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ARTICLE INFO ABSTRACT

Jel Classification: This paper studies the impact on reported coronavirus 2019 (COVID-19) cases and deaths in Spain resulting from
n2 large mass gatherings that occurred from March 6 to March 8, 2020. To study these outcomes, the geographic
18 differences in the planned pre-pandemic major events that took place on these dates were exploited, which is a

J10 quasi-random source of variation for identification purposes. We collected daily and detailed information about
Keywords: the number of attendees at football (soccer) and basketball matches in addition to individuals participating in the
I?/I(;Zslzgalt}glering events Women’s Day marches across Spain, which we merged with daily data on reported COVID-19 cases and deaths at
Cases the provincial level. Our results reveal evidence of non-negligible COVID-19 cases related to the differences in
Deaths the percentage of attendees at these major events from March 6 to March 8. In a typical province, approximately

Spain 31% of the average daily reported COVID-19 cases per 100,000 inhabitants between mid-March and early April
2020 can be explained by the participation rate in those major events. A back-of-the-envelope calculation sug-
gests that this implies almost five million euros (169,000 euros/day) of additional economic cost in the health
system of a typical province with one million inhabitants in the period under consideration. Several mechanisms

behind the spread of COVID-19 are also examined.

1. Introduction

This work evaluates the contribution of mass gathering events to the
spread of infectious diseases and their associated economic costs.' For
small gatherings, such as those that occur in schools, evidence in the
economic literature of a causal link between openings/closures of
schools and several viral diseases (influenza, gastroenteritis, and
chickenpox; Adda, 2016) can be found. In the epidemiological literature,
Hoang and Gautret (2018), Karami et al. (2019), and Rainey et al.
(2016) wrote systematic reviews of mass-gathering-related disease
outbreaks in observational studies. The impact of mass gatherings on
coronavirus 2019 (COVID-19) has been poorly understood, especially in
the early stages of the pandemic (Nunan and Brassey, 2020), and more
work is needed on this topic in the economic literature (Murray, 2020).2

To our knowledge, causal evidence in the early stages is limited to two
studies concerning United States (US) mass sports gathering events,
which show that one additional sporting event (National Basketball
Association [NBA] or National Hockey League [NHL]) caused an in-
crease in the cumulative number of COVID-19 deaths by 11% (Ahammer
et al., 2020), or 7520 additional cases and 658 deaths during the first
wave of the COVID-19 pandemic (Carlin et al., 2021). We examined this
issue in more depth by extending the different types of mass gathering
events and focusing our attention on the attendance effects that were
only partially analyzed in Carlin et al. (2021). To examine this issue in
more detail, we exploited the plausibly exogenous role of the geographic
variation in pre-pandemic planned mass gathering events that took
place from March 6 to March 8, 2020, on COVID-19 cases and deaths in
Spain. This period occurred three days before the World Health

* Correspondence to: Facultad de Economia y Empresa, Universidad de Zaragoza, Gran Via 2, 50005 Zaragoza, Spain.

E-mail address: mmarcen@unizar.es (M. Marcén).

1 The World Health Organization (WHO) considers an event to be a mass gathering when “the concentration of people at a specific location for a specific purpose over a
set period of time and which has the potential to strain the planning and response resources of the country or community” (WHO, 2015).

2 Recent medical evidence on the transmission of the coronavirus-2019 (COVID-19), based on experimental indoor mass gathering event infection information
from indoor mass gathering events, shows that infections significantly depend on the quality of the ventilation system and hygiene practices (Moritz et al., 2021).
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Organization (WHO) declared a pandemic and was a week before the
nationwide lockdown.”

Spain was one of several epicenters of the world COVID-19 pandemic
during the spring of 2020. In April 2020, reported cases reached 7%
(approximately 200,000, April 2020) and contributed to over 10% of
deaths (approximately 23,000) worldwide in a country with 0.61% (47
million) of the world population (Amuedo-Dorantes et al., 2021;
Redondo-Bravo et al., 2020). A year later (April 2021), those figures
were much lower, with Spanish reported cases representing 2.5% (3.3
million) and 2.6% (approximately 76,000) of deaths worldwide.* The
early growth phase of the spread of COVID-19 in Spain was so rapid that
the Spanish government had to declare a nationwide lockdown only 17
days after the first reported local case (Redondo-Bravo et al., 2020); the
spread was also quite heterogeneous among regions (Kochanczyk et al.,
2020). The question can be asked: “What happened during those days
that could, at least in part, explain the quite rapid spread of COVID-19 in
Spain?” The observational evidence points to super-spreading events as
a possible source of the initial outbreaks in some particular regions
(Kochanczyk et al., 2020).

Our empirical strategy addresses the challenge of studying the role of
mass gathering events by exploiting the quasi-random differences in the
geographical locations and in the number of attendees at pre-pandemic
planned mass gathering events. The Spanish case is of interest in this
context for several reasons. As mentioned previously, this country was
one of the hardest hit at the beginning of the COVID-19 pandemic, with
considerable differences across regions. This case guarantees a high
degree of geographic variation in the mass gathering events and in the
number of attendees, which we exploited for identification purposes.
Not only were major sporting events considered, as in the US case
(Ahammer et al., 2020; Carlin et al., 2021), but also the Women’s Day
marches, when women took to the Spanish streets in early March 2020.
These events are of interest since both are mass gathering events;
however, the way in which people participated (sports events with
assigned seating versus women’s marches with people in motion) and
the kind of people participating in both of them could be quite different
(with important gender differences). Most of the largest women'’s
marches in Europe have been located in Spain, with the feminist
movement mobilizing tens of thousands of people in their street dem-
onstrations with the approval of most of the Spanish political parties,
both on the right and left.®

Spain provides a scenario with almost no differences in pre- and post-
events. One week before the nationwide lockdown, individuals did not
privately adjust their activities to avoid risk, overlooking the environ-
mental risk (Amuedo-Dorantes et al., 2021). In the pre-lockdown week,
despite the distressing news coming from China, Iran, and even Italy, the
Spanish authorities believed that COVID-19 was still distant enough that
it was not an immediate concern. The Spanish head of medical emer-
gencies, in several press conferences held after January 31, 2020,
claimed that “Spain will only have a handful of cases” (Tremlett, 2020)
and even recommended during a press conference the participation of
his own son in the massive demonstrations to mark International
Women’s Day on March 8. Possible heterogeneity in the regional social

% See the WHO declaration: https://www.who.int/director-general/
speeches/detail/who-director-general-s-opening-remarks-at-the-media-
briefing-on-covid-19-— 11-march-2020, updated April 2021.

4 See the Johns Hopkins Coronavirus Resource Center data in https://coro-
navirus.jhu.edu/map.html, updated April 2021.

5 See EL PAfS, March 9, 2020. https://english.elpais.com/society/
2020-03-09/womens-day-marches-in-spain-attract-mass-numbers-despite-
coronavirus-fears.html

Economics and Human Biology 46 (2022) 101140

distancing measures that were applied is not an issue in the Spanish
case.® The strict lockdown, which is the most effective social-distancing
measure to contain the spread of the virus (Amuedo-Dorantes et al.,
2021; Fowler et al., 2020; Siedner et al., 2020), was unexpectedly
imposed nationwide by an extraordinary meeting of the Council of
Ministers on Saturday, March 14, 2020, only one week after the mass
gathering events under consideration here took place. This event
generated a similar disruption of mobility across all Spanish regions
(Amuedo-Dorantes et al., 2021).

We compiled detailed daily information on the number of attendees
at football (soccer) matches, including First and Second Division, and
basketball matches, First Division, in addition to the individuals
participating in the Women’s Day marches across Spain, which we
merged with daily data on reported cases of COVID-19 and deaths at the
province level.” In our analysis, we account for time-invariant province
idiosyncrasies via the use of provincial fixed effects and temporal trends
by including fixed-date effects in addition to province-specific linear
time trends. Using these methods, we captured pre-existing differences
in testing and/or therapeutic availability differences that could also
have affected differential changes in COVID-19 cases and deaths
(Amuedo-Dorantes et al., 2021). Consistent with the epidemiological
observational evidence mentioned above, in which mass gatherings are
events that could amplify the virus transmission and potentially disrupt
the host country’s response capacity, we found a relationship between
attendance at mass gathering events and the COVID-19 cases by
exploiting the plausibly exogenous variation in the geographical loca-
tions and in the number of attendees at pre-pandemic planned mass
gathering events. Specifically, on average, approximately 31% of the
average daily reported COVID-19 cases per 100,000 inhabitants from
mid-March to early April 2020 could be related to the participation rate
in mass gathering events during the period from March 6 to March 8,
2020, in a typical province with an average number of attendees of 2.29
per hundred inhabitants.® These findings are robust across different
specifications and subsamples.

Mass gathering events undoubtedly produced an effect on economic
costs for the healthcare system. Assuming the tariff system established
by the Government of Catalonia on time of hospitalization in hospitals
with/without ICUs for patients with COVID-19 (Decree law 12/2020), a
back-of-the-envelope calculation indicates that the estimated impact of
the mass gathering events on COVID-19 cases generated almost five
million euros (169,000 euros/daily) of additional economic costs in the
healthcare system of a typical province with one million inhabitants in
the period under consideration.” Another way to summarize this effect is
to aggregate it throughout the total healthcare system at the country
level; this summary reached roughly 230 million euros, representing

6 In the US, huge state discrepancies in the intensity of social-distancing
measures taken in March and April 2020 and in the response of the popula-
tion (Amuedo-Dorantes et al., 2022; Marcén and Morales, 2021) were found,
which generated additional difficulties with respect to clearly identifying the
impact of mass gathering events in that country.

7 The Spanish territory is divided into 17 autonomous regions (NUTS 2 re-
gions). Those regions are divided into 50 provinces (NUTS 3 regions), which is
the spatial level considered in this analysis. We excluded two autonomous cities
(Ceuta and Melilla) located on the African coast.

8 Note that comparisons with prior literature are not easy, since those studies
on the US cases focus their analysis on the marginal impact of one additional
sports game (Ahammer et al., 2020; Carlin et al., 2021), while we are consid-
ering the number of participants at the mass gathering events. The attendance
effects presented in Carlin et al. (2021) should be taken with caution because
the authors indicate they do not have information on true attendance.

9 Decree law 12/2020, April 10, 2020: “Decreto Ley 12/2020, de 10 de abril,
por el queue se adoptan medidas presupuestarias, en relacion con el Sistema sanitario
integral de utilizacion ptiblica de Cataluna, en el ambito tributario y en la estructura
de la Administracion de la Generalidad, para paliar los efectos de la pandemia
generada por la COVID-19.”
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Fig. 1. % Attendees to mass gathering events (March 6-8) over total population
at the provincial level. Notes: Lighter colors correspond to lower % attendees to
mass gathering events (March 6-8) in each province.

approximately 0.2% of the total spending in the Spanish healthcare
system (more than 100,000 million euros, including public/private
healthcare systems, according to the Spanish Ministry of Health).'’
While such back-of-the-envelope calculations must be cautiously inter-
preted, they are informative for understanding the potential magnitude
of the effect of mass gathering events on the healthcare system.

A challenge in estimating the effects of mass gathering events by
exploiting plausibly exogenous variation in the geographical locations
and in the number of attendees to pre-pandemic planned mass gathering
events is that such events do not occur in a vacuum. Economic incentives
for risk-avoiding behaviors by nonparticipants may play a role, as seen
in the case of the 2020 Black Lives Matter protests that unexpectedly did
not reignite the US community-level COVID-19 growth (Dave et al.,
2020). During the Black Lives Matter protests, nonparticipants appeared
to adjust their risk-taking behavior based on their perceived exposure to
risk, which is in line with risk-compensating behavior (Dave et al.,
2020). If this compensating risk behavior is adopted in a different way
across Spanish regions, a simple correlation between the participants in
the mass gathering events and reported COVID-19 cases and deaths
might result in biased estimates. Although no causal link was found
between mobility behavior related to daily activities in the
pre-lockdown period and the spread of COVID-19 in Spain (Amuedo--
Dorantes et al., 2021), the decrease in the number of participants in the
Women’s Day marches in comparison to prior years yielded
non-negligible data, which may indicate some degree of risk-avoiding
behaviors.' -1

While, admittedly, some degree of compensating behavior is present,
our concern is limited to whether that behavior is random across the
regions or may affect our estimates. To address this concern, we
analyzed the following: (1) a supplement of our primary analysis with an
event study examining how COVID-19 cases and deaths responded to
participation in the mass gathering events and (2) placebo regressions
randomly distributing the percentage of attendees at the mass gathering
events across Spanish provinces; if we are truly capturing the mass
gathering event’s effect, we should obtain no significant and close to

10 See  https://www.mscbs.gob.es/estadEstudios/portada/docs/DATOS_SNS
A4.112020.pdf, updated April 2021.

11 Some evidence on possible adjustments in daily activities to avoid COVID-
19 risk when the disease became more prevalent in the US (Gupta et al., 2020)
can be found, although that observed behavior could also be a response to other
social-distancing measures that occurred across the US and were omitted in
many early papers that limited their analysis of stay-at-home orders/business
closures (Marcén and Morales, 2021).

12 gee EL PAIS, March 9, 2020. https://english.elpais.com/society/
2020-03-09/womens-day-marches-in-spain-attract-mass-numbers-despite-
coronavirus-fears.html.
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zero estimated coefficients. Additionally, since the evolution of COVID
outcomes appears to be related to several geographical variables such as
income, population density, health expenditure, demographic profile,
and weather, among others (Armillei et al., 2021), we tested whether the
participation rate was correlated with various observables, such as
socio-economic and weather province characteristics. We also rein-
forced our analysis by including those variables as controls, which hel-
ped us mitigate omitted variable bias concerns.

Since COVID-19 is transmitted by close contact, we also explored to
what extent a mass gathering event’s impact could be amplified/
reduced by considering three possible mechanisms: (1) participants in
Women'’s Day marches versus those in sports events; (2) socio-economic
variables; and (3) weather and location variables. First, we separate the
types of mass gathering events to assess the role of the different mass
gathering events on the spreading of the virus. Second, we studied the
importance of socio-economic variables in the amplification of the mass
gathering events’ effects on the spread of COVID-19 by exploiting the
differences in various socio-economic characteristics by province. Third,
we examined whether or not the weather conditions prevented or
amplified the COVID-19 transmission generated by the mass gathering
events.

The rest of the paper is organized into several sections: Section 2
provides a description of the data sets used in the analysis; Section 3
presents the empirical strategy; our main findings are analyzed in Sec-
tion 4, in which we also discuss the economic costs to the healthcare
system and present the results from various identification and robust-
ness checks; Section 5 explores some of the key mechanisms at play; and
Section 6 summarizes the paper.

2. Data
2.1. Location and attendance at mass gathering events

To assess how the mass gathering events affected reported COVID-19
cases and deaths, we collected detailed data on the location, place, and
number of attendees at the major planned pre-pandemic sporting events
and the Women’s Day marches that took place across Spain between
March 6 and March 8. We considered major sports events related to
football and basketball, the main form of sports entertainment in Spain.
We gathered data from the First and Second Divisions of the Spanish
football league (Liga Santander and Liga SmartBank) and from the major
league in basketball (Liga Endesa). The information was double-checked
against the official statistics of the organizers of those major events, La
Liga (football) and ACB (basketball), and from local rlewspapers.ll3 All
these sporting events mobilized thousands of individuals, not only inside
the city in which the event took place but also in the surrounding area
inside the province where the team supporters are more likely to be
located, according to the Spanish Sociological Research Center.'? The
sporting event with the most attendees took place in Barcelona (Barce-
lona versus Real Sociedad), with more than 77,000, but in the province of
Madrid, six sports games took place during the period under consider-
ation with more than 103,000 aggregate attendees (roughly 1.6% of the
province inhabitants). Alongside this, we compiled publicly available
data on the Women’s Day marches across Spain from the Spanish Gov-
ernment Regional Offices (Delegaciones de Gobierno) at the province-
level; when the Regional Offices did not disaggregate the number of

13 See https://www.laliga.com/estadisticas and https://www.acb.com/.

14 The Spanish Sociological Research Center (Centro de Investigaciones Socio-
logicas) included questions in its monthly values survey (Barémetro) about the
closeness to a football team and activities that were carried out due to prox-
imity to a team. Many of the supporters of the football teams live in the
province where their team is located. Additionally, roughly 32% of respondents
attended football matches of their preferred football team. See http://www.cis.
es/cis/opencm/ES/1_encuestas/estudios/ver.jsp?estudio= 14090.
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Fig. 2. Number of COVID-19 cases per 100,000 inhabitants at the provincial
level. Notes: Fig. 2 shows the evolution of COVID-19 cases per 100,000 in-
habitants at the province level. Lighter colors correspond to lower COVID-19
cases in each province and on each day.

participants at that administrative level, we were able to obtain that
information from local newspapers. All provinces had Women’s Day
marches, with the number of participants varying from 0.3% of the
population in Badajoz to 6.4% of the population in Vizcaya.

Fig. 1 documents significant cross-province differences in the num-
ber of aggregate attendees at the sports events and the Women’s Day
marches per hundred province inhabitants, ranging from 0.68% in
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Toledo to 9.3% in Vitoria.'® The attendance rate averaged 2.29, with a
standard deviation of 1.79. Spatial discrepancies are clearly observed,
with lighter colors corresponding to lower levels of attendees per hun-
dred inhabitants in the south of Spain (with the exception of the
southern provinces of Sevilla, Malaga, and Almeria) and higher levels in
the central-north, especially in Madrid, Navarra, and in some provinces
of Aragén, Castilla y Le6n, and Pais Vasco. Ten provinces with more than
3.4% of attendees across the province population participating in the
mass §§1thering events between March 6 and 8, and ten were below
0.9%.

2.2. Reported cases and deaths

We use data on COVID-19 cases and deaths provided by the Spanish
Ministry of Health and Regional Governments.'” The dataset contains
information on the daily accumulated number of reported COVID-19
cases and deaths, from which we computed the daily incidence by
province and date. Using province level data on the population from the
Spanish Statistical Office for the year 2019, we next calculated the re-
ported COVID-related cases and deaths per 100,000 inhabitants. Our
dataset spans from February 26 (date of the first local case detected) to
April 12, 2020 (five weeks after the mass gathering events). Note that
the Spanish Ministry of Health changed the definition of COVID-19
confirmed cases after April 17, generating a break in the time series
(Amuedo-Dorantes et al., 2021). Only cases confirmed by the Spanish
authorities were included. It should be noted that, because of the
shortage of diagnostic tests during the first wave, our analysis is limited
to the severity of reported cases (Redondo-Bravo et al., 2020; Richterich,
2020). Roughly 45.4% of the confirmed and reported cases up to April
2020 required hospital admission (7.1% required mechanical ventila-
tion and 4.6% ICU), and 11.9% died in Spain (Redondo-Bravo et al.,
2020). This finding is not comparable to the second and subsequent
waves since the testing process has been improved in Spain (Soriano
et al., 2021).

Fig. 2 shows the distribution of reported COVID-19 cases across
Spanish regions between March 15 and 21. This distribution corre-
sponds to the time window in which the initial effect of the mass gath-
ering events on the number of reported COVID-19 cases should be
observed, taking into account the incubation period until symptom onset
and the period between symptom onset and diagnosis (in total, a mini-
mum of seven days).'® On average, the number of reported COVID-19
cases each day was 12.75 per 100,000 inhabitants after March 15.'°
Lighter colors correspond to lower levels of case rates. This figure

15 Data on the province population corresponds to data gathered from the
Spanish Statistical Office (Instituto Nacional de Estadistica).

16 Note that individuals could attend multiple mass gathering events, in which
case the ratio of attendees did not directly correspond to the percent of in-
dividuals participating in a mass gathering event. In any case, the greater the
number of participants at meetings, the greater the probability of being infected
or, if already infected, of spreading the disease.

17 The data at the province level were compiled by the project Escovid19data;
see https://github.com/montera34/escovid19data.

18 From incubation to symptom onset during the first wave in Spain, an
average of four to five days (maximum of 14 days; CDC, 2021) was observed,
and from symptom onset to diagnosis, six days on average were noted (the
minimum observed was three days; Redondo-Bravo et al., 2020). In the case of
deaths, the time window expands considerably, which makes our challenge of
identifying the link between the mass gathering events and the daily deaths
more challenging. Since the days from symptom onset to death varied from 9 to
25 (Redondo-Bravo et al., 2020), the probable impact of mass gathering events
fades over a wide period of time, a process that generates some difficulties in
disentangling the impact of mass gathering events and that of other factors.

1% The daily deaths averaged 1.51 per hundred inhabitants after March 22 (a
minimum of 14 days were required since COVID-19 exposure [March 6-8] to
death).
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Table 1
COVID-19 cases and deaths response to the variation in attendees of mass
gathering events (March 6-8).

@ @ 3 4
D.V.: Reported Cases Reported Deaths
Effect Since (Post Period): March 15  March 22  March 22~ March 29
% Attendees 1.748%** 1.740%** 0.026 0.006

(0.590) (0.605) (0.059) (0.053)
Observations 2350 2350 2350 2350
R-squared 0.707 0.707 0.684 0.684
In the Post Period
D.V. Mean 12.75 14.73 1.51 1.64
D.V. Standard Deviation 14.63 15.78 1.61 1.61
For all
Province FE Yes Yes Yes Yes
Date FE Yes Yes Yes Yes
Province-specific linear trends ~ Yes Yes Yes Yes

Notes: The dependent variable (D.V.) in columns (1) and (2) is defined as
COVID-19 cases per 100,000 inhabitants at the province level from February 26
to April 12, 2020 (mean: 8.15; S.D.: 12.97). The D.V. in columns (3) and (4) is
defined as COVID-19 deaths per 100,000 inhabitants at the province level from
February 26 to April 12, 2020 (mean: 0.76; S.D.: 1.33). The post-period sum-
mary statistics for the D.V. are measured since March 15, 22, and 29 in each
corresponding column. The main explanatory variable is the % attendees to mass
gathering events over total population at province level, including major sports
events (First and Second Division football (soccer) matches and ACB basketball
matches) and Women’s Day marches (mean: 2.29; S.D.: 1.79). We estimate Eq.
(1). Robust standard errors are clustered at the province level and reported in
parentheses. *** Significant at the 1% level, ** Significant at the 5% level, *
Significant at the 10% level.

provides a sense of the spatial differences in the COVID-19 case rates,
with higher case rates located in central-north Spain. Although this
analysis is a descriptive one, the geographical pattern is quite similar to
that observed in Fig. 1, in which the attendance rate is plotted. We
plotted the case rates for three different days because of possible dif-
ferences in testing availability for those days; the pattern does not show
much variation.?’ Of course, more work is needed to deduce a link.

3. Empirical strategy

Our objective was to explore the extent to which mass gathering
events impact the transmission of viral diseases and their health system-
related economic costs. Our analysis relies on a natural experiment
originating from the COVID-19 pandemic, along with the geographical
discrepancies generated by the pre-pandemic planned mass gathering
events in Spain. Our benchmark specification is given by the equation:

Y = ﬁ(AttendeespM“’Ch E1{t 21‘"’}) +6,+6, + ey @

in which Y); is the outcome (reported COVID-19 cases or deaths per
100,000 inhabitants) in province p at date t. The variation in the number

of attendees is captured in Attendeesll,vm“hs’8

of attendees per 100 inhabitants (attendance rate) at mass gathering
events in province p between March 6 and 8. Because of the lapse of time
between exposure to COVID, symptom onset, diagnosis, and death, we
considered several time windows. We define a dummy variable 1{t >

, which gauges the number

20 Alternative indicators that describe the epidemiological situation on re-
ported COVID-19 cases, such as a 7/14 day average number of cases, are not
considered in our work. Note that the Spanish lockdown occurred only one
week after the mass gathering events, so calculating the 7/14 day averages of
cases could have influenced the real impact of the mass gathering effects
because of the reduction in cases caused by the lockdown in a downward
direction.
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t™} that takes value 1 since date t™ (the t" considered are March 15
and March 22) and 0 otherwise.?! If the mass gathering events impact
the pandemic’s outcomes (cases and/or deaths), we should expect f to
take positive values, signaling that the higher the attendance rate, the
higher the rate of reported cases/deaths associated with the pandemic.??
This specification includes a set of province and time (date) effects (&,
0,) that control for unincorporated factors that potentially affect the
pandemic’s outcomes. The province fixed effects account for time-
invariant dissimilarities across Spanish provinces, such as population
differences (aging or density) or other traits that can be related to the
COVID-19 pandemic’s outcomes (Amuedo-Dorantes et al., 2021; Apar-
icio Fenoll and Grossbard, 2020). The time (date) fixed effects, in
addition to the set of province-specific linear trends, account for tem-
poral evolution of pre-existing trends and varying province time factors,
such as variations affecting the pandemic’s outcomes across provinces
related to testing or hospital capabilities (Amuedo-Dorantes et al., 2021;
Murray, 2020). & is the error term. >

The validity of our estimates is based on the assumption that there is
not an endogeneity problem. What matters in this situation in terms of
inference purposes is the possible endogeneity with regard to the out-
comes of interest. We checked this relationship in two ways: (1) con-
ducting an event study and (2) running placebo regressions in Section
4.3. In the same section, we also tested whether the attendance rate
correlated with observed province characteristics. We also reinforced
our analysis by including those observed province characteristics as
controls, which helped us mitigate omitted variable bias concerns.

When interpreting the estimated coefficient, some attenuation bias
of the true effects of the mass gathering events could have been possible.
The explanatory variable gauging the number of participants at the
Women’s Day marches was a rough calculation of the true number of
participants. Since this number was determined by the official Spanish
government offices in each region, we expect that this would not have
significantly affected our estimates because the measurement error
should be in the same direction across provinces. To mitigate this
concern, we repeated the analysis with different subsamples, as dis-
cussed in Sections 4.1 and 4.2. Additionally, the interpretation of the
results is limited to the context of the first wave in Spain. Many of the
officially reported cases of COVID-19 were severely affected (45.4%
were hospitalized (Redondo-Bravo et al., 2020)). Although this
discrepancy between waves is a limitation, the existing dataset allowed
us to focus our attention on the impact of mass gathering events on a
sample of quite severely affected officially reported cases of COVID-19.
Estimates produced by Eq. (1) should be seen as a lower boundary of the
true effects of mass gathering events.

4. Quantifying the impact of mass gathering events on the
spread of COVID-19

4.1. Main findings

Table 1 presents the estimation for Eq. (1). This shows the impact of
attendance at mass gathering events on both pandemic-related out-
comes (reported cases and deaths). In the main analysis, the time span

2! The time span from infection to diagnosis is seven days and to death is 14
days (CDC, 2021; Lauer et al., 2020; Redondo-Bravo et al., 2020). We consid-
ered other time windows below.

22 We recognize that the use of different attendance rates (values of dosage as
implicit in continuous treatment) would require an assumption of strong par-
allel trends (all units would experience the same evolution if given the same
dose) to avoid selection bias. However, pre-trend tests commonly used to detect
violations of the standard parallel trends are not useful in this setting (Callaway
et al., 2021).

23 Robust standard errors were clustered at the province level to account for
any within-province correlation in the error terms.
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from infection to diagnosis is fixed at seven days (effect since March 15
in column [1]) and to death at 14 days (effect since March 22 in column
[31]), although we repeated the analysis considering, in addition, a time
span from infection to diagnosis of 14 days (effect since March 22) in
column (2) and to death at 21 days (effect since March 29) in column (4).
We observed that the attendance rate significantly affected the number
of reported COVID-19 cases. One standard deviation increase in the
attendance rate implied a significant increase of 3.1 daily reported
COVID-19 cases per 100,000 inhabitants (21% of the post-effect stan-
dard deviation).?* In a typical province with an average attendance rate
of 2.29%, approximately 31% (or four daily cases per 100,000 in-
habitants) of the average daily reported COVID-19 per 100,000 in-
habitants between mid-March and early April 2020 can be explained by
the levels of participation in these major events.>” The impact of the
mass gathering events on the death rate is positive, albeit non-
significant. As mentioned, the lapse of time from symptom onset to
death varied from nine to 25 days in the first Spanish wave (Redon-
do-Bravo et al., 2020), preventing the possibility of finding a significant
effect in this setting.”® In addition, the hardest hit population in the first
Spanish wave of COVID-19 were institutionalized elderly people, with
23.4% of the deaths among those older than 80 (37% for those older
than 70); this age group is unlikely to participate in the mass gathering
events considered here and, thus, less likely to be directly affected by
participation. No significant differences after considering the alternative
time lapses since exposure/infection to diagnosis/death were found in
columns (2) and (4).

A comparison with prior studies on the early impact of mass gath-
ering events on pandemic outcomes using National Basketball Associa-
tion and National Hockey League (NBA and NHL, respectively) games is
tricky because the studies estimate the marginal impact of an additional
game (Ahammer et al., 2020; Carlin et al., 2021). It is true that Carlin
et al. (2021) approximated a dose-response model in which the atten-
dance based on ticket sales (not true attendance) is used as the main
independent variable. Interestingly enough, they did not find a signifi-
cant effect in all outcomes (cases and deaths) depending on the sports
events. Those authors indicate that their attendance effects should be
interpreted cautiously because of the imperfect proxy of attendance.”’ In
any case, assuming the information on the average attendance (around
18,000) and considering that the US Metropolitan Statistical Areas with
teams in those leagues have an average population of 4.082 million
(Ahammer et al., 2020; Carlin et al., 2021) a back-of-the-envelope
calculation equivalent to 0.44% of the population participating in a
mass gathering event in Spain leads to an increase in the number of cases
to 910 per 4.082 million inhabitants (0.77 daily cases per 100,000 in-
habitants) in the period under consideration. This calculation is not
close to the extra 7520 cases per MSA associated with an additional
NHL/NBA suggested by Carlin et al. (2021) using game data from March
1-11.%% It is worth noting that the analyses are not directly comparable
since Carlin et al. (2021) use data from the database maintained by the

24 This value is obtained using the calculation: Standard Deviation of the
attendance rate (1.79) x estimated coefficient on attendance rate (1.748) = 3.1
reported cases per 100,000 inhabitants, representing 21% of the S.D. in the
post-effect period (since March 15 (exposure March 6-8) until diagnosis is
seven days) = 3.1/14.63.

25 The average attendance rate (2.29%) x estimated coefficient on attendance
rate (1.748) = 4 reported cases per 100,0000, representing 31% of the average
daily reported COVID-19 cases from March 15 to April 12 = 4/12.75.

26 We revisited this issue as described below.

27 Note that the magnitude of the impact of the attendance effects is not
interpreted by those authors, surely due to these concerns (Carlin et al., 2021).

28 In the prior working paper written by Carlin et al., it is observed that one
extra game in the NHL/NBA leads to an increase in the number of cases by 895,
which is a figure much more similar to the one estimated in this study. How-
ever, once again, those numbers are not directly comparable since in this case
Carlin et al. considered all the games from January to March 2020.
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New York Times until May 31. By extending the impact of our mass
gathering effects until the end of May, we calculated an impact of 2450
cases per 4.082 million inhabitants, a figure that is still not quite close to
the findings provided by Carlin et al. (2021).?° Several questions may
arise at this point: (1) do differences in the spread of the COVID-19
depending on the type of mass gathering event (sports events versus
demonstration) exist? (2) did the pre-March mass gathering events have
any role? and (3) is the use of games rather than attendance rates
inflating the effect of the mass gathering events? We discuss this in the
mechanisms section.

Using the severity of the distribution of cases during the first wave in
Spain, that is, 45.4% of hospital admissions and 4.6% of ICU admissions
among all reported cases, we could roughly determine the health
system-related economic costs of these mass gathering events. Consid-
ering the severity of the cases and our estimates, 1.8 of the four daily
reported cases per 100,000 inhabitants that were related to participation
in the March 6-8 mass gathering events in a typical province (with an
attendance rate equal to 2.29%) were hospitalized, and 0.18 of those
cases were in ICU. With the tariff system established by the Government
of Catalonia (one of the main regions in Spain) addressing in-patient
hospitalizations in hospitals with/without ICU (5000/43,400 euros
respectively) for patients with COVID-19 (Decree law 12/2020), a back-
of-the-envelope calculation suggests that the estimated impact of the
mass gathering events on COVID-19 cases generated almost five million
euros (roughly 169,000 euros/daily) of additional economic costs in the
healthcare system of a typical province with one million inhabitants in
the period under consideration (from March 15 to April 12). This
calculation also incorporated the assumption that the tariff system in
Catalonia coincides with that of a typical province. In any case, while
these back-of-the-envelope calculations must be cautiously interpreted,
the economic costs determined in this situation illustrate the importance
of evaluating the risk factors associated with mass gathering events to
prevent augmentation of health system problems.

4.2. Robustness checks

To assess the sensitivity of our findings, we conducted various
robustness checks: (1) changing the characteristics of the specifications,
(2) considering different time windows from incubation to diagnosis or
death, (3) examining the impact on the excess mortality, and (4) varying
the sample. Panel A in Table Al in the Appendix shows the estimates of
Eq. (1), excluding province-specific linear trends. A non-negligible
impact of mass gathering events on COVID-19 cases per 100,000 in-
habitants and a positive but non-significant impact on deaths can be
observed. However, the magnitude of the coefficient was reduced by
18%, which may indicate that the coefficient in the specification without
province trends captured some already detected differences in the
province trends that caused a downward bias in our estimated impact
(Amuedo-Dorantes et al., 2021).2%°! In Panel B, the estimates were
obtained without clustering at the province level and without province
trends. In this case, we were able to observe a significant impact on both
pandemic outcomes. We prefer to be conservative and present all our

2% The extension of the impact has been made only for comparison with prior
literature.

30 An analysis of the R? resulting from regressions with/without province-
specific time trends shows that by additionally controlling by province-
specific time trends, we could account for about 14.8% points more of the
variance of the COVID-19 cases per 100,000 inhabitants. The R? of that
regression without the province-specific linear trends yielded an R* of 0.552,
and after adding the province-specific trends, an increase in the R? to 0.707 was
obtained.

31 Amuedo-Dorantes et al. (2021) showed clear differential Spanish regional
trends in the pandemic’s outcomes among regions when the nationwide lock-
down was implemented. Province-specific linear trends accounted for these
different trends in our analysis.
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estimation clustering at the province level to account for any
within-province correlation in the error terms.

In Table A2, we consider alternative time windows from incubation
to diagnosis by considering the effect of the mass gathering events since
March 13 and 18 (five and 10 days after the March 8 gatherings) in
columns (1) and (2). The time windows from incubation to deaths were
also extended considering the impact since March 18 and 25 in columns
(3) and (4). Our findings did not change substantially. A positive and
significant impact on reported cases but not on reported deaths can be
seen. The non-significant estimates on deaths could be due to a failure in
the measurement of deaths derived from COVID-19. This finding would
be problematic in our analysis if related deaths were higher in areas in
which authorities know there have been larger gatherings. Since some
authors point to excess mortality as the most reliable measure of the
harshness of the pandemic, we repeated the analysis considering excess
mortality as a dependent variable (Armillei et al., 2021; Michelozzi
et al., 2020). In Spain, excess mortality is estimated by the National
Epidemiology Centre using a moving average model. Daily registered
deaths are compared with the number of deaths in the same day ( + 3
days) in the last 10 years. Unfortunately, these estimates are available
only at the NUTS 2 regional level. Results presented in Table A3 provide
additional evidence on the non-significant impact of the mass gathering
events on deaths using the excess mortality. This finding is in line with
Carlin et al. (2021), who also found a non-significant impact of atten-
dance rates on deaths for certain sporting events. However, those esti-
mates should be viewed with caution since information on excess
mortality is not available at the province level.

Tables A4 and A5 report the point estimates after changing the main
sample by extending/reducing a week in the sample, by reducing the
sample until March 31, and by excluding Madrid (the hardest-hit
Spanish province in the first wave in absolute numbers of cases and
deaths). The results after extending the sample should be viewed with
caution because of the change by Spanish authorities in the COVID-19
data collection method that disrupts the pandemic’s outcome series by
April 17 (Amuedo-Dorantes et al., 2021). In any case, it is reassuring that
both extending and reducing the sample did not alter our conclusions
concerning a positive and significant effect of the attendance rate on
reported COVID-19 cases per 100,000 inhabitants. The exclusion of
Madrid (Table A5) yielded similar conclusions. One standard deviation
increase in the attendance rate implies a significant increase of 2.8 (3.1
with Madrid) in daily reported COVID-19 cases per 100,000 inhabitants
(20% and 21%, with Madrid, of the post-effect standard deviation).

4.3. Identification

4.3.1. Event-study

Economic incentives for risk-avoiding behaviors by nonparticipants
in mass gathering events may play a compensating role (Dave et al.,
2020).% In the Spanish situation, while admittedly some degree of risk
avoiding-behavior occurred because of the decrease in the number of
participants in the Women’s Day marches in comparison to the previous
year, our concern in this case was limited to whether that behavior was
random across the regions. What matters in terms of inference purposes
is the possible endogeneity with regard to the pandemic’s outcomes of
interest. To address this issue, we conducted an event study for each of
the pandemic’s outcomes (reported cases and deaths) that could reveal
biases caused by reverse causality and/or voluntary precautions
(Goodman-Bacon and Marcus, 2020). This process also allowed us to
gauge whether or not any impact of the mass gathering events on the
pandemic’s outcomes predated the expected diagnosis (death) dates
after exposure to COVID-19 in the mass gathering events. Using a
methodology similar to the work that considered continuous treatment

32 Unexpectedly, the 2020 Black Lives Matter did not reignite the US
community-level COVID-19 growth rate (Dave et al., 2020).

Economics and Human Biology 46 (2022) 101140

4
Il

Coefficient

2
1
—-o—i
—e—
—e—
—e—i

Time passage relative to mass gathering events (6-8 March)

Fig. 3. Identification, event study of COVID-19 cases. Notes: Robust standard
errors are clustered at the province level. Significant at the 5% level;
see Table B1.

variables (Clemens et al., 2018; Goodman-Bacon, 2018), the event-study
model is defined as shown below:

-2 37
Yp, :Atléndéﬂsydn.hﬁix |: Z Ty 1 {t*tMarCh76 = 1‘} -+ Zp, 1 {[*tMan}hiﬁ 1‘}:|
r=-9 r=0
i +0,+Ey (2)

in which Y}, represents the outcome (COVID-19 cases or deaths per

100,000 inhabitants) in province p at date t. The variation in the number

arch6—8

of attendees is captured in Attendees, , which gauges the atten-

dance rate. Pre/post treatments are defined by dummy variables
1{t —tMarch-6 — 11 that measure the time relative to the first day that the
mass gathering event took place (March 6). The reference period in all
event studies was taken as the period before the event occurred, when
r = — 1, which normalizes to zero the estimates of 7, and p, on that
specific event day. The coefficients of interest, 7, and p,, gauge the
relationship (covariate-adjusted) between the pandemic’s outcomes and
the attendance rate in the nine days leading up to the mass gathering
events under consideration here and the days that followed. The 7, are
falsification tests that detect the relationship between the attendance
rate and the pandemic’s outcomes before the mass gathering events
existed. The coefficients p, capture the effects of the attendance rate on
the pandemic’s outcomes. The estimates will equal zero if attendance
rates have affected the pandemic’s outcomes equally across provinces. If
we are really gauging the effect of the mass gathering events, non-
immediate significant daily effects of the mass gathering events on the
pandemic’s outcomes should have been observed, since a time gap be-
tween exposure or infection and diagnosis/death was noted. This spec-
ification included a set of province fixed effects, province-specific linear
time trends, month fixed effects, and day of the week fixed effects (x,, 6,)
that control for unincorporated factors that could potentially affect the
pandemic’s outcomes. Since the incorporation of date-fixed effects is not
possible in this specification, the post-event coefficients may be biased
because they incorporated differences in the temporal evolution of the
pandemic. The longer the post-event time period was, the more possible
composition changes in the groups may have affected our estimates.
Event-study estimates are presented in Figs. 3-4. No evidence of the
existence of significant differential pre-trends was found, strongly sup-
porting the assumption of no pre-trends in both reported cases and
deaths. This finding is in line with the lack of regional differences
observed in the mobility patterns before the nationwide lockdown
(Amuedo-Dorantes et al., 2021). Post-event coefficients cannot be
clearly different from zero until March 18 (12 days after March 6) for
reported cases (10 days after the mass gathering events, which coincided
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Fig. 4. Identification, event study on COVID-19 deaths. Notes: Robust standard
errors are clustered at the province level. Significant at the 5% level;
see Table B1.

Table 2
Identification: Placebo regressions.
@™ (2) 3 4
D.V.: Reported Cases Reported Deaths
Effect Since (Post Period): March 15  March 22 March 22 March 29
% Attendees -0.017 -0.007 -0.001 0.001
(0.468) (0.497) (0.067) (0.051)
Observations 2350 2350 2350 2350
For all
Province FE Yes Yes Yes Yes
Date FE Yes Yes Yes Yes
Province-specific linear trends  Yes Yes Yes Yes

Notes: The dependent variable (D.V.) in columns (1) and (2) is defined as
COVID-19 cases per 100,000 inhabitants at the province level from February 26
to April 12 2020 (mean: 8.15; S.D.: 12.97). The D.V. in columns (3) and (4) is
defined as COVID-19 deaths per 100,000 inhabitants at the province level from
February 26 to April 12 2020 (mean: 0.76; S.D.: 1.33). Bootstrap coefficients and
standard errors are derived from 2000 placebo regressions of Eq. (1). In each
replication, robust standard errors are clustered by province. * ** Significant at
the 1% level, * * Significant at the 5% level, * Significant at the 10% level.

with the average four to five days of incubation to symptom onset [CDC,
20211]) plus six days to diagnosis (Redondo-Bravo et al., 2020) and until
March 21 for reported deaths. The unexpected lockdown implemented
nationwide in Spain also provided a quasi-random experiment in this
setting to gauge the effectiveness of this kind of stringent social distance
measure in mitigating the effect of mass gathering events on the spread
of the virus. As can be seen, by March 24-25, the estimated coefficients
began to decrease in magnitude (10 days after the nationwide lock-
down), signaling a decrease in the spread of COVID-19 generated by the
mass gathering events.’®> These results reinforce our findings that
participation in the mass gathering events can be strongly associated
with increases in the pandemic’s outcomes, especially in terms of re-
ported cases.

33 Our findings were similar after running the event study with the excess
mortality in Fig. B2.

3% We reran the event study following the methodology proposed by de
Chaisemartin and D’Haultfceuille (2020), although this method did not allow us
to multiply the pre-event variables by the % attendees (dosage). Results were
qualitatively similar as pre-trends were not detected. We observed a statistically
significant impact of the attendance rates on reported cases from March 18-26
and evidence of some statistically significant impact on reported deaths, but for
a short period of time (March 21 and 22); see Fig. B3.
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Table 3

Mechanisms #1: Sports events vs. Women’s Day marches, COVID-19 cases and
deaths response to the variation in the attendees to mass gathering events
(March 6-8).

@ 2 3 (O]

PANEL A: % Attendees by Mass Gathering Event type (Sports vs. Women’s Day
Marches)

D.V.: Reported Cases Reported Deaths
Effect Since (Post Period): March March March March
15 22 22 29
% Attendees to sport events 1.736* 0.934 -0.033 -0.002
(0.927) (1.033) (0.096) (0.068)
% Attendees to Women'’s Day 1.767** 3.024%** 0.119 0.019
Marches
(0.797) (0.698) (0.118) (0.047)
Observations 2350 2350 2350 2350
R-squared 0.707 0.708 0.685 0.684
PANEL B: Including other sport events from February 20
% Attendees to sport events 1.401 1.147 0.078 0.054
(March 6-8)
(1.190) (1.454) (0.096) (0.056)
% Attendees to Women'’s Day 1.579* 3.144%** 0.181 0.050
Marches
(0.789) (0.791) (0.128) (0.039)
% Attendees to other sport 0.345 -0.220 -0.114%* -0.058*
events
(0.486) (0.634) (0.048) (0.033)
Observations 2350 2350 2350 2350
R-squared 0.708 0.708 0.687 0.685

PANEL C: Dummy for having had a match in the province (March 6-8)

Having a match 2.882 -1.080 -0.394 -0.165
(1.830) (1.746) (0.246) (0.188)
% Attendees to Women'’s Day 2.084* 3.250%** 0.120 0.022
Marches
(1.140) (0.844) (0.100) (0.052)
Observations 2350 2350 2350 2350
R-squared 0.706 0.708 0.686 0.685
In the Post Period
D.V. Mean 12.75 14.73 1.51 1.64
D.V. Standard Deviation 14.63 15.78 1.61 1.61
For all
Province FE Yes Yes Yes Yes
Date FE Yes Yes Yes Yes
Province-specific linear trends Yes Yes Yes Yes

Notes: The dependent variable (D.V.) in columns (1) and (2) is defined as
COVID-19 cases per 100,000 inhabitants at the province level from February 26
to April 12, 2020 (mean: 8.15; S.D.: 12.97). The D.V. in columns (3) and (4) is
defined as COVID-19 deaths per 100,000 inhabitants at the province level from
February 26 to April 12, 2020 (mean: 0.76; S.D.: 1.33).). The post-period sum-
mary statistics for the D.V. are measured since March 15, 22, and 29 in each
corresponding column. Panel A incorporates as the main explanatory variables
the % attendees to mass gathering events over total population at province level
by type of event (major sports events including First and Second Division foot-
ball (soccer) matches and ACB basketball matches (mean: 0.84; S.D.: 1.31) and
Women'’s Day marches (mean: 1.44; S.D.: 1.00)). We estimate Eq. (1) separating
the main explanatory variable by mass gathering event type. Panel B adds as the
main explanatory variables the % attendees to mass gathering sports events over
total population at province level from February 20 (excluding those incorpo-
rated into the events that occurred during March 6-8). Panel C introduces a
dummy case for having had a match in the province (March 6-8). We estimate
Eq. (1) separating the main explanatory variable by mass gathering event type.
Robust standard errors are clustered at the province level and reported in pa-
rentheses. * ** Significant at the 1% level, * * Significant at the 5% level,
* Significant at the 10% level.

4.3.2. Placebo regressions

Since our analysis exploited geographical differences in attendance
rates at the mass gathering events, we can test whether the estimated
coefficients presented in Table 1 are significantly different from what
may be generated with a random variation of the dosage. Thus, from
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Table 4
Mechanisms #2: Impact of % attendees depending on socioeconomic variables, COVID-19 cases and deaths response to the variation in the attendees to mass gathering
events (March 6-8).

@™ 2) 3) “@
PANEL A: Above/Below the mean GDP per capita
D.V.: Reported Cases Reported Deaths
Effect Since (Post Period): March 15 March 22 March 22 March 29
% Attendees (1) 0.397 0.680 -0.122 -0.039
(0.783) (0.898) (0.139) (0.067)
% Attendees x Province above the mean (2) 1.261 0.989 0.138 0.042
(0.769) (0.788) (0.119) (0.052)
R-squared 0.708 0.708 0.685 0.684
p-value (1)+ (2)=0 0.0048 0.0059 0.7906 0.9570
PANEL B: Above/Below the mean population density
% Attendees (1) 1.655 ** 1.924 = 0.048 0.031
(0.674) (0.663) (0.064) (0.059)
% Attendees x Province above the mean (2) 0.398 -0.792 -0.095 -0.106
(0.948) (0.655) (0.092) (0.079)
R-squared 0.708 0.708 0.685 0.685
p-value (1)+ (2)=0 0.0355 0.0874 0.6249 0.4322

PANEL C: Above/Below the mean share of employment in the service sector

% Attendees (1) 1.811 *** 2.126 *** 0.028 0.025
(0.576) (0.604) (0.070) (0.061)
% Attendees x Province above the mean (2) -0.188 -1.147 * -0.009 -0.056
(0.824) (0.668) (0.079) (0.066)
R-squared 0.708 0.708 0.684 0.685
p-value (1)+ (2)=0 0.0623 0.1458 0.7755 0.6840

PANEL D: Above/Below the mean share of population with college over working age population (aged 16-64)

% Attendees (1) 2.453 ** 2.835* 0.016 0.053
(1.017) (1.431) (0.181) (0.058)
% Attendees x Province above the mean (2) -0.715 -1.110 0.010 -0.048
(0.895) (1.152) (0.149) (0.051)
R-squared 0.708 0.708 0.684 0.684
p-value (1)+ (2)=0 0.0031 0.0017 0.6660 0.9193

PANEL E: Above/Below the mean of physicians per 1000 individuals

% Attendees (1) 0.411 0.246 -0.327 *** 0.013
(0.620) (0.595) (0.101) (0.078)
% Attendees x Province above the mean (2) 1.254 ** 1.400 ** 0.331 *** -0.007
(0.610) (0.555) (0.088) (0.065)
R-squared 0.708 0.708 0.687 0.684
p-value (1)+ (2)=0 0.0046 0.0061 0.9518 0.9040

PANEL F: Above/Below the mean share of population + 65

% Attendees (1) 2.299 *** 1.393 ** -0.008 -0.077
(0.488) (0.660) (0.060) (0.047)
% Attendees x Province above the mean (2) -0.965 0.607 0.059 0.145 ***
(0.691) (0.763) (0.077) (0.043)
R-squared 0.708 0.707 0.685 0.686
p-value (1)+ (2)=0 0.0563 0.0188 0.4904 0.1458

PANEL G: Above/Below the mean share of foreign population

% Attendees (1) 1.442 = 1.857 ** 0.008 0.068
(0.722) (0.861) (0.081) (0.045)
% Attendees x Province above the mean (2) 0.631 -0.242 0.037 -0.128 ***
(0.739) (0.737) (0.082) (0.048)
R-squared 0.708 0.707 0.685 0.686
p-value (1)+ (2)=0 0.0004 0.0036 0.5167 0.2392
In the Post Period
D.V. Mean 12.75 14.73 1.51 1.64
D.V. Standard Deviation 14.63 15.78 1.61 1.61
For all
Observations 2350 2350 2350 2350
Province FE Yes Yes Yes Yes
Date FE Yes Yes Yes Yes
Province-specific linear trends Yes Yes Yes Yes

Notes: The dependent variable (D.V.) in columns (1) and (2) is defined as COVID-19 cases per 100,000 inhabitants at the province level from February 26 to April 12,
2020 (mean: 8.15; S.D.: 12.97). The D.V. in columns (3) and (4) is defined as COVID-19 deaths per 100,000 inhabitants at the province level from February 26 to April
12, 2020 (mean: 0.76; S.D.: 1.33).). The post-period summary statistics for the D.V. are measured since March 15, 22, and 29 in each corresponding column. The main
explanatory variable is the % attendees to mass gathering events over total population at province level, including major sports events (First and Second Division
football (soccer) matches and ACB basketball matches) and Women’s Day marches (mean: 2.29; S.D.: 1.79). We estimate Eq. (1). Robust standard errors are clustered at
the province level and reported in parentheses. * ** Significant at the 1% level, * * Significant at the 5% level, * Significant at the 10% level.
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Table 5
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Mechanisms #3: Impact of % attendees depending on weather and location variables, COVID-19 cases and deaths response to the variation in the attendees to mass

gathering events (March 6-8).

@™ ) 3) “@
PANEL A: Above/Below the mean annual temperature
D.V.: Reported Cases Reported Deaths
Effect Since (Post Period): March 15 March 22 March 22 March 29
% Attendees (1) 1.792 *¥* 1.865 *** 0.040 0.006
(0.603) (0.573) (0.063) (0.053)
% Attendees x Province above the mean (2) -0.528 -1.499 ** -0.176 * -0.005
(0.695) (0.583) (0.098) (0.057)
R-squared 0.708 0.708 0.686 0.684
p-value (1)+ (2)=0 0.0582 0.5476 0.2358 0.9867
PANEL B: Above/Below the mean annual precipitation
% Attendees (1) 1.399 2.014 0.057 0.069
(1.154) (1.317) (0.121) (0.079)
% Attendees x Province above the mean (2) 0.436 -0.343 -0.039 -0.079
(1.001) (1.033) (0.101) (0.069)
R-squared 0.708 0.707 0.685 0.685
p-value (1)+ (2)=0 0.0013 0.0015 0.7123 0.8266
PANEL C: Above/Below the mean annual relative air humidity
% Attendees (1) -0.407 -0.045 -0.159 0.039
(0.547) (0.645) (0.114) (0.094)
% Attendees x Province above the mean (2) 2.307 *** 1.911 * 0.197 * -0.036
(0.608) (0.625) (0.100) (0.074)
R-squared 0.711 0.709 0.687 0.684
p-value (1)+ (2)=0 0.0002 0.0004 0.5337 0.9454
PANEL D: Above/Below the mean annual sunny hours
% Attendees (1) 1.906 *** 1.910 *** 0.047 0.001
(0.472) (0.483) (0.066) (0.049)
% Attendees x Province above the mean (2) -1.797 ** -1.935 *** -0.239 ** 0.059
(0.672) (0.555) (0.097) (0.070)
R-squared 0.710 0.709 0.688 0.685
p-value (1)+ (2)=0 0.8627 0.9615 0.0865 0.5054
PANEL G: Dummy for provinces located in the Spanish coast
% Attendees (1) 1.844 *xx* 1.962 *** 0.075 0.013
(0.638) (0.650) (0.075) (0.056)
% Attendees x Province above the mean (2) -0.485 -1.113 -0.246 ** -0.036
(0.612) (0.725) (0.097) (0.055)
R-squared 0.708 0.708 0.688 0.684
p-value (1)+ (2)=0 0.0025 0.2739 0.1379 0.7400
In the Post Period
D.V. Mean 12.75 14.73 1.51 1.64
D.V. Standard Deviation 14.63 15.78 1.61 1.61
For all
Observations 2350 2350 2350 2350
Province FE Yes Yes Yes Yes
Date FE Yes Yes Yes Yes
Province-specific linear trends Yes Yes Yes Yes

Notes: The dependent variable (D.V.) in columns (1) and (2) is defined as COVID-19 cases per 100,000 inhabitants at the province level from February 26 to April 12,
2020 (mean: 8.15; S.D.: 12.97). The D.V. in columns (3) and (4) is defined as COVID-19 deaths per 100,000 inhabitants at the province level from February 26 to April
12, 2020 (mean: 0.76; S.D.: 1.33).). The post-period summary statistics for the D.V. are measured since March 15, 22, and 29 in each corresponding column. The main
explanatory variable is the % attendees to mass gathering events over total population at province level, including major sports events (First and Second Division
football (soccer) matches and ACB basketball matches) and Women’s Day marches (mean: 2.29; S.D.: 1.79). We estimate Eq. (1). Robust standard errors are clustered at

the province level and reported in parentheses. * ** Significant at the 1% level, * * Significant at the 5% level, * Significant at the 10% level.
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actual data, we used randomly distributed attendance rates across
provinces (a random draw without replacement) and then re-estimated
Eq. (1) for both pandemic-related outcomes with these random atten-
dance rates. We repeated this exercise 2000 times, which yielded a large
number of different estimates of the coefficients.>> From these 2000
replications, we were able to obtain the bootstrap average and standard
deviation of all coefficients. The results are reported in Table 2 and
should be compared with those obtained in Table 1 using the actual
attendance rates by province. Random attendance rates led to no sig-
nificant effect (and quite close to zero) on pandemic outcomes and, more
importantly, standard errors are far from those obtained in Table 1,
which indicates that the point estimates in Table 1 are significantly far
from the distribution of the placebo estimates. Thus, the estimates
shown in Table 1 appear to be gauging the effect of the mass gathering
events on pandemic outcomes.

4.3.3. Adding province variables

The existence of unmeasured factors that could be related to both
COVID-19 outcomes and attendance rates could threaten the validity of
our identification strategy. The evolution of COVID-19 outcomes has
been suggested to be associated with several variables varying across
regions/countries (Armillei et al., 2021). To mitigate the possible con-
cerns about confounding from omitted variables, we demonstrated that
the attendance rate was not related to various observables characteris-
tics at the provincial level that have been suggested to have an impact on
COVID-19 outcomes (Armillei et al., 2021; Basellini and Camarda,
2021); see Table D1. We included the GDP per capita, population den-
sity, employment in the service sector, population with college degree,
physicians’ rate over population, rate of the elderly population, foreign
population rate, four weather variables (average annual temperature,
average annual precipitation, average annual relative air humidity, and
average annual sunny hours), and a location variable capturing whether
the province is located on the coast as a measure of such confounders.>°
Only a marginally significant association (at the 10% level) was found
with the GDP per capita, the variable measuring the employment in the
service sector, and the share of elder population. This finding suggests
that omitted variables issues were not an important concern in our
analysis. In any case, we incorporated all of them as controls in
Table D2. Controlling for all those province-level characteristics did not
alter our main conclusions. With respect to the additional controls, our
findings are in line with those of Basellini and Camarda (2021), whose
findings underscore the importance of socio-economic and demographic
factors across regional areas of the study of a pandemic. This comparison
provided additional evidence on the validity of our analysis.

5. Mechanisms at play: Mass gathering event type, pre-March
6-8 events, and other observable characteristics at the province
level

Thus far, our findings support a robust and positive impact of
attendance rates at mass gathering events on COVID-19 cases. To assess
whether the observed impacts were amplified/reduced depending on
the mass gathering event type and by other factors, we differentiated
three possible mechanisms at work: (1) Women’s Day marches versus
sporting events, (2) socio-economic variables, and (3) weather and
geographical locations.

Being aware of the finding that some of the major events considered
in these cases occurred in the same cities with only one day of difference,
the analysis of their possible separate impact on the pandemic’s out-
comes should be viewed with caution. Panel A in Table 3 extends the

35 In Fig. C1, we report the empirical distribution of the 2000 estimated co-
efficients for each of the pandemic’s outcomes in the placebo regressions.

36 See a detailed description of the definition and sources of these variables in
Table D1.
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model presented in Eq. (1), separating the main explanatory variable by
mass gathering type (Women’s Day marches versus sporting events). It
can clearly be observed that Women’s Day marches acted as super-
spreader events. The evidence on the impact of sports events is not so
clear. Focusing on column (1), we observe a marginally significant
positive impact of the sports events but not statistically different from
that obtained in the Women’s Day marches (p-value 0.9812). However,
the significant impact of the sports events on reported cases is not
maintained when the time that elapses from incubation to diagnosis
ranges to March 22. With respect to deaths, we observe only positive
coefficients (although non-significant) in the case of the attendance rates
at marches; sports events do not appear to have significantly increased
deaths (and even coefficients were close to zero) as indicated by the
reported deaths in columns (3) and (4). Thus, it can be argued that
differences exist in the spread of COVID-19, depending on the mass
gathering event type.

We also explored whether pre-March 6-8 events had any role,
following Carlin et al. (2021). To assess this issue, we have incorporated
sports events from February 20 in Panel B of Table 3. Women’s Day
marches still matter, and the pre-events do not significantly increase the
reported cases. We then studied whether attendance rates rather than
the number of games or having a match were the routes through which
the transmission occurred. Distinguishing among the number of game-
s/having a match and the attendance rate may not matter in a setting
with, for example, little variation in the number of available seats (or
attendance) across sports events, but in our case, this difference was an
important issue. For example, in Vitoria, around 5% of the population
participated in two sporting events, whereas in Madrid, 1.6% of the
province’s population participated in six events. Because of the small
variation in the number of games per province, with the exception of
Madrid (but our results were robust with respect to its exclusion), we
opted for inclusion of a dummy variable that captured whether or not a
match was held in a province. The estimated coefficient on that dummy
was negative even in some of the specifications of Panel C. Thus, what
appears to matter is the attendance rate rather than just having a game.

From that point onward, we expanded the possible mechanisms at
play, including data on several socio-economic, weather, and
geographical location variables at the province level, which are included
as controls in Table D2. Our estimations are reported in Tables 4 and 5.
To lessen the possibility of those possible channels being interpreted as
amplifying/reducing the effect of the attendance rate, we concentrated
on provinces above/below the mean value of each of these extra chan-
nels. Instead of describing events one by one, we focused our attention
on the two mechanisms at play that appeared to have mattered. Those
estimates should satisfy two conditions: (1) significant differences of the
attendance rate impact among provinces above/below the mean of each
extra covariate should exist, and (2) the estimates should be statistically
significant. Taking these conditions into consideration, we found that
the rate of physicians per 1000 inhabitants significantly amplified the
impact of the attendance rate in those provinces above the mean rate of
physicians per 1000 inhabitants, but this was not detected in the case of
those provinces below the mean. This finding may simply have reflected
a better possibility of a person being tested because of residing in a
province with high expenditures in the healthcare system.>” However, it
could also indicate that the higher the number of physicians, the higher
the likelihood of spreading the virus in those provinces with high
attendance rates, given that 20% of the reported cases during the first
wave were physicians (Redondo-Bravo et al., 2020). The other channel
amplifying the spread of the virus associated with attendance at mass
gathering events was the relative air humidity. The impact of the

57 The number of physicians included all the physicians working in both the
public and private sectors.
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attendance rate was amplified in those provinces having high relative air
humidity.38 The evidence on the importance of humidity for the spread
of COVID-19 was mixed, but some works pointing to a possible positive
correlation have been published (Ganegoda et al., 2021).%°

6. Conclusions

In this paper, we estimated the impact of mass gathering events on
the COVID-19 pandemic’s outcomes (cases and deaths). Specifically, by
exploiting the geographical variation in the pre-pandemic planned mass
gathering events and the variation in their attendance, we demonstrated
that 31% of the average daily reported COVID-19 cases per 100,000
inhabitants between mid-March and early April 2020 could be explained
by participation in the major events that took place from March 6 to
March 8, 2020. A back-of-the-envelope calculation suggested that this
finding implies almost five million euros (169,000 euros/daily) of
additional economic costs in the healthcare system of a typical province
with one million inhabitants in the period under consideration or 230
million euros for the entire country. Identification checks support a
plausibly exogenous variation of our explanatory variables, and
robustness checks confirm the reliability of our estimates.

Although many of the social distancing measures, such as lockdowns,
business closures, and school closures, varied over time depending on
the intensity of COVID-19 in each country/region, the mass gathering
event bans were maintained over longer periods of time.*’ A key
concern of policymakers regarding mass gatherings during the COVID-
19 pandemic was the increased risk of transmission of contagious in-
fections as a result of large numbers of people in close contact for
extended periods of time. Consistent with the observational epidemio-
logical evidence, we presented evidence to support this concern as well
as the economic costs in an early stage of the pandemic. Our findings
evaluating the risks associated with a mass gathering event, especially in
the early stages of virus transmission, highlight that public health au-
thorities must cancel or postpone mass gathering events during future
pandemics.

CRediT authorship contribution statement

Conceptualization: 50% Rafael Gonzalez-Val and 50% Miriam
Marcén. Data curation: 50% Rafael Gonzdlez-Val and 50% Miriam
Marcén. Formal analysis: 50% Rafael Gonzalez-Val and 50% Miriam
Marcén. Funding acquisition: 50% Rafael Gonzalez-Val and 50% Miriam
Marcén. Investigation: 50% Rafael Gonzalez-Val and 50% Miriam
Marcén, Methodology: 50% Rafael Gonzalez-Val and 50% Miriam
Marcén, Project administration: 50% Rafael Gonzalez-Val and 50%

38 This finding should be viewed with caution since we used the average
annual data at the province level for the weather conditions.

39 Some economic evidence exists that the expansion of transportation net-
works caused an increase in the spread of viral diseases (Adda, 2016). We
examined whether or not this process was really a route for the spread of the
virus associated with the mass gathering events. We assessed the role of public
transportation in the amplification of the effect of the mass gathering events on
the spread of COVID-19 by exploiting the differences in the number of under-
ground/metro travelers by province (Source: INE (Spanish Statistical Office)).
Because no available data could be found on other public transportation at the
province level (bus passengers are only available at the NUTS 2 region level),
we preferred to include this analysis in the Appendix. As can be seen in
Table A6, this kind of public transportation does not appear to play a role in
amplifying the impact of the mass gathering events. These estimates should be
interpreted with caution because we are using average annual data on travelers
from 2019, which may not coincide with the specific dates of March 6-8, 2020.
Moreover, note that only seven cities in Spain have a metro/underground
network (Barcelona, Bilbao, Madrid, Mélaga, Palma, Sevilla, and Valencia).

40 See a review of social distancing measures in COVID-19 Health Systems
Response Monitor in https://www.covid19 healthsystem.org/mainpage.aspx.

12

Economics and Human Biology 46 (2022) 101140

Miriam Marcén, Resources: 50% Rafael Gonzalez-Val and 50% Miriam
Marcén, Software: 50% Rafael Gonzélez-Val and 50% Miriam Marcén,
Supervision: 50% Rafael Gonzalez-Val and 50% Miriam Marcén, Vali-
dation: 50% Rafael Gonzalez-Val and 50% Miriam Marcén, Visualiza-
tion: 50% Rafael Gonzalez-Val and 50% Miriam Marcén, Roles/Writing -
original draft: 50% Rafael Gonzalez-Val and 50% Miriam Marcén,
Writing - review & editing: 50% Rafael Gonzélez-Val and 50% Miriam
Marcén.

Funding

The authors acknowledge support from the Spanish Ministerio de
Ciencia e Innovacién and Agencia Estatal de Investigaciéon, MCIN/AEl/
10.13039/501100011033 (grant number: PID2020-114354RA-100),
Gobierno de Aragén (ADETRE research group) and European Regional
Development Fund (ERDF).

Acknowledgements

Comments received from two anonymous referees have improved
the version originally submitted. All remaining errors are ours.

Appendix

See Tables A1-A6.

Table Al
Robustness checks #1: Replication of Table 1 excluding province-specific linear
trends and without clustering.

(€Y] (2

PANEL A: Excluding Province-specific linear trends

(3) 4

D.V.: Reported Cases Reported Deaths
Effect Since (Post Period): March 15 March22 March22  March 29
% Attendees 1.477 ** 1.409 ** 0.098 0.094
(0.650) (0.682) (0.069) (0.063)
Observations 2350 2350 2350 2350
R-squared 0.552 0.551 0.536 0.535
PANEL B: Without clustering
% Attendees 1.477 *** 1.40Q9 *** 0.098 ***
(0.229) (0.272) (0.025) (0.031)
Observations 2350 2350 2350 2350
R-squared 0.552 0.551 0.536 0.535
In the Post Period
D.V. Mean 12.75 14.73 1.51 1.64
D.V. Standard Deviation 14.63 15.78 1.61 1.61
For all
Province FE Yes Yes Yes Yes
Date FE Yes Yes Yes Yes
Province-specific linear No No No No
trends

Notes: The dependent variable (D.V.) in columns (1) and (2) is defined as
COVID-19 cases per 100,000 inhabitants at the province level from February 26
to April 12, 2020 (mean: 8.15; S.D.: 12.97). The D.V. in columns (3) and (4) is
defined as COVID-19 deaths per 100,000 inhabitants at the province level from
February 26 to April 12, 2020 (mean: 0.76; S.D.: 1.33).). The post-period sum-
mary statistics for the D.V. are measured since March 15, 22, and 29 in each
corresponding column. Both panels incorporate as the main explanatory vari-
able the % attendees to mass gathering events over total population at province
level, including major sports events (First and Second Division football (soccer)
matches and ACB basketball matches) and Women’s Day marches (mean: 2.29;
S.D.: 1.79). We estimate Eq. (1). Robust standard errors are clustered at the
province level and reported in parentheses in Panel A. * ** Significant at the 1%
level, * * Significant at the 5% level, * Significant at the 10% level.
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Table A2
Robustness checks #2: Replication of Table 1 changing the post-period effect.
m ) 3) “@
D.V.: Reported Cases Reported Deaths
Effect Since (Post Period): March 13 March 18 March 18 March 25
% Attendees 1.353 *** 2.328 *** 0.073 -0.020
(0.500) (0.772) (0.056) (0.058)
Observations 2350 2350 2350 2350
R-squared 0.706 0.710 0.685 0.684
In the Post Period
D.V. Mean 12.14 13.78 1.34 1.60
D.V. Standard Deviation 14.37 15.03 1.55 1.61
For all
Region FE Yes Yes Yes Yes
Date FE Yes Yes Yes Yes
Region-specific linear trends Yes Yes No No

Notes: The dependent variable (D.V.) in columns (1) and (2) is defined as COVID-19 cases per 100,000 inhabitants at the province level from February 26 to April 12,
2020 (mean: 8.15; S.D.: 12.97). The D.V. in columns (3) and (4) is defined as COVID-19 deaths per 100,000 inhabitants at the province level from February 26 to April
12, 2020 (mean: 0.76; S.D.: 1.33).). The post-period summary statistics for the D.V. are measured since March 13, 18, and 25 in each corresponding column. The main
explanatory variable is the % attendees to mass gathering events over total population at province level, including major sports events (First and Second Division
football (soccer) matches and ACB basketball matches) and Women’s Day marches (mean: 2.29; S.D.: 1.79). We estimate Eq. (1). Robust standard errors are clustered at
the province level and reported in parentheses. * ** Significant at the 1% level, * * Significant at the 5% level, * Significant at the 10% level.

Table A4
Robustness checks #4: Replication of Panel A in Table 1 extending/reducing a
week in the sample and cutting the sample at March 31.

@™ ) 3) @
PANEL A: Sample from February 26-19 April 2020
D.V.: Reported Cases Reported Deaths
Effect Since (Post Period): March 15 March 22 March March
22 29
% Attendees 2.001 *** 2.045 *** 0.059 0.011
(0.695) (0.719) (0.077) (0.052)
Table A3 Observations 2700 2700 2700 2700
Robustness checks #3: Replication of Panel A in Table 1 (columns (3) and (4)) R-squared 0.674 0.673 0.630 0.630
changing the D.V. with/without region-specific linear trends and clustering. In the Post Period
D.V. Mean 12.34 13.74 1.44 1.50
M @ @ “® D.V. Standard Deviation 14.31 15.22 1.58 1.57
D.V.: Excess Mortality Excess Mortality
(Region level) (Region level)
i X PANEL B: Sample from February 26-5 April 2020
Effect Since (Post Period): March 22  March 29 March 22 March 29 % Attendees 1.181 ##+* 1.436 *+* 0.000 0.020
% Attendees 0.155 0.069 0.155 0.069 (0.271) (0.456) (0.055) (0.056)
(0.426) (0.170) (0.116) (0.115) Observations 2000 2000 2000 2000
Observations 799 799 799 799 R-squared 0.737 0.738 0.721 0.721
R-squared 0.821 0.821 0.821 0.821 In the Post Period
In the Post Period D.V. Mean 12.94 15.93 1.50 1.73
D.V. Mean 2.56 2.59 2.56 2.59 D.V. Standard Deviation 14.44 15.91 1.63 1.64
D.V. Standard Deviation 2.58 2.48 2.58 2.48
For flll PANEL C: Sample from February 26-31 March 2020
Reglon FE Yes Yes Yes Yes % Attendees 0.482 * 1.348 ***  0.005 0.079
Dat§ FE - Yes Yes Yes Yes (0.273) (0.427) (0.061) (0.094)
Region-specific linear trends  Yes Yes No No Observations 1750 1750 1750 1750
Notes: The dependent variable (D.V.) in columns (1) to (4) is defined as excess R-squared 0.733 0.736 0.703 0.704
mortality per 100,000 inhabitants at the NUTS 2 region level (not available at the In the Post Period
province level) from February 26 to April 12, 2020 (mean: 1.30; S.D.: 2.21; Source gz g/leaz 4 Deviati 1;23 iggi 1?; 1;?
MoMo). The post-period summary statistics for the D.V. are measured since F(;r 'alltan ard Deviation ’ ’ ’ ’
March 22, and 29 in each corresponding column. The main explanatory variable Province FE Yes Yes Yes Yes
is the % attendees to mass gathering events over total population at province Date FE Yes Yes Yes Yes
level, including major sports events (First and Second Division football (soccer) Province-specific linear Yes Yes Yes Yes
matches and ACB basketball matches) and Women’s Day marches (mean: 2.37; trends

S.D.: 1.28). We estimate Eq. (1). Robust standard errors are clustered at the
region level and reported in parentheses in columns (1) and (2). * ** Significant
at the 1% level, * * Significant at the 5% level, * Significant at the 10% level.

Notes: The dependent variable (D.V.) in columns (1) and (2) is defined as
COVID-19 cases per 100,000 inhabitants at the province level. The D.V. in col-
umns (3) and (4) is defined as COVID-19 deaths per 100,000 inhabitants at the
province level.). The post-period summary statistics for the D.V. are measured
since March 15, 22, and 29 in each corresponding column. All panels incorporate
as the main explanatory variable the % attendees to mass gathering events over
total population at province level, including major sports events (First and
Second Division football (soccer) matches and ACB basketball matches) and
Women’s Day marches (mean: 2.29; S.D.: 1.79). We estimate Eq. (1). Robust
standard errors are clustered at the province level and reported in parentheses.
* ** Significant at the 1% level, * * Significant at the 5% level, * Significant at
the 10% level.
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Table A5
Robustness checks #5: Replication of Panel A in Table 1 excluding Madrid.
m ) 3 @
D.V.: Reported Cases Reported Deaths
Effect Since (Post Period): March 15 March 22 March 22 March 29
% Attendees 1.582 ** 1.763 *** 0.011 0.022
(0.608) (0.609) (0.057) (0.053)
Observations 2303 2303 2303 2303
R-squared 0.710 0.710 0.678 0.678
In the Post Period
D.V. Mean 12.51 14.53 1.46 1.60
D.V. Standard Deviation 14.58 15.78 1.59 1.61
For all
Province FE Yes Yes Yes Yes
Date FE Yes Yes Yes Yes
Province-specific linear trends Yes Yes Yes Yes

Notes: The dependent variable (D.V.) in columns (1) and (2) is defined as COVID-19 cases per 100,000 inhabitants at the province level from February 26 to April 12,
2020 (mean: 7.97; S.D.: 12.90). The D.V. in columns (3) and (4) is defined as COVID-19 deaths per 100,000 inhabitants at the province level from February 26 to April
12, 2020 (mean: 0.73; S.D.: 1.31).). The post-period summary statistics for the D.V. are measured since March 15, 22, and 29 in each corresponding column. The main
explanatory variable is the % attendees to mass gathering events over total population at province level, including major sports events (First and Second Division
football (soccer) matches and ACB basketball matches) and Women’s Day marches (mean: 2.26; S.D.: 1.80). We estimate Eq. (1). Robust standard errors are clustered at
the province level and reported in parentheses. * ** Significant at the 1% level, * * Significant at the 5% level, * Significant at the 10% level.

Table A6
Additional Mechanisms #1: Transmission inside public transportation (underground/metro) considering metro passengers in 2019 in each capital city.
@™ ) ®3) @
D.V.: Reported Cases Reported Deaths
Effect Since (Post Period): March 15 March 22 March 22 March 29
% Attendees without metro 1.409 * 1.768 ** -0.007 0.040
(0.776) (0.717) (0.068) (0.065)
% Attendees *metro passengers 0.184 -0.016 0.017 -0.018
(0.219) (0.078) (0.017) (0.017)
Observations 2350 2350 2350 2350
R-squared 0.708 0.707 0.685 0.685
In the Post Period
D.V. Mean 12.75 14.73 1.51 1.64
D.V. Standard Deviation 14.63 15.78 1.61 1.61
For all
Province FE Yes Yes Yes Yes
Date FE Yes Yes Yes Yes
Province-specific linear trends Yes Yes Yes Yes

Notes: The dependent variable (D.V.) in columns (1) and (2) is defined as COVID-19 cases per 100,000 inhabitants at the province level from February 26 to April 12,
2020 (mean: 8.15; S.D.: 12.97). The D.V. in columns (3) and (4) is defined as COVID-19 deaths per 100,000 inhabitants at the province level from February 26 to April
12, 2020 (mean: 0.76; S.D.: 1.33).). The post-period summary statistics for the D.V. are measured since March 15, 22, and 29 in each corresponding column. The main
explanatory variable is the % attendees to mass gathering events over total population at province level, including major sports events (First and Second Division
football (soccer) matches and ACB basketball matches) and Women’s Day marches (mean: 2.29; S.D.: 1.79). We estimate Eq. (1) but separate the main explanatory
variable among provinces with/without metro/underground. Only seven cities in Spain have a metro/underground network. Robust standard errors are clustered at
the province level and reported in parentheses. * ** Significant at the 1% level, * * Significant at the 5% level, * Significant at the 10% level.
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See Table B1 Figs. B2, B3 and C1.

Table B1
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Identification #1: Event study on COVID-19 cases and deaths response to the variation in the attendees to mass gathering events (March 6-8).

@D
Reported Cases

(2)
Reported Deaths

9 days before the event x % Attendees
8 days before the event x % Attendees
7 days before the event x % Attendees
6 days before the event x % Attendees
5 days before the event x % Attendees
4 days before the event x % Attendees
3 days before the event x % Attendees
2 days before the event x % Attendees
The day of the event x % Attendees

1 day after the event x % Attendees

2 days after the event x % Attendees
3 days after the event x % Attendees
4 days after the event x % Attendees
5 days after the event x % Attendees
6 days after the event x % Attendees
7 days after the event x % Attendees
8 days after the event x % Attendees
9 days after the event x % Attendees
10 days after the event x % Attendees
11 days after the event x % Attendees
12 days after the event x % Attendees
13 days after the event x % Attendees
14 days after the event x % Attendees
15 days after the event x % Attendees
16 days after the event x % Attendees
17 days after the event x % Attendees
18 days after the event x % Attendees
19 days after the event x % Attendees
20 days after the event x % Attendees
21 days after the event x % Attendees
22 days after the event x % Attendees
23 days after the event x % Attendees
24 days after the event x % Attendees
25 days after the event x % Attendees

26 days after the event x % Attendees

15

-0.057
(0.456)
-0.405
(0.281)
-0.784 ***
(0.291)
-0.392
(0.289)
0.781 *
(0.410)
0.215
(0.276)
0.165
(0.222)
0.236
(0.309)
-0.347 *
(0.182)
0.121
(0.225)
0.500 ***
(0.183)
0.018
(0.215)
0.094
(0.356)
0.409
(0.480)
-0.001
(0.302)
0.005
(0.379)
0.360
(0.354)
0.836 ***
(0.239)
0.251
(0.279)
0.334
(0.374)
1.564 ***

(0.325)
1.682 *+
(0.343)

2.110 *
(0.523)
1.157 *
(0.608)
2.832 ***
(0.427)
4.419 *x*
(0.644)
5.337 ***
(1.095)
5.111 ***
(0.782)
3.793 *x*
(0.498)
4.590 ***
(0.521)
4.453 ***
(1.131)
1.730 ***
(0.367)
3.155 ***
(0.846)
5.304 ***
(1.292)

-0.077 **
(0.029)
-0.063 **
(0.029)
-0.064 *
(0.036)
-0.063 **
(0.029)
0.074 **
(0.037)
0.061 **
(0.024)
-0.001
(0.023)
-0.014
(0.020)
-0.001
(0.023)
-0.000
(0.023)
0.030
(0.026)
0.016
(0.019)
-0.045
(0.030)
-0.055 *
(0.030)
-0.042 **
(0.016)
0.030
(0.068)
0.009
(0.040)
0.017
(0.025)
0.076
(0.058)
-0.025
(0.038)
-0.012
(0.038)
0.058
(0.048)
0.109
(0.084)
0.092 **
(0.045)
0.162 ***
(0.043)
0.209 ***
(0.054)
0.259 ***
(0.051)
0.227 ***
(0.070)
0.222 ***
(0.038)
0.337 ***
(0.052)
0.355 ***
(0.075)
0.374 ***
(0.057)
0.420 ***
(0.087)
0.466 ***
(0.077)
0.331 ***
(0.103)

(continued on next page)
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Table B1 (continued)

(€8] 2
Reported Cases Reported Deaths
27 days after the event x % Attendees 3.276 *** 0.337 ***
(0.491) (0.056)
28 days after the event x % Attendees 3.218 *** 0.343 ***
(0.551) (0.040)
29 days after the event x % Attendees 2.35]1 *** 0.304 ***
(0.479) (0.041)
30 days after the event x % Attendees 1.939 *** 0.401 ***
(0.519) (0.104)
31 days after the event x % Attendees 1.302 *** 0.357 ***
(0.377) (0.040)
32 days after the event x % Attendees 1.491 == 0.247 **
(0.684) (0.103)
33 days after the event x % Attendees 1.667 *** 0.259 ***
(0.424) (0.062)
34 days after the event x % Attendees 1.291 ** 0.301 ***
(0.491) (0.061)
35 days after the event x % Attendees 1.898 *** 0.304 ***
(0.486) (0.058)
36 days after the event x % Attendees 1.029 ** 0.135 *
(0.471) (0.075)
37 days after the event x % Attendees 1.607 * 0.182 ***
(0.879) (0.034)
Observations 2350 2350
R-squared 0.713 0.670
Province FE YES YES
Day of the week FE YES YES
Month FE YES YES
Province-specific linear trends YES YES

Notes: The dependent variable (D.V.) in column (1) is defined as COVID-19 cases per 100,000 inhabitants at the province level from February 26 to April 12, 2020
(mean: 8.15; S.D.: 12.97). The D.V. in column (2) is defined as COVID-19 deaths per 100,000 inhabitants at the province level from February 26 to April 12, 2020
(mean: 0.76; S.D.: 1.33). We estimate Eq. (2) with the % attendees to mass gathering events over total population at province level, including major sports events (First
and Second Division football (soccer) matches and ACB basketball matches) and Women’s Day marches (mean: 2.29; S.D.: 1.79). Robust standard errors are clustered
at the province level and reported in parentheses. *** Significant at the 1% level, ** Significant at the 5% level, * Significant at the 10% level.
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Time passage relative to mass gathering events (6-8 March)

Fig. B2. Identification #2: Event study on excess mortality, Notes: Robust standard errors are clustered at the NUTS 2 region level. Significant at the 5% level.
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Fig. C1. Distribution of placebo estimates. This appendix shows the distribution of the estimated coefficients from 2000 placebo regressions using random atten-
dance rates. Vertical black lines represent estimated significant coefficients using the actual attendance rates, obtained from Table 1, columns (1)-(4). The mass of

density of the placebo estimated coefficients is far to the left of the estimated values using the actual attendance rates.
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See Table D1 and D2.
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Table D1
Balancing regression: Correlation of the % attendees to mass gathering events (March 6-8) with observed province characteristics.
@™
GDP per capita 0.156 *
(0.092)
Population density 0.000
(0.002)
Share of employment in services -8.269 *
(4.599)
Pop with college over working age population (aged 16-64) -2.271
(11.703)
Physicians per 1000 people 0.748
(0.480)
Share of population aged 65 and above -11.684 *
(6.885)
Share of foreign population -6.637
(6.852)
Annual average temperature 0.037
(0.076)
Annual average precipitation 0.001
(0.001)
Average relative humidity -0.040
(0.070)
Annual average sunny hours -0.001
(0.002)
Coast dummy 0.359
(0.400)
Observations 50
R-squared 0.530

Notes: The dependent variable (D.V.) in column (1) is defined as % attendees to mass gathering events over total population at province level, including major sports
events (First and Second Division football (soccer) matches and ACB basketball matches) and Women’s Day marches (mean: 2.29; S.D.: 1.79). Data on the observed
province characteristics are obtained from INE and IVIE for the last period available before March 6-8 at the province level (2018 GDP per capita, 2019 population
density, 2019 share of employment in services, 2013 population with college over working age population, 2019 physicians per 1000 people, 2019 share of population
aged 65 and above, 2019 share of foreign population, 2013 annual average temperature, 2013 annual average precipitation, 2013 average relative humidity, 2013
annual average sunny hours). Robust standard errors are reported in parentheses. * ** Significant at the 1% level, * * Significant at the 5% level, * Significant at the

10% level.
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Table D2
Additional provincial variables COVID-19 cases and deaths response to the
variation in the attendees to mass gathering events (March 6-8).

@ @ ©)]

@

D.V.: Reported Cases Reported Deaths
Effect Since (Post Period): March 15 March 22 March 22 March 29
% Attendees without metro 1.610* **  2.084***  0.023 -0.001
(0.551) (0.700) (0.060) (0.050)
Post x GDP per capita 0.297 0.457 0.001 -0.000
(0.254) (0.329) (0.019) (0.017)
Post x Population density 0.005 0.005 -0.000 -0.000
(0.007) (0.006) (0.001) (0.001)
Post x Share of employment ~ 24.199 15.734 2.205 * * 2.260 * *
in services
(16.525) (17.272) (1.006) (1.031)
Post x Pop with college over ~ 33.079 30.755 6.599 * * 6.614 * *
working age population
(38.316) (40.411) (3.194) (3.189)
Post x Physicians per 1000 -1.483 -0.717 -0.162 * *  -0.167 * *
people
(0.890) (1.102) (0.078) (0.080)
Post x Share of population -5.892 -17.853 -0.232 -0.154
aged 65 and above
(20.578) (26.150) (1.988) (2.013)
Post x Share of foreign -29.073 -35.867 -1.103 -1.058
population
(20.619) (23.664) (1.361) (1.341)
Post x Annual average -0.119 -0.080 -0.011 -0.012
temperature
(0.247) (0.252) (0.021) (0.021)
Post x Annual average -0.004 -0.003 -0.000 -0.000
precipitation
(0.003) (0.003) (0.000) (0.000)
Post x Average relative 0.597 * * 0.556 * * 0.040 * * 0.041 * *
humidity
(0.244) (0.255) (0.016) (0.016)
Post x Annual average 0.003 0.002 0.000 0.000
sunny hours
(0.005) (0.005) (0.000) (0.000)
Post x Coast dummy 0.437 0.805 0.145 0.143
(1.341) (1.319) (0.098) (0.096)
Observations 2350 2350 2350 2350
R-squared 0.713 0.715 0.687 0.687
In the Post Period
D.V. Mean 12.75 14.73 1.51 1.64
D.V. Standard Deviation 14.63 15.78 1.61 1.61
For all
Province FE Yes Yes Yes Yes
Date FE Yes Yes Yes Yes
Province-specific linear Yes Yes Yes Yes
trends

Notes: The dependent variable (D.V.) in columns (1) and (2) is defined as
COVID-19 cases per 100,000 inhabitants at the province level from February 26
to April 12, 2020 (mean: 8.15; S.D.: 12.97). The D.V. in columns (3) and (4) is
defined as COVID-19 deaths per 100,000 inhabitants at the province level from
February 26 to April 12, 2020 (mean: 0.76; S.D.: 1.33).). The post-period sum-
mary statistics for the D.V. are measured since March 15, 22, and 29 in each
corresponding column. The main explanatory variable is the % attendees to mass
gathering events over total population at province level, including major sports
events (First and Second Division football (soccer) matches and ACB basketball
matches) and Women’s Day marches (mean: 2.29; S.D.: 1.79). The post dummy
variables take value 1 after March 9 and 0 otherwise. Robust standard errors are
clustered at the province level and reported in parentheses. * ** Significant at
the 1% level, * * Significant at the 5% level, * Significant at the 10% level.
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