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S TN

Abstract: This study investigates the effects of the Olympic announcement and the actual event on
property values in the host region using the case of the 2018 PyeongChang Winter Olympic Games.
We collected Korean government-issued apartment transaction data in the host city, Gangneung,
and other cities. We performed propensity score matching to generate a suitable control group
compared to units in Gangneung and exploited difference-in-difference analyses to test the impact of
the announcement and the actual event separately. The results show that the Olympic announcement
increased property values in Gangneung by 5.5% compared to propensity-matched units, and the
effects are mostly shown in units in downtown Gangneung. Units close to the KTX station and the
Olympic arena observed additional increases in housing prices. During the actual Olympic event,
property values in Gangneung increased by 8.3% after the KTX station opened, but the actual event
period and Athletes’ Village opening did not generate additional effects. The additional increases in
housing prices close to the opening of the KTX station were found for units close to the KTX station,
the Olympic arena, and Athletes’ Village.

Keywords: Olympic Games; PyeongChang; Gangneung; announcement; property values

1. Introduction

Scholarly debates on the economic impact of so-called Mega Sports Events (MSEs) have
lasted for a long period of time. Depending on the method chosen to measure the economic
impacts of MSEs, such as the Olympic Games, the FIFA World Cup, and world championships,
scholars have argued that there are little to no long-term economic impacts [1].

Scholars who posit that MSEs have effects on the local economy often provide rea-
sons such as increased infrastructure development, tourism, and investment. MSEs still
seem to offer unique opportunities to the potential host cities since they can still expect
various outcomes. For example, hosting the Olympic Games leaves a legacy of increased
transportation infrastructure and environmental improvement projects triggered by the
Olympic Games, increased national image, the revitalization of the local economy through
continuous tourist inflow, and an improved quality of life among local residents [2,3].
However, due to the continuous rising costs of hosting such events, the number of cities
that desire hosting such MSEs has decreased [4].

Recent efforts to identify the positive economic impacts of MSEs have led to the
conclusion that hosting MSEs such as the Olympics bring positive impacts on the price
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of assets such as stock market and property values during the announcement phase of
these events [5,6]. This is assumed to be because as soon as an event such as the Olympic
Games is announced, the expectations for the mid- to long-term residential, environmental,
and economic development in the host city are reflected in the future values of various
Olympics-related companies and the host city. This is the reason we can observe a positive
surplus in the stock market for Olympic Games-related companies during the announce-
ment period [7], as well as in the average property values of the host region [8].

The purpose of this study is to identify the impacts of MSEs, specifically the Olympic
Games, on the property values in the hosting region. We divided the study into two
separate events regarding hosting the Olympic Games, the hosting announcement period
and the actual event period, and tested whether both events generated a positive impact
on the housing prices separately. The data were collected over six years: three years
(2010 to 2012) to test the effects of the announcement and another three years (2017 to 2019)
to test the effects of the actual sporting event. The hosting announcement was made on
6 July 2011 and the Winter Olympic Games took place from 9 to 25 February 2018. We
set the host city of Gangneung as the treatment city, and propensity score matching was
performed to construct a suitable control group. Heterogeneous effects between units in
downtown Gangneung and Jumunjin and in proximity to Olympic-related facilities were
also tested. Results indicate that the Olympic hosting announcement increased property
values in Gangneung by 5.5% compared to propensity-matched units, and the effects
were mostly shown in the units in downtown Gangneung. Units close to the Korea Train
Express (KTX) station and the Olympic arena experienced additional increases in housing
prices. Within the actual Olympic Games period, the opening of the KTX station had the
largest positive impact on property values; property values in Gangneung increased by
8.3% after the KTX station opened. The additional effects were found for units close to the
KTX station, the Olympic arena, and the Athletes’ Village.

2. Literature Review
2.1. Olympic Games and Economic Impact

The topic of the economic impact of the Olympic Games is debatable not only in
academia but also in practice. Normally, sporting events such as the Olympics have two
different types of economic impact. First, there are direct impacts, which include the
amount per capita that spectators from the foreign economy, who came to the host city only
for the event, spend while attending the Games as well as investments implemented to
rebuild infrastructure. Second, there are indirect impacts, such as the promotional effect on
the nation’s image. Despite the fact that hosting the Olympic Games is extremely expensive,
the motivations for cities to host the Games are closely linked to various stakeholders,
including political and social decisions. Kontokosta [9] argued that a host city views the
Olympic Games as an opportunity to make a political statement, create a marketing image,
attract international investment, increase tourism, foster urban development, and spur
economic activity. According to studies by Firgo [10] and Scandizzo and Pierleoni [11],
positive economic impacts include increased economic activity due to investment, job
creation, increased labor supply, increased living standards, and a rise in income.

Empirical evidence mostly reports little to no economic impact of hosting the Olympic
Games on employment [12-14] or on taxable sales [15,16]. Baade and Matheson [2] explain
this with substitution and crowding-out effects, which indicate that positive spending on
Olympic-related goods and services were just substituted from other spending (substitution
effect), and regular tourists or business travelers tend to avoid the Olympic periods due
to large crowds (crowding-out effect). Negative economic impacts are also reported for
a variety of reasons. The high costs of staging the event (costs of opening and closing
ceremony, security, and construction of infrastructure), increase in local authority debt, tax
increases, environmental damage, pollution, and gentrification process [2] all impact the
local economy. Further negative economic impacts of hosting the Olympic Games occur
long after the Games finish. Since many stadiums and infrastructure were built for only
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15 days of events, it creates ongoing maintenance fees after the event. These structures
are called white elephants. Almost every summer, Olympic Games—such as 2004 Athens,
2008 Beijing, 2012 London, and 2016 Rio—had white elephants [9,17].

2.2. Olympic Games and Property Value

In his study analyzing the effects of five Summer Olympic Games and one Winter
Olympic Games from 1984 to 2000 on the property values in host cities, Kontoskosta [9]
found that the impact of the Olympics on property values varied depending on the charac-
teristics of the host city. Out of six Olympic Games, only the 1992 Barcelona and 2000 Sydney
Games experienced an increase in property values, while 1996 Atlanta experienced a de-
crease of 9.4% after the Summer Olympic Games. The 1988 Olympic Games in Seoul had
no significant effect on property values, whereas the 2000 Summer Olympics in Sydney re-
sulted in a 13.9% increase in property values. Based on those findings, the author concluded
that the success or failure of property value depends on the degree to which systematic
and integrated Olympic-related investments are made in the host city.

Ahlfeldt and Maennig [18] estimated the impact of multipurpose Olympic venues on
land values in Berlin, Germany with a hedonic price model and found positive proximity
effects of a new venue. They found the positive impact of New Wembley and Emirates
Stadiums in London, England, on housing prices with a difference-in-difference model
for the construction announcement, construction period, and opening.

Hur and Kim [19] examined the impact of the 2018 PyeongChang Winter Olympic Games
on the property value of the host region. The study specifically divided two groups—the
host region and the non-host region—to compare the effect of the announcement on property
values. They included factors such as distance from the ocean, elementary schools, middle
schools, high schools, public service offices, hospitals, train stations, and bus stops. Analyzing
data from 2009 to 2017, the property values of both hosting and non-hosting regions increased
by 3.8% to 6.2% after the announcement of the Winter Olympic Games.

The above studies indicate that the increase in property values was the result of the
anticipated socioeconomic benefits, including event-related infrastructure and venues, that
can be gained in hosting Olympic Games or from the construction of new stadiums/venues.
This is mainly because sports facilities, venues, and other elements of infrastructure attract
sports-related assets to the community after hosting the major sports event. They create
legacies, such as sports franchise teams or sports facilities, and lead to an increase in property
values. A study by Hyun [20] provides evidence for this assertion. The study revealed that
apartment prices within 3 km of a new stadium jumped by 6% after its opening.

On the other hand, there are some other studies that have found that property values
around the venue are negatively impacted due to heavy traffic, noise, and trash generated
by professional sports facilities around the stadium. Humphreys and Nowak [21] found
increased housing prices after team departure, Joshi et al. [22] found a reduced property
values after the promotion of MLS team in Seattle, and Bradbury [23] did not find positive
returns on property assessments after the announcement of a new baseball stadium and
the actual construction in Cobb County, Georgia.

2.3. Property Values in Korea

Similarly to the stock market, the value of real estate in Korea is highly dependent on
economic changes. This is because property markets fluctuate depending on the interests of
stakeholders. The majority of the factors that determine property value can be explained by
the hedonic price theory. The hedonic price theory states that the price of a general good is
determined by gathering various attributes surrounding that good [24]. In addition, when
the model is applied to property values, it explains that several characteristics determine
property prices and that each of these characteristics contributes to the overall property
price. Previous studies noted that hedonic price modeling can be explained by three main
categories: locational, structural, and neighborhood characteristics [25,26].
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Studies on Korean property values have some unique features. As more than 50%
of Koreans live in apartment complexes [27], most studies on property values focus on
apartment units [28]. These studies have identified the determinants of property values
such as unit characteristics, which include unit size, floors, and the number of bedrooms
and bathrooms, as well as apartment complex characteristics, which include apartment
age, the number of units in the apartment complex, floor area ratio, building coverage,
and parking space. Finally, neighborhood characteristics, which include proximity to a
subway station, schools, local hospitals, parks, and the number of public transportation
options, all influence property values.

Song and Han [29] concluded in their study that the number of bathrooms, building
coverage, floors, and public transportation options affected the price of property among
apartments in the Seoul metropolitan area. Jung [30] also argued for the large number
of apartment floors, a number of bedrooms, apartment size, and public transportation
options affected the price of housing, while floors, a number of bedrooms, and public
transportation options affected the price for small-size apartment in the Seoul metropolitan
area. Other studies on Korean property values stated that apartments near schools, local
hospitals, and sports facilities are more expensive [31,32].

3. Empirical Method
3.1. Data

PyeongChang 2018, the 2018 Winter Olympics, was held between 9 and 25 February
2018 in PyeongChang and Gangneung in the Gangwon province of the Republic of Korea.
Ahead of the official selection, PyeongChang competed with two other cities, Munich and
Annecy, to host the Winter Olympic Games. On 6 July 2011, PyeongChang was selected
as the host city at the 123rd IOC Session in Durban, South Africa. PyeongChang Winter
Olympic Games venues and infrastructure were built in two different areas: PyeongChang
mountain cluster, where all the skiing event venues were built, and Gangneung coastal
cluster includes indoor sports events. The Korean government spent about USD 13 billion
on preparing and staging the Games [33]. Pyeongchang Olympic Games Organising
Committee [34] noted that 77.3% of the financial spending was put into social overhead
capital such as a new highway and the Korea Train Express (KTX) stations and railroad
connecting Seoul, PyeongChang, and Gangneung, and the other, around 20%, was spent
on building venues. This construction was planned before the official selection.

This study focuses on apartment sales in Gangneung only for following reasons. First,
while Gangneung is one of the major cities in Gangwon Province and a typical mid-size city
in Korea with a population over 200,000, PyeongChang is a rural mountain area with ski
resorts and a population of around 40,000. Thus, apartment sales in Gangneung would be
better suited to study the effect of hosting the Olympic Games. Second, the majority of Korean
households reside in apartments. Moreover, while details of any unit of apartment sales
(e.g., road address) are available in raw data, we have limited access to detailed data on other
types of housing (e.g., a single house). Since units within an apartment complex share many
amenities, it is relatively easy to control for these amenities. For this reason, previous studies
on Korean housing transactions have focused on apartment sales only [28,35].

Within this timeline of the PyeongChang Winter Olympic Games, we divided two
different events—the announcement of the Games and the actual event period—to test
the effect of each event on housing prices. This approach was based on Preuss [36] and
Cashman [37], in which they argued that investments for the Olympic Games usually happens
before the opening ceremony, and regional development is conducted during the biding
period. Therefore, we conducted two different sample periods; to test the effect of the
announcement, we set up a sample period between 2010 and 2012, and to test the effect of
the opening of the KTX station and the actual event, we set up a sample period between 2017
and 2019. Every apartment unit sale has to be reported to the Ministry of Land, Infrastructure,
and Transport (MOLIT) by law, and the MOLIT collects and publishes housing transaction
data on the website http://rt.molit.go.kr/ (accessed on 30 April 2022). The data contain
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detailed information of every apartment transaction, such as price, transaction date, size, floor,
construction year, and road address. We collected housing transaction data between 2010 and
2012 and between 2017 and 2019 from the MOLIT website.

Previous studies on the Korean housing market have identified the further deter-
minants of housing prices such as unit-specific features (the number of bedrooms and
bathrooms) and apartment-complex-specific features (the number of units in the complex,
floor area ratio, building coverage, parking place, distance to closest elementary school
or hospital). However, MOLIT transaction data do not cover this information. Thus, we
further collected these variables in the following steps.

First, we performed a ‘naive selection’ of cities that are comparable to Gangne-
ung using city-level population, gross domestic product, and the number of crimes per
100,000 population, which were collected from the Korean Statistical Information Service
(https://kosis.kr, accessed on 30 April 2022) and the Korean Prosecution Service
(https://www.spo.go.kr/site/spo/crimeAnalysis.do, accessed on 30 April 2022). This
naive selection is essential for collecting further information, as raw MOLIT transaction
data have too many unit transactions (around 50,000 transactions per month) and most of
them are not comparable to the apartment units in Gangneung. As a result, 10 cities were
selected and 78,220 transactions between 2010 and 2012 and 68,449 transactions between
2017 and 2019 remained. Table 1 shows features of the cities compared to Gangneung.

Table 1. Features of Gangneung and Naive Selected Cities.

Year 2010 2017

City Name GRDP Population Crime Rates = GRDP  Population Crime Rates
Gangneung 6,970,208 218,471 4503.57 5,295,106 215,914 3594.95
Gyeongsan 13,811,253 266,036 3341.65 7,666,389 282,626 2637.05
Gimcheon 7,162,397 127,889 3547.61 5,287,573 140,765 2923.31
Nonsan 6,621,540 119,222 3990.87 3,662,308 123,774 3482.96
Mokpo 6,201,899 249,960 6594.26 4,100,412 233,948 4389.01
Suncheon 10,395,398 258,670 5038.08 5,963,037 266,809 3590.96
Andong 5,063,605 166,197 4127.63 4,450,569 165,704 3112.78
Jeongeup 5,375,950 110,352 3607.55 2,881,171 109,263 2877.46
Jecheon 4,741,590 134,698 3598.42 3,123,530 136,929 3280.53
Chuncheon 8,667,960 276,232 4294.94 7,481,252 283,742 3570.15
Chungju 9,934,218 203,212 4014.03 6,975,877 212,274 3348.03

After the naive selection, we further collected unit-specific features (the number of
bedrooms and bathrooms) and apartment-complex-specific features (the number of units in
the complex, floor area ratio, building coverage, and parking place availability) by applying
web scrapping from http://kbland.kr/ (accessed on 30 April 2022). After excluding
missing values on collected variables, the sample’s size reduced to 47,919 transactions in
the 20102012 sample and 31,394 transactions in the 2017-2019 sample.

Lastly, we collected a list of elementary schools and hospitals with a road address from
the Korean Educational Statistics Service (https://kess.kedi.re.kr, accessed on 30 April
2022) and the Korean Healthcare Bigdata Hub (http://gisopendata.hira.or.kr, accessed on
30 April 2022). After collection, we calculated the distance between every transaction unit
to the closest elementary school and hospital. Tables 2 and 3 show the descriptive statistics
of apartment transactions in Gangneung and naive-selected cities in the 2010-2012 and
2017-2019 samples, respectively.
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Table 2. Descriptive Statistics of the 2010-2012 Sample.

Variable Obs Mean Std. Dev. Min Max

Price 94,157 11,285.14 7064.272 750 68,000

Unit size 94,157  72.451 26.035 19.99 244958

Unit floor 94,157 7.298 4.703 -1 29

# of bedrooms 79,280 2.875 0.611 1

# of bathrooms 79,280 1.504 0.503 1

Apartment age 94,157  12.469 7.31 0 41

# of units in apartment 79,280  547.337 324.755 10 1792

Floor area ratio 62,271  218.561 58.233 50 775

Building coverage 62,109 21.42 8.773 2 98

Parking space per unit 67,314 0.937 0.345 0.135 2535

Distance to closest hospital 94,002 3.108 4.184 0.064 27.18

Distance to closest School 94,002 0.496 0.346 0.021 2.097
Table 3. Descriptive Statistics of the 2017-2019 Sample.

Variable Obs Mean Std. Dev.  Min Max

Price 81,876 14,017.194 8489.439 950 78,800

Unit size 81,876 70.056 22.693 12.149 244.071

Unit floor 81,876 7.726 5.017 -1 39

# of bedrooms 52,592 2.833 0.587 1

# of bathrooms 52,592 1.47 0.502 1

Apartment age 81,876 18.591 8.437 1 47

# of units in apartment 52,592 551.089 321.83 10 1792

Floor area ratio 40,070 219.319 56.529 50 775

Building coverage 39,934 21.336 8.067 2 98

Parking space per unit 44,099 0.901 0.325 0.135  2.535

Distance to closest hospital 72,966 2.845 3.704 0.083  27.18

Distance to closest School 72,966 0.477 0.33 0.043 2.097

For the 20102012 sample, the average price was 112,851,400 KRW (around 90,000 USD)
and ranged from 7,500,000 to 680,000,000 KRW. The average unit size was 72.45 square
meters. The mean floor level was 7.3 and ranged from the first basement level to the 29th
floor. The average numbers of bedrooms and bathrooms were 2.9 and 1.5, respectively.
The average apartment age was 12.5 years old, and the average number of units in the
apartment complex was 547.3. The mean of floor area ratio was 218.6%, and the building
coverage was 21.42%. The mean number of parking spaces per unit was 0.937. The average
distance to closest hospital and school was 3.1 km and 0.49 km, respectively.

For the 2017-2019 sample, the average price was 140,171,940 KRW (around 110,000 USD)
and ranged from 9,500,000 to 788,000,000 KRW. The average unit size was 70.06 square
meters. The mean floor level was 7.7 and ranged from the first basement level to the 39th
floor. The average of the number of bedrooms and bathrooms was 2.8 and 1.5, respectively.
The average apartment age was 18.6 years old, and the average number of units in the
apartment complex was 551.1. The mean of floor area ratio was 219.3% and the building’s
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coverage was 21.34%. The mean number of parking spaces per unit was 0.901. The average
distances to the closest hospital and school were 2.85 km and 0.48 km, respectively.

3.2. Analysis

Before estimating the treatment effect, propensity score matching was employed to
construct an appropriate control group of the units in naive-selected cities. Propensity
score matching was introduced by Rosenbaum and Rubin [38] and has been widely used
to assess causal relationships with quasi-experimental settings (i.e., the lack of random
assignment). The matching technique assumes that outcomes are independent of group
participation (units in Gangneung, which hosted the Olympics) conditional on a set of
observed variables [38,39]. We used variables that are likely to determine housing prices,
which include unit-specific features (unit size and floor and the number of bedrooms and
bathrooms), apartment-complex-specific features (age, the number of units, floor area
ratio, building coverage, parking spaces, and distance to the closest hospital and school),
and city-specific features (city population, GRDP, and crime rates). Following Song [40], we
use one-to-one nearest neighbor matching for each unit in Gangneung with a replacement.

As a result of propensity-score matching, 2181 unit transactions were matched for
4989 unit transactions in Gangneung for the 2010-2012 sample and 2014 unit transactions were
matched for 3737 unit transactions in Gangneung for the 20172019 sample. Figure 1 shows
the time trends of the monthly average transaction price after controlling for unit-specific,
apartment-specific, and city-specific variations for the 2010-2012 and 2017-2019 samples.
The vertical line in the 2010-2012 sample in Figure 1 indicates the month that the announce-
ments were made, and vertical lines for the 20172019 sample indicate the months that KTX
stations reopened, the month the Olympic Games were held, and when Athletes” Village
opened for the public. For both graphs, transaction prices of units in naive-selected cities are
quite low and show more fluctuations compared to those in Gangneung. The transaction
prices of the matched units in Figure 1 show similar trends to units in Gangneung, which
supports the parallel pre-trend assumptions for applying a difference-in-difference analysis.

2010-2012 Sample

] ] )

2017-2019 Sample

0.05
0.05

price
-0.05
price
-0.05

1
1

0.15
0.15

0 10 20 30 40 0 10 20 30 40
month month

Gangneung
Naive group

PSM group Gangneung

Naive group

PSM group

Figure 1. Monthly average of price after controlling for covariates.

After applying propensity score matching, a difference-in-difference approach was
used to estimate the treatment effect with the 2010-2012 sample. Since a hedonic price
model was used for analyzing housing prices [21,28,40], we modified the hedonic price
model as follows:

ln(price)i]-t = Bo+ B1 GN] * POST; + ’Y/UNITi]'t + 5IAPTi]'t 4+ + A+ Ujjt €))

where In(price);;; represents the logged transformed price of sold unit i in city j on transac-
tion day f. GN; x POST; equals 1 for treatment city, Gangneung, after the announcement of
hosting the Olympic Games was made. UNITj;; is a vector of unit specific variables, such
as unit size, floor number, and the number of bedrooms and bathrooms. APT;;; is a vector
of apartment complex specific variables, such as age, the number of units, floor area ratio,
building coverage, parking space, and distance to closest hospital and school. «; and A;
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denote city-fixed effects and year-month fixed effects, respectively. u;;; is a heteroscedastic
unobservable error term. The equation error term was assumed to be correlated within the
city, and we clustered the standard errors accordingly. In this empirical setting, 81 captures
the effect of Olympic announcements on housing prices in Gangneung. We expect positive
B1 if the Olympic announcement increased housing prices in the host area.

Apartment complexes in Gangneung are classified into two different regions: the down-
town Gangneung area and the Jumunjin area. Figure 2 shows the distribution of apartment
sales data in Gangneung in the 2010-2012 sample. Sky-blue dots show the location of
sold units in downtown Gangneung and dark-blue dots show the location of sold units
in Jumunjin. From 7785 transactions in the entire Gangneung area, 73% are located in
the downtown area and 27% are located in the Jumunjin area in the 2010-2012 sample.
As shown in Figure 2, apartment units in Jumunjin are quite far from downtown Gangne-
ung, around 13 km away from the KTX station. As the Olympics-related facilities are
located in downtown Gangneung, we expected that the effects of the Olympic announce-
ment would be reflected in the downtown area more clearly. Therefore, the following
empirical model was derived to test this heterogeneous effect:

In(price)js = Bo + B1DTGN; x POST; + B2 ] M]; * POST;
+ 7'UNITjj + 6’ APTy¢ + a; + A + uj - (2)

where DTGN,; * POST; is equal to 1 for the units in downtown Gangneung after the an-
nouncement of hosting the Olympic Games was made, and JM]; * POST; equals 1 for units
in Jumunjin after the announcement of hosting the Olympic Games was made. The estima-
tion approach and all other variables are the same as in Equation (1). Within this setting we
expected that f; would be greater than 3, if the effects of the Olympic announcement are
shown in downtown Gangneung rather than Jumunjin:

ln(price)ijt = PBo+ ﬁlGNj * POST; + BoKTX; % POST; + B3ARN; * POST; + B4V LG; x POST;
+ ’)//UNITi]-t + 5,APTi]'t + o+ A+ Ujjt 3)

where KTX; * POST;, ARN; * POST;, and VLG; * POST; equal 1 for units that are located in
a 1 km radius from the Olympic arena, Athletes’ Village, and the KTX station, respectively,
after the announcement date. If the effects of the announcement are shown in units close to
the Olympic facilities, we expected positive B, B3, and Ba.

Olympic Facilities
. B Athietes Village

] Il KTX station
Olympic Arena

4

3 2 AR P
3km r PN s
1mi 2, g F~A s~ P4 V7 Leatiet | © OpenStreetMap contributors © CARTG

Figure 2. The location of housing unit in Gangneung,.
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In the 2017-2019 sample, there were three events that were likely to affect housing
price: the KTX station opening on 22 December 2017, the Olympic Games being held
between 9 and 25 February 2018, and civilian residents starting to move into Athletes’
Village on 1 October 2018. We derived a difference-in-difference model to test the effects of
the opening of the KTX station, the actual event, and Athletes’ Village opening on housing
prices using the 2017-2019 sample:

In(price);js = Bo + P1GN; x POSTKTX; + B2GN; * POSTOMP; + B3GN; * POSTV LG

+ 7' UNITsj¢ + &' APTyj¢ + a; + Ar + ujj (4)

where GN; x POSTKTX;, GN; * POSTOMP;, and GN; x POSTVLG; equal to 1 for the units
in Gangneung after the opening of the KTX station, the actual Olympic period, and Athletes
Village opening. For the 2017-2019 sample, we also tested the heterogeneous effects for
units close to the Olympic facilities, as shown in Equation (3).

7

4. Results and Discussion

Table 4 shows the results of difference-in-difference analysis with the 2010-2012 sample.
Column (1) in Table 4 shows the results from Equation (1). For unit-specific features,
the housing prices rose for units with a larger size, higher floor, and more bedrooms and
bathrooms. For apartment-complex-specific features, housing prices were higher for newer
apartments, lower building coverage ratio, more parking spaces per unit, and being closer
to an elementary school. These results were consistent with the previous literature on
Korean housing prices [29-31].

Table 4. Difference-in-Difference Results: 2010-2012 Sample.

1 (2) (3)
Treatment Effects 0.055 *** 0.052 ***
(0.014) (0.014)
TE in Downtown Gangneung 0.057 ***
(0.014)
TE in Jumunjin —0.06
(0.108)
TE within 1 km of KTX 0.035 *
(0.018)
TE within 1 km of Arena 0.067 ***
(0.013)
TE within 1 km of Village 0.003
(0.02)
Unit Size 0.006 *** 0.006 *** 0.006 ***
(0.001) (0.001) (0.001)
Unit Floor 0.010 *** 0.010 = 0.010 ***
(0.000) (0.000) (0.000)
# of Bedrooms 0.130 *** 0.130 *** 0.129 ***
(0.033) (0.033) (0.033)
# of Bathrooms 0.181 *** 0.181 *** 0.180 ***
(0.027) (0.027) (0.027)
—0.031 *** —0.031 *** —0.031 ***

Apartment Age (0.003) (0.003) (0.003)
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Table 4. Cont.

) (2) (3)
# of Units 0.003 0.003 0.003
(0.004) (0.004) (0.004)
Floor Area Ratio 0.025 0.026 0.023
(0.026) (0.025) (0.026)
Building Coverage —0.013 *** —0.013 *** —0.013 ***
(0.001) (0.001) (0.001)
Parking Space per Unit 0.140 *** 0.140 *** 0.140 ***
(0.039) (0.039) (0.039)
Distance to Hospital 0.026 0.029 0.027
(0.026) (0.027) (0.026)
Distance to School —0.177 *** —0.177 *** —0.177 ***
(0.04) (0.04) (0.04)
Intercept 8.314 *** 8.31 *** 8.314 ***
(0.071) (0.068) (0.071)
Observations 7170 7170 7170
AdjR2 0.885 0.885 0.885
City Fixed Effects yes yes yes
Year-month Fixed Effects yes yes yes

Notes: * p < 0.10; ** p < 0.05; *** p < 0.01. Cluster-corrected standard errors at the apartment-complex level
in parentheses.

The coefficient on the treatment effects, 1 in Equation (1), captures the effect of the
Olympic announcement on housing prices in Gangneung. The estimated coefficient is
positive and statistically significant. After the announcement, housing prices increased
by 5.5% in Gangneung compared to propensity score-matched units. This finding is
consistent with Hur and Kim (2020), who found 3.7% to 6.0% increases in housing prices
after the announcement.

This study also estimates the heterogeneous effects according to the housing location
in Gangneung. As mentioned, housing units in Gangneung can be divided two different
regions: downtown Gangneung and Jumunjin. If the effect of the announcement exists, it
should be reflected in downtown area more where Olympic-related facilities are located.

Column (2) in Table 4 shows the heterogeneous effects depending on the unit’s location
in Gangneung. As shown, the units in downtown Gangneung experienced announcement
effects on housing prices (a 5.7% increase), and the estimated coefficient for units in Ju-
munjin was not statistically significant. The announcement effects on prices were reflected
only in the units in downtown Gangneung, as expected.

Furthermore, we tested whether the heterogeneous effects for units close to Olympic
facilities also exist. As shown in column (3), units in a 1 km radius from the KTX station
observed an additional 3.5% increase in housing prices, and units in a 1 km radius from
the Olympic arena observed an additional 6.7% increase in housing prices. Units in a 1 km
radius from the Athletes’ Village did not have any heterogeneous effects.

Table 5 shows the results of the difference-in-difference analysis with the 20172019
sample. Columns (1), (2), and (3) in Table 5 show the results of testing the effect of the
opening of the KTX station, Olympic event period, and Athletes’ Village opening separately.
Column (4) shows the results of Equation (3). In column (1), housing prices rise for
apartments that are larger, on a higher floor, and those that have more bedrooms and
bathrooms. For apartment-complex-specific features, housing prices are higher for newer
apartments, more units, lower floor area ratio, more parking spaces per unit, and those that
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are located closer to an elementary school. These results are consistent with the previous
literature on Korean housing prices [29-31].

Table 5. Difference-in-Difference Results: 2017-2019 Sample.

) 2 (3) @ (5)
TE after KTX Opening 0.067 ** 0.083 ***  0.078 ***
(0.028) (0.021) (0.021)
TE after Olympics 0.059 * —0.015 —0.017
(0.028) (0.016) (0.016)
TE after Village Opening 0.038 —0.004 —0.006
(0.031) (0.024) (0.024)
TE after KTX Opening 0.046 **
within 1 km of KTX (0.019)
TE after KTX Opening 0.057 ***
within 1 km of Arena (0.016)
TE after KTX Opening 0.092 ***
within 1 km of Village (0.008)
Unit Size 0.006 *** 0.006 *** 0.006 ***  0.006 ***  0.006 ***
(0.001) (0.001) (0.001) (0.001) (0.001)
Unit Floor 0.010 *** 0.010 *** 0.010**  0.010**  0.010 ***
(0.001) (0.001) (0.001) (0.001) (0.001)
# of Bedrooms 0.196 *** 0.196 *** 196 *** 0.196 ***  0.195 ***
(0.018) (0.018) (0.018) (0.018) (0.018)
# of Bathrooms 0.169 *** 0.169 *** 0.169 ***  0.169 ***  0.166 ***
(0.016) (0.016) (0.015) (0.016) (0.015)
Apartment Age —0.029 ***  —0.029 **  —0.029 ***  —0.03 ***  —0.029 ***
(0.002) (0.002) (0.002) (0.002) (0.002)
# of Units 0.012 *** 0.012 *** 0.011**  0.012**  0.012***
(0.002) (0.002) (0.002) (0.002) (0.002)
Floor Area Ratio —0.044*  —0.044*  —0.044* —0.044* —0.046**
(0.015) (0.015) (0.014) (0.015) (0.015)
Building Coverage —0.001 —0.001 —0.001 —0.001 —0.001
(0.002) (0.002) (0.002) (0.002) (0.002)
Parking Space per Unit 0.157 *** 0.157 *** 0.158**  0.157**  0.158 ***
(0.027) (0.027) (0.027) (0.027) (0.027)
Distance to Hospital —0.001 —0.001 —0.001 —0.001 —0.001
(0.02) (0.02) (0.02) (0.02) (0.02)
Distance to School —0.148 * —0.148*  —0.150*  —0.148*  —0.146*
(0.068) (0.068) (0.067) (0.067) (0.068)
Intercept 8.687 *** 8.692 *** 8.706 ***  8.688 *** 8.68 ***
(0.052) (0.053) (0.056) (0.052) (0.055)
Observations 5751 5751 5751 5751 5751
AdjR2 0.866 0.866 0.866 0.866 0.867
City Fixed Effects yes yes yes yes yes
Year-month Fixed Effects yes yes yes yes yes

Notes: * p < 0.10; ** p < 0.05; ** p < 0.01. Cluster-corrected standard errors at the apartment-complex level
in parentheses.

Column (1) in Table 5 also shows the effect of the opening of the KTX station on
housing prices in Gangneung. As shown, housing prices in Gangneung rose by 6.7%
after the KTX station opened compared to propensity-score matched units. It seems that
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the Olympic period had a similar effect (a 5.9% increase in housing prices), but Athletes’
Village opening did not show a significant effect. In column (4), these three events were
tested together. As shown, only the opening of the KTX station shows a positive and
significant effect. Housing prices in Gangneung rose by 8.3% after the KTX station opened.
The Olympic period and Athletes’ Village opening did not generate additional increases in
housing prices.

We further estimated the heterogeneous effects of the opening of the KTX station
according to housing locations in Gangneung. As shown in column (5), units in a 1 km
radius from the KTX station observed an additional 4.6% increase in housing prices, units
in a 1 km radius from the Olympic arena observed an additional 5.7% increase in housing
prices, and units in a 1 km radius from the Athletes’ Village observed an additional 9.2%
increase in housing prices.

As the results of the study show, it is clear that the Olympic Games announcement
affected the housing prices of the host region. Unit transaction prices increased by 5.5%
after the announcement in Gangneung compared to propensity-score-matched units, which
is consistent with the previous findings of Hur and Kim [19]. Furthermore, the results
show that the impact was shown in downtown Gangneung where the Olympic facilities are
located, and units close to Olympic facilities also observed additional increases in housing
prices, with the exception of Athletes’ Village, which confirm that the estimated effects are
driven by the Olympic announcement.

Units close to Athletes” Village did not experience additional increases in prices from
the announcement. This seems to be due to Athletes’ Village’s location. As shown in
Figure 1, Athletes’ Village was planned to be located in the eastern part of Gangneung,
which was less urbanized and developed in 2010; only a few apartments existed there.
Since Athletes’ Village was planned to be sold to the public, the results may indicate
that supply shocks canceled out the positive impact of the Olympic announcement. The
results also report that there had been increases in housing price in Gangneung during
the Olympic period. Among Olympic-period events, the opening of the KTX station
dominated the overall impact compared to the actual event period and Athletes’ Village
opening. The impact of the opening of the KTX station can be explained by Diao, Leonard,
and Sing [41], who found that opening new rail lines increased housing prices within
600 m of the stations. Gadzinski and Radzimski [42] also pointed out that 20% of research
participants were willing to pay a higher price for homes located near train stations. It
seems that Gangneung residents prefer easy access to Seoul via the KTX station.

The actual Olympic periods and Athletes” Village opening did not generate additional
increases in housing prices. This may indicate that Gangneung citizens think that the
opening of the KTX station is a more important event compared to the actual Olympic
Games and Athletes” Village. This may reflect a belief that infrastructure construction
such as the KTX station generates additional long-term economic impact regardless of the
existence of the impact, as previous studies noted [2].

The impact of KTX station opening was higher on units close to Olympic-related facili-
ties, including units close to the Athletes’ Village. The result supports that the estimated
effects are more likely to be driven by hosting the Olympic Games. The units close to
Athletes’ Village also noted an additional impact on housing prices. Even though Athletes’
Village provides around 3400 new units, which is around 7.5% of the total apartment units
in Gangneung, it can be seen as a supply shock, but demand seems to have reacted to the
effect of hosting the Olympic Games and the opening of the KTX station.

5. Robustness Checks

As shown in Tables 2 and 3, there are many missing values in the apartment-complex-
specific variables, such as floor area ratio, building coverage, and parking space per unit.
Since these apartment-complex-specific variations are time-invariant, the apartment com-
plex’s fixed effects can control for not only these variations but also any unobservable
features of the apartment complex. Moreover, observations with missing values can be used
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with the apartment complex’s fixed effects. Therefore, we estimated the model including
the apartment complex’s fixed effects instead of the city’s fixed effects as a robustness
check to test whether the results are sensitive towards missing values and any possible
unobservable factors.

Table 6 shows the results of the robustness check with the 2010-2012 sample. We only
included treatment-effect-related coefficients in Table 6 and the full results are available
upon request. Note that we have more observations (10,348 unit transactions) compared
to Table 4 (7170 unit transactions) as we are able to include observations with missing
values. Similarly to the results in Table 4, housing prices in Gangneung rose by 4.8% after
the announcement compared to the propensity-score-matched units. The effects are shown
in units in downtown Gangneung mostly (4.9% increase), while units in Jumunjin do not
change housing prices after the announcement. The only difference between the results
here and in Table 4 was that there were no heterogeneous effects for units close to the
Olympic facilities. This difference may have arisen since we used the apartment complex’s
fixed effects. The distance to Olympic-related facilities is also apartment-complex-specific
and involves time-invariant variations. Therefore, an apartment complex’s fixed effects
may take heterogeneous effects for units close to Olympic facilities.

Table 6. Results of Robustness Check: 2010-2012 Sample.

1) (2) (3)
Treatment Effects 0.048 ** 0.050 **
(0.021) (0.022)
TE in Downtown 0.049 **
(0.021)
TE in Jumunjin —0.016
(0.054)
TE within KTX 1 km —0.075
(0.069)
TE within Arena 1 km 0.063
(0.082)
TE within Village 1 km 0.074
(0.052)
Observations 10,348 10,348 10348
AdjR2 0.955 0.955 0.955
Apartment Complex Fixed Effects yes yes yes
Year-month Fixed Effects yes yes yes

Notes: * p < 0.10; ** p < 0.05; ** p < 0.01. Cluster-corrected standard errors at the apartment-complex level
in parentheses.

Table 7 shows the results of the robustness check with the 2017-2019 sample. We only
include treatment-effect-related coefficients in Table 7 and the full results are available
upon request. Note that we have more observations (8490 unit transactions) compared
to Table 5 (5751 unit transactions) as we are able to include observations with missing
values. Similarly to the results in Table 5, the opning of the KTX station increased housing
prices in Gangneung by 8.9%, and the Olympic periods increased housing prices by 9.2%.
On the other hand, the effect of Athletes’ Village opening is both positive and significant
(8.2%). Moreover, column (4) reports that the opening of the KTX station has lowest
impact (3.0%), and Olympic periods and Athletes’ Village opening has significant impacts
(4.2% and 3.6%, respectively). Heterogeneous effects for units close to Olympic-related
facilities are not found in Table 7. As discussed, the apartment complex’s fixed effects may
counter these effects.
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Table 7. Results of Robustness Check: 2017-2019 Sample.

1) 2 3) ) (5
TE after KTX Opening 0.089 *** 0.030*  0.029*
(0.014) (0.017)  (0.018)
TE after Olympics 0.092 *** 0.042**  0.042 **
(0.014) (0.017)  (0.017)
TE after Village Opening 0.082*** 0.036 ** 0.036 **
(0.015)  (0.015)  (0.015)
TE after KTX Opening 0.012
within KTX 1 km (0.03)
TE after KTX Opening 0.009
within Arena 1 km (0.048)
TE after KTX Opening —0.013
within Village 1 km (0.015)
Observations 8490 8490 8490 8490 8490
AdjR2 0.959 0.959 0.959 0.960 0.960
Apartment Complex Fixed yes yes yes yes yes
Effects Year-month Fixed Effects yes yes yes yes yes

Notes: * p < 0.10; ** p < 0.05; *** p < 0.01. Cluster-corrected standard errors at the apartment-complex level
in parentheses.

Opverall, the effects of the announcement and the KTX station opening are consistently
found in the robustness check. Heterogeneity for units close to the Olympic facilities are
not found due to the apartment complex’s fixed effects. Lastly, we found only partial
evidence supporting the effects of the actual Olympic event and Athletes’” Village opening
on housing prices.

6. Conclusions

This paper investigates the impact of the Olympic announcement and the actual
Olympic event on property values in the hosting region. We accessed apartment unit
transaction data from the MOLIT and further applied web-scrapping to collect unit and
apartment complex details. After applying propensity score matching, we assessed the
impact of the Olympic announcement and the actual Olympic event separately with
difference-in-difference analysis. As a result, we found that 5.5% increases in housing
prices in Gangneung compared to propensity-score-matched units after the announcement.
The estimated effects are mostly shown in downtown Gangneung, where the Olympic
facilities are located, and units close to the KTX station and the Olympic Arena observed
additional increases in housing prices.

We also found that housing prices increased 6.7% to 8.3% in Gangneung after the KTX
station opened. Units close to the KTX station, the Olympic Arena, and Athletes’ Village
observed an additional impact on housing. Our results from the robustness check also
report an additional impact of the actual event periods and Athletes’ Village opening on
housing prices, but this result is not supported by our main analysis.

While we found a positive impact of hosting the Olympic Games on local property
values, it is questionable whether the results represent positive externalities relative to
the host region. although previous papers often regard this as spillover [43]. It is obvious
that owners enjoyed increases in housing prices, but the increases can be regarded as rent-
seeking increases because tenants—mostly poorer than owners—may be crowded out of
the downtown area to somewhere outside the city, which could drive more inequality [44].

We only tested the relatively short-term impact of the Olympics announcement and
the actual event on property values. The PyeongChang Winter Olympic Games were
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held in early 2018, and we limited our data collection to unit transaction data up to 2019
due to the Coronavirus Pandemic in 2020. Since the investment of infrastructure is likely
to generate long-term benefits [2], future studies with longer periods of time are clearly
needed. Although we utilized detailed unit transaction data from the Korean government
and web scrapping technology, further studies with other Olympic Games in various
regions should be implemented to generalize the results to other candidate cities that want
to host a mega-event.
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