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Abstract

This study investigates how region-specific shocks affect international behavior

of individuals when information is partially or scarcely spread across the border. We

use both local and international tourist data pertaining to Hakone in Japan, to focus

on two exogeneous region-specific shocks of natural disasters: the Great East Japan

Earthquake and volcanic activity on Mount Hakone. Hotel guests’ response to these

shocks is estimated by smooth local projections. We find that the responses of less-

informed foreign guests are different from those of domestic well-informed guests.

Because of insufficient and sticky information, the Great East Japan Earthquake

and its aftermath lead to a decrease in the number of foreign guests at a rate greater

and more persistently than domestic guests. Conversely, because of the absence of

information, changes in volcanic alert levels have no impact on foreign guests, but

they have negative and persistent effects on domestic guests.
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1 Introduction

How does international information disparity distort the international economic behavior?

This study addresses one aspect of this question, that is, the response of tourism demand

to region-specific shocks caused by natural disasters. We investigate the effects of region-

specific shocks, which are accompanied by information disparity between the affected

region and other regions, on visitors both within and outside the region. As a region-

specific shock, we consider natural disasters caused by strong exogeneity. We compare the

behavior of individuals living in the neighborhood of disaster-hit area, who have abundant

information about region-specific natural disasters, with the behavior of other individuals

who have less information and must pay the cost to acquire detailed information. Valuable

observations of domestic and foreign visitors to Hakone in Japan, where relevant natural

disasters occurred, are gathered to conduct this comparison.

Although the development of globalization and information and communications tech-

nology have brought about rapid borderless propagation of news regarding a region, the

local population nonetheless has much better accurate knowledge related to region-specific

news than those in other regions. This is because, even in the globalization era, local me-

dia report news by placing larger emphasis on the local region than other regions. Thus,

gathering local information by people from other regions costs money and time. After such

a regional information disparity is recognized, sticky information matters in less-informed

regions, as argued, for example, in Mankiw and Reis (2002). That is, in less-informed re-

gions, the costs of information-gathering are non-negligible, information diffusion is slow,

and the economic behavior in these regions becomes sticky in response to changes in some

region-specific conditions. Hence, behavioral differences between regions could be driven

by regional information disparity depending on the residence of decision makers.

Observations on visitors to Hakone in Japan, allowing us to assess potentially different

responses of Japanese and international visitors to natural disasters, are useful to our

investigation. In the 2010s, Japan had experienced two natural disasters, both of which

are exogenous, region-specific shocks that could affect international tourist’s decisions

about where to travel in the country. The first one is the Great East Japan Earthquake

(GEJE) on March 11, 2011. The significant direct influence by the GEJE is limited in

the east part of the country. However, the transient economic influence through supply

chain disruption reaches the entire country, and the GEJE can be regarded as a wider

region-specific (almost national) shock. The other natural disaster shock is changes in

volcanic alert levels (VALs) of Mount Hakone, which does not affect the regions outside

the neighborhood of Hakone and can be regarded as narrower region-specific shocks.

The evident striking difference in information outside Japan between the GEJE and

changes in VALs should be emphasized. While both the GEJE and changes in VALs can
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be immediately reported both in local and international, information is actually limited

outside Japan, especially about narrower region-specific shocks (i.e., volcanic activity on

Mount Hakone). In fact, the degree of media coverage outside Japan differs substantially

between the GEJE and changes in VALs in Hakone. The GEJE is well-known as a massive

earthquake (magnitude 9.0), followed by large tsunamis hitting the Tohoku region and

meltdown accidents of Fukushima Daiichi nuclear power plants. The sequence of events

triggered by the GEJE shock makes headlines worldwide. In particular, the nuclear

disaster attracts intense attention from the media outside Japan; for example,

“Nearly one month after Japan’s devastating nuclear accident, atomic energy

experts, regulators and politicians around the world are still puzzling over

a basic question: How much danger is still posed by the Fukushima Daiichi

nuclear power plant?”—New York Times (April 9, 2011)

“Japan has decided to raise its assessment of the accident at the crippled

Fukushima Daiichi nuclear power plant to the worst rating on an interna-

tional scale, putting the disaster on par with the 1986 Chernobyl explosion,

the Japanese nuclear regulatory agency said on Tuesday.”—New York Times

(April 12, 2011)

Moreover, this attention remains even after a lapse of several years, not only in Japan and

but also in other countries. For example, the following article is circulated after about

two years of the GEJE’s occurrence:

“Ever since the nuclear accident in Japan released radiation into the atmo-

sphere, regulators in the United States have been studying whether to require

filters, costing as much as $45 million, on the vents of each of the country’s

31 boiling water reactors.”—New York Times (February 27, 2013)

Unlike such worldwide spread of a portion of information about the GEJE and its

aftermath, media reports on volcanic activities in Hakone is equivalent to little or nothing

across the border. In other words, information disparity between Japan and in other

countries is relatively small in the GEJE case, whereas it is quite large in the case of the

volcanic activity in Hakone. Moreover, as explained in the next section, the GEJE had no

direct effect on Hakone, while changes in VALs had a direct effect. However, a probability

that facts are not sufficiently provided outside Japan exists.

Given the disparity between domestic and foreign information or differences in costs of

information acquisition, we analyze how individuals who have much (or less) information

behave. We utilize a smooth local projections method of Barnichon and Brownlees (2019)

to estimate impulse responses of domestic and foreign visitors to Hakone to these two
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natural disaster shocks. Results of our local projection analysis indicate that foreign non-

Japanese visitors to Hakone behave quite differently from Japanese visitors. The response

of foreign guests to the GEJE shock is negative and remains statistically significant for

about a year. Conversely, the negative response of domestic guests remains significant for

only about a half year. Overall, the negative response of foreign guests is much larger than

that of domestic guests. Such overreactions of foreign guests are due to their insufficient

information about the GEJE shock and its aftermath. Consequently, foreign guests avoid

traveling to Japan despite that the nuclear disaster is practically less relevant to Hakone.

The persistent response of foreign guests would be caused by slow diffusion of information

about the GEJE, and this persistence is consistent with the sticky information hypothesis

(e.g., Mankiw and Reis, 2002). Moreover, no significant response of foreign guests to the

changes in VALs in Hakone was observed, compared to the negative response of domestic

guests. These behavioral differences in response to VALs would be because of the fact

that foreign guests cannot have access to information about narrow region-specific shocks

in Japan.

Related literature

This paper is related to multiple different lines of research. First, and most important,

our main results, sticky overreactions of foreign guests to the GEJE shock, connect to the

literature on bounded rationality with sticky information. Mankiw and Reis (2002) pro-

vide a sticky information model assuming that acquiring information is costly, and, thus,

individuals reoptimize their behavior slowly over time. More recently, sticky information

is widely examined in various contexts. For example, using international data of profes-

sional forecasters, Coibion and Gorodnichenko (2015) present empirical evidence in favor

of information rigidities, as reinforced by Bordalo et al. (2020). In the present context,

acquiring information about circumstances of Hakone by non-Japanese guests requires a

higher cost than by Japanese guests. Consequently, the response of non-Japanese guests

becomes stickier.

Second, extant literature investigates how different types of information affects the

economic behavior. Ahearne et al. (2004) examine the relationship between information

asymmetries across countries and international investment. They argue that US equity

portfolios are underweighted in foreign countries because international differences such as

regulatory environments yield information asymmetries. Lorenzoni (2009) considers the

model in which each agent can observe noisy public information about aggregate variables

of price and quantity, in addition to local variables. Lorenzoni shows that noisy public

information causes short-run fluctuations in key macroeconomic variables. Moreover,

based on a standard macroeconomic model, Gobbi and Grazzini (2019) examine how
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macroeconomic dynamics change when agents’ information sets are heterogeneous, and

they point out that the dispersed information results in different dynamic behaviors.1

In particular, our paper is closely related to a strand of literature indicating that media

generate a substantial impact on individual behaviors.2 In the extant literature, a number

of authors test the effect of media reports on voting (e.g., DellaVigna and Kaplan, 2007;

Gerber et al., 2009; Chiang and Knight, 2011; Martin and Yurukoglu, 2017; Prat, 2018).

Other authors highlight the media’s influence in other various types of decision making.3

For example, Cho et al. (2018) explore whether social media affect concert locations in the

music industry, and Jiao et al. (2020) examine the effect of traditional news media and

social media on stock market. Although our paper does not provide direct examination

of media coverage, we argue that the international disparity of media coverage distorts

the transnational movement of people in the world tourist industry.

Third, the background of this study is linked to the theoretical literature that exam-

ines impact of the precision of public information on welfare. Among others, Colombo

and Femminis (2008) extend the beauty contest model of Morris and Shin (2002) to al-

low individuals to choose the precision of their private information. In the framework of

Colombo and Femminis (2008), before the choice of private information, a public author-

ity (i.e., a Stackelberg leader) is assumed to choose the precision of public information.

Colombo and Femminis show that, if the precision of public information can be improved

at less cost than that of private information, enhancing the precision of public information

increases welfare. Given this theoretical literature, our findings imply that welfare could

be improved by dispersing more precise information about the hosting region (Hakone)

worldwide.

Finally, our work is also related to empirical studies of international travel.4 In partic-

ular, it is closest to Rosselló et al. (2020) who investigate the effects of natural disasters

1See also, for example, Angeletos and Pavan (2009) and Tille and van Wincoop (2014). Angeletos
and Pavan (2009) theoretically argue the possible policies under dispersed information. Tille and van
Wincoop (2014) investigate international capital flows when information is heterogeneous among agents.

2Another strand of literature investigates the role of media as a driving force of fundamental macroeco-
nomic variables, including Lamla and Lein (2014, 2015), Dräger (2015), Lamla et al. (2020), and Shapiro
et al. (forthcoming). Moreover, Brückner and Pappa (2015) focus on bidding for the Olympic Games
and investigate whether macroeconomies react to news shocks. Incidentally, while beyond the scope of
the present paper, Kennedy and Prat (2019) investigate where and how news are consumed using survey
data on media across 36 countries.

3The media’s influence is widely studied in the literature. See also Benesch et al. (2019) who investigate
the effect of media coverage of migration on immigration worries.

4A large body of literature exists that utilizes econometric methods, including time-series analysis, to
examine tourism-related issues. For example, Kulendran and Wilson (2000) provide cointegration and
Granger-causality analyses for the relationship between international travel and international trade. Bala-
guer and Cantavella-Jordá (2002) use cointegration and Granger-causality approaches to test tourism-led
growth hypothesis. Further, Gil-Pareja et al. (2007) find that tourists in the Economic and Monetary
Union increase by a common currency (i.e., euro). A comprehensive review of time-series modeling for
tourism demand can be found in Song and Li (2008) and Song et al. (2019).
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on international tourism flows by estimating gravity model. They find that natural disas-

ters reduce tourist arrivals in general. Our predecessors also discuss how tourism industry

copes with natural disasters (e.g., Faulkner, 2001; Tsai and Chen, 2011). However, we

are unaware of previous studies that focus on information disparity between domestic and

foreign travelers in assessing the effects of natural disasters on international travel. Hence,

in this study, we utilize a smooth local projection method to present rigorous quantitative

analyses of the different effects of natural disasters on both international and intranational

travel, which is beneficial for enriching the debate on tourism in the globalization era.

The remainder of the paper is organized as follows. In Section 2, we describe the

background of Hakone tourism by focusing on volcanic activity of Mount Hakone and

the effects of the GEJE and resulting disasters on Hakone. In Section 3, we explain our

empirical framework, such as the method and data. In Section 4, our main results are

reported with some robustness checks. Finally, Section 5 concludes the paper.

2 Hakone tourism and natural disasters

Hakone is known as one of most famous hot spring resorts in Japan. Figure 1 presents

the map of Japan and location of Hakone. As shown in this figure, Hakone is a town

in Kanagawa Prefecture and is instantly accessible to and from the Tokyo metropolitan

area, as well as Mount Fuji. Thus, during all four seasons, Hakone has many Japanese

and international visitors.

[Insert Figures 1 and 2 around here]

Figure 2 plots the monthly observations on the number of Japanese and non-Japanese

hotel guests to Hakone. In this period, negative spikes stem from several natural disaster

shocks. The first shock is the GEJE that occurred in March 2011, whose timing is

represented as the black vertical line in the figure. A general visual impression from

Figure 2 is that Japanese and non-Japanese hotel guests behave differently in response to

the GEJE shock. The number of Japanese guests decrease significantly after the GEJE in

2011, but this decrease appears to be transitory. Conversely, non-Japanese guests appear

to decrease more drastically and persistently after the GEJE.

In these negative responses to GEJE shock, a common factor between Japanese and

non-Japanese guests is a negative supply shock. Due to this quite strong earthquake,

Japan faced insufficient power supply and had to implement rolling blackouts. As a

consequence of planned outage, Hakone is forced into business suspension from March to

April 2011. From May 2011, the limited express that connects Tokyo and Hakone can
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be operated in a situation close to normal operation. Another relevant factor of non-

Japanese guests’ negative responses to GEJE shock is that multiple countries worldwide

had restricted travel to Japan with concerns regarding the accidents in Fukushima Daiichi

nuclear power plants.

In this context, the fact that Hakone experienced little direct impact from the GEJE

and its aftermath, including tsunami and nuclear power plant accidents, is more note-

worthy. Although tsunami damage in the GEJE was severe in coastal areas of several

prefectures (such as Iwate, Miyagi, and Fukushima), Hakone was not damaged. As shown

in Figure 1, Hakone is located far from the Fukushima Daiichi nuclear power plant. The

nuclear power plant accidents, which are triggered by the GEJE and tsunami, released

radioactive material into the atmosphere, groundwater, seawater, and soil. However, ac-

cording to environmental radioactivity monitoring by Japanese prefectural and municipal

governments, we cannot find evidence on the fact that Hakone is exposed to a larger

amount of radioactive material than normal (e.g., Hirose, 2012; Tsumune et al., 2012).

Note also that the Japanese government had prohibited entry within a 20-km radius of the

Fukushima Daiichi nuclear power plant, but all the restricted zones are within Fukushima

Prefecture. Hakone town is about 298 km away from the nuclear power plant. Thus,

direct impacts of the nuclear accident (e.g., radiation contamination) on Hakone town is

equivalent to little or nothing.

The resort areas of Hakone are adjacent to Mount Hakone, which is an active volcano.5

The narrower region-specific shocks are the raises and declines in VALs in Hakone.6 In

Figure 2, the increased timings in VALs are represented as the gray vertical lines, and

the decreased timings are depicted as the gray vertical dashed lines. The VALs are raised

from 1 to 2 in May 2015 and from 2 to 3 in June 2015. Thereafter, the raised levels are

reduced from 3 to 2 in September 2015 and from 2 to 1 in November 2015. Moreover,

these levels are raised again from 1 to 2 in May 2019 and are reduced from 2 to 1 in

October 2019. It should be noted that, owing to restricted access, commercial operation

of the Hakone Ropeway is suspended at levels 2 and 3. From Figure 2, the number of

Japanese guests appear to decrease in response to the increase in VALs in 2015 and 2019.

However, we find no clear fluctuations in non-Japanese guests when the VALs change.

[Insert Figure 3 around here]

5See, for example, Mannen et al. (2018) who review the eruption and the post-eruptive volcanic
activity and provide a model for the magma-hydrothermal process that caused the unrest and eruption.

6VALs have five levels that are transmitted by Japan Meteorological Agency. Level 1 indicates calm
volcanic activity. When seismic activity is increased and thermal activity affect the area around the crater,
level 2 is transmitted to restrict the entry around the crater. At level 3, mountaineering is restricted,
and evacuation is required in specific areas. Although levels 4 and 5 are unprecedented levels in modern
history, level 4 indicates the necessity to prepare for evacuation in residential areas that require caution,
and level 5 denotes the necessary evacuation from dangerous residential areas.
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Moreover, we can observe that the number of non-Japanese guests to Hakone has

grown dramatically in the 2010s, as in the lower panel of Figure 2. This rapid growth

in the number of non-Japanese guests to Hakone in the 2010s is attributable to the

relaxation of visa requirements by the Japanese government. Figure 3 shows the number

of foreign visitors to Japan together with the number of visa issuances, where both series

are transformed into the natural logarithmic form.7 We find that, in the 2010s, the number

of foreign visitors to Japan rapidly increased with the increasing number of visa issuances

by the Japanese government. In the last decade, the relaxation of visa requirements

has been implemented, especially for Asian countries, such as China, India, Indonesia,

the Philippines, and Vietnam. In fact, correlation coefficient between foreign visitors to

Japan and visa issuances is 0.9839, and a strong positive correlation exists between them.

Thus, the relaxation of visa requirements appears to account for the bulk of the growth

in the 2010s.

3 Econometric framework

Given the preceding background and observations, we investigate the behavior of hotel

guests in Hakone in response to natural disasters. As shown in Figure 2, tourist data are

monthly observations on the number of hotel guests in Hakone, which is available from

January 1999 to December 2019.8 The number can be separately divided into Japanese

and non-Japanese guests. We utilize these data to investigate how economic behavior

varies under different types of information, because Japanese guests are considered to

have more honest information about Japan’s natural disasters than non-Japanese guests,

as explained in the Introduction section. The data that we use are seasonally adjusted

and transformed into the natural logarithm form. Using the natural logarithm enables

us to compare the changes in the number of Japanese guests with those of non-Japanese

guests when conducting the impulse response analysis.

We first perform preliminary unit root analysis for the number of hotel guests. The

visual inspection presented in Figure 2 suggests the possibility of structural changes. In

particular, because of the relaxation of visa requirements, the number of non-Japanese

guests rapidly increase in the 2010s, yielding a structural break in the series. As such,

following the argument by Perron (1989), we conduct a modified augmented Dickey–Fuller

test allowing for different levels and trends across a single break date. The lag lengths

are chosen based on the Schwarz information criterion (up to 15 lags). Table 1 reports

the results of the unit root test. Consistent with the visual inspection of Figure 2, a

7The data were obtained from Diplomatic Bluebook by the Ministry of Foreign Affairs of Japan.
8The series can be obtained from the website of Hakone town (http://www.town.hakone.kanagawa.

jp/index.cfm/1,html).
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break is observed around the early 2010s. The results imply that the hotel guest series

are stationary, given that the breaks are considered.

[Insert Table 1 around here]

After checking the stationarity of the series, we now present our econometric model.

Let yt and xt denote the number of hotel guests and a natural disaster shock at time t,

respectively. GEJE shock is a dummy variable that takes the value of 1 in March 2011

and 0 otherwise. VAL shocks are the changes in VALs. For each h-step-ahead horizon,

we consider the following predictive regressions:

yt+h = α(h) + β(h)xt + z′
tγ(h) + ε(h)t+h, (1)

where zt is a vector of control variables. Coefficient β(h) is of interest and reflects the

structural effect of natural disaster shocks. In our benchmark regressions, zt includes lags

of yt, real output, real effective exchange rate of Japan, and the other natural disaster

shock. Note that real output differs according to which the Japanese or non-Japanese

guests are considered yt. Specifically, when yt is the Japanese guests, the Japanese real

output is used.9) Meanwhile, when yt is the non-Japanese guests, world real output

is used. World real output is regarded as an approximate global economic activities,

except the Japanese ones. Thus, world real output reflects business conditions of non-

Japanese guests and can determine whether they increase consumption (go traveling).

Due to the availability of monthly observations, industrial production is used as a proxy

of real output. We use the industrial production series that are seasonally adjusted and

transformed into the natural logarithm form. Japan’s industrial production was obtained

from the website of Japan’s Ministry of Economy, Trade and Industry. World industrial

production is the production used in Baumeister and Hamilton (2019) and can be retrieved

from James D. Hamilton’s home page.10 The real effective exchange rate, which is also

considered a determinant where to go on a trip, is included to control fluctuations of

the relative currency value between Japan and others. The real effective exchange rate

of Japan is transformed into the natural logarithm form, and the original series can be

retrieved from the website of the Bank for International Settlements.11

Following the description in the preceding section, to estimate β(h) as capturing indi-

viduals’ behavior that depends on information structure, zt further includes other rele-

vant variables. First, following the break dates of unit root test results in Table 1, the

9The GEJE and the resultant nuclear accident damaged the Japanese economy, and the earthquake
disaster reconstruction boosts the economy. The Japanese tourists’ income fluctuations stemming from
the GEJE can be controlled by including real income.

10https://econweb.ucsd.edu/~jhamilto/.
11https://www.bis.org/statistics/eer.htm
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dummy variables of levels and trends are added. Inclusion of such breaks is crucial for

controlling the effects of relaxation of visa requirements on the increase in the number

of non-Japanese travelers to Hakone. Second, to eliminate the effects of planned outage

caused by the GEJE, a dummy variable that takes the value of 1 in March and April 2011

(and 0 otherwise) is added into zt. Third, we consider the fact that countries worldwide

have banned travel to Japan because of the effects of the nuclear accident caused by the

great earthquake. The travel ban was lifted by June 2011 in most countries, except for

some areas, such as Fukushima Prefecture. Thus, when yt is non-Japanese guests, we

add a dummy variable that is equal to the value of 1 from March to June 2011 (and

0 otherwise) into zt. Finally, to eliminate the effects of mountain entry restrictions, zt

includes a dummy variable that takes the value of 1 when VALs are equal to or higher

than two and otherwise 0.

Our empirical method for estimating the impulse response is smooth local projections

by Barnichon and Brownlees (2019). The smooth local projections utilize penalized B-

splines to enhance a popular tool, local projections proposed by Jordá (2005). This

method provides moderate variability of the local projections estimator and, accordingly,

helps us interpret the estimates.

4 Empirical results

4.1 Benchmark estimates

We now present the empirical results on the described empirical framework. When yt

is Japanese guests, the lag length is selected to be one and three based on the Schwarz

criterion and Akaike information criterion, respectively. In the non-Japanese case, both

criteria indicate the lag length of three. For a robustness check, we report the results

when the lag length is set to one and three.

For the GEJE shock, Figure 4 plots the estimated results using the smooth local

projection for the period from January 1999 to December 2019. Panels A and B of

Figure 4 show the impulse response of guests when the lag length is set to one and three,

respectively. In both Panels A and B, the left and right panels display the responses of

Japanese and non-Japanese guests, respectively. The shaded area is the 90% confidence

interval.

[Figure 4 around here]

The left panel of Figure 4 indicates that the contemporaneous response to the GEJE

is 2% lower Japanese guests. The significant negative response lasts for about a half
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year. Meanwhile, the responses of non-Japanese guests to the GEJE (i.e., the right

panels of Figure 4) exhibit much larger and more persistent declines. Unlike the Japanese

case, the non-Japanese guests’ responses remain significant and negative even after 10

months. While such behavioral differences between Japanese and non-Japanese guests

are consistent with the visual impression of Figure 2, the revealed difference even when

many factors are controlled by zt is worth emphasizing; for example, zt includes a dummy

variable of restrictions on non-Japanese travel to Japan after the GEJE.

A possible source of such non-Japanese behavior would be because non-Japanese guests

have less information about the circumstances of Hakone than Japanese guests. That is,

media report on the GEJE and its aftermath is incomplete outside Japan. Consequently,

for example, non-Japanese possibly become overly concerned about the meltdown ac-

cidents of Fukushima Daiichi nuclear power plants. Owing to this incomplete report,

non-Japanese guests are disinclined to travel to Japan. Moreover, similar to the sticky-

information model of Mankiw and Reis (2002), the information possibly disseminates

more slowly outside Japan than in Japan, and, consequently, the response of non-Japanese

guests becomes stickier.

[Figure 5 around here]

In the case of VAL shocks, Figure 5 shows the impulse responses in a similar manner

to Figure 4. Note that, unlike the GEJE case, the sample period is from January 1999

to April 2019 because the available data end in December 2019 and the dynamic effects

of changes in VALs after April 2019 cannot be captured. Thus, the inclusion of VAL

shocks around the end of sample period could lead to estimation bias. The left panels

of Figure 5 suggest that the contemporaneous response to the increase in VALs is 1%

lower Japanese guests. The negative responses disappear after about half a year, and

the estimate becomes zero after a year. As shown in the right panels of Figure 5, the

responses of non-Japanese guests are quite small and not significant at all horizons. These

results validate the visual impression from Figure 2. Thus, we detect the negative and

transient response of Japanese guests to VAL shocks, compared to the unresponsiveness

of non-Japanese guests to VAL shocks. Arguably, changes in the VAL of Mount Hakone

have certainly no relationship with the non-Japanese decision about whether to travel to

Hakone. This would be attributable to the absence of non-Japanese information about

Mount Hakone, and non-Japanese would travel to Hakone with no knowledge of the VAL.

If non-Japanese guests had access to as much information about the VAL and Mount

Hakone as Japanese guests, then we could provide a different interpretation. That is, the

non-Japanese demand for travel to Japan is less elastic than the Japanese demand. On the

one hand, domestic tourists can travel to Hakone often and can easily skip a year. On the
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other hand, for most international tourists, a trip to Japan might be a one-in-a-lifetime

event because it is far and expensive for them. Consequently, a trip to Japan might be

desirable for foreigners, even if the Hakone Ropeway (aerial tramway) is not operating,

owing to the increased VALs. However, as mentioned in the Introduction section, foreign

tourists are not sufficiently informed about VALs for Mount Hakone through media reports

originally. Thus, it seems reasonable to consider that different Japanese and non-Japanese

responses to VAL shocks originate from information differences.

Note that another popular global economic activity measure exists, that is, the Kilian

(2009, 2019) index, while in the benchmark, we use world industrial production index as

a control variable for investigating the non-Japanese guests case.12 Thus, as a robustness

exercise, we reestimate the impulse responses of non-Japanese guests when the Kilian

index is used, rather than the world industrial production index. The estimated results

(unreported) suggest that impulse responses depend minimally on which global economic

activity index is used.

4.2 Robustness: Alternative specification

Robustness check using possible alternative frameworks is important. Although we esti-

mate (1) for Japanese and non-Japanese cases separately in the benchmark, alternative

specification is the use of the differences between Japanese and non-Japanese guests.

That is, we consider ydt+h, defined as subtracting the natural logarithm of the number of

non-Japanese hotel guests from that of Japanese hotel guests in Hakone. Using this as a

dependent variable, the alternative specification is similar to (1) such that

ydt+h = αd
(h) + βd

(h)xt + z′
tγ

d
(h) + εd(h)t+h, (2)

where the independent variables are the same to (1), except that zt does not include

dummy variables of planned outage and mountain entry restrictions in (2). This is because

both planned outage and mountain entry restrictions can be regarded as common supply

shocks for Japanese and non-Japanese guests. Consequently, these terms disappear in

the difference specification (2). Incidentally, we conduct unit root with break test. The

result rejects the null hypothesis at the 1% level and indicates that the series of ydt+h is

stationary with a structural break (the break date is February 2011). Following such unit

root test results, the dummy variables of breaks on level and trend are also included in

zt, as mentioned previously.

12The Kilian index can be found at Lutz Kilian’s home page (https://sites.google.com/site/
lkilian2019/research/data-sets). See, e.g., Kilian and Zhou (2018), Funashima (2020), Nonejad
(2020), and Hamilton (2021), to compare investigation of the Kilian index and world industrial production
index.
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[Figure 6 around here]

Figure 6 describes the series of ydt+h. A large negative spike can be observed in the

timing of the GEJE. This implies that non-Japanese response to the GEJE is larger than

Japanese one. The series seems to rise (or decline) in response to the increase (or decrease)

in VALs in 2015. This supports the view that Japanese guests reacts to changes in VALs

more strongly than non-Japanese guests.

[Figure 7 around here]

To explore such differences formally, Figure 7 presents impulse responses of ydt+h to

GEJE and VAL shocks. Specifically, Panels A and B show the estimates of impulse

responses when the lag length is set to three and four on the Schwarz criterion and Akaike

information criterion, respectively. The estimated results have similar implications to the

benchmark results, reinforcing the above conclusions in general. The left panels show

that the GEJE decreases ydt+h for about 10 months, implying that non-Japanese guests

respond more strongly and persistently to a GEJE shock than Japanese guests. The right

panels show that changes in VALs increase ydt+h. This is consistent with the benchmark

results that Japanese guests respond transiently to VAL shocks, whereas non-Japanese

guests are unresponsive to VAL shocks.

5 Conclusion

In the globalization age, while economic activities are across borders, acquiring precise

information is relevant to a decision maker who attempts to determine the best choice

from many options across the world. However, the borderless economy might suffer from

international information disparity, which distorts optimal decision making of individuals.

In this study, we investigated one aspect of such a distortion in global economic activities,

utilizing tourists data of Hakone, Japan, and the related natural disaster shocks. Our

analysis confirmed the distorted behavior of non-Japanese guests who have incomplete

information, which deviates substantially from the behavior of Japanese guests who have

almost complete information. Our findings also suggest that insufficient information could

lead to the persistent response consistent with the sticky information hypothesis.

However, more research should be conducted in many directions. First, while the

present work uses the Hakone data that allow us to exploit natural experiment on infor-

mational differences, as inferred from behavior differences between domestic and foreign

tourists, common issues might be found in other regions. If so, and if data are available,

similar analyses to this study are meaningful to investigate the role of information in

13



economic decision making. Moreover, although the present study regards non-Japanese

guests as a group because of data availability, disaggregated analyses by country would be

fruitful to enrich our understanding. Finally, the differences in international information

disparity across regions must be quantified, and the effects of sticky information should

be investigated in a more quantitative direction.
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Table 1: Unit root with break test

Variable Statistics Break date
Japanese guests −8.9654(0)∗∗∗ March 2011
Non-Japanese guests −6.5922(0)∗∗∗ February 2011

Note: The tests include a constant and a linear trend (detrended tests) with a change
in both level and trend. The lag lengths shown in the parentheses are chosen based on
the Schwarz information criterion (up to 15 lags). ∗∗∗ represents the rejection of the null
hypothesis at the 1% significance levels.

18



Fukushima Daiichi 

Nuclear Power Plant

Hakone

Mount Fuji

Off-limits area 

(a radius of 20 kilometers)

298 kilometers

Figure 1: Overview of the relative location of Hakone with Fukushima Daiichi Nuclear
Power Plant

19



2000 2002 2004 2006 2008 2010 2012 2014 2016 2018
12

12.2

12.4

12.6

12.8

13

Japanese guests

2000 2002 2004 2006 2008 2010 2012 2014 2016 2018
6

8

10

12

Non−Japanese guests

Figure 2: Number of hotel guests in Hakone (seasonally adjusted in log level)

Note: The black vertical line represents March 2011 when the GEJE occurred. The gray
vertical lines represent the timings when VALs were raised from 1 to 2 in May 2015,
from 2 to 3 in June 2015, and from 1 to 2 in May 2019. The gray vertical dashed lines
represent the timings when VALs were reduced from 3 to 2 in September 2015, from 2 to
1 in November 2015, and from 2 to 1 in October 2019.
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Figure 3: Number of visa issuances and non-Japanese visitors to Japan (log level)

Note: The correlation coefficient is 0.9839.
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A

B

Figure 4: Impulse response of guests to the GEJE shock. (A) The lag length is set to 1.
(B) The lag length is set to 3.

Note: The shaded area is the 90% confidence interval.
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Figure 5: Impulse response of guests to the VAL shock. (A) The lag length is set to 1.
(B) The lag length is set to 3.

Note: The shaded area is the 90% confidence interval.
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Figure 6: Log differences between the number of non-Japanese hotel guests and that of
Japanese hotel guests in Hakone

Note: The log differences between non-Japanese and Japanese guests are calculated by
subtracting the natural logarithm of the number of non-Japanese hotel guests from that
of Japanese hotel guests in Hakone. The black vertical line represents March 2011 when
the GEJE occurred. The gray vertical lines represent the timings when VALs were raised
from 1 to 2 in May 2015, from 2 to 3 in June 2015, and from 1 to 2 in May 2019. The
gray vertical dashed lines represent the timings when VALs were reduced from 3 to 2 in
September 2015, from 2 to 1 in November 2015, and from 2 to 1 in October 2019.
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Figure 7: Impulse response of log differences between non-Japanese and Japanese guests
to the GEJE and VAL shocks. (A) The lag length is set to 3. (B) The lag length is set
to 4.

Note: The shaded area is the 90% confidence interval. The log differences between non-
Japanese and Japanese guests are calculated by subtracting the natural logarithm of the
number of non-Japanese hotel guests from that of Japanese hotel guests in Hakone.
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