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Abstract:

International tourism statistics are notorious for being over-aggregated, lacking information about
the tourist, available with a lag, and often provided only at the annual level. In response to this,
we suggest a unique complementary approach that is computer-science driven and relies on big
data collected from a leading travel portal. The novel approach enables us to obtain a systematic,
consistent, and reliable approximation for tourism flows, and this with unparalleled precision, fre-
quency, and depth of information. Our approach delivers also an unprecedented list of all tourist
attractions in a country, along with data on the popularity and quality of these attractions. We
provide validity tests of the approach pursued and present one application of the data by illumi-
nating the patterns and changes in travel flows in selected European destinations during and after
the Covid-19 pandemic. This project opens a range of new research questions and possibilities for
cultural economics, in particular related to cultural heritage and tourism.
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1 Introduction

International tourism statistics, such as those provided by Eurostat, are appreciated and used by
scholars and practitioners alike. However, they come also with a number of notorious shortcomings:
they are over-aggregated (usually at the country level), lack information about the tourist (at the
best, the data records whether the tourist is domestic or foreign), available with a lag of many

months or more, and often only at the annual level.

In this paper we suggest a complementary approach to measure tourism that is computer-science
driven and relies on big data collected from a leading travel portal. The novel approach enables
us to obtain a systematic, consistent, and reliable approximation for tourism flows in different
countries, and this with unprecedented precision, frequency, and depth of information. In com-
parison with mainstream tourism statistics, our approach delivers 1) information on tourism flows
at the attraction-level (not country-level), 2) detailed information about the tourist, including the
rating given (a proxy for visitor satisfaction), city of origin, and the travel history for several pre-
vious years, 3) data as good as in real-time, and 4) at a daily frequency. The approach opens a
range of new research questions and possibilities for cultural economics and tourism scholarship, in

particular related to cultural heritage and tourism.

We evaluate critically the approach developed here and conduct a range of validity tests. Among
others, we show that our data, when aggregated to the country-month-level, correlates at >90% with
official tourism statistics from Eurostat (2023b). We then map and describe the data by illuminating
the patterns and changes in travel flows in three European countries since 2016. Finally, we present

one application of the data and explore tourism flows during and after the Covid-19 pandemic.

In particular, we explore to what degree has tourism activity decreased due to the pandemic, how
has the travelling distance changed due to the pandemic, or whether the pandemic has pushed
tourism to the nature and/or periphery, that is away from over-crowded top-destinations? To
answer these questions, we measure the responses to policy restrictions due to the pandemic and
estimate their effect on various outcomes describing tourism. We find that tourism decreased
significantly with the introduction of several measures imposed by national governments during
the pandemic. Furthermore, we document increases in domestic tourism and a decrease in travel
distances along with a redirection towards less crowded destinations. Finally, by considering the
global travel history of 3 million travellers in the years since the beginning of 2018, we reconfirm

the external validity of the results.

The scope of this paper is motivated by the the vast and strategic role of tourism, particularly of



cultural tourism, in Europe. The travel and tourism sector contributed 3.9% to the gross domestic
product in Europe in 2018 and accounted for 5.1% of the total labour force (European Parliament,
2019). The value of the project is visible also through the lens of Europe’s cultural and natural her-
itage attractions, which not only drive tourism, but are also invaluable treasures that offer insights
into our past, contribute to environmental conservation, and foster economic growth (Borowiecki
et al., 2016). However, these sites face threats from various challenges, including climate change
and unsustainable tourism practices. Thus, conducting a research project that provides compre-
hensive data on all these attractions is crucial for their preservation and serves as a foundation for

informed decision-making to safeguard Europe’s rich heritage for future generations.

A key novelty is the usage of unique data measuring tourist flows by several million tourists to
more than 100.000 tourist attractions in three selected European countries (Denmark, France, and
Spain). The attractions covered are the population of all attractions (not a sample anymore) and
the data provides also unique indicators on the satisfaction of a visit, including the rating given or
various indicators derived from over 3 millions reviews. This project thus pushes the boundaries
forward beyond previous studies that measure tourism or visitor density on the basis of tourist
arrivals or overnight stays (Amore et al., 2020) or on the basis of the perception of overtourism
of cultural sites among locals (Adie et al., 2020), which is subjective and difficult to validate from
the outside. It also provides new insights into the geography of tourism activity, which has been
previously approximated by the location of enterprises from the tourism industries (Domenech
and Capone, 2016). With our data, we are able to show not only the location of attractions,
but also that of the tourists and hence illustrate actual travel patterns. Finally, there exists a
large and interdisciplinary literature on the role of UNESCO sites for tourism (e.g., Cuccia et al.,
2016; Bertacchini et al., 2023; Castillo-Manzano et al., 2021), but little is known how lesser known
sites attract visitors. Some have asked whether the World Heritage List "make sense?” (Frey and
Steiner, 2011); if it does not, our approach opens new horizons for scholarship to cover any cultural

or natural heritage, not just those selected by UNESCO.

This research provides four main contributions. First, it demonstrates and validates the possibility
to construct a large dataset on tourism activity and tourist attractions from a leading travel portal.
Second, it provides novel insights into the tourism mobility in selected European countries with
unprecedented depth and precision. Third, it obtains a unique database of the population (not a
sample) of cultural and natural heritage attractions. Fourth, it contributes new insights on tourism
activity at the attraction level and with daily frequency during the onset of Covid-19, as well as

after the gradual re-opening of the society in a post-Covid-19 Europe.



The rest of the paper is organised as follows: Section 2 presents an overview of the exiting literature,

Section 3 describes our data, Section 4 presents the results and Section 5 concludes.

2 Literature review

This paper contributes to different strands of the literature both within tourism, cultural/natural

heritage and economics.

Tourism is more than travelling and consuming and it has a great potential for sustainable devel-
opment if it focuses on culture, nature, knowledge and experiences (Zieba, 2017). It has become
one of the most important industries and economic activities in the world (Rizzo and Noonan,
2017), with implications for culture, social relations and the environment, and it can be considered
one of the key elements of globalization (Zieba, 2020). It is thus not surprising that the European
Commission puts a significant focus on tourism (European Commission, 2023), as it contributes to
growth and value creation throughout Europe. Perhaps particularly desired are cultural tourists
who spend more than other tourists and are generally more educated (Falk and Katz-Gerro, 2017;
Falk and Hagsten, 2017).! However, with the outbreak of the global Covid-19 pandemic and the
associated lockdown measures, the tourism sector is facing massive repercussions in Europe and
around the world. Not only is it the hardest hit sector; it could be the one slowest to recover from
the upcoming economic recession, affecting Europe’s business and working-life in unprecedented

ways.

Until the outbreak of the pandemic, tourism grew strongly across cities and rural areas. This has
not been uncontroversial and over-tourism has been extensively discussed in the literature and is,
together with the carbon footprint of tourism (Lenzen et al., 2018), one of the most important
sustainability concerns (Adie et al., 2020; Amore et al., 2020). One challenge faced in the literature
is related to the lack of quantitative information on mobility to tourist destinations and attractions.
Standard indicators such as the number of visitors per population and the perception of local
residents towards overtourism, measured as likert scale variables, have strong disadvantages. New,
alternative measures emerge, such as that by Bertacchini et al. (2021) who use transaction data
from museum cards to track tourism flows to specific attractions or Tenkanen et al. (2017) who
point out that instagram posts for parks are a good approximation of official visitor statistics and

thus reflect their popularity. Others have implemented a similar approach using photographs posted

1'We recognize the challenges in defining cultural tourism and its elusive nature, and refer the reader to the discussions
provided by Rizzo and Noonan (2017). For the purpose of our paper, we understand as cultural tourists those who
visited a cultural site covered by our data.



on Flickr not only in parks but also in city centres (see Sessions et al., 2016; Sinclair et al., 2020;
Kadar, 2014; Shi et al., 2017; Wood et al., 2013). For a comprehensive overview of the existing
literature using big data in tourism research, see Li et al. (2018). However, to the best of our
knowledge, there are no studies available that explicitly focus on the popularity of cultural sites

based on social media platforms to study the extent of overtourism and congestion.

This is a point of reflection that enables to observe also the negative sides of tourism, which has
also become in many places a problem due to the negative impacts at different levels. The process
by which a place is transformed once it becomes object of tourist consumption - the process of
Touristification - is one of the consequences in some historical cities or protected natural areas
across Europe. It also reduces the quality of the visitor experience. Crowded historical city centres
or natural sites result in long waiting times and do not allow visitors to enjoy the visit, particularly
in places, where tourism is seasonal and taking particularly place between the months of May and
August. The shock of the Covid-19 pandemic may be used to accelerate the trends in innovation and
cooperation, promoting sustainable economic development in local communities, their participation

and their specific contexts, and contrasting the negative effects of touristification.

Relative to this strand of literature we contribute by showing new trends in tourism using detailed
data able to describe not only the volumes of tourism but also the direction. With our newly
collected data we can identify different trends for different categories of attractions and see where

individuals choose to go, e.g., crowded vs. less crowded destinations.

We also contribute to the tourism literature about the impact of pandemics on tourism and espe-
cially that of the impact of Covid-19. A series of studies have been written in the time following
the onset of the pandemic, trying to identify what the impact could be on the tourism sector.
Travelling often can be connected to some kind of perceived health risk which affects tourism be-
haviour (Jonas et al., 2011; Lepp and Gibson, 2003; Reisinger and Mavondo, 2005). The more
specific effects on both the economics of the tourism industry and the tourists behaviour (Kuo
et al., 2008; Yang et al., 2020; Zhang et al., 2020). For example, it has been found that tourists
would perform protective behaviours when travelling during the swine flu in 2009 (Fenichel et al.,
2013). In Kock et al. (2020) they develop a new model, the Evolutionary Tourism Paradigm, to
analyse tourism behaviour during pandemics. Sigala (2020) reviews the emerging literature about
Covid-19 and tourism, discussing the impacts and opportunities created by the pandemic and sim-
ilarly, in Zenker and Kock (2020) they look at the existing literature about the pandemic and in
addition they suggest how a research agenda could look like. In Falk et al. (2022) they investi-

gate the change in domestic summer tourism demand following the pandemic while Fotiadis et al.



(2021) forecast different scenarios of international tourism demand computing the expected drops
in tourist arrivals. Finally, Singh (2021) explores exotic natural or cultural heritage destinations,
including UNESCO World Heritage sites. They argue that these destinations are safer from Covid
infection due to fewer tourists and can therefore be expected to flourish in the short and middle
term. In this paper we contribute to this literature by showing the actual effects on tourism caused
by the pandemic. With our new dataset we are able to look at tourism both before and after to

estimate the causal effect.

Finally, we contribute to the literature regarding the use of Tripadvisor as a source for data col-
lection. In (Yoo et al., 2016) they describe Tripadvisor’s business model and how Tripadvisor
represents open innovation in tourism by summarizing findings of the associated literature. They
argue that user-generated content, such as online reviews, is important in influencing destination
awareness and selection for trip planners. Additionally, they argue that the success of Tripadvisor is
based on the continuous added value to its services arising from its co-creation ecosystem. Previous
studies using Tripadvisor as a source of data has focused on topics such as consumers’ perceived
quality of attractions, incentives to create fake reviews, and rating system design. Regarding the
incentives to post fake reviews, Mayzlin et al. (2014) compare reviews posted on Tripadvisor with
those posted on the booking platform Expedia. While Tripadvisor has no restrictions on who can
post a review, Expedia only allows actual consumers (those who booked via Expedia) of the attrac-
tion to review it. Their findings suggests that hotels with a high incentive to fake their reviews are
rated more positively on Tripadvisor relative to Expedia. However, according to Glazer et al. (2021)
a platform such as Tripadvisor is best off by reporting all reviews in order to “filter out” the fake
reviews. Other studies using Tripadvisor as a data source are for example Nguyen et al. (2020), who
uses Tripadvisor data to confirm the restraint-of-expertise hypothesis which entails that reviewing
experts are less willing to give extreme ratings compared to novices. Additionally, the study finds
that experts provide significantly higher ratings than novices for service providers who generally
provide mediocre experiences. In Waldfogel (2020) they investigate trade patterns of an important
cultural product, food prepared at restaurants. Particularly, the study investigates trade patterns
of global cuisines in 52 countries by using Tripadvisor data of restaurants in hundreds of cities
around the world and their respective cuisine categories (e.g., Italian, Greek, Japanese) and Eu-
romonitor data for expenditures on fast-food cuisines (e.g., hamburger, chicken, pizza). Related to
this is Thanh and Kirova (2018) where they use Tripadvisor reviews to investigate wine tourism in
France. Grewal and Stephen (2019) use Tripadvisor data to examine how online reviews written on
mobile devices can influence consumers’ perception of online reviews and their purchase intentions.

The study finds that reviews posted from mobile devices influences consumers’ purchase intentions



positively. The authors explain this result by the fact that consumers attach greater credibility to
reviews made on mobile devices since they are more physically effortful to create. Wuepper and
Patry (2016) use reviews from Tripadvisor to create an index that shows the extent to which World
Heritage sites are actually branding themselves as such. A series of studies also uses Tripadvisor
ratings. For example, in Hollenbeck et al. (2019) they investigate the relationship between online
ratings and advertising spending within the hotel industry using Tripadvisor hotel reviews. Their
results suggest that hotels with higher ratings spend less on advertising than lower rated hotels.
Chen et al. (2018) investigates how multidimensional rating systems affect consumer satisfaction
using suggesting suggest that a multidimensional rating system enhances rating informativeness
and help consumers match their preferences with product attributes. Finally, Banerjee and Chua
(2016) makes use of Tripadvisor data to investigate hotel rating patterns among different types of
travelers. Their findings indicates that travelers’ rating patterns for independent and chain hotels
vary across profiles. Our contribution to this literature is the collection of a new and large database
which contains all available information from Tripadvisor regarding reviews, users and attractions
in three selected European countries. We introduce a novel data approach using alternative sources

to obtain detailed data.

3 Data

In this section we describe and present our data and their validation. We first present our novel

data set about tourism and thereafter we briefly explain the auxiliary data used in our analysis.

3.1 Measuring tourism using big data

International tourism statistics have several significant shortcomings such as being over-aggregated
and lacking important information about the tourist. National statistics in some countries provide
additional information, for example, the "Familitur” database in Spain includes data on the age
and profile of the tourist. However, each country’s statistic is unique and international comparisons
are not possible. Furthermore, to the best of our knowledge nobody has been able to track multiple

moves of a single tourist over several years.

We try to overcome these issues implementing a novel approach based on computer-science and
big data collected from a leading travel portal, Tripadvisor. We obtain a systematic, reliable and
consistent approximation for tourism flows with unprecedented precision, frequency, and depth of

information.



Apart from the detailed information about the tourist, we also collect information about the in-
dividual attractions and split them into different categories. This enables us to concentrate on
specific attraction types, particularly cultural sites, and also to study tourism flows individually for

these different attraction types.

The data collected covers all reviews posted for attraction sites in three selected countries: Den-
mark, France and Spain. The data collection covers reviews starting from January 2016 and spans
up to March 2022. We include reviews in a total of 22 different languages including French, En-
glish, Spanish, Italian, Portuguese, German, Dutch, Danish, Russian, Japanese, Mandarin (Chinese
Simplified), Taiwanese Mandarin, Swedish, Polish, Norwegian, Korean, Turkish, Greek, Finnish,
Czech, Hungarian and Slovakian. With these we cover >96% tourist arrivals to the three coun-
tries, according to Eurostat statistics on tourist arrivals by country (Eurostat, 2023a). We used a
purpose-built Python web scraping program to collect data from Tripadvisor.com dividing it into
four different data entities: list of attractions, attraction reviews, user profiles, and user travel

history.

The list of attractions is a complete list of all attractions located in one of our three selected
countries and present on Tripadvisor. This module contains information about the attraction, such
as the name, the within-country ranking, overall rating, number of reviews, attraction location and
the attraction type. The attraction type is based on Tripadvisor’s own classification covering 20
different categories. In our analysis we concentrate on the following four: 1) Museums, 2) Nature
& Parks, 3) Sights & Landmarks, 4) Others. The "Others” category includes all attractions which
cannot be classified in one of the first three. It should here also be noticed that the classification
system is not mutually exclusive and hence some attractions can be classified in multiple of the first
three categories at the same time. Since a tourist during a pandemic may particularly differentiate
between indoor and outdoor activities, we have chosen to only classify an attraction as "Nature
& Parks” whenever this is the only category. In cases where the attraction is also classified as

Museum or Sights & Landmarks one of these two categories have been used.?

The attraction reviews module contains a list of the reviews of each of the attractions included in
the attraction module. The module contains the title and text of the reviews, the date the review
was published, the rating and a unique and anonymous identifier of the user who published the

review. This latter can be used to link the review to the user profile module to obtain additional

2 An alternative classification would be to categorize each attraction within a given category, if this category is listed.
In this case, many attractions would appear more than once in our analysis, leading to a potential bias in the results
towards larger and more diverse attractions. However, in robustness tests, we have estimated regressions with the
alternative classification (allowing an attraction to appear more than once) and have arrived at qualitatively similar
results.



information about the user such as the user location.

The user profile module contains basic information about the users who wrote at least one review
for at least one attraction in our sample of countries. It reveals information about the user such as

the user location.

Finally, the user travel history module reports all reviews written by the users in the user profile
module. This last module therefore extends our data to attractions outside our three selected
countries and can therefore be considered a global sample of attractions. However, it should be
noticed here, that this global sample does not represent a complete list of all attractions present
on Tripadvisor, but only those visited by the users in the user profile module. The data collected
in this module covers a period spanning from January 2018 to March 2022. In our analysis we use
this module to conduct an analysis at the individual level and as a robustness check to confirm the

external validity of our main results.

With the first three modules at hand we can combine their information to obtain a big panel
containing information about both the users, the reviews and the attractions. The information
included here is at the individual and daily level and hence highly dis-aggregated. To obtain
additional variables, we geocode the location of attractions and users to identify their latitudes and
longitudes. In addition to the variables already explained above, we add the the travel distance
between the user writing the review and the attraction visited, a "foreign” dummy which equals
one when a reviews is written by a user who is not from the same country as where the attraction
is located. We also include two measures of density, one measuring attraction density and one
measuring tourist density. The travel distance is measured for the individual and it is computed
using the existing information about user location and attraction location present in the list of
attractions and the user profiles. The ”foreign” dummy is also at the individual level and simply
compares the user country and attraction country. The attraction density, which is measured at
the attraction level, is an approximation of the supply of attractions in a given location; in other
words, this density measure proxies for how appealing is a given location for tourists. For each
attraction we count the number of other attractions located within a radius of 10km as a measure
of density.? Finally, the tourist density, which is also measured at the attraction level, is computed

as the total number of reviews in a given month within a radius of 10km from the attraction.*

Table 1 Panels A-C presents descriptive statistics by attractions and users for the entire sample

while descriptive statistics by country can be seen in the appendix Tables A1-A3. In Table 1 Panel

3We also compute the attraction density with an alternative radius of 5km and 25km as a robustness check.
4As for the attraction density, we also compute the tourist density with an alternative radius of 5km and 25km as a
robustness check.



A, we show the overall numbers of users, reviews and attractions. We also show the number and
share of attractions within each of the four attraction categories. Our data includes about 6.8
million reviews written by 3111105 users covering 102423 attractions. Of the attractions, 7.2% are
classified as Museums, 11.2% as Nature & Parks and 30.7% are Sights & Landmarks. The category
covering all other attraction types consists of about 50% of the attractions. When looking at the
countries individually, it appears that the share of both Museums, Nature & Parks, and Sights &
Landmarks are somewhat higher in Denmark with the respect to the overall, while for the French
and Spanish attractions the share are more similar to the overall. In Panel B of Table 1, we show
summary statistics with the attractions as the unit of observation, while in Panel C we use the
individuals as the unit of observation. Table 2 shows the summary statistics of the global sample
using the travel history module without any aggregation. The global sample consists of about 5
million reviews with an average rating of 4.3 out of 5 and an average distance travelled of 3024km
per visit. In the four years and three months covered by the global sample, the average number
of reviews per individual is six and the average number of visits abroad is 2.8. Our detailed data
allows us to show the geographical distribution of both - the attractions and users. Figure 1 shows
a map of the location of all the attractions in Denmark, France and Spain, while Figure 2 shows a
map with the location of users who have provided information about their location. Finally, Figure
3 shows a map of the location of our global sample of attractions. In Figure A1l in the appendix, we
show a map of the travel patterns of a sample of reviews for which a user location is provided. The
map shows how tourists move both internationally, nationally and locally to reach their destination,

including their origin.”

3.2 Additional variables and aggregation of the data

In order to estimate the impact of Covid-19 on tourism flows, we use the Oxford Covid-19 Govern-
ment Response Tracker by Hale et al. (2021), to trace the severity of Covid-19 related lockdowns
and policy responses made by governments in Europe during the pandemic. The dataset includes

indicators on travel restrictions, school closures, and vaccination policy, as well as an overall govern-

®The three countries covered in this research attract tourists from around the world (Panel A World), including the
Americas, Australia and New Zealand, and parts of Asia. The outgoing travels from Spain, France or Denmark
are equally global, and directed particularly at the Americas and many parts of Asia. Within Europe (Panel B
Europe), Spain is one of the most important tourism destinations for the United Kingdom, but attracts also visitors
from other parts of Europe, including France. The cross border tourism is marked with, for example, Spaniards and
Portuguese visiting each others countries. In general, apart urban destinations, coastal locations attract the most
activity. Domestic tourism (Panel C Domestic) is very capital-centred, but also towards other cities as well coastal
locations. Madrid and Barcelona appear to be well connected with the surroundings, attracting regional tourism
outwards. Paris is a major destination of tourists, but those living in its surroundings tend to travel away from it
rather than towards it. Travelling within regions is often directed to cities, but also towards the coast or mountains
(Panel D Local).



ment response index which attempts to record the degree of government response to the Covid-19
pandemic. The indicators have been tracked since 1 January 2020 and are still updated. The indi-
cators are measured at the national level, and could appear to be less powerful to explain changes
in tourism at a less aggregated level. However, in most cases countries were affected by nation-wide

restrictions in which case there is no variation within smaller units of observation.

Specifically, in our analysis we make use of the Stringency Index and an indicator of international
travel restrictions. The stringency index is composed of the following nine individual indicators:
school closure, workplace closure, cancellation of public events, restrictions on gatherings, closure
of public transportation, stay at home requirements, internal movement restrictions, international
travel restrictions and public information campaigns. Each of the included indicators I; has been
assigned a score and re-scaled between 0 and 100. The scores have then been averaged according

to equation 1 to obtain the composite stringency index, SI.

5[:%21} (1)

Whenever one of the nine included indicators change, the stringency index will also change accord-
ingly. The travel restrictions indicator records restrictions on international travel. It is measured
on an ordinal scale from 0 to 4. A value of zero means no restrictions on international travel while
moving from 1 through 4 implies increasingly more severe measures implemented by the govern-
ment. 1 indicates that there has been implemented a screening at the arrival and 2 a quarantine
at arrival from some or all regions. The two most severe categories, 3-4, indicate a partial or total
ban from all regions respectively. In all cases the measures are available only from January 2020.
For our analysis, we assume the indicator is equal to zero for the earlier years, but our results are

robust if we consider only the period for which the indicators are available.

To validate our data, we make use of official tourism statistics from (Eurostat, 2023a) which are

aggregated monthly at the country level.

Table 1, Panel D, shows summary statistics for the two main tourism indicators from Eurostat,
i.e. number of arrivals and occupancy rates, the stringency index and travel restrictions from the
Oxford Covid-19 Government Response Tracker and for the key variables of our main data. Given
that data from Eurostat is only monthly, we have aggregated all variables at the country and

monthly level.

In Figure 4 we show the evolution of the number of the average number of reviews over time together

with the Stringency Index measure. From Figure 4 it is clear that there is a sharp decrease in the

10



number of reviews beginning in February 2020 when the Stringency Index starts where after the
reviews follow a clear inverse relationship with the Stringency Index. In the appendix Figure A2 we
also show the number of reviews each month for the years 2020-2022 together with the averages of
the years 2016-2019 for each of our three countries and the total. Figure A2 shows a clear pattern of
an increase in the number of reviews during the high season. Figure A3 in the appendix, illustrates
maps with the total number of reviews and the percentage change in the number of reviews between
the years 2016-2019 and 2020-2021. Finally, to have an understanding of the distribution of reviews
between different attraction categories, Figure A4 in the appendix shows the number of reviews

over time for all the attraction categories included on Tripadvisor.

Apart from looking at the total number of reviews, we also look specifically at the number of foreign
and domestic tourists visiting the attractions in our sample and the average distance travelled by
all tourists. The evolution over time of the number of foreign and domestic tourists can be seen
in Figure 5 while the average distance travelled can be seen in Figure 6. In both figures there is
a clear break around February 2020. Finally to look at how tourism has changed over time, we
look at the attraction and tourist density. The raw attraction density averaged over time can be
seen in Figure 7 when using a radius of 10km and Figures A5 and A6 when using a 25km or 5km
radius. The variation in the attraction density measure is here given by the change in the number
of reviews of each attraction over time. In Figure 8 we show the change in tourist density over time

when using a 10km radius, while Figures A7 and A8 uses a 25km or 5km radius.

Throughout our analysis, we will make use of different levels of aggregation of our data. In our
main specifications we have three different levels of aggregation all using the attractions at the
main unit of observation. In the most highly aggregated version we aggregate by month, country
and attraction type leaving us with a balanced panel with four different attraction types for three
countries covering the period 2016-2022. The second level of aggregation is similar but uses daily
observations instead of monthly. In this case the panel is unbalanced, given that some attraction
types do not receive any reviews on some days. Our most detailed version aggregates directly at
the attraction level. In this case we aggregate by month, to avoid too many zeros, given that many

minor attractions might receive only a few reviews over a longer period of time.

Finally, when we use our global sample of attractions, we use the individual as the unit of ob-
servation. Here we create a panel with the users aggregated monthly and covering the period

2018-2022.

11



3.3 Validity tests

Before presenting our main results we perform various tests to show the validity of using the data
from Tripadvisor as a way to measure tourism flows. We use the data from FEurostat regarding

tourism as presented in the former section.

We start with a visual inspection of our data aggregated at the monthly level and compare this to
the number of arrivals as given by Furostat. Figure 9 shows the evolution of all Eurostat arrivals
and all Tripadvisor reviews over time. Panel A uses all data, while panels B-D shows the patterns
individually for each country: Denmark, France and Spain. It becomes fairly clear that the time-
series follow each other very closely in its magnitude and seasonality. We do the same using the

occupancy rates which can be seen in Figure A9.

As a second visual inspection, Figure 10 shows a binned scatterplot of arrivals and reviews. This
shows the simple correlation between arrivals and reviews. In all four panels it is very clear that

they are well aligned. Again, Figure A10 shows the same using the occupancy rate.

As a more formal test we also compute the correlation coefficients between the number of reviews
from Tripadvisor and the number of arrivals or the occupancy rate from Eurostat. The results can
be seen in Table A4 in the Appendix. Both when using the entire sample and when concentrating
on each country separately, the correlation coefficients are very high and also significantly different

from zero.

As a final test of the validity we estimate how well tourism arrivals or occupancy rates can explain
the number of monthly reviews from Tripadvisor. The results can be seen in in Table 3 where
columns 1,3,5 and 7 use In(Arrivals) as the explanatory variable and columns 2,4,6 and 8 use
Occupancy rate as the explanatory variable. We show the results for all countries together in
columns 1-2 and then individually for each of our three countries, Denmark, France and Spain,
in columns 3-8. In all models we include country fixed effects, year fixed effects and month fixed
effects. All models have a high explanatory power and the estimates are all statistically significant.
In column 1, for example, a 1% increase in the number of arrivals corresponds to a 0.63% increase
in the number of reviews. The correlation between the occupancy rate and reviews is somewhat
smaller but still significant. When using the entire sample a 1% increase in the occupancy rate

implies about a 0.4% increase in the number of reviews.

Given the results in Table 3 we are confident that our data is a valid alternative to using official

tourism statistics and we therefore proceed with our analysis.
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4 Empirical strategy and results

In this section we demonstrate one application of the Tripsadvisor data by exploring the effect of the
Oxford Stringency Index on different measures of tourism. We first use all reviews from attractions
in Denmark, France and Spain during the period 2016-2022. In the appendix we also present the
results when using the international travel restrictions indicator as the explanatory variable. We
show this in two different versions: 1) using the ordinal scale proposed by the Oxford Government
Response Tracker and 2) creating a dummy for each of the four levels of restrictions. In the second
part of the analysis, we use the different set of reviews taken from our Travel History module
representing a global sample of attractions. Economic theory suggests different ways to model the
demand of tourism such as gravity models (e.g., Morley et al., 2014) or the tourism attractiveness
model (e.g., Dwyer and Kim, 2003). The aim of our analysis is different, as we want to estimate the
impact of a change in the Oxford Stringency Index on tourism rather than estimating a demand
model to identify the impact of different explanatory variables. Therefore, our empirical strategy

takes a different approach.

4.1 Empirical approach

We conduct our analysis using a fixed effects panel data model to show the effect of the stringency
index on different outcomes of interest. We present the results using the three different levels of
aggregation explained in Section 3. A first set of regressions are estimated using the following
model:

Yt = P151ct + Po + T+ ec (2)

where y.; is our outcome of interest, S is the stringency index, or alternatively the travel restric-
tions and & is the error term. I" is a vector of fixed effects included in the regressions. We include
country fixed effects to control for country specific characteristics that do not change over time.
We also include two kinds of time fixed effects. The first is monthly fixed effect that controls for
seasonality in our data and the other is year fixed effects which control for characteristics that are
constant across countries but change over time. Finally we include two types of attraction fixed
effects depending on the data used in the estimation. In the regressions using the data aggregated
by country and attraction type, we include heritage type fixed effects, to control for characteristics
that are constant across the different categories of attractions, i.e. Museums, Nature & Parks,
and Sights & Landmarks, and Others. In the detailed data at the attraction level, we also include

attraction fixed effects to control for characteristics specific to each attraction. The parameter Sy
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is our estimate of interest and tells how a 1% change in the stringency index affects the outcome
variable of interest. We use different outcomes of interest in the analysis. We start by looking at
tourism flows using the number of reviews and the share of foreign tourists as the dependent vari-
ables. Subsequently, we also look at the direction of tourism where we include the travel distance,

attraction density, tourist density, and ratings as the outcomes of interest.

Apart from the overall effect of the stringency index estimated by equation 2, we also estimate a

model to establish the differential effect on the different categories of attractions:

Yer = B1SIet + > BiSI x HeritageTypee + Bo+ T + eut (3)

where y.; is again the outcome of interest, S1.; is the stringency index, €.; is the error term and I' the
set of fixed effects as described above. In this case our outcomes of interest are the number of reviews
and the share of foreign tourists. HeritageType is a set of dummy variables, one for each of the four
attraction categories. The f;, with i = (Museums, Nature& Parks, Sights& Landmarks, Others)
are specific to each of the four categories with Nature & Parks as the reference category. It estimates
the additional effect of the stringency index on Museums, Sights & Landmarks, and Others with
respect to Nature & Parks. A significant estimate of 3; indicates a significantly different effect

between the reference category and each of the other three categories.

4.2 Effect on tourism flows

We start our analysis by showing the effect of the stringency index on two simple measures of
tourism. The first is the natural logarithm of the number of reviews, In(Reviews), and the second
is the share of foreign tourists, Share foreign tourists. The share of foreign tourists is measured
between 1 and 100 and measures the share of tourists originating from a different country than
that of the attraction reviewed. The number of reviews can be seen as a measure of the volume
of tourism, i.e. an alternative to the number of tourists in a destination while the share of foreign
tourists tells something about the origin of the tourism. Both variables can tell something about
how Covid-19 and the policy measures implemented by the national governments have impacted

trends in tourism.

Table 4 shows the results when estimating equation 2 using the two above mentioned measures as the
outcome of interest and for the three different levels of aggregation of the data. All columns include
a list of fixed effects: Country, Year, Month, Heritage type and Attraction fixed effects as explained

above. Columns 1-2 shows the results when aggregating by country, attraction category and month.
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In column 1, a 10 percentage points increase in the stringency index implies a 29% decrease in the
number of monthly reviews. In column 2 we find that the stringency index also affects negatively
the share of foreign tourists, where a 10 percentage points increase in the stringency index implies
a 3.2 percentage points decrease in the share of foreign tourists. The results when using the data
aggregated at the daily level in columns 3-4 are very similar while in columns 5-6 when using the
attraction level they are somewhat smaller in magnitude but still highly significant. This is what
we would expect, given the much smaller level of aggregation and hence a much smaller number of
reviews by unit of observation. The results in columns 5-6 illustrates the impact at the individual
attraction level and indicates that a 10 percentage points increase in the stringency index implies a
7% decrease in the number of reviews and a 2.28 percentage points decrease in the share of foreign

tourists.

Table A5 in the Appendix is similar but uses travel restrictions as the explanatory variable. In
Column 1 going from one level of restriction to the next (e.g. going from quarantine at arrival to a
ban from some regions) implies about a 37% decrease in the the number of reviews and in Column
2, a 7 percentage points decrease in the share of foreign tourists. Again using daily aggregated
data shows similar results while at the attraction level the estimates are smaller but still highly
significant with a 10% decrease in the number of reviews (Column 5) and a 4.6 percentage points
decrease in the share of foreign tourists given a move from one level of restrictions to the next. A
more detailed view of these results from Table A5 can be seen in Table A6 which shows the results
assigning a dummy variable to each of the levels of restrictions with no restrictions imposed as the
baseline category. The results clearly shows how more severe restrictions have an increasingly larger
effect on the number of reviews. Furthermore, it also appears clearly that the effect is much larger
once a ban on arrivals is imposed while the effect of screenings or quarantines is much smaller. The

effect on the share of foreign tourists follows a similar pattern.

The above results all clearly shows how tourism trends have significantly changed due to policy
interventions during Covid-19. Once this relationship has been established, we can move forward
to explore more in detail how different categories of attractions have been affected. To this end we
estimate equation 3 on the same outcomes of interest. It is an empirical question whether tourism

has been affected differently depending on the type of heritage attraction.

Table 5 shows the estimates of equation 3. The effect of the stringency index is highly significant and
similar in magnitudes to Table 4. The estimate refers to Nature & Parks, indicating a decrease in
both the number of reviews (Columns 1, 3, 5) and the share of foreign tourists (Columns 2, 4, 6) for

the three different levels of aggregation. Turning to the different interactions between heritage types
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and the stringency index, there is no significant difference with respect to the reference category
when looking at the results using data aggregated at the attraction category level. However, the
results in Columns 5-6 using data aggregated monthly at the attraction level, indicates a decrease
in Museums and and increase in Others. In other words, a 10 percentage points increase in the
stringency index implies a 2% decrease in the number of Museum reviews with respect to Nature &
Parks. Even though not large, this is an indication that visitors substitute visits to museums, which
are predominantly indoors with open spaces, preferring outdoor activities. On the other hand, in
Column 6 the share of foreign tourists is significantly higher for both Museums and Sights &
Landmarks. A 10 percentage points increase in the stringency index implies about a 0.5 percentage
points higher share of foreign tourists. The effect is not very large in magnitude, but an indication
that the movement towards open spaces is mainly driven by the domestic tourists. In Table A7 in
the appendix, we show the results when using the travel restrictions indicator as the explanatory
variable. The results are very similar in terms of significance, showing once more that there is a

significantly different effect only at the attraction level.

These results are one indication that tourism has changed due to the pandemic. It has not only
decreased in total, but also shifted from museums, and sights and landmarks (albeit less so) towards

nature and parks.

4.3 Direction of tourism

We have estimated a significant impact of government interventions on tourism volumes, but what
happens to underlying outcomes of tourism such as the distance travelled by visitors and their
ratings of the attractions they visit? With our detailed new data we can shed light on these alter-
native outcomes and go beyond simple measures of tourism, to say something about the direction
that tourism has been taking after the pandemic. Furthermore, to investigate further the choice
between crowded and less crowded attractions we introduce the attractions density and the natural
logarithm of tourist density as described in Section 3 as two ways to measure this. If the number
of reviews of attractions with a lower density increases, the average density for each category of
attractions will decrease. Similarly, if tourists chose to visit locations with less reviews within a
given area the tourist density measure will decrease. Therefore, a significant negative impact of the
stringency index on both density measures, will indicate that visitors move towards less crowded
places. Table 6 shows the results when estimating equation 2 using travel distance, attraction den-
sity, tourist density and ratings as the outcome of interest and the data aggregated at the monthly

and attraction category level. The effects on the travel distance, the attraction density and the
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tourist density are all highly significant while the effect on ratings is not significantly different from
zero. In Column 1, a 10 percentage points increase in the stringency index implies a decrease of
75km in the travel distance. This implies that when the stringency index increases from 0 to 49
(the average) the travel distance decreases by 372km. The attraction density also decreases when
the stringency index increases, as seen in Column 2. The obtained point estimate of -3.4 implies
that, given a change in the stringency index from 0 to 10, the average number of attractions within
a 10km radius of a visited attraction is lower by 34. Furthermore, in Column 3, a 10 percentage
points increase in the stringency index implies a 32 percentage points decrease in the total number
of reviews within a radius of 10km from each attraction. These results indicate that there is a
change towards nearer and less crowded locations. Together with the results from the previous sec-
tion Table 5, we can conclude that apart from moving towards the nature, visitors also seek more
isolated attractions after the pandemic. As a robustness check, in Table A8 we show the results
when using different versions of the attraction density and tourist density measures. Reassuringly,
the estimates do not change, indicating that the results are not sensitive to the choice of the radius
chosen in the computation. When it comes to the ratings, the results indicate that there is no
significant change to be attributed to an increase in the stringency index. In the Appendix Tables
A9 and A10 we show the results when using the travel restrictions indicator and the dummies.
The results are very similar, showing no effect on ratings but significant negative effects on both
travel distance and attraction density. Interestingly, in Table A10 it is only a partial or total ban
of all arrivals that has an impact on attraction density, while for the tourist density the and the
travel distance the effects for these two categories are also larger. In conclusion this section has
provided evidence that individuals chose destinations closer to their home and also that they chose

destinations that are less crowded.

4.4 External validity using a sample of global tourism

In this section, we present results using our global sample of attractions. The analysis is conducted
at the individual level, where we follow the users from Tripadvisor throughout the years 2018-2022
aggregated monthly. Once again we estimate equation 2, this time with the following four outcomes
of interest: number of reviews domestically, number of reviews abroad, travel distance, and rating.
Both measures shows how the volume of travelling has been affected. In addition, the travel
distance and the rating once again are indications of the direction that tourism is taking after the
pandemic. The results can be seen in Table 7. In all columns we include individual fixed effects to
control for characteristics that are specific to each individual and constant over time. Additionally,

in Columns 2,4,6,8 we also include country fixed effects to control for destination country specific
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characteristics, and year and month fixed effects to control for time specific characteristics and
seasonality. In all specifications the estimated parameters are highly significant and an increase in
the stringency index negatively affects most of the outcomes. in Columns 2 and 4 repsecetively, a
10 percentage points increase in the stringency index implies a 2% decrease in the number visits
and in the number of visits abroad. In Column 6 the travel distance decreases with about 130km
given a 10 percentage points increase in the stringency index. Finally, the estimate on ratings is
significantly different from zero but very small in magnitude. As for the rest of the analysis we also
estimate using the travel restictions indicator and the dummiy variables. The resulst of these two

can be seen in the appendix in Tables A11 and A12.

From this subsection we can confirm our main results and hence conclude that they are not specific
to Denmark, France and Spain, but can apply to all destinations worldwide. Furthermore, the we
also show that, at all levels of aggregation, all the way to the individual level, there is a significant

effect not only on the volume of tourism but on other factors as well.

5 Conclusion

The findings delivered in this project push the knowledge frontier in several directions. First, we
demonstrate and validate that a large dataset on tourist attractions and tourism flows can be
collected from travel portals like Tripadvisor, and the novel approach is validated. Second, we
map, measure and summarize tourism activity with unprecedented depth and precision. Third, we
provide unique insights on tourism activity at the daily and attraction level during the onset of

Covid-19, as well as after the gradual re-opening of the society in a post-Covid-19 Europe.

We find that an increase in restrictive measures by national governments implies a decrease in
tourism volumes and a decrease in the share of foreign tourists. Furthermore, we show by how
much travel distances decrease due to the imposed measures and document that tourism activity is
relocated to less dense locations in the periphery. The destinations chosen by visitors are located
in less crowded places and there is also a move towards outdoor activities such as visiting a nature

park.

This project comes also with policy and societal relevance. The analytical findings are useful
for developing strategies and policies at different scales too (e.g., visits to high-density sites vs.
periphery). For example, given that Covid-19 increased tourism in the periphery and at nature sites,
it should be contemplated on how these trends could be strengthened for the future. Furthermore,

since attractions benefit from the proximity to other attractions, it is recommended that locations
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in the periphery cross-promote in order to benefit from network effects.

Finally, the data presented in this paper opens a range of new possibilities for future research. One
possible extension of or analysis is to look at different attraction types and investigate complemen-
tarity between different categories. Another open question is what type of attractions are most
conducive towards tourism or the unanswered question on what is the significance or fraction of
cultural tourism. The data collected on review texts provides also the potential for studies related
to sentiment or simply the experience. With the provided information about both the location of
users and attractions, it is also possible to value attractions based on the travel cost method. Last
but not least, this project produced the first database of the population (not a sample) of cultural

and natural heritage attractions, which pushes the boundaries of scholarship on the heritage.

Tourism should be part of complex socio-economic systems with the capacity to adapt, including
the capacity to avoid, limit or reallocate touristic flows or negative impacts within a combination
of activities, a network and a community with common interests and expectations, and especially
in times after a national pandemic-related lockdown. But this kind of tourism should be also based
on a development model aligned with the Sustainable Development Goals, taking into account
current global change and its consequences. This paper provides a data-supported reflection on

these dimensions and opens paths for further interdisciplinary scholarship in this area.
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6 Figures

Figure 1: Attractions in Denmark, France and Spain
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Notes: This Figure shows the location of all attractions present on Tripadvisor and located in Denmark, France or
Spain. Source: Own data collected from Tripadvisor (see Section 3 for details).
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Figure 2: Location of visitors
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Notes: This Figure shows the location of visitors who have written at leat one review on Tripadvisor of a Danish,
French or Spanish attraction. Source: Own data collected from Tripadvisor (see Section 3 for details).
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Figure 3: Attraction locations using global sample

Notes: This Figure shows the location of attractions present all over the world reviewed by visitors who also reviewed
at least one attraction in Denmark, France or Spain. Source: Own data collected from Tripadvisor (see Section 3 for
details).
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Figure 4: Number of reviews and Stringency Index over time by country
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Notes: This Figure shows the evolution of the number of Tripadvisor reviews over time together with the stringency
index. Panel A, shows the number of reviews for Danish attractions, Panel B for French attractions and Panel C
for Spanish attractions. Source: Own data collected from Tripadvisor (see Section 3 for details) and the stringency
index from the Oxford Government Response Tracker.
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Figure 5: Number of domestic and foreign tourists by country over time
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Notes: This Figure shows the evolution of the number of reviews written by domestic and foreign tourists over time
together with the stringency index. Panel A, shows the number of reviews for Danish attractions, Panel B for French
attractions and Panel C for Spanish attractions. Source: Own data collected from Tripadvisor (see Section 3 for
details) and the stringency index from the Oxford Government Response Tracker.
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Figure 6: Travel distance to attractions and Stringency Index by country
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Notes: This Figure shows the evolution of the distance travelled to attractions together with the stringency index.
Panel A, shows the travel distance for Danish attractions, Panel B for French attractions and Panel C for Spanish
attractions. Source: Own data collected from Tripadvisor (see Section 3 for details) and the stringency index from
the Oxford Government Response Tracker.

30



Figure 7: Attraction density of visited locations
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Notes: This Figure shows the evolution of the attraction density of visited locations together with the stringency
index. Panel A, shows the entire sample, Panel B, shows the attraction density for Danish attractions, Panel C for
French attractions and Panel D for Spanish attractions. An attraction’s density is measured as the number of other
attractions within a radius of 10km. The overall density is the average of all attractions’ densities in a given month.
Source: Own data collected from Tripadvisor (see Section 3 for details) and the stringency index from the Oxford
Government Response Tracker.
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Figure 8: Tourist density of visited locations

Panel A - Total Panel B - Denmark
=)
g | g 1 -2
S oo
0 4
o 1 o
22 ] = S
S S A S3 ] x
S€ ] £ E
Zo 7S >
ER=2 £ 8 rs 2
ER=] o A 5}
> < ] > oh
N ] £
(=2 5O =
28] Z S (s
Q] o 1 .
-] < ] WA~ bl
m [ RAARRAR RS RARRR R R RS LARLRAR LR RS LR LR RLS RARRARARARY RARRRRRRRRLS RAS
2016m1 2017ml1 2018ml 2019m1 2020ml 2021ml 2022ml 2016m1 2017ml1 2018ml 2019ml 2020ml 2021ml 2022ml
Month Month
Tourist density — Tourist density Stringency index |
Panel C - France o Panel D - Spain
8 g
S L =3
2 = E 1 -
L S 1
s ]
Do : % g% ] 85
S L
SE €2 S5 ] -
7= > 221 >
: 25 5g ] L2 g
> o - e 5= on
58 L £ 237 £
= - = . < =
=} % L 2RI o wn
i R M 3
S
L N )
S Lo o 4 Lo
2016m1 2017ml1 2018ml 2019ml 2020ml 2021ml 2022ml 2016m1 2017ml1 2018ml 2019ml 2020ml 2021ml 2022ml
Month Month

|— Tourist density Stringency index |

Tourist density Stringency index |

Notes: This Figure shows the evolution of the tourist density of visited locations together with the stringency index.
Panel A, shows the entire sample, Panel B, shows the review density for Danish attractions, Panel C for French
attractions and Panel D for Spanish attractions. The review density of an attraction is computed as the total
number of reviews of all attractions within a radius of 10km within a given month. Source: Own data collected from
Tripadvisor (see Section 3 for details) and the stringency index from the Oxford Government Response Tracker.
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Figure 9: Validity test: Tourist arrivals and number of reviews over time
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Notes: This Figure shows the number of tourism arrivals taken from Eurostat together with the total number of
Tripadvisor reviews. Panel A shows the total number of arrivals and reviews for our sample, while Panels B-D
shows the numbers by country. Source: Official tourism statistics from Eurostat (2022) and own data collected from
Tripadvisor (see Section 3 for details).
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Figure 10: Validity test: Monthly correlation between tourist arrivals and number of reviews
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Notes: This Figure shows binned scatter plots of the number of tourism arrivals taken from Eurostat and the number
of Tripadvisor reviews. Panel A uses the entire sample, while Panels B-D by country. The correlation coefficient
corresponding to the correlation in Panel A is 0.637, in panel B it is 1.130, in Panel C it is 0.674 and in Panel D it is
0.653. Source: Official tourism statistics from Eurostat (2022) and own data collected from Tripadvisor (see Section

3 for details).
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Figure 11: External validity: Global tourism activity using Tripadvisor data
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Notes: This Figures shows different measures of tourism activity using the global sample of attractions. Panel A
shows the evolution in the number of reviews, Panel B the share of foreign tourists, Panel C the travel distance and
Panel D the ratings. Source: Own data collected from Tripadvisor (see Section 3 for details).
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7 Tables

Table 1: Summary statistics

Panel A - Rewiews and attractions

Reviews Users Attractions Museums Nature &  Sights & Others
parks landmarks
Number 6847931 3111105 102423 7417 11504 31397 53086
Share 0.072 0.112 0.307 0.518
Panel B - Attractions and their visitors
Variable Mean Std.dev. Min Max Observations
Reviews per attraction 66.859 494.115 1 52021 102423
Foreign visitors of attractions 22.518 282.314 0 32534 102423
Share foreign visitors at attraction 0.287 0.330 0 1 97088
Travel distance to attraction 1073.681 1613.977 0 19655.756 97028
Rating of attraction 4.244 0.718 1 5 102416
Panel C - Visitors and reviews
Variable Mean Std.dev. Min Max Observations
Reviews per visitor 2.201 8.085 1 5552 3111105
Visits abroad 0.788 6.480 0 5552 3111105
Travel distance of visitor 2111.928 3348.705 0 19664.193 1802312
Rating of visitor 4.465 0.947 1 5 3110689
Panel D - Monthly data aggregated by country

Variable Mean Std.dev. Min Max Observations
No. reviews (in 1000s) 30.291 31.421 0.099 143.339 225
Travel distance 1845.167 765.432 193.203 3527.532 225
Share foreign tourists 48.145 18.944 4.762 78.938 225
Rating 4.382 0.090 4.000 4.599 225
Attraction density (within 5km radius) 870.594 452.395 127.029 2173.517 225
Attraction density (within 10km radius) 984.210 526.123 162.634 2478.469 225
Attraction density (within 25km radius) 1315.907 695.942 303.809 3228.884 225
Tourist density (in 1000s) (within 5km radius) 32.024 35.405 0.022 133.448 225
Tourist density (in 1000s) (within 10km radius) 36.514 40.778 0.027 155.970 225
Tourist density (in 1000s) (within 25km radius) 48.923 55.412 0.049 222.763 225
No. arrivals (in 1000s) (Eurostat) 7129.415 6512.297 0 24913.408 225
Occupancy rate (Eurostat) 44.242 16.575 0 83.620 225
Stringency index 49.615 20.305 0.000 87.960 81
Travel restrictions 2.494 1.097 0.000 4.000 81

Notes: This table shows summary statistics for the data and different units of observation. Panel A shows overall
numbers. Panel B shows summary statistics using attractions as the unit of observation. Panel C shows summary
statistics using the individual users as the unit of observation. Panel D uses monthly aggregated data at the country
level. Source: Official tourism statistics from Eurostat (2022) and own data collected from Tripadvisor (see Section

3 for details).
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Table 2: Summary statistics for the global sample

Variable Mean Std.dev. Min Max Observations
Rating 4.350 0.904 1 5 4937372
Distance 3023.906 4097.554 0  19955.283 4106620
Visits 6.158 19.972 1 3138 805690
Visits abroad 2.839 13.517 0 2628 805690

Notes:Notes: This table shows summary statistics at the individual level for the global attraction data. Source: Own
data collected from Tripadvisor (see Section 3 for details)
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Table 3: Validity Test: Regression results

) 2 ) 4) (5) (6) (M (®)
In(Reviews) In(Reviews) In(Reviews) In(Reviews) In(Reviews) In(Reviews) In(Reviews) In(Reviews)
In(Arrivals) 0.637** 1.130*** 0.674*** 0.653***
(0.050) (0.118) (0.090) (0.035)
Occupancy Rate 0.039*** 0.041*** 0.063*** 0.038***
(0.003) (0.006) (0.006) (0.004)
Country FE Yes Yes No No No No No No
Year FE Yes Yes Yes Yes Yes Yes Yes Yes
Month FE Yes Yes Yes Yes Yes Yes Yes Yes
Sample All All Denmark Denmark France France Spain Spain
N 222 225 74 75 74 75 74 75
R? 0.961 0.957 0.953 0.930 0.889 0.919 0.974 0.933

Notes: Regression results when estimating the number of Tripadvisor reviews on the number of arrivals or the
occupancy rate from Eurostat. Columns 1-2 uses the entire sample and columns 3-8 shows estimates by country.
Robust standard errors in parentheses. *** p < 0.01 ** p < 0.05 * p < 0.10. Source: Official tourism statistics from
Eurostat (2022) and own data collected from Tripadvisor (see Section 3 for details).
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Table 4: Effect of stringency index on tourism flows

Monthly Daily Attraction level

(1) (2) 3) (4) () (6)

In(Reviews) Share foreign In(Reviews) Share foreign In(Reviews) Share foreign

tourists tourists tourists

Stringency index -0.029*** -0.323*** -0.022%** -0.350*** -0.007*** -0.228***

(0.003) (0.059) (0.004) (0.071) (0.000) (0.005)
Country FE Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes Yes
Month FE Yes Yes Yes Yes Yes Yes
Heritage type FE Yes Yes Yes Yes Yes Yes
Attraction FE No No No No Yes Yes

N 900 893 26652 26068 1384706 1155251
R? 0.842 0.346 0.594 0.235 0.192 0.017

Notes: Regression results when regressing the number of Tripadvisor reviews or the share of foreign tourists on
the stringency index. Columns 1-2 show the results using monthly aggregated data at the country and attraction
category level. Columns 3-4 show the results using daily data aggregated at the country and attraction category
level. Columns 5-6 show the results using monthly aggregated data at the attraction level. All specifications include
a series of fixed effects, for more details see the text. Robust standard errors in parentheses. *** p < 0.01 ** p < 0.05
* p < 0.10. Source: Own data collected from Tripadvisor (see Section 3 for details) and the stringency index from
the Oxford Government Response Tracker.
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Table 5: Effect of stringency index on tourism of different attraction categories

Monthly Daily Attraction level
M (2) ®3) (4) (5) (6)
In(Reviews) Share foreign In(Reviews) Share foreign In(Reviews) Share foreign
tourists tourists tourists
Stringency index -0.025%** -0.359*** -0.026™** -0.375** -0.007*** -0.251"**
(0.006) (0.105) (0.007) (0.123) (0.000) (0.011)
Museums X Stringency index -0.009 0.081 0.004 0.033 -0.002*** 0.046**
(0.008) (0.151) (0.013) (0.212) (0.001) (0.019)
Sights & Landmarks x Stringency index -0.006 0.105 0.014 -0.002 -0.001 0.047**
(0.008) (0.140) (0.009) (0.183) (0.000) (0.014)
Others x Stringency index -0.003 -0.034 -0.001 0.071 0.001** 0.010
(0.007) (0.151) (0.008) (0.154) (0.000) (0.013)
Country FE Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes Yes
Month FE Yes Yes Yes Yes Yes Yes
Heritage type FE Yes Yes Yes Yes Yes Yes
Attraction FE No No No No Yes Yes
N 900 893 26652 26068 1384706 1155251
R? 0.842 0.345 0.597 0.235 0.192 0.017

Notes: Regression results when estimating the number of Tripadvisor reviews or the share of foreign tourists on the
stringency index interacted with attraction category dummies. The reference category is Nature & Parks. Columns
1-2 show the results using monthly aggregated data at the country and attraction category level. Columns 3-4 show
the results using daily data aggregated at the country and attraction category level. Columns 5-6 show the results
using monthly aggregated data at the attraction level. All specifications include a series of fixed effects, for more
details see the text. Robust standard errors in parentheses. *** p < 0.01 ** p < 0.05 * p < 0.10. Source: Own data
collected from Tripadvisor (see Section 3 for details) and the stringency index from the Oxford Government Response
Tracker.
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Table 6: Effect of stringency index on travel distance, attraction density, tourist density and ratings

(1)

(2)

3)

(4)

Distance Attraction density In(Tourist density) Rating
10km 10km
Stringency index  -7.509** -3.446** -0.032%** 0.001
(2.530) (1.186) (0.001) (0.001)
Country FE Yes Yes Yes Yes
Year FE Yes Yes Yes Yes
Month FE Yes Yes Yes Yes
Heritage type FE Yes Yes Yes Yes
N 900 900 900 900
R? 0.433 0.514 0.908 0.128

Notes: Regression results when estimating the travel distance, attraction density, tourist density or ratings on the
stringency index. The results refers to the monthly data aggregated at the country and attraction category level.
Column 2 shows the attraction density and column 3 shows the tourist density both using a radius of 10km, see the
text for an explanation of how it has been computed. All specifications include a series of fixed effects, for more
details see the text. Robust standard errors in parentheses. *** p < 0.01 ** p < 0.05 * p < 0.10. Source: Own data
collected from Tripadvisor (see Section 3 for details) and the stringency index from the Oxford Government Response

Tracker.
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A Appendix

A.1 Tables
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Table A1l: Summary statistics Denmark

Panel A - Rewiews and attractions

Reviews Users Attractions Museums Nature &  Sights & No. others
parks landmarks
Number 254272 109513 6062 1014 758 2506 1854
Share 0.167 0.125 0.413 0.306

Panel B - Attractions and their visitors

Variable Mean Std.dev. Min Max Observations
Reviews per attraction 41.945 437.268 1 20568 6062
Foreign visitors of attraction 19.022 273.165 0 13310 6062
Share foreign visitors at attraction 0.260 0.328 0 1 5662
Travel distance to attraction 761.596 1417.364 0 16203.868 5654
Rating of attraction 4.126 0.718 1 5 6062

Panel C - Visitors and reviews

Variable Mean Std.dev. Min Max Observations
Reviews per visitor 2.322 5.851 1 907 109513
Visits abroad 0.513 5.250 0 907 109513
Travel distance of visitor 2651.336 3852.741 0 18139.723 62691
Rating of visitor 4.390 0.886 1 5 109494

Panel D - Monthly data aggregated by country

Variable Mean Std.dev. Min Max Observations
No. reviews (in 1000s) 3.362 2.597 0.099 11.574 75
Travel distance 1914.461 915.327 193.203 3504.575 75
Share foreign tourists 56.789 21.484 4.762 78.938 75
Rating 4.289 0.074 4.000 4.410 75
Attraction density (within 5km radius) 529.813 178.049 127.029 772.284 75
Attraction density (within 10km radius) 579.227 187.561 162.634 833.021 75
Attraction density (within 25km radius) 761.350 207.650 303.809 1041.803 75
Tourist density (in 1000s) (within 5km radius) 2.110 1.646 0.022 6.384 75
Tourist density (in 1000s) (within 10km radius) 2.287 1.783 0.027 6.946 75
Tourist density (in 1000s) (within 25km radius) 2.919 2.260 0.049 8.974 75
No. arrivals (in 1000s) (Eurostat) 585.205 279.233 0 1237.441 75
Occupancy rate (Eurostat) 39.547 16.410 0 71.000 75
Stringency index 43.326 20.813 0.000 70.247 27
Travel restrictions 2.593 1.248 0.000 4.000 27

Notes: This table shows summary statistics for the data and different units of observation and only for Danish reviews
and attractions. Panel A shows overall numbers. Panel B shows summary statistics using attractions as the unit of
observation. Panel C shows summary statistics using the individual users as the unit of observation. Panel D uses
monthly aggregated data at the country level. Source: Official tourism statistics from Eurostat (2022) and own data
collected from Tripadvisor (see Section 3 for details).
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Table A2: Summary statistics France

Panel A - Rewiews and attractions

Reviews Users Attractions Museums Nature &  Sights & No. others
parks landmarks
Number 3578698 1544564 57247 3929 6066 16827 31010
Share 0.069 0.106 0.294 0.542

Panel B - Attractions and their visitors

Variable Mean Std.dev. Min Max Observations
Reviews per attraction 62.513 468.152 1 52021 57247
Foreign visitors visitors of attraction 16.654 255.088 0 32534 57247
Share foreign visitors at attraction 0.229 0.291 0 1 54583
Travel distance to attraction 894.492 1556.975 0 19210.844 54510
Rating of attraction 4.263 0.697 1 5 57240

Panel C - Visitors and reviews

Variable Mean Std.dev. Min Max Observations
Reviews per visitor 2.317 8.330 1 5552 1544564
Visits abroad 0.998 7.037 0 5552 1544564
Travel distance of visitor 1775.086 3387.683 0 19647.875 892527
Rating of visitor 4.428 0.975 1 5 1544287

Panel D - Monthly data aggregated by country

Variable Mean Std.dev. Min Max Observations
No. reviews (in 1000s) 47.434 34.511 2.439 143.339 75
Travel distance 1535.584 631.749 458.622 3527.532 75
Share foreign tourists 34.846 11.966 7.240 54.488 75
Rating 4.396 0.043 4.244 4.494 75
Attraction density (within 5km radius) 1305.357 488.221 316.621 2173.517 75
Attraction density (within 10km radius) 1515.608 548.553 397.261 2478.469 75
Attraction density (within 25km radius) 2076.635 665.808 698.078  3228.884 75
Tourist density (in 1000s) (within 5km radius) 61.068 39.629 2.094 133.448 75
Tourist density (in 1000s) (within 10km radius) 70.923 45.701 2.629 155.970 75
Tourist density (in 1000s) (within 25km radius) 97.291 62.272 4.046 222.763 75
No. arrivals (in 1000s) (Eurostat) 11963.248  6163.543 0.000 24913.408 75
Occupancy rate (Eurostat) 42.886 12.427 10.000 65.000 75
Stringency index 51.669 19.915 5.004 87.960 27
Travel restrictions 2.296 0.912 1.000 3.000 27

Notes: This table shows summary statistics for the data and different units of observation and only for French reviews
and attractions. Panel A shows overall numbers. Panel B shows summary statistics using attractions as the unit of
observation. Panel C shows summary statistics using the individual users as the unit of observation. Panel D uses
monthly aggregated data at the country level. Source: Official tourism statistics from Eurostat (2022) and own data
collected from Tripadvisor (see Section 3 for details).
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Table A3: Summary statistics Spain

Panel A - Rewiews and attractions

Reviews Users Attractions Museums Nature &  Sights & No. others
parks landmarks
Number 3014961 1457028 39114 2474 11504 12064 20222
Share 0.063 0.120 0.308 0.517

Panel B - Attractions and their visitors

Variable Mean Std.dev. Min Max Observations
Reviews of attraction 77.08 537.312 1 33795 39114
Foreign visitors per attraction 31.642 319.016 0 23694 39114
Share foreign visitors at attraction 0.376 0.362 0 1 36843
Travel distance to attraction 1386.511 1674.350 0 19655 36864
Rating of attraction 4.235 0.745 1 5 39114

Panel C - Visitors and reviews

Variable Mean Std.dev. Min Max Observations
Reviews per visitor 2.069 7.964 1 4959 1457028
Visits abroad 0.586 5.916 0 3868 1457028
Travel distance of visitor 2426.917 3229.284 0 19964.193 847094
Rating of visitor 4.511 0.918 1 5 1456908

Panel D - Monthly data aggregated by country

Variable Mean Std.dev. Min Max Observations
No. reviews (in 1000s) 40.076 25.709 2.423 113.461 75
Travel distance 2085.455 613.220 771.970 3272.933 75
Share foreign tourists 52.799 14.306 19.192 69.697 75
Rating 4.459 0.050 4.351 4.599 75
Attraction density (within 10km radius) 857.796 182.166 350.272 1161.803 75
Attraction density (within 25km radius) 1109.735 195.904 536.825 1434.111 75
Attraction density (within 5km radius) 776.612 176.715 298.141 1069.838 75
Tourist density (in 1000s) (within 5km radius) 32.895 21.416 1.669 79.696 75
Tourist density (in 1000s) (within 10km radius) 36.332 23.547 1.913 88.935 75
Tourist density (in 1000s) (within 25km radius) 46.560 29.829 2.599 117.125 75
No. arrivals (in 1000s) (Eurostat) 8839.790  4500.776 0.000 17738.068 75
Occupancy rate (Eurostat) 50.294 18.616 0.000 83.620 75
Stringency index 53.849 19.357 1.111 85.190 27
Travel restrictions 2.593 1.118 0.000 4.000 27

Notes:This table shows summary statistics for the data and different units of observation and only for Spanish reviews
and attractions. Panel A shows overall numbers. Panel B shows summary statistics using attractions as the unit of
observation. Panel C shows summary statistics using the individual users as the unit of observation. Panel D uses
monthly aggregated data at the country level. Source: Official tourism statistics from Eurostat (2022) and own data
collected from Tripadvisor (see Section 3 for details).
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Table A4: Correlation coefficients between Tripadvisor reviews and Eurostat tourism measures

Variable No. reviews No. reviews No. reviews No. reviews
No arrivals 0.904 0.698 0.861 0.835
(0.000) (0.000) (0.000) (0.000)
Occupancy rate 0.617 0.831 0.826 0.873
(0.000) (0.000) (0.000) (0.000)
Sample All Denmark France Spain

Notes: Simple correlation coefficients between number of reviews from Tripadvisor and number of arrivals or oc-
cupancy rate from Eurostat. Source: Official tourism statistics from Eurostat (2022) and own data collected from
Tripadvisor (see Section 3 for details).
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Table A5: Effect of travel restrictions on tourism flows

Monthly Daily Attraction level
(1) (2) 3) (4) (5) (6)
In(Reviews) Share foreign In(Reviews) Share foreign In(Reviews) Share foreign
tourists tourists tourists
Travel restrictions  -0.470*** -7.176* -0.368*** -9.390*** -0.114*** -4.633***
(0.053) (1.047) (0.052) (0.800) (0.002) (0.086)
Country FE Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes Yes
Month FE Yes Yes Yes Yes Yes Yes
Heritage type FE Yes Yes Yes Yes Yes Yes
Attraction FE No No No No Yes Yes
N 900 893 26652 26068 1384706 1155251
R? 0.818 0.358 0.582 0.256 0.190 0.017

Notes: Regression results when regressing the number of Tripadvisor reviews or the share of foreign tourists on
international travel restrictions. Columns 1-2 show the results using monthly aggregated data at the country and
attraction category level. Columns 3-4 show the results using daily data aggregated at the country and attraction
category level. Columns 5-6 show the results using monthly aggregated data at the attraction level. All specifications
include a series of fixed effects, for more details see the text. Robust standard errors in parentheses. *** p < 0.01 **
p < 0.05 * p < 0.10. Source: Own data collected from Tripadvisor (see Section 3 for details) and the international
travel restrictions indicator from the Oxford Government Response Tracker.
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Table A6: Effect of travel restriction dummies on tourism flows

Monthly Daily Attraction level
(1) (2) (3) (4) (5) (6)
In(Reviews) Share foreign In(Reviews) Share foreign In(Reviews) Share foreign
tourists tourists tourists
Screening arrivals -0.229 -0.610 -0.247** -5.092*** -0.276*** -9.437***
(0.284) (6.443) (0.097) (1.415) (0.010) (0.463)
Quarantine arrival -0.336 -1.008 -0.403*** -5.975** -0.277*** -12.730***
(0.300) (6.757) (0.084) (1.933) (0.009) (0.479)
Ban arrivals partly — -1.161*** -20.322*** -0.970*** -27.688*** -0.418*** -19.309***
(0.211) (6.444) (0.155) (3.302) (0.009) (0.409)
Ban arrivals total -1.740*** -20.003*** -1.482%* -28.607*** -0.638*** -9.476***
(0.399) (6.010) (0.233) (3.307) (0.013) (0.559)
Country FE Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes Yes
Month FE Yes Yes Yes Yes Yes Yes
Heritage type FE Yes Yes Yes Yes Yes Yes
Attraction FE No No No No Yes Yes
N 900 893 26652 26068 1384706 1155251
R? 0.821 0.375 0.583 0.265 0.191 0.018

Notes: Regression results when regressing the number of Tripadvisor reviews or the share of foreign tourists on
international travel restriction dummies. Columns 1-2 show the results using monthly aggregated data at the country
and attraction category level. Columns 3-4 show the results using daily data aggregated at the country and attraction
category level. Columns 5-6 show the results using monthly aggregated data at the attraction level. All specifications
include a series of fixed effects, for more details see the text. No restrictions imposed is the reference category. Robust
standard errors in parentheses. *** p < 0.01 ** p < 0.05 * p < 0.10. Source: Own data collected from Tripadvisor
(see Section 3 for details) and the international travel restrictions indicator from the Oxford Government Response
Tracker.
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Table AT7: Effect of travel restrictions on tourism of different attraction categories

Monthly Daily Attraction level
1 2 3) (4) (5) (6)
In(Reviews) Share foreign In(Reviews) Share foreign In(Reviews) Share foreign
tourists tourists tourists
Travel restrictions -0.404*** -9.355%** -0.396*** -10.383*** -0.103*** -5.076***
(0.094) (1.552) (0.120) (1.468) (0.006) (0.207)
Museums x Travel restrictions -0.165 2.709 0.057 1.423 -0.035*** 0.513
(0.120) (1.990) (0.169) (2.214) (0.009) (0.343)
Sights & Landmarks x Travel restrictions 0.018 5.836™* 0.121 -0.179 -0.022** 0.465*
(0.153) (1.995) (0.142) (2.307) (0.007) (0.255)
Others x Travel restrictions -0.116 0.643 -0.063 2.795* -0.004 0.561**
(0.099) (2.032) (0.147) (1.512) (0.006) (0.233)
Country FE Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes Yes
Month FE Yes Yes Yes Yes Yes Yes
Heritage type FE Yes Yes Yes Yes Yes Yes
Attraction FE No No No No Yes Yes
N 900 893 26652 26068 1384706 1155251
R? 0.819 0.361 0.583 0.257 0.190 0.017

Notes: Regression results when estimating the number of Tripadvisor reviews or the share of foreign tourists on
international travel restrictions interacted with attraction category dummies. The reference category is Nature &
Parks. Columns 1-2 show the results using monthly aggregated data at the country and attraction category level.
Columns 3-4 show the results using daily data aggregated at the country and attraction category level. Columns 5-6
show the results using monthly aggregated data at the attraction level. All specifications include a series of fixed
effects, for more details see the text. Robust standard errors in parentheses. *** p < 0.01 ** p < 0.05 * p < 0.10.
Source: Own data collected from Tripadvisor (see Section 3 for details) and the international travel restrictions
indicator from the Oxford Government Response Tracker.
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Table A8: Effect of stringency index on other attraction and tourist density measures

(1) (2) (3) (4)

Attraction density Attraction density In(Tourist density) In(Tourist density)

S5km 25km 5km 25km
Stringency index -3.430*** -3.553** -0.033*** -0.030***
(1.024) (1.395) (0.001) (0.001)
Country FE Yes Yes Yes Yes
Year FE Yes Yes Yes Yes
Month FE Yes Yes Yes Yes
Heritage type FE Yes Yes Yes Yes
N 900 900 900 900
R? 0.536 0.489 0.907 0.910

Notes: Regression results when regressing the two density measures on the stringency index. Columns 1-2 show the
results for the attraction density using 5km and 25km radiuses respectively. Similarly, columns 3-4 show the results
for the tourist density measure. The results refers to the monthly data aggregated at the country and attraction
category level. See the text for an explanation of how the density measures have been computed. All specifications
include a series of fixed effects, for more details see the text. Robust standard errors in parentheses. *** p < 0.01
** p < 0.05 * p < 0.10. Source: Own data collected from Tripadvisor (see Section 3 for details) and the stringency
index from the Oxford Government Response Tracker.
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A.2 Figures

Figure Al: Travel patterns

s

(A) World

(B) Europe (C) Domestic (D) Local

Notes: This figures shows travel patterns of a 1% sample of all reviews written by tourists visiting attractions in
Denmark, France and Spain. The red dots indicate the location of origin of the tourist, while the blue dots indicate
the location of an attraction. Panel A illustrates the travel patterns of tourists from outside Europe, Panel B shows
the travel patterns of tourists within Europe and Panel C consider domestic tourists. Panel D shows travel patterns
at the very local level, i.e. within NUTS3 regions. Source: Own data collected from Tripadvisor (see Section 3 for
details)
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Figure A2: Number of reviews by month and country
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Notes: This Figure shows number of Tripadvisor reviews by country and month. For the years 2016-2019 the average
has been computed. Panel A, shows the entire sample, Panel B for Denmark, Panel C for France and Panel D for
Spanin. Source: Own data collected from Tripadvisor (see Section 3 for details).
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Figure A3: Number of reviews and change

No. reviews Change no. reviews
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(E) Number of reviews - Spain (F) Change no. reviews (%) - Spain

Notes: This figures shows the total number of reviews together with the percentage change in the number of reviews
between before and after 2020 by NUTS3 regions. The percentage change is obtained by taking the yearly average of
the number of reviews for the two periods 2016-2019 and 2020-2021 and computing the percentage change. Panels

A, A and E show the total number of reviews while Panels B, D and F show the percentage change. Source: Own
data collected from Tripadvisor (see Section 3 for details)
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Figure A4: Number of reviews over time by different attraction categories

Panel A - Heritage sites Panel B - Outdoor activities Panel C - Events
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Notes: This Figure shows the change in the number of Tripadvisor reviews over time for different attraction categories
defined by Tripadvisor. Each category is not mutually exclusive, and hence the same review can appear in multiple
attraction categories. Panel A, shows the number of reviews for different attraction types of cultural and natural
heritage. Panel B shows different outdoor attractions, Panel C attractions categorised as various events, Panel D
different activities including amusement parks and Panel E shows attraction categories of other various kinds. Panel
F shows the remaining category of attractions categorized as ”Other” including transportation and travel resources.
Source: Own data collected from Tripadvisor (see Section 3 for details).
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Figure A5: Attraction density of visited locations - 25km radius
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Notes: This Figure shows the evolution of the attraction density of visited locations together with the stringency
index. Panel A, shows the entire sample, Panel B, shows the attraction density for Danish attractions, Panel C for
French attractions and Panel D for Spanish attractions. An attraction’s density is measured as the number of other
attractions within a radius of 25km. The overall density is the average of all attractions’ densities in a given month.
Source: Own data collected from Tripadvisor (see Section 3 for details) and the stringency index from the Oxford
Government Response Tracker.
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Figure A6: Attraction density of visited locations - 5km radius
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Notes: This Figure shows the evolution of the attraction density of visited locations together with the stringency
index. Panel A, shows the entire sample, Panel B, shows the attraction density for Danish attractions, Panel C for
French attractions and Panel D for Spanish attractions. An attraction’s density is measured as the number of other
attractions within a radius of 5km. The overall density is the average of all attractions’ densities in a given month.
Source: Own data collected from Tripadvisor (see Section 3 for details) and the stringency index from the Oxford
Government Response Tracker.
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Figure A7: Tourist density of visited locations - 25km radius
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Notes: This Figure shows the change in the tourist density of visited locations together with the stringency index.
Panel A, shows the entire sample, Panel B, shows the review density for Danish attractions, Panel C for French
attractions and Panel D for Spanish attractions. The review density of an attraction is computed as the total
number of reviews of all attractions within a radius of 25km within a given month. Source: Own data collected from
Tripadvisor (see Section 3 for details) and the stringency index from the Oxford Government Response Tracker.
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Figure A8: Tourist density of visited locations - 5km radius
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Notes: This Figure shows the evolution of the tourist density of visited locations together with the stringency index.
Panel A, shows the entire sample, Panel B, shows the review density for Danish attractions, Panel C for French
attractions and Panel D for Spanish attractions. The review density of an attraction is computed as the total number
of reviews of all attractions within a radius of 5km within a given month. Source: Own data collected from Tripadvisor
(see Section 3 for details) and the stringency index from the Oxford Government Response Tracker.
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Figure A9: Validity test: Occupancy rates and number of reviews over time
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Notes: This Figure shows the occupancy rates taken from Eurostat together with the total number of Tripadvisor
reviews. Panel A for the entire sample, and Panels B-D by country. Source: Official tourism statistics from Eurostat
(2022) and own data collected from Tripadvisor (see Section 3 for details).
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Figure A10: Validity test:
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Notes: This Figure shows binned scatter plots of the occupancy rates taken from Eurostat and the number of

Tripadvisor reviews.

Panel A uses the entire sample, while Panels B-D by country. The correlation coefficient

corresponding to the correlation in Panel A is 0.039, in panel B it is 0.041, in Panel C it is 0.063 and in Panel D it is
0.038.Source: Official tourism statistics from Eurostat (2022) and own data collected from Tripadvisor (see Section
3 for details).
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