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Abstract
This paper examines the tourism markets’ convergence hypothesis across South Korea’s major
source markets. In doing so, we use monthly data of visitor arrivals over the period July 1995 to June
2019 and adopt a novel quantile unit root tests that allows for multiple structural breaks via a
Fourier expansion series. Our results indicate that seven countries out of 10 show firm con-
vergence tendencies at most of the quantiles, and two countries have weak but significant con-
verging trends at some quantiles.
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Introduction

The central aim of this paper is to investigate the stationarity of tourist arrivals in South Korea from
its 10 major source countries. Our motivation to examine convergence for tourist arrivals is two-
fold. First, on the policy front, it is important to investigate whether a shock to the international
tourist arrivals is permanent (tourist arrivals is I(1) process) or temporary (tourist arrivals is I(0)
process). In particular, shocks to the tourism sector can cause volatility in tourism and foreign
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exchange revenues. If a tourist arrival series is I(1), then any shock to the tourist arrivals can cause a
permanent shift from one level to another equilibrium level. This means that policy makers need to
decrease reliance on the tourism industry by diversifying toward other industries. If tourist arrivals is
I(0) otherwise, the series then is mean reverting following the shock. The implication is that
governments can implement policies that help promote tourism. Second, tourist arrivals conver-
gence has forecasting implications as well. Specifically, one can use any simple model for fore-
casting and any regression model if tourist arrivals is I(0). If a tourist arrival series is I(1), then
forecasting model needs to be established based on non-stationary specification and the series
cannot be used for regression model.

This paper focuses on South Korea because South Korea as a peninsula with a physical size
similar to the US state of Kentucky, and generates the third largest tourism revenue in East Asia.
Moreover, in the Travel and Tourism Competitiveness Report of the World Economic Forum
(WEF), South Korea ranked 16th out of 140 countries. Tourism plays a vital role in South Korea’s
economic growth. Before the outbreak of COVID-19 pandemic, the country’s tourism sector was
growing constantly and was recording a new peak in the number of visitor arrivals. In 2018, tourism
industry accounted for 4.7% of South Korean’s gross domestic product (GDP) and 5.3% of total
employment.1 The most popular city in South Korea is Seoul. The birthplace of K-pop and the
Korean wave (also known as “Hallyu”), Seoul in 2019 ranked the 23rd most popular cities in the
world with 9.11 million tourists.2 Given the importance and rapid development of South Korean
tourism industry, this paper examines whether South Korea’s 10 major tourist source markets are
converging using monthly data from July 1995 to June 2019.3

The work on investigating convergence for tourist arrivals is pioneered by Narayan (2006). Since
then it has become an emerging topic in the recent tourism economics literature. To evaluate the
convergence hypothesis of tourism markets, researchers mainly use the unit root tests and most of
them find supporting evidence of convergence among major source countries (see e.g. Lean and
Smyth, 2008; Lee, 2009; Ozcan and Erdogan, 2017). Another stream of more recent studies
employs the log t test developed by Phillips and Sul (2007) for club convergence and provides
mixed evidence (see e.g. Kourtidis et al., 2018; Me´rida et al., 2016; Pizzuto and Sciortino, 2021;
Polemis et al., 2023). It is worth mentioning that the variants of unit root tests used in the literature
do not consider the possibility of asymmetric convergence speed. In regards to the test for con-
vergence in clubs, selection of split variables4 remains one of the challenges in the convergence
literature. Geographical locations and level of income are the two most widely used split variables in
tourism economics literature. However, the top 10 countries by visitor arrivals to South Korea are
relatively less heterogeneous in geographical locations5 and income level.6

The main purpose of this paper is to investigate the issue of convergence in the tourism markets
of South Korea based on visitor arrivals from its major source countries. We contribute to the
literature in two ways. Our principal contribution is that considering the possible asymmetric
convergence speed, we adopt a novel quantile unit root test proposed by Bahmani-Oskooee et al.
(2018). Specifically, the test captures asymmetric dynamics by allowing different speed of ad-
justment at various quantiles of visitor arrivals distribution. Furthermore, all visitor arrivals series
experienced structural breaks due to the negative exogenous shocks such as outbreak of SARS. It is
therefore possible that visitor arrivals series have outliers. The new method enables us to control for
misspecification of errors associated with non-normality and in the presence of such outliers. Our
second contribution is that, to the best of our knowledge, this is the first study to test the tourism
markets’ convergence hypothesis across South Korea’s major source markets.
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The rest of this paper is structured as follows: Data and Model and empirical methodology
present the data used and the empirical methodology adopted in this study. Empirical results reports
empirical findings, and Conclusion concludes.

Data

The data used in the present study are monthly total visitor arrivals to South Korea and visitor
arrivals from 10 major source countries. These countries are China, Japan, the US, Taiwan, Hong
Kong, the Philippines, Thailand, Indonesia, Malaysia, and Vietnam.7 All data series are retrieved
from Datastream. The sample period is from July 1995 to June 2019. Figure 1 plots the time path of
visitor arrivals to South Korea from its 10 main source countries. It is evident from Figure 1 that
South Korea’s tourism sector suffers its worst year on record in 2015, with the massive drop in

Figure 1. Plot of visitor arrivals to South Korea (July 1995 to December 2019).
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visitor arrivals from most of the major source countries due to the Middle East respiratory syndrome
(MERS) outbreak in South Korea.

Model and empirical methodology

Model

Following Narayan (2006), the idea of examining whether South Korean tourism markets are
converging can be specified in equation (1) below:

Di, j ¼ In

�
VAKOR, t

VAi, t

�
(1)

where VAi,t represents visitor arrivals to South Korea from country i at time t; VAKOR,t denotes total
visitor arrivals to South Korea at time t; and Di,t therefore is the difference in the log of visitor
arrivals at time t.

Table 1 presents the summary statistics. To examine the non-normality property of our data
series, we also report the Jarque and Bera (1980) test statistic. It can be clearly seen that all of the
data series follow non-normal distributions. As pointed out by Koenker and Xiao (2004), compared
with the traditional unit root tests, the quantile autoregressive based unit root test has higher power
when a data series is non-normally distributed. Hence, in this study, we use quantile regression
method to examine the convergence hypothesis.

Empirical methodology

As illustrated in Figure 1, most of the data series experienced at least one or two drastic changes in
their trends or a certain kind of nonlinearity. We, therefore, adopt a novel quantile unit root test
proposed by Bahmani-Oskooee et al. (2018) that allows smooth breaks in the trend term. We briefly
describe the methodology below.

Suppose a stochastic variable with unknown number and form of structural breaks is generated
by the following Fourier expansion

Table 1. Summary statistics of log difference in visitor arrivals.

Country Obs. Mean Std.Dev. Min Max J-B stat

China 288 1.88 0.70 0.75 3.04 16.34***
Japan 288 1.16 0.40 0.74 2.04 49.81***
United States 288 2.56 0.21 2.21 3.00 18.00***
Taiwan 288 3.20 0.34 2.60 3.76 15.81***
Hong Kong 288 3.46 0.27 2.95 3.96 12.18***
Philippines 288 3.29 0.16 3.03 3.57 16.65***
Thailand 288 3.20 0.34 2.60 3.76 15.81***
Indonesia 288 4.41 0.19 4.02 4.77 17.94***
Malaysia 288 4.31 0.27 3.75 4.80 10.93***
Vietnam 288 4.86 0.62 3.48 5.92 7.50**

Note: *, ** and *** denote statistical significance at the 10%, 5% and 1% levels, respectively.
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Di, t ¼ α1 þ α2t þ α3sin

�
2πkt
N

�
þ α4cos

�
2πkt
N

�
þ ot (2)

whereN stands for sample size; t refers to the trend term; ot denotes residuals; k represents the number
of frequencies of the Fourier function, which is used to capture the structural breaks in our data series;
the integer value of k is related to transitory shocks, and fractional value is associated with permanent
shocks. FollowingBecker et al. (2004), to find the optimal frequency (k∗), we consider k over the range
[0.1, 5] and set the value of k when the sum of squared residuals of ordinary least squares (OLSs)
estimation is applied to equation (2). Next, we use the residuals (ôt) from equation (2) to test the null
hypothesis of unit root in τth conditional quantile of ôt by estimating the quantile regression below:

QôtðT jξ t�1Þ ¼ δ0ðTÞ þ δ1ðTÞôt�1 þ
Xp¼l

p¼1

δ1þpðTÞΔôt�p þ υt (3)

where Qôt (τ |ξ t�1) denotes τth quantile of ôt conditional on the past information set, ξ t�1; δ0(τ)
represents τth conditional quantile of qt, and its estimated value measures the magnitude of the
observed shock that hits our data series in each quantile. Negative (positive) sign of the constant
term (ie δ0(τ)) indicates negative (positive) shock. The optimum lags (p∗) are decided by the
Akaike’s Information Criterion (AIC).

Although equation (3) follows standard augmented Dickey-Fuller (ADF) test at each quantile,
our focal point is estimating the vector δ. Following Koenker and Xiao (2004), we use the following
t ratio statistic to examine the stochastic properties within the τth quantile:

tnðTiÞ ¼
bf �F�1ðTiÞ

�ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Tið1� TiÞ

p �
E0
�1PxE�1

�1
2ðbδ1ðTiÞ � 1Þ (4)

where E�1 stands for the vector of lagged dependent variable (ôt�1); Px denotes the projection
matrix onto the space orthogonal to X = (1, Δôt�1,…, Δôt�k). As noted by Koenker and Xiao (2004),
the following equation can be used to obtain a consistent estimator of f^(F �1(τi)).

bf �F�1ðTiÞ
� ¼ ðTi � Ti�1Þ

X 0ðΘðTiÞ � ΘðTi�1ÞÞ (5)

whereΘ(τi) = (δ0(τi), δ1(τi), δ2(τi),…, δ1+p(τi)) and τi2 [μ, μ�]. In this study, we set μ = 0.1 and μ�= 0.9.
As suggested by Bahmani-Oskooee et al. (2018), we use the quantile Kolmogorov–Smirnov (QKS)
test statistic below to test the hypothesis of unit root over a range of quantiles.

QKS ¼ supTi2½μ, μ�jtnðTÞj (6)

Because the limiting distribution of tn(τi) and QKS test statistics are not standard and depend on
nuisance parameters, we calculate the critical values by adopting Bahmani-Oskooee et al. (2018) re-
sampling procedures.

Empirical results

To examine the stochastic properties of relative visitor arrivals to South Korea (i.e. Di,t), we first
apply three traditional unit root tests, namely ADF (Dickey and Fuller, 1979), DF-GLS (Elliot et al.,
1996) and KPSS (Kwiatkowski et al., 1992), as a benchmark exercise. Table 2 presents the results.
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The results suggest that the unit root null hypothesis cannot be rejected for nine countries by both
ADF and DF-GLS tests. The KPSS unit root test results show that the null hypothesis of stationarity
is rejected for all the 10 relative visitor arrivals series. Overall, our findings imply that all the relative
visitor arrivals series follow random walk processes over the sample period. However, one may
argue that since the sample period contains multiple structural breaks (eg SARS outbreak, global
financial crisis in 2008–2009) and all data series are non-normally distributed, the conventional unit
root tests could suffer from the issue of low power. Hence, the results may be biased.

To overcome these drawbacks, we estimate the Fourier function represented in equation (2).
Figure 2 shows the time paths of the relative visitor arrivals series (12-months moving averaged
series) and the estimated Fourier functions. Overall, each of the Fourier functions seems to be one of
the possible candidate models to capture the fluctuations of the relative visitor arrivals series over
time.8 In addition, The F-test statistic (Becker et al., 2004) shown in Table 3, which tests the null of
no sine and cosine terms in the model, also supports the inclusion of trigonometric functions
because all the null hypotheses are rejected under the 1% significance level.9 From Figures 1 and 2,
we should note that the relative visitor arrivals series may have various types of structural breaks
occurring at unknown dates. Therefore, our Fourier approximations seem to be supported by the
data visualization.

Table 3 indicates the results of the Fourier QKS statistic, which tests the unit root null hypothesis
at all the quantiles ranging from 0.1 to 0.9 against the stationarity alternative hypothesis. The test
results show that nine countries out of 10 significantly reject the null; namely, the relative visitor
arrivals series for each country converges to the total visitor arrivals. k∗ indicates the optimum
frequency for each series, which is between 0.1 and 3.6. As noted in Bahmani-Oskooee et al. (2018),
these optimum frequencies imply structural breaks rather than short-term business cycles. For
example, the Philippines, which has the frequency of 3.2, shows at least a 7.5-years cycle of its data
variation.10 On the other hand, Thailand has the minimum k∗ (0.1). As shown in Figure 2, the whole
cycle appears to be longer than the sample period because the fitted line is only a part of the cycle. In
this case, its optimum frequency is estimated to be the minimum value. If we try to avoid such corner
solutions, we may need a longer time span to cover a larger range of data movements. Moreover,
since all these frequencies are fractional, the results imply the possibilities that the breaks may
permanently affect the movements of the relative visitor arrivals.

Table 2. Traditional unit root tests results (model with constant without trend).

Source country ADF DF-GLS KPSS

China �1.208 [15] 0.597 [15] 1.938*** (14)
Japan �1.179 [15] �0.604 [15] 1.586*** (14)
United States �1.452 [15] �0.086 [15] 1.674*** (14)
Taiwan �1.648 [15] �1.273 [15] 1.260*** (14)
Hong Kong SAR �3.091** [15] �1.829* [15] 0.348* (14)
Philippines �0.885 [15] 0.384 [15] 1.803*** (14)
Thailand �0.679 [14] �0.682 [15] 1.698*** (14)
Indonesia �1.096 [13] �0.511 [13] 1.185*** (14)
Malaysia �1.505 [15] 0.154 [15] 1.302*** (14)
Vietnam 0.188 [15] 0.942 [15] 1.780*** (14)

Note: The numbers in the bracket and parenthesis are optimum lag length (determined by AIC criteria) and Bartlett
(as suggested by Newey and West (1987)).
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Table 4 displays the p-value of tn(τ) tests for each quantile. Obviously, the US, the Philippines,
Indonesia, and Vietnam have strong tendencies of the stationarity, that is, the mean convergence of
relative visitor arrivals series, in all the quantiles. The converging trends of Japan, Taiwan, and Hong
Kong are also comparable to those mentioned above. For each country, the null is rejected in six or
seven quantiles. On the other hand, Thailand andMalaysia show five cases of relative visitor arrivals
convergence, respectively. Only one case is observed in China at the 10% signific-cance level. In
sum, at least seven countries firmly support the presence of relative visitor arrivals series con-
vergence, and two countries have weaker but significant converging tendencies. Much weaker or no
evidence of convergence is obtained in China. Thus, our overall results indicate that visitor arrivals
to South Korea from the US, the Philippines, Indonesia, Vietnam, Japan, Taiwan, and Hong Kong
have considerable steady growth and policy shocks are having transitory effect. Hence, it is
suggested to the South Korean tourism industry that they should implement tourism policies to
attract visitors from these countries, so that the total visitor arrivals can be increased more effectively
in the future. Meanwhile, the South Korean government should pay attention to China that has a unit
root in visitor arrivals as shocks to visitor arrivals for China is permanent. Indeed, South Korea
suffers a huge tourism income loss due to China’s persistent zero-COVID policy. Therefore, in case

Figure 2. Estimated Fourier expansion series.
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of such negative shocks occur, South Korean government needs to have some other compensating
schemes of revenue losses from Chinese market.

Panels A and B of Figure 3 show the estimated coefficients (δ0(τ) and δ1(τ)) of equation (3) for the
selected nine relative visitor arrivals series, significant in the Fourier QKS test. In Panel A, all the
estimated quantile intercepts δ0(τ) have upward trends across quantiles. This means that when
relative visitor arrivals receive a positive shock in a country, which makes its quantile lower, the
intercept value correspondingly decreases. In other words, the positive shock helps narrow the gap
between the total visitor arrivals and each country’s visitor arrivals. Conversely, when relative
visitor arrivals receive a negative shock, which makes its quantile higher, the intercept value
correspondingly increases. Panel B of Figure 3 observes three groups of the estimated autore-
gressive coefficients δ1(τ) in their shapes. First, the US, Indonesia, and Malaysia have inverse

Table 3. Results of quantile unit root test with smooth breaks. F-statistic.

Country k∗ F-statistic

Fourier QKS statistic

Test statistic 10% 5% 1%

China 3.6 43.5.766*** 1.982 2.940 3.201 3.788
Japan 1.2 996.081*** 3.923*** 3.033 3.289 3.834
United States 1.7 2373.511*** 5.612*** 2.912 3.183 3.770
Taiwan 1.7 1090.432*** 3.378** 2.948 3.193 3.677
Hong Kong 1.5 331.430*** 4.558*** 2.952 3.218 3.712
Philippines 3.2 883.765*** 5.019*** 3.077 3.315 3.908
Thailand 0.1 1121.943*** 5.128*** 3.089 3.359 3.874
Indonesia 1.1 438.737** 4.251*** 3.003 3.283 3.839
Malaysia 1.8 789.038*** 3.751** 3.037 3.295 3.781
Vietnam 1.9 3534.924*** 3.842*** 3.071 3.320 3.823

Note: k∗ is optimum frequencies. The critical values of the faraday test and the Fourier QKS test are computed via Monte
Carlo simulation with 5000 repli-cations. *, **, and *** denote statistical significance at the 10%, 5%, and 1% levels,
respectively.

Table 4. Results of quantile unit root test with smooth breaks.

Country

p-value of tn(τ)

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

China 0.100 0.283 0.724 0.895 0.858 0.649 0.554 0.368 0.118
Japan 0.080 0.022 0.004 0.038 0.008 0.001 0.003 0.162 0.639
United States 0.000 0.000 0.000 0.000 0.002 0.008 0.001 0.005 0.000
Taiwan 0.021 0.005 0.007 0.065 0.053 0.125 0.037 0.240 0.289
Hong Kong 0.016 0.000 0.000 0.001 0.031 0.098 0.077 0.154 0.317
Philippines 0.007 0.000 0.001 0.000 0.000 0.000 0.003 0.009 0.063
Thailand 0.001 0.000 0.000 0.008 0.126 0.060 0.440 0.641 0.532
Indonesia 0.017 0.002 0.007 0.012 0.000 0.000 0.000 0.002 0.012
Malaysia 0.067 0.001 0.029 0.063 0.169 0.242 0.218 0.104 0.067
Vietnam 0.098 0.031 0.002 0.001 0.004 0.027 0.034 0.017 0.025
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Figure 3. Estimated quantile intercepts (δ0(τ) and autoregressive coefficients (δ1(τ))) Panel A: Estimated
quantile intercepts. Panel B: estimated autoregressive coefficients.
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U-shaped curves. This fact means that when a certain positive shock on each country’s visitor
arrivals, which makes the gap between the total and each country’s visitor arrivals smaller, occurs at
lower quantiles, for example, less than 0.4-quantiles in the US, the impact of the shock is more
transitory (the visitor arrivals tend to catch up with the total arrivals faster) because the autore-
gressive coefficient becomes further from one. When a negative shock occurs at higher quantiles,
e.g. more than 0.7-quantiles in the US, the impact is also more transitory. However, in the middle of
quantiles, any shock is more persistent because the autoregressive coefficient is closer to one.
Second, Japan, Taiwan, Hong Kong, the Philippines, and Thailand have upward trends in their
estimated δ1(τ). In particular, their slopes are steeper at higher quantiles. This implies that a negative
shock raising the ratio of the total and each country’s visitor arrivals is more persistent, and it
impedes the convergence tendencies toward the total visitor arrival level because the autoregressive
coefficient becomes larger. Finally, the coefficient value of Vietnam is generally flat up to 0.7-
quantiles, and at higher quantiles such as 0.8- and 0.9-quantiles, it becomes smaller. This also means
that the decreases in Vietnam’s visitor arrivals caused by a negative impact are more transitory.

Conclusion

We examine the convergence hypothesis for visitor arrivals to South Korea over the period July
1995 to June 2019 using the novel quantile unit root test that allows for multiple structural breaks in
the deterministic terms via Fourier expansion series. We obtain consistent evidence of tourism
markets’ convergence in seven countries, and subtle and significant signs of convergence in two
more countries. Our findings have important policy implications for South Korean tourism industry.
Since almost all tourism markets are converging, this indicates a healthy condition for tourists’
arrivals from these markets. Furthermore, it also suggests that the difference between total visitor
arrivals to South Korea and visitor arrivals from the nine tourist source countries is not drifting apart.
Hence, South Korean government can develop tourism policies to increase the share of tourists
coming from the nine particular destinations. Specifically, these tourism markets can be targeted
with holiday packages and discounted airfares, among other policies, to attract visitors.

There is potentially one limitation in this study. Our analysis does not include the COVID-19
period since the Fourier quantile unit root test used cannot fit the data for the pandemic period very
well. Hence, future research could investigate the issue of convergence in tourism markets during
the COVID-19 period. Moreover, future research could also test the long-run cointegration rela-
tionship between visitor arrivals from source countries and destination country’s economic growth
or foreign exchange reserve.
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Notes

1. https://www.oecd-ilibrary.org/sites/6e8b663c-en/index.html?itemId=/content/component/6e8b663c-en.
2. https://www.worlddata.info/asia/south-korea/tourism.php#:∼:text=South%20Korea% 20generated%

20around%2011.78,tourism%20receipts%20in%20East%20Asia.&text = The%20most% 20popular
%20cities%20in,travelers%20are%20Seoul%20and%20Jeju.

3. Our sample does not include COVID-19 period since the Fourier function with appropriate frequencies
does not fit the data well. Notably, due to the presence of seasonal variations, we remove them by applying
centered 12-month moving average to our data series. Hence, the sample is shortened because the first and
the last six observations are used for moving average calculation. That is, our initial sample covers the
period January 1995 to December 2019.

4. The variable for dividing the sample into converging groups.
5. Nine out of the 10 countries are South Korea’s neighboring countries.
6. Most of the major 10 source countries for tourists to South Korea are classified as developing countries by

the United Nations.
7. The order is from the highest number of inbound arrivals to the lowest number of inbound arrivals. Refer

to: https://www.euromonitor.com/article/ranked-top-20-countries-inbound-arrivals-south-korea.
8. To discuss the goodness of fit of the estimated Fourier functions shown in Figure 2 more properly, we need

to conduct some specification tests.
9. The critical values of the faraday test for our sample size are computed via Monte Carlo simulation with

10,000 replications. The 1% critical values are 4.760, 4.631, 4.586, 4.713, and 4.674 for frequencies of 1–
5, respectively.

10. 288/3.2 = 90 months, which shows 7.5 years.
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