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ABSTRACT

The current Covid-19 pandemic is a disruptive event accompanied by a range of governmental
responses and unforeseen impacts on society and businesses. We analyse and rank-order the effects
of the national mitigation measures on the tourism sector of fifteen European countries and we
build a composite Covid-Mitigatin Index, CMI, for country comparisions. This is done using
clustering and principal component analysis. The results are visualised and quantified, and their
implications on decision makers within a tourism sector and governments are discussed. Daily data
on national governmental responses to reduce the transmission of Covid-19, from January-May
2020, is obtained from Oxford Covid-19 Government Response Tracker. The data ranges from
domestic and international travel restrictions, to banned gatherings, Covid-19 testing procedures
and quarantine requirements among other variables. The effects of the national measures on
tourism are studied using monthly market research data, from January-May 2020, on international
(foreigners) and domestic (residents) travelers’ bednights in European countries acquired mainly
from a tourism marketing information system, TourMIS. The applied methodology uses, firstly, the
K-means algorithm for the period February-April 2020 to cluster countries with similar responses
and show dynamically, which countries have changed policies leading to changing also their
reference cluster, accordingly. Secondly, a principal component analysis is conducted to find which
response components related to containment and closure policies are linked to nights spent in the
European countries under analysis. The implications of the results may be useful both for
governmental decision making and for business preparedness in the future.
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1. INTRODUCTION

Covid-19 pandemic has hit hard on various industries (e.g., tourism industry — Stefko et al., 2020;
business environment — Dvorsky et al., 2020; Beseny6 & Karman, 2020; Dung et al., 2018). Due to
strict international and domestic travel restrictions, tourism industry has been directly impacted. We
will show, how by April 2020, international travel (measured by bednights) had totally stopped,
while still in February, only few countries, such as Romania and Slovenia showed declines in
tourism.

The European countries under analysis started their policy measures practically in March 2020 and
only few mitigation measures had been taken by the end of February.

Temporary Covid mitigation policies along with longer-term policies, which restrict the functioning
of the markets result in a decline of economic freedoms and economic activity (Pavlik & Geloso,
2020; Kinnunen et al., 2019). Economic freedoms have been shown important conditions for
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economic activity, e.g., in EU, OECD (Georgescu et al., 2018; Georgescu & Kinnunen, 2019) and
globally (De Haan & Sturm, 2000). Further, Economic freedoms are related to entrepreneurial
activity (Angulo-Guerrero et al., 2017; Kinnunen & Gergescu, 2020a), which is an essential
component of the hospitality and tourism industry (Lee-Ross & Lashley, 2009, Ciochina et al.
2016).

The implications of Covid on tourism and economic activity in general have been analysed and they
did not come unexpectedly (Androniceanu, 2020). For example, according to the United Nation’s
Report on Covid-19 and Tourism in 2020 (UN, 2020), the international tourism is among the
economic sectors which is suffering the most from the pandemic crisis. Tourism sector is an
important part of world economy (Mura & Kajzar, 2019). The report simulates short-term
international tourism to obtain pessimistic, intermediate and optimistic scenarios. The pessimistic
scenario assumes that all inbound tourism expenditures for one year are removed in each country;
the intermediate scenario assumes that 2/3 of inbound tourism expenditure for one year are
removed; while the optimistic scenario assumes that 1/3 of inbound tourism expenditures are
removed. According to an OECD Policy report on Coronavirus from June 2020 (OECD, 2020a),
world countries have taken measures to respond to Covid-19, “liquidity injections and fiscal
reliefs”, such as loans, holiday vouchers, rule changes in order to protect tourism consumers
(Kostynets et al., 2020). Studies have focused on negative implications of the pandemic, while the
positive implications are limited, specifically, to the use of technology (cf. Kinnunen & Georgescu,
2020b; Poor et al., 2020; Razif et al., 2020; Akeel & Khoj, 2020).We study fifteen selected
European countries and their policies to mitigate the pandemic. We start by a clustering procedure
to show which European countries are similar with each other by their Covid-19 mitigation
measures. The dynamic monthly clustering will reveal, which countries have changed clusters
during the research period. The changes will be described visually followed by cluster-wise
analysis. The principal component method is then applied to find the most meaningful policy
combinations, which form the principal components and to build a composite Covid-Mitigation
Index, CMI, to compare the results and to reveal the most meaningful individual policies.
Accordingly, the results are visualised and analysed, and the mitigation factors are ranked and their
implications are quantified. The rest of the paper is structured as follows. Section 2.1 presents the
data variables and data values for March 2020, which is the focus of this study, and Section 2.2
describes the used methods, i.e., the K-means clustering and Principal Component Analysis, PCA.
Section 3.1 presents and discusses the results from the K-means analysis and 3.2 from the PCA.
Section 4 concludes the paper.

2. DATA AND METHODS
2.1 Data

The data was collected for 15 European countries: Austria (AUT), Belgium (BEL), Czech Republic
(CZE), Denmark (DEN), Finland (FIN), Germany (GER), Hungary (HUN), Netherlands (NED),
Norway (NOR), Poland (POL), Portugal (PRT), Romania (ROM), Slovenia (SVN), Sweden (SWE)
and Switzerland (CHE) for the period from January to June 2020 from the Austrian National
Tourist office (2020b), Statistics Finland (2020b) and Romanian National Institute of Statistics
(2020) on tourism and from Oxford COVID-19 Government Response Tracker (Hale et al., 2020)
on governmental responses on the current pandemic.

Table 1 presents the variable descriptions and how we have handled the daily data by transforming
it to monthly figures.
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Table 1. Variables description

ID | Description Coding of daily active policies

c1 | Record closings of schools and universities (sums up daily 0 - no measures, 1 — recommended, 2 — required, 3 — required closing all
codes for each month) levels

c2 | Record closings of workplaces (sums up daily codes for each as above
month)

c3 | Cancellation of public events (sums up daily codes for each 0 no measures, 1 — recommended, 2 — required
month)

c4 | Restrictions on gatherings (sums up daily codes for each 0 - no measures, 1 — restrictions on gatherings >1000 people,
month) 2 — between 101-1000, 3 — between 11-100, 4 — 10 or less

c5 | Record closing of public transport (sums up daily codes for 0 no measures, 1 — recommended, 2 — required
each month)

ce | Stay at home requirements (sums up daily codes for each 0 — no measures, 1 — recommended, 2 — required with some exceptions,
month) 3 - required with minimal exceptions

c7 | Record restrictions on internal movement between 0 — no measures, 1 — recommended not to travel, 2 — required not to
cities/regions (sums up daily codes for each month) travel

cg | Record restrictions on international travel of foreigners (sums | 0-no measures, 2 — quarantine at some arrivals, 3 — banned some
up daily codes for each month) arrivals, 4 — total border closure

H1 | Record presence of public info campaigns (sums up daily 0 - no measures, 1 — public officials urging caution about Covid-19,
codes for each month) 2 — coordinated public info campaign

T1 | Domestic bednights, i.e. nights spent by residents in hotels and other accommodations (%-change from a corresponding month a year
before)

T2 | Foreign bednights, i.e. nights spent by non-residents in hotels and other accommodations (%-change from a corresponding month a year
before)

Source: Austrian National Tourist Office (2020); Hale et al. (2020); Statistics Finland (2020b);
Romanian National Institute of Statistics (2020)

Table 2 shows the data for the 15 countries and the averages for March, 2020, which is the month in
the focus of our analysis.

Table 2. Data for March 2020 on Covid-19 responses and tourism

ID C1 C2 C3 C4 C5 C6 Cc7 Cc8 H1 SI El | T1-% | T2-%
AUT 48 52 42 64 19 32 38 69 62 85 88 -56 -59
BEL 36 51 40 56 0 28 36 64 62 81 88 -66 -68
CZE 63 56 42 73 0 34 32 109 62 82 100 -46 -67
DNK 57 35 26 71 22 29 19 97 62 72 38 -34 -52
FIN 32 36 40 0 0 16 20 106 62 60 50 -44 -53
DEU 78 20 53 55 0 34 27 77 62 77 38 -49 -67
HUN 63 32 42 21 16 25 25 85 62 77 50 -61 -68
NLD 52 54 44 60 1 35 17 39 46 80 63 -46 -62
NOR 60 42 16 58 20 0 32 70 62 80 88 -56 -51
POL 60 36 44 4 0 2 21 74 62 81 38 -55 -64
PRT 62 53 26 52 13 26 13 66 62 82 75 -58 -59
ROU 63 40 48 64 32 27 13 96 62 87 88 -35 -21
SVN 48 36 26 76 32 18 4 66 56 90 75 -65 -73
SWE 14 7 0 43 0 0 0 39 46 35 63 -34 -53
CHE 57 45 62 76 0 15 15 57 60 73 63 -56 -68

Average | 529 | 39.7 | 36.7 | 515 | 103 | 21.4 | 20.8 | 74.3 | 59.3 | 76.1 | 67.0 | -50.7 | -59.0

Source: Austrian National Tourist Office (2020); Hale et al. (2020); Statistics Finland (2020b);
Romanian National Institute of Statistics (2020)
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2.2 Methods

Cluster analysis is an exploratory data technique consisting in identifying subsets in the data, such
as the objects in a group are similar, while the objects in different clusters are different. One of the
most used clustering algorithms is K-means, which is well-known for its simplicity.

K-means is an iterative algorithm that partitions a dataset into a predefined number of clusters
denoted by K, such that one object belong to one cluster. The within cluster variation is minimized,
such that the clusters are more homogeneous.

K-means algorithm has following steps:

1. The centroids are initialized randomly;
2. Each observation is assigned to the closest centroid;

3. The minimum (Euclidean) distance to the cluster centroid is computed for each observation.
Centroids are recomputed as means of newly assigned observations.

We apply dynamically the K-means clustering algorithm over the period February-April 2020 to
show the development from the beginning of policy responses in February to their full effect in
April. The focus is on March, the month, when all countries under analysis had started their
mitigation measures and when the largest variations of policy combinations took place.

The other applied method is principal component analysis (PCA), which is an unsupervised
dimensionality reduction technique, based on an orthogonal transformation which transforms a set
of usually correlated variables taking numerical values into a set of uncorrelated variables called
principal components (PCs). The first PCs capture the most variance in the data. Each PC is
orthogonal to the previous one and the first PC explains the most variance of the data. The PCA will
use only the data from February to reveal which response components related to containment and
closure policies are the most meaningful in explaining the variation in all data and which are linked
to nights spent in the fifteen European countries under analysis. PCs are further used to build the
Covid-Mitagation Index, which is used in country comparisons.

3. ANALYSIS

3.1. K-means clustering

We apply K-means algorithm for three months of data: February, March and April 2020. With the
15 countries and 3 months, this means 15 x 3 = 45 total cases.

The approach was chosen to study the dynamic development of the situation in the beginning of the
Covid crisis. We chose to obtain 6 clusters, which lead to 2-3 clusters appering for each month as
seen in Figure 1, which further show the distance of each country from the cluster center. Solid
arrows in Figure 1 depict the countries showing up from the majority of countries, while dashed
arrows depict that previously special countries align their policies with the majority of countries, i.e.
they revert to the mean.

Feb-20 Mar-20 Apr-20
Country CL Distance Country CL Distance Country CL Distance
AUT | 6| 144 AUT |4 244 AUT | 3| 252
BEL 6 | 40.8 BEL 4 33.2 BEL 3 48.2
— | CZE 2| 291 meme=p CZE 4 435 CZE
DNK 6| 183 DNK | 4 38.8 DNK 3 60.4
| FIN | 2| 85 |wemmp FIN | 5| 515 weeeep| FIN |5 414 |
DEU | 6| 265 DEU |4 M8 DEU |3 392
HUN | 6 | 211 jommmmp| HUN | 5| 286 ==pe| HUN |5| 734
NLD 6| 25.7 NLD | 4 456 NLD 3 42.3
NOR | 6 | 355 NOR | 4 | 389 NOR |3| 521
POL & 9.2 | e— POL 5 453 == POL 3 26.1
PRT |6 395 PRT |4 | 273 PRT |3| 323
— | ROU 2 29,2 =memmp ROU | 4 379 ROU |3 45.3
SVN | 6| 29.8 SVN | 4| 37.0 sv | 3| 439
SWE 6 | 27.3 |e—— SWE |1 00 |=—— SWE |4 51.4
CHE |6 228 CHE 4] 357 cHE 3] a13 |

Figure 1. Dynamic K-means clustering and distances from cluster centers
Source: Own results (IBM SPSS Statistics 20)
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February 2020: Finland together with Czech Republic and Romania form a cluster in the beginning
and the other 12 countries form another cluster. The tourism sector has not yet been hit by Covid-19
expect in Romania seen by a decline of -6.8% in domestic (T1) and -3.2% in foreign bednights
(T2), in Slovenia -9% in domestic bednights, and in Sweden -3.1% in foreign bednights. On
average of the 15 countries, the domestic bednights have still been growing by 7.4% and foreign
bednights by 8.7% from the previous year. Only Germany had begun some School closings, Czech
Republic cancelling some public events and Romania closing some public transports by the end of
February. These policies had not yet affected tourism figures. Almost all countries had begun some
Public information campaigns (H1); only Norway, Slovenia and Sweden had not responded at all
and Finland, Czech Republic and Hungary only in the very end of the month. International travel
controls (C8) had been set only in Czech Republic, Finland and Romania (and just in the end of the
month in Germany). This is the major reason for the clustering results. Romania and Slovenia had
been hit due to proximity of Italy, where the Covid-19 crisis had begun before the other European
countries.

March 2020: Hungary and Poland join Finland to form a cluster in March, when Covid-19 hits
tourism and all countries start almost all policy responses at some level. Domestic bednights (T1)
have declined by 52.7% and foreign bednights (T2) by 63% on average (Statistics Finland, 2020a,
2020b). Sweden and Denmark show the smallest decline of -33.7% and -34.2% in domestic
bednights, respectively, and -53.3% and 52.1% decline in domestic and foreign bednights,
respectively. Romania and Czech Republic are now showing policy measures close to the majority
of countries, which form the second cluster. Sweden is the most deviant country and it has not
begun any policies related to cancelling public events (C3), closing public transport (C5),
requirements of staying at home (C6), nor restrictions on internal movement (C7), and only very
few workplace closings (C2), while Netherland set up the least restrictions on international traveling
(C8) and given the least effort on public campaigns on the pandemic (H1). Finland, Hungary and
Poland form a cluster as they show relatively low level, or zero level policies, specifically, with
respect to C4-C7: Finland and Poland have not closed any public transport (C5) and Finland has not
set up any restrictions on gatherings (C4) and Poland only in the very end of the month; Also
Hungary show much under average restrictions on gatherings, but slightly above average, but not
specifically high, in responses C5-C7. The decline in bednights is not far from total averages, very
close to those in Hungary (-60.6% and -68.3%, domestic foreign bednights, espectively) and Poland
(-54.6% and 63.8%, respectively), while Finland still shows under average declines by -44% and -
53.3% in domestic and foreign bednights, respectively.

April 2020: Tourism industry is hit hard in all countries: domestic bednights (T1) show -87.0% and
foreign bednights -95.6% declines. Sweden with the least restrictions show the smallest declines
(with Denmark by domestic bednights), i.e. -64.8% and -81.4% respectively (Denmark: -45.2% and
-97.2%), and it still appears as its own cluster. Finland and Hungary appear still in their own cluster
even their tourism figures are very close to the average in foreign bednights, while Hungary shows
totally vanished domestic bednights, as well. The two countries differ from others specifically by
not setting up either any restrictions on gatherings (Finland) or very little (Hungary).

3.2 Principal component analysis

Next, we apply PCA (Jolliffe, 2002) to reduce the number of variables by constructing new
variables called principal components, as linear combinations of original variables. PCA helped
identify the principal components related to tourisms activities affected by Covid. By IBM SPSS
v20 four PCs were extracted from the correlation matrix according to the Kaiser criterion. The
components with an eigenvalue greater than 1 are retained in table 3. They explain together
76.152% of the total variance. In table 3 we notice that the fourth PC is highly correlated with
C4_Restrictions on gatherings and C5_Close public transport. Therefore, we will restrict our
study to the first three PCs which account for 62.493% of the total variance.
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Table 3. Eigenvalues, variance percentage and cumulative variance percentage

Component | Eigenvalue | Percentage of variance | Cumulative % of variance
PC1 3.837 22.197 22.197
PC2 1.853 20.449 42.646
PC3 1.446 19.847 62.493
PC4 1.240 13.659 76.152

Source: Own results (IBM SPSS Statistics 20)

Table 4. Rotated component matrix

PC1 PC2 PC3 PC4
H1_Public information campaigns 913 .238 .073 .047
C8_International travel controls .856 -.009 .027 .092
C7_Restrictions on internal movement .609 -.056 463 -.322
C1_School closing 479 419 371 .085
T2_Foreign_bednights .051 -.915 -175 -.085
T1 Domestic_bednights -.153 -.826 -.053 -.196
C3_Cancel public events 274 .627 .394 - 477
C6_Stay at home requirements 138 164 .806 -.047
C2_Workplace closing .203 174 711 -.049
C4_Restrictions on gatherings -.285 .053 .694 515
C5_Close public transport .180 .207 .010 915

Source: Own results (IBM SPSS Statistics 20)

In table 4 we represented with bold fonts the factor loadings in absolute value greater than 0.5 (or
around 0.5). According to PC1, public information campaigns (H1) are correlated with international
travel controls (C8), restrictions on internal movement (C7) and school closing (C1). The positive
part of PC2 is correlated with cancelling public events (C3), as opposed to foreign (T2) and
domestic bednights (T1), which are correlated with the negative side. PC3 is positively correlated
with stay at home requirements (C6), workplace closing (C2) and restrictions on gatherings (C4).
PC4 is dominated by closure of public transport (C5).

A compound Covid-mitigation index (CMI) is built using the coefficients, or loadings, of the four
PCs from Table 3 weigthed by the ratios of the proportion of the variance explained by each PC
divided by the cumulated variance explained by the four PCs of Table 3.The CMI is formulated as:

CMI = Weight, x PC1 + Weight, X PC2+ Weight; X PC3 + Weight, X PC4, (1)

where the weights are computed as Weight, = 22.197/76.152 = 29.148%
Weight, = 20.449/76.152 = 26.8530%, Weight, = 19.847/76.152 = 26.0620%, and
Weight, = 12.659/76.152 = 17.936% (cf. Table 3). And the elements of PCs are computed
summimg up the weighted PC loadings for each variable (Table 4). For example, the coefficient
for the most dominant variable H1, public information  campaigns s
H1 coef ficient = 29.1480%4x 0.913 4 26.8530% x 0.238 + 26.062% X 0.73 + 17.936% X
0.47

= 0.357, and for the other 10
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coefficients accordingly. After ordering the components by their coefficients, we obtain the
following composite index:

CMI = 0.364 X C1_School closing
+0.357 x H1_Public information campaigns
4+0.286 x C6_Stay_at_home_requirements
+0.282 x C2_Workplace_closing
+0.275 X C5_Close_public_transport
+0.270 X C8_International_travel_controls 2
40.265 X C3_Cancel_public_events
+0.225 ¥ C7_Restrictions_on_internal_movement
4+0.204 % C4_Restrictions_on_gatherings
—0.292 X T2_Foreign_bednights
—0.315 x T1_Domestic_bednights

Using the country-wise data and rescaling the CMI composite index by min-max normalization, we
obtain Figure 2 showing that Romania (ROU) and Czech Republic (CZE) have the highest CMI
values for March 2020 (100 and 96.5, respectively), while Sweden (SWE) on the bottom gets
CMI=0, and Finland (FIN) and Poland (POL) show the next lowest CMI values (51.6 and 57.5,
respectively)

------
........

ROU CZE AUT DEU HUN CHE BEL DNK SVN PRT NOR NLD POL FIN SWE

Figure 2. Composite Covid-Mitigéﬁon Index, CMI, for March 2020
Source: Own computations

3. CONCLUSIONS

We conducted, firstly, a clustering analysis over the three-months period from February to April
2020, when the European countries under analyses began their Covid-19 mitigation policies.

We found, in line with expectations, that Sweden is a special case. Sweden had set up the least
restrictive policy measures, such are restrictions on gatherings and domestic and international
travels. Special policy approach was seen taken also, for instance, by Romania, which was hit early
due to effects from it neighboring Italy, from where the pandemic entered Europe, as well as, by
Finland which showed similar policies with Romania still in February, but which after that
continued with ones of the loosest policy combinations. Sweden and partly Denmark showed
limited decline in (specifically, domestic) tourism, while the tourism industry, practically, in all
other countries, were fully vanished.

The principal component analysis (PCA) showed that public information campaigns (H1) explained
most of the total variance of all policy variables, together with international travel controls (C8),
restrictions on internal travels (C7) and school closings (C1), which formed the first principal
component, PC1.
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Next, the composite Covid-Mitigation Index, CMI, was constructed. The most important individual
variables were also mainly from PC1, but also stay at home requirements (C6), workplace closings
(C2) and closing public transport (C5) were the most important factors of CMI. Romania and Czech
Republic showed the strongest policy approaches to obtain the highest values of CMI, while
Sweden, Finland and Poland were represented by the smallest CMI values.

Some limitations of the study may be noted: the monthly tourism data from the tourism marketing
information system, TourMIS, was limited and didn’t allow including all European nor EU
countries, which left out many interesting cases, such as Italy and Spain, for example. However, of
the possible tourism variables, the used measure of bednights offered the best availability. With the
fifteen countries under analysis, the generalizability to other than European countries may be
problematic due to the complex nature of the phenomenon with numerous inter-connected factors,
which are out of the scope of this study. For the future study, we would include all EU countries
and also other European countries for reference as the European Union has led to some co-
ordination of the mitigation policies of the member states. An interesting extension can be to study
the impact of Covid-19 pandemic on the tourism supply chain performance (cf. Kot and Kozicka,
2018; Kot et al., 2018).
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