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Abstract
Background—The 2015 Middle East respiratory syndrome (MERS) outbreak in the Republic of
Korea (ROK) is an example of an infectious disease outbreak initiated by international travelers to
a high-income country.
Objective—To determine the economic impact of the MERS outbreak on the tourism and travelrelated service sectors, including accommodation, food and beverage, and transportation, in the
ROK.
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Methods—We projected monthly numbers of non-citizen arrivals and indices of services for
three travel-related service sectors during and after the MERS outbreak (June 2015–June 2016)
using seasonal autoregressive integrated moving average models. Tourism losses were estimated
by multiplying the monthly differences between projected and actual numbers of non-citizen
arrivals by average tourism expenditure per capita. Estimated tourism losses were allocated to
travel-related service sectors to understand the distribution of losses across service sectors.
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Results—The MERS outbreak was correlated with a reduction of 2.1 million non-citizen visitors
corresponding with US $2.6 billion in tourism loss for the ROK. Estimated losses in the
accommodation, food and beverage service, and transportation sectors associated with the
decrease of non-citizen visitors were US $542 million, US $359 million, and US $106 million,
respectively. The losses were demonstrated by lower than expected indices of services for the
accommodation, and food and beverage service sectors in June and July 2015 and for the
transportation sector in June 2015.
Conclusions—The results support previous findings that public health emergencies due to
traveler-associated outbreaks of infectious diseases can cause significant losses to the broader
economies of affected countries.
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1.

Introduction
The introduction of novel infectious diseases by international travelers can lead to costly
outbreaks even in high-income countries with well-developed healthcare systems. The 2003
severe acute respiratory syndrome (SARS) outbreak in Canada, which resulted in 251 cases
and 43 deaths [1], caused $4.3 billion in losses to the accommodation and food service
sector in Canada [2].
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Another recent example is the 2015 Middle East respiratory syndrome (MERS) in the
Republic of Korea (ROK), initiated by an infected traveler returning from the Middle East.
MERS is a respiratory disease caused by a novel coronavirus [3]. The MERS outbreak in the
ROK started on May 20, 2015, when the first case of MERS was confirmed [4]. The
outbreak resulted in 186 hospitalizations and 38 deaths, with more than 16,000 people
quarantined because of potential exposures by December 23, 2015, when the World Health
Organization (WHO) declared the end of the MERS outbreak in the ROK [4, 5].

Author Manuscript

The Ministry of Health and Welfare of the ROK reported that the central government’s
revised budget for the MERS response was 973 billion won (US $860 million using the 2015
average exchange rate of 1,131.49 won per US dollar) [4, 6]. The main budget items were
national quarantine system reform and MERS response activities such as emergency support
for MERS patients and hospitals, facilities for infectious disease treatment, and loans for
affected medical institutions [4]. In addition, direct medical costs of MERS diagnosis and
treatment between May and September 2015 were about 14 billion won (US $12 million)
based on national health insurance claims data [4]. Although local governments also
compiled supplementary budgets for the MERS response, the scale of the local
governments’ budgets for the response is unknown.
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In addition to governments and healthcare, other industries reported significant losses during
the outbreak. Although the WHO did not issue any travel restrictions for the ROK during the
outbreak, some nations and localities, such as Taiwan and China (Sichuan, Shandong,
Guangzhou, and Hong Kong Special Administrative Region), issued travel advisories [7].
Declines in arriving international travelers were observed in 2015 compared to 2014 [5, 8].
The Korea Centers for Disease Control and Prevention recommended avoiding visits to
crowded places and Ministry of Education and Ministry of Health and Welfare of the ROK
recommended refraining school activities such as field trips and sports events [9, 10].
Because of the recommendations and exposure fears, some individuals might have avoided
going out.
Although ever-increasing international travel volumes may contribute to the risk of travelrelated infectious disease outbreaks, the potential economic impacts of travel-related
outbreaks in high-income countries are not well understood. In this analysis, we estimated
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some of the costs of the 2015 MERS outbreak in the ROK, specifically the costs to the
tourism industry and selected travel-associated service sectors.

2.

Materials and Methods
We examined changes in arriving international tourists and three travel-related service
sectors—accommodation, food and beverage, and transportation—to estimate the impact of
the 2015 MERS outbreak in the ROK. They were selected from a previous study, which
reviewed the impact of SARS and identified which service sectors had incurred significant
losses [2].

Data
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We obtained numbers of monthly non-citizen visitors’ arrivals from TOURGO, the Korea
tourism knowledge and information system of the Korea Culture and Tourism Institute [11].
The data were generated using international guidelines from the United Nations World
Tourism Organization [11]. We excluded arrivals of Korean citizens who were living abroad
because their reasons for travel during the outbreak may have differed from those of noncitizen visitors. The international tourism receipts per foreign traveler, which are defined by
the World Trade Organization as expenditures per person of international inbound visitors in
a destination country, were also from TOURGO [12]. The average expenditure per noncitizen traveler varied by month ranged $997-$1,296 per traveler between June and
September 2015 and was $1,126 per traveler in weighted average.
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The proportions of each spending area from international tourism receipts came from a
report by Korea Institute for Industrial Economics and Trade [13]. The proportions of noncitizens’ tourism expenditures were used to estimate economic impacts on three travelrelated service sectors and were 20.9% for accommodation, 13.9% for food and beverage,
and 4.1% for transportation [13].
Monthly indices of services were also used to analyze the impact of the MERS outbreak on
these three service sectors [14]. The index is developed to understand each service industry’s
production activities by using weights of value-added criteria, which reflect each service
industry’s relative importance to the economy [14]. Indices of services are used to project
gross domestic product (GDP). The indices use a base of 100 for the year 2010. Increasing
month-to-month values would indicate expansion in an industry’s composite performance,
while decreasing month-to-month values would indicate contractions. Overall, values over
100 would demonstrate a relative increase in performance relative to 2010.

Author Manuscript

Estimation of projected values if the 2015 MERS outbreak had not occurred
We estimated the projected values of non-citizen visitors’ arrivals or indices of services in
the absence of the MERS outbreak for the 13-month period June 2015 through June 2016.
This included the 7-month outbreak period (June–December 2015) and a 6-month period
after the outbreak (January–June 2016). We excluded May 2015 from our projection because
only one-third of the month was affected by the MERS outbreak. Since the first case was
confirmed near the end of May 2015, non-citizen travelers might not have had enough time
to modify May 2015 travel plans. The numbers of non-citizen visitors’ arrivals in May 2015
Health Secur. Author manuscript; available in PMC 2020 April 10.
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increased by 7.3% compared to May 2014. Projected values for 6 months after the outbreak
ended were analyzed to consider whether later increases in non-citizen visitors’ arrivals or
above-average levels for indices of services could have offset losses observed during the
outbreak period.
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We used seasonal autoregressive integrated moving average (SARIMA) models [15]
programmed in R software to project values for each month. The SARIMA model used
monthly non-citizen visitor arrivals data during January 2011–May 2015 to estimate
projected values (i.e., in the absence of the outbreak) during the outbreak and for 6 months
afterward (June 2015 through June 2016). We also used monthly indices of services from the
three travel-related service sectors in developing the SARIMA models. We used the monthly
indices of services data from January 2011 to May 2015 for accommodation and
transportation sectors. For food and beverage, the monthly indices of services during
January 2005–May 2015 were used because neither monthly nor seasonal pattern was
recognized using data from January 2011 to May 2015.
Estimation of the impacts of the outbreak
We estimated the monthly changes in tourism revenue during the examined period by
multiplying the estimated monthly changes in numbers of non-citizen visitors’ arrivals by
the average international tourism receipts per capita of each month. Monthly differences in
non-citizen visitors’ arrivals during the outbreak were calculated by subtracting monthly
projected numbers of non-citizen visitors’ arrivals from the actual arrivals of each month.
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We estimated the total changes in tourism revenue associated with the MERS outbreak based
on the sum of monthly changes in tourism between June 2015 and June 2016 using the
following equation.
I
(Actuali
i

pro jected i)

tourism expenditure per personi

For this equation, “i” indicates each month between June 2015 and June 2016. Actuali is the
actual number of non-citizen visitors’ arrivals in month i, while Projectedi is the projected
number of non-citizen visitors’ arrivals in month i if the MERS outbreak had not happened.
We included only months in which the difference between the actual and projected values
was significantly different from zero (p<0.05). Thus, total estimated changes excluded
months with no significant differences.
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The economic consequences for the travel-related service industries were estimated by
multiplying monthly changes in tourism revenue by each sector’s percentage contribution to
total tourism expenditure in 2015. We were unable to translate changes in index values into
monetary values. Instead, we analyzed these indices of services to determine if declines in
non-citizen arrivals were associated with lower than expected index values.
We conducted one-way sensitivity analyses to confirm the robustness of estimates of
economic losses. The 95% confidence intervals of the projected values from the SARIMA

Health Secur. Author manuscript; available in PMC 2020 April 10.

Joo et al.

Page 5

Author Manuscript

model were used for the upper-bound (97.5%) and lower-bound (2.5%) estimates of the
numbers of the non-citizen visitors’ arrivals. To create a plausible range of average tourism
expenditure per capita estimates, we used the highest and lowest monthly average tourism
expenditure per capita in 2015 as the upper- and the lower-bounds inputs.

3.

Results

Tourism

Author Manuscript

Numbers of arrivals of non-citizen visitors in 2015 dramatically decreased between June and
September 2015 (Figure 1). Between October and December 2015, the numbers of noncitizen visitors’ arrivals recovered to levels that would have been expected without the
MERS outbreak. After the outbreak period (January–June 2016), the projected values and
the actual values were not significantly different. The actual values never significantly
exceeded projected values during and after the MERS outbreak, suggesting that travelers
who decided to cancel travel plans during the outbreak did not simply postpone travel until
after the outbreak ended.
The MERS outbreak was associated with 2.1 million fewer non-citizen visitors,
corresponding to about US $2.6 billion in lost tourism revenue for the ROK (Table 1). The
loss of 2.1 million arrivals is about 16% of the total number of actual non-citizen visitors’
arrivals (13 million in 2015). From June through September, there was 37.4% decrease (2.1
million out of 5.7 million projected non-citizen arrivals). The biggest loss in non-citizen
arrivals was observed in July 2015 [58%, 95% confidence interval (CI): 53%–62%].
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The one-way sensitivity analyses examined the uncertainty associated with the numbers of
projected non-citizen arrivals in the absence of a MERS outbreak and the average tourism
expenditure per non-citizen tourist. The estimated losses in tourism revenue ranged from US
$1.9 billion to US $3.2 billion when the predicted numbers of non-citizen arrivals varied
from 5.2 million to 6.3 million, corresponding to outbreak-associated net decreases of 1.6
million to 2.7 million during June–September 2015 (Appendix Figure 1). When the tourism
expenditure per person varied from US $934 to US $1,388, the estimated losses varied
between US $2.0 billion and US $3.0 billion.
Accommodation, food and beverage, and transportation
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The impacts of the MERS outbreak on indices of services were significant during peak
outbreak months (Figures 2, 3, and 4). Statistically significant decreases in the
accommodation and food and beverage indices of services were observed between June and
July 2015, while the transportation index was significantly lower only in June 2015. In June
2015, indices of services were 22.6% [95% CI: 16.7%–27.8%] lower than expected for
accommodation, 9.9% [95% CI: 6.5%–13.0%] lower for food and beverage, and 5.3% [95%
CI: 1.9%–8.5%] lower for transportation.
The estimated accommodation losses associated with non-citizen visitors were US $542
million [95% CI: $408 million–$676 million] (Table 2). The estimated losses in the food and
beverage service activities and the transportation sector were $359 million [95% CI: $270
million–$451 million] and US $106 million [95% CI: $80 million–$133 million],
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respectively. More details about the results of one-way sensitivity analyses are shown in
Appendix Figure 1.

4.

Discussion
The losses estimated for the 2015 MERS outbreak in the ROK reinforce that public health
emergencies could cause significant economic losses in multiple business sectors. The
estimated annual loss in tourism revenue was about 18% of international tourism receipts
(US $15.1 billion)[12], and 4% of total (international and domestic) tourism receipts (US
$64.6 billion)[6, 13] of the ROK in 2015. The estimated US $2.6 billion loss in tourism
revenue was much higher than healthcare claims for MERS diagnosis and treatment (US $12
million) [4] during the outbreak. Tourism losses also greatly exceeded the central
government’s budget associated with MERS response activities (US $860 million) [4].
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The MERS outbreak, however, did not make a visible impact on Korea’s annual GDP
growth in 2015. In 2015, annual nominal GDP in the ROK (1,564 trillion won, US $1,382
billion [6, 16]) grew 5% relative to 2014. The lost tourism revenue from non-citizen travelers
(US $2.6 billion) was about 0.2% of 2015 GDP. Because the travel and tourism industry
contributed only 5.1% of total GDP in the ROK in 2015 [17], the temporary decrease in noncitizen arrivals had a relatively small effect on total GDP. If similar outbreaks occurred in
countries more dependent on tourism, the impact on total GDP could be substantial.
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Governments may want to identify the sectors with the largest potential economic losses to
encourage the development of sector preparedness plans and to prioritize emergency funding
during an outbreak. The impact on specific tourism-associated sectors varied. The estimated
losses to accommodation and food and beverage services associated with non-citizen
travelers (US $901 million) were about 2.7% of the annual nominal GDP of the restaurants
and hotels sector in 2015 (38,192 billion won, US $33.8 billion) [6, 16]. However, the
estimated loss to the transportation sector (US $106 million) was only 0.2% of the annual
nominal GDP of the transportation and storage sector (56,155 billion won, $49.6 billion)[6,
16]. During 2014–2017, the United States experienced two imported cases of Ebola and two
imported cases of MERS from international travelers [18, 19]. Importation of emerging
infectious diseases by travelers requires appropriate management to prevent disease
outbreaks. Although the imported MERS and Ebola cases in the United States did not result
in severe outbreaks, the threat of emerging infectious disease outbreaks in the United States
or other high-income countries remains and may be increasing along with global travel
volume [20]. Thus, it is important to understand the possible economic impact of outbreaks
on various sectors when considering spending on preventive programs to mitigate future
outbreaks.
This study has some limitations. For some indicators in the ROK, such as GDP by industry,
only quarterly and annual values were available. Because monthly or daily information was
not available, we could not directly use GDP to estimate economic impact. Quarterly
industry-specific GDPs did not show any significant losses when the actual values were
compared to projected values in the absence of a 2015 MERS outbreak.
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In addition, for tourism expenditure per capita and the proportion of each spending area for
tourism expenditure in the ROK, only statistics per non-resident were available. Since we
examined non-citizen tourism arrivals and estimated loss in tourism revenue from noncitizen visitors, we assumed that statistics per non-citizen visitor were equivalent to the
statistics per non-resident visitor. Because about 98% of non-resident visitors to the ROK in
2015 were non-citizens, the assumption is realistic.
Also, we assumed that tourism expenditure per capita and the breakdown of expenditure by
spending area in the ROK would not be affected by the MERS outbreak. Although we
examined a range of estimates for monthly tourism expenditure per capita, it is possible that
we overestimated or underestimated the impact of the MERS outbreak because travelers
choosing to cancel travel because of the outbreak may differ from travelers who chose to
travel to ROK despite the outbreak.
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We limited our analysis of the economic impact on service industries to losses associated
with non-citizen visitors. The national tourism receipts include citizens’ domestic travel
expenditures, citizens’ travel-related expenditures before and after international travel, and
tourism expenditures of non-citizen visitors. However, the impact of the MERS outbreak on
Korean citizens’ travel expenditure appeared to be negligible based on the reported growth
rates of Korean outbound travel and domestic travel in 2015 (Appendix Figure 2).
Korean citizens’ outbound departures increased 20.1% in 2015 over 2014 [8] [21]. This
increase was higher than the average annual departure growth rate of 8.2% observed during
2012–2014 and the growth rate of 15.9% in 2016 [8]. The additional expenditures from
outbound Korean travelers may offset some of the lost tourism receipts associated with the
reduction in arriving non-citizens during the outbreak.
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Korean citizens’ outbound departure-related expenditures in the ROK would include
purchasing flight tickets or tour packages and shopping at duty-free shops. The expenditures
were about 28% (US $18.4 billion) of Korean tourism receipts in 2015 [13]; however, we
had insufficient data to quantify monthly tourism-related domestic expenditures from
citizens before or after their international travel[13]. Thus, we could not include these
figures in the analyses.
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The estimated numbers of domestic trips of Koreans in the Korea National Tourism Survey
increased 4.9% in 2015 from 2014 (Appendix Figure 2) [22]. The tourism expenditures on
domestic trips by Korean citizens increased 2.2% in 2015 compared to their tourism
expenditures in 2014 [22]. We expect that domestic travel could be postponed relatively
easily until after the end of the outbreak. However, it is possible that the growth of citizens’
domestic travel would have been even more robust without the MERS outbreak.
We only reported losses to non-citizen tourism and tourism-related service sectors, but the
outbreak may have affected other business sectors. We examined the impacts on indices of
services for other sectors, including leisure and sports, and healthcare services, but did not
observe significant impacts in these sectors.
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In addition, the estimation of the economic impact of one outbreak may not apply to the
costs of other infectious disease outbreaks (e.g., pandemic influenza, viral hemorrhagic
fever) in different countries. Outbreak costs may depend on the specific infectious disease,
country-specific behavioral responses to infectious disease threats, and country-specific
industry composition, population density, and healthcare infrastructure.
Despite these limitations, our study derived reasonable estimates of the economic impact of
a sizable outbreak initiated by an international traveler. The findings expand the knowledge
base of economic impacts of travel-associated infectious disease outbreaks in high-income
countries.

5.

Conclusions
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The 2015 MERS outbreak in the ROK was associated with an estimated $2.6 billion in lost
revenue for the tourism and tourism-related service sectors, which was equivalent to 0.2% of
GDP in 2015. We found that the losses were permanent because visitors cancelled rather
than postponed travel. The results of this analysis are consistent with similar studies
conducted to examine the costs of SARS outbreaks and may be applied to other high-income
countries to help estimate the costs of a potential similar outbreak. These results can help
inform resource allocation decisions for preparedness and response activities to mitigate the
risk of introduction and spread of novel infectious diseases associated with international
travelers.
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Actual monthly arrivals of non-citizen visitors in the Republic of Korea (January 2013–June
2016) and projected monthly arrivals during and after the 2015 Middle East respiratory
syndrome (MERS) outbreak (June 2015–June 2016)
Notes: The thin solid line with filled circle markers shows the actual numbers of non-citizen
arrivals while the thick solid line is the projected numbers of non-citizen arrivals during and
after the MERS outbreak period in the absence of the outbreak. The dotted line shows the
95% confidence interval of projected values. The shaded gray area indicates the period
between the confirmation of the first MERS case in the Republic of Korea and the World
Health Organization’s declaration of the end of the outbreak.
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Figure 2:
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Actual monthly index of services of the accommodation sector in the Republic of Korea
(Year 2010=100.0, January 2013–June 2016) and projected index of services during and
after the 2015 Middle East respiratory syndrome (MERS) outbreak (June 2015–June 2016)
Notes: The thin solid line with filled circle markers shows the actual index of services while
the thick solid line is the projected index of services during and after the MERS outbreak
period in the absence of the outbreak. The dotted line shows the 95% confidence interval of
the projected index values. The shaded gray area indicates the period between the
confirmation of the first MERS case in the Republic of Korea and the World Health
Organization’s declaration of the end of the outbreak.

Author Manuscript
Health Secur. Author manuscript; available in PMC 2020 April 10.

Joo et al.

Page 12

Author Manuscript
Author Manuscript
Figure 3:
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Actual monthly index of services of the food and beverage service in the Republic of Korea
(Year 2010=100.0, January 2013–June 2016) and projected index of services during and
after the 2015 Middle East respiratory syndrome (MERS) outbreak (June 2015–June 2016)
Notes: The thin solid line with filled circle markers shows the actual index of services while
the thick solid line is the projected index of services during and after the MERS outbreak
period in the absence of the outbreak. The dotted line shows 95% confidence interval of the
projected index values. The shaded gray area indicates the period between the confirmation
of the first MERS case in the Republic of Korea and the World Health Organization’s
declaration of the end of the outbreak.
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Figure 4:
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Actual monthly index of services of the transportation sector in the Republic of Korea (Year
2010=100.0, January 2013–June 2016) and projected index of services during and after the
2015 Middle East respiratory syndrome (MERS) outbreak (June 2015–June 2016)
Notes: The thin solid line with filled circle markers shows the actual index of services while
the thick solid line is the projected index of services during and after the MERS outbreak
period in the absence of the outbreak. The dotted line shows 95% confidence interval of the
projected index values. The shaded gray area indicates the period between the confirmation
of the first MERS case in the Republic of Korea and the World Health Organization’s
declaration of the end of the outbreak.
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1

1.36
1.13
1.09

October

November

December
5.71 [5.15 – 6.27]

1.17 [1.02 – 1.33]

1.18 [1.03 – 1.34]

1.37 [1.22 – 1.53]

1.35 [1.20 – 1.51]

1.56 [1.40 – 1.71]

1.45 [1.30 – 1.59]

1.36 [1.25 – 1.46]

Projected (b)

2.14 [1.57 – 2.70]

0.08 [−0.08 – 0.23]

0.06 [−0.10 – 0.21]

0.02 [−0.14 – 0.17]

0.17 [0.01 – 0.32]

0.51 [0.36 – 0.66]

0.84 [0.69 – 0.98]

0.62 [0.51 – 0.73]

Losses (c)=(b)-(a)

37 [31 – 43]

7 [–8 – 18]

5 [–10 – 16]

1 [–11 – 11]

12 [1 – 21]

33 [25 – 39]

58 [53 – 62]

46 [41 – 50]

Percentage of decrease (%)
(c)/(b) × 100%

1,126

1,153

1,066

934

997

1,057

1,296

1,289

Per person tourism
expenditure (2015 US
$), (d)

2,590 [1,948 – 3,235]

90 [–88 – 269]

61 [–105 – 226]

15 [–129 – 160]

167 [13 – 322]

539 [377 – 701]

1,082 [895 – 1,269]

802 [663 – 941]

Losses in tourism expenditure
(2015 million US $) (e)=(c)×(d)

We estimated the cumulative changes during June to September 2015 because the estimated losses were significant during June to September 2015.

1

Notes: 95% confidence intervals using the projected values are shown in the squared parentheses. Boldface indicates that the losses or percentage decreases are statistically significant, i.e., the numbers are
significantly different from zero (p<0.05).

3.57

1.18

September

Total: June–September 2015

1.05

0.61

July

August

0.73

Actual (a)

Numbers of non-citizen travelers’ arrivals (million persons)

June

Period

Estimated losses in numbers of non-citizen arrivals and tourism expenditure in the Republic of Korea during the 2015 Middle East respiratory syndrome
outbreak
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Table 2:
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Estimated revenue losses in service sectors (2015 million US dollars) in the Republic of Korea during the 2015
Middle East respiratory syndrome outbreak
Accommodation (e)×20.9%

Food and beverage service (e)×13.9%

Transportation (e)×4.1%

June

Period

168 [139 – 197]

111 [92 – 131]

33 [27 – 39]

July

226 [187 – 265]

150 [124 – 177]

44 [37 – 52]

August

113 [79 – 147]

75 [52 – 98]

22 [15 – 29]

September

35 [3 – 67]

23 [2 – 45]

7 [1 – 13]

October

3 [–27 – 33]

2 [–27 – 33]

1 [–5 – 7]

November

13 [–22 – 47]

8 [–22 – 47]

2 [–4 – 9]

December

19 [–18 – 56]

13 [–18 – 56]

4 [–4 – 11]

542 [408 – 676]

359 [270 – 451]

106 [80 – 133]

1

Total: June–September 2015

Author Manuscript

Notes: 95% confidence intervals are shown in the squared parentheses. Boldface indicates that the losses or percentage decreases are statistically
significant, i.e., the results are significantly different from zero (p<0.05). The estimated revenue losses in each sector were estimated by multiplying
losses in tourism expenditure by proportion of each service sector on tourism expenditure.

1

We estimated the cumulative losses during June to September 2015 because the estimated losses were significant only during June to September
2015.
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