
airports to keep Jetstar to stay, or to find other (low-cost) airlines to replace Jetstar as
soon as possible. Indeed, Nelson has attracted Originair to provide its service on the
Nelson-Wellington route from 14 February 2020 (RNZ 2020); however, the airline only
provided less than a thousand scheduled seats for that route in 2020 (Official Airline
Guide 2022). Consequently, with new participation from small airlines such as
Originair, in comparison to Jetstar, more work is needed to get the region back to the
pre-intervention period. While economic reasons are barriers for those small airlines,
the spillover impacts of their operations on the regional well-being are much larger
and thus, subsidies are justified (Wu et al. 2023; Wu et al. 2024).

Second, the impacts of Jetstar's withdrawal on the housing markets of each region
are different. Particularly, a positive impact was found in Hawke's Bay and Manawatu-
Wanganui, while Taranaki and Nelson experienced a negative impact. This is due to
the characteristics of the regions and how Jetstar’ services contributed to those
regions before the withdrawal. For instance, Nelson was negatively affected more than
the others because Jetstar pulled out two pairs of routes from this region (i.e.
Auckland-Nelson and Wellington-Nelson), while it was only one pair of routes for
Taranaki. Additionally, as observed in Figure 1, Nelson is more remoted in terms of
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other means of transportation (e.g. land and sea), compared to the others. Therefore,
reactions or solutions of each region to monitor the effects of the air service discon-
tinuity will need to be tailored for the specific region.

Third, the overall assessment for all four impacted regions (via an artificial ALL_FOUR
region) showed that the withdrawal had negatively affected the New Zealand housing mar-
ket in the short run, but the market has recovered in long run. While there should be
more to add to this story (e.g. the central government policy or other events such as the
COVID-19 pandemic) that would benefit future studies, this finding suggests that the influ-
ence of Jetstar on the nation’s housing market is only short-term. One main reason is that
the domestic New Zealand aviation market is dominated by Jetstar's incumbent competi-
tor, i.e. Air New Zealand (Henderson et al. 2019; Ho et al. 2021), and the increase of Air
New Zealand services on these routes (Air New Zealand 2019) have helped ease out the
negative impacts of Jetstar's withdrawal. Consequently, one would expect a much larger
impact if the incumbent airline(s) discontinue their services from certain airports/routes.
The SCM approach proposed in this study, therefore, could be extended to other coun-
tries or samples to verify this point.

Notes

1. We argue that the effect is medium- and long-term, because after Jetstar withdrew from
those airports, there was little incentive for other airlines to enter such markets. For
instance, Orginair operated at Nelson Airport since February 2020 but only provided less
than a thousand scheduled seats for the whole year (Official Airline Guide 2022).

2. Doudchenko and Imbens (2016) further argued that DiD is a special case of SCM where all
cross-sectional units’ weights are equal.

3. Roth et al. (2023) pointed out that the common practice to test for the pre-treatment
differences in trends (“pre-trends”) often have low power, such that the absence of a
significant pre-trend does not necessarily imply that parallel trends hold.

4. As noted by an anonymous referee, house prices may not react quickly upon the
withdrawal. Given that the announcement was on 25™ September and the commencement
was 1% December (i.e.,, 67 days), whilst the median days for a house to sell in New Zealand
continuously decreased from 41 to 31 days between May and December 2019 (REINZ 2019),
we believe that the housing market had enough time to react to such withdrawals.

5. Our SCM results does not change (for the predicted prices)or changing in small magnitudes
(for the treatment effects) even if we include Auckland and Wellington in the donor pool.
Those results are not reported here but available upon request.
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