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Mass Outdoor Events and the Spread of a Virus: English

Football and Covid-19∗

Matthew Olczak† J. James Reade‡ Matthew Yeo§

August 26, 2021

Abstract

Mass attendance events are a mainstay of economic and social activity. Whilst the benefits from

such interactions are large, they may also facilitate the spread of diseases from person to person. We

provide evidence on how mass outdoor gatherings contributed to the spread of Covid-19. We do this

by considering how attendance at English football matches in February and March 2020 contributed

to Covid-19 cases and deaths in local areas in March and April 2020. The results suggest that an

additional match taking place in an area in March increased April Covid deaths in that area by 2 or

3 per 100,000 people. There is also some evidence matches were contributing to the spread of the

virus before March. Furthermore, we show that attendance at matches can have this impact even

when the stadia in which the matches take place are far from full. Our results also suggest that

matches not only impacted on the spread of the virus in the area in which the match took place, but

also the area from which the away team’s supporters travelled from. Overall, our analysis suggests

that there should be caution in allowing fans to attend matches despite the economic impact playing

football behind closed doors has on clubs.

JEL Classification: I18, H12, I10.

Keywords: Mass outdoor gatherings, football attendance, Covid-19 transmission, social distancing.

1 Introduction

Mass gatherings such as work meetings and conferences, and leisure activities such as music concerts

and sporting events, are a mainstay of economic activity. Whilst the benefits from such interactions are

large, there are also costs. The events themselves may be dangerous for participants or observers, or they

may facilitate the spread of diseases from person to person. As the Covid-19 pandemic developed in 2020

these trade-offs came to the forefront. Around the world, restrictions were put in place to prevent mass

gatherings as the risk of the disease spreading and the resulting impact on public health infrastructure

was judged to be too severe.

∗We would like to thank Gary Ekins from footballwebpages.co.uk and Peter Ormosi for their help in constructing the
datasets used in this paper, and Steven Bosworth, Stephen Kastoryano and Carl Singleton, along with seminar participants
at Aston University, the University of Bologna and the University of Reading for their comments on an earlier version of
this paper. All errors remain our own.
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In order to understand the benefits such restrictions can have and when they should be relaxed,

evidence is needed on how mass gatherings contributed to the spread of Covid-19. An important con-

tribution is Ahammer et al. (2020) who show that indoor sports events appeared to increase the spread

of the virus in the US. In addition, there are a few studies (see the literature review in section 2) that

show how outdoor events contributed to the spread of influenza in the US. However, we are aware of

only one existing study that considers the impact of mass outdoor events outside the US on the spread

of previous viruses or Covid-19. This is Fischer (2021) who looks at football matches in Germany in

the Autumn of 2020. As Sassano et al. (2020) note, this is a ‘surprising gap’ in our knowledge. The

aim of this paper is to address this gap by considering how attendance at football matches in England

contributed to the spread of Covid-19.1 We exploit the fact that until the government stopped outdoor

sports in mid-March, attendance at football matches across England carried on despite Covid-19 starting

to spread rapidly.

Football in England provides us with a rich setting to examine the spread of the virus. Every season,

millions of fans across the country attend football matches in their local area. In stadiums fans are often

packed tightly together and also congregate together outside the stadia. It is also important to note

that a significant proportion of the fans attending a game are visiting spectators who travel to watch

their team play at their opposition’s stadium. These fans are usually sectioned off in a separate part of

the stadium, but often travel on the same trains or buses and access the same bars and restaurants as

home fans. Despite being outdoor events where the spread of a virus is less likely, taken together, all

these factors suggest that there is great potential for English football matches to be ‘super spreaders’,

where a virus like Covid-19 can spread from person to person (see, e.g. Hamner, 2020).

To examine this further, we compiled a database of football matches from the 2019/20 season,

covering the top eight tiers of football leagues (from the Premier League all the way down to seven sub-

regional leagues that constitute the eighth tier). We also collected data on Covid-19 cases, deaths and

excess death rates by local authority area and a range of demographic indicators. Until the government

stopped outdoor sports in mid-March, attendance at football matches across England carried on despite

Covid-19 cases and deaths increasing. These events were dispersed across the country; 247 of the 313

geographic areas we consider regularly have football being played in them and 93 of these have more

than one football club across the top eight levels of English football. Furthermore, the nature of the

fixture calendar means that there was random variation across these areas in the number of matches

taking place in March as Covid was spreading. This allows us to analyse whether different levels of

fans attending matches across these local areas had a lagged effect on the Covid case or death rate. In

addition, given that many fans travel across the country to see their team play away from home, we

estimate the effect on cases and deaths in the local area of the away team as well as the home team.

We consider specifically football matches in England in March 2020, shortly before football was

suspended, and we evaluate their impact on Covid-19 cases, deaths and excess deaths in April 2020.

We find that there were significant positive effects of matches on cases and deaths before we added the

demographic control variables such as population density, age, and ethnicity. Furthermore, adding the

controls reduces the magnitude of these effects, but they remain significant for deaths and excess deaths.

The results suggest that an additional match taking place in an area in March increased Covid-19 deaths

by 2-3 per 100,000 people in that area. Our results also suggest that attendance at matches can have

this effect even when the stadia in which the matches take place are far from full. Furthermore, we

1For the avoidance of doubt, when we refer to football in the remainder of this paper we refer to association football,
soccer, or European football, as opposed to American football.
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also show that matches not only impact on the spread of the virus in the area in which the match took

place, but also the area from which the away team’s supporters have travelled from. Overall, our results

suggest caution in returning to unrestricted spectator attendance at matches.

The remainder of the paper proceeds as follows: in Section 2 we outline the related literature and

then in Section 3 we describe our dataset. In Section 4 we present out methodology, and in Section 5

we present and discuss our econometric results. Finally, Section 6 concludes and discusses the policy

implications of our findings.

2 Literature

The demand for attendance at sports is a richly studied phenomena (see, for example, Soebbing (2008)

for Major League Baseball in the US, Coates and Humphreys (2010) for American football, Coates

and Humphreys (2012) for ice hockey in North America, Forrest and Simmons (2006, 2002) for English

football, Garcia and Rodŕıguez (2002) for Spanish football, Owen and Weatherston (2004) for rugby

union in Australia, and Paton and Cooke (2005) and Sacheti et al. (2014) for cricket in England). A

common determinant of attendance is believed to be the level of uncertainty surrounding the match

outcome. Furthermore, for football a number of papers have examined attendance in specific settings,

for example Peel and Thomas (1996) look at repeat league fixtures between the same Scottish teams,

whilst Szymanski (2001) compares matches between the same teams across different competitions in

English football. Wallrafen et al. (2019) consider lower division football in Germany, and Chabros et al.

(2019) look at non-league football in England, paying particular attention to the rules prohibiting the

live broadcasting of matches on a Saturday afternoon.

These studies of determinants of attendance have not considered the risks associated with the con-

sumption of a good. In contrast, outside of sport, Becker and Rubinstein (2011) consider the impact of a

terrorist attack on the demand for public transport in Israel; they find that only demand from occasional

users was affected. Turning to health-related risks, Kuo et al. (2008), Kuo et al. (2009), Lean and Smyth

(2009) and Mao et al. (2010) find that Avian Flu and SARS had a significant, but relatively short-term

effect, on tourism demand in South East Asia. Similarly, Rassy and Smith (2013) find that the 2009

H1N1 pandemic in Mexico had significant short-term effects on the tourism and pork sectors. In terms

of impact on sport, Gitter (2017) shows that the H1N1 pandemic resulted in a fall in attendance at

Mexican baseball of 15–30%. Reade and Singleton (2020) look at the impact of the Covid-19 pandemic

as it spread throughout Western Europe on attendance in the top football leagues, finding mixed effects.

Finally, Reade et al. (2020) considers attendances at games in the Belarusian league which was the one

professional football league in Europe that did not eventually suspend the season during the Covid-19

pandemic. They find that after an initial fall attendances recovered, thus suggesting that fans were not

self-distancing spontaneously. This is a similar effect to that found by Schreyer and Däuper (2019) when

considering fan behaviour in Germany in the aftermath of the Paris terrorist attacks in 2015. They

found a significant jump in the number of fans who had purchased tickets yet did not turn up for the

match in the two game weeks after the attacks, but this effect then dissipated.

In contrast, a smaller number of papers have considered the impact of attendance at mass events on

the spread of a virus. Stoecker et al. (2016) find that a US city having a team in the Superbowl saw

an 18% increase in influenza deaths amongst the over-65 population in that city. In contrast, they find

that there is no effect on the city hosting the Super Bowl. They argue that the effect on the finalist’s

city can be attributed to transmission via parties and bar visits to watch the team in the final and
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earlier qualification games. Cardazzi et al. (2020) look at the long term impact the prescence of a sport

team franchise has on the spread of influenza in US cities over many decades. They find that hosting a

franchise results in between 4% and 24% more influenza deaths in the years proceeding. The only study

so far to consider explicitly the impact of mass events on the spread of Covid-19 in the US is Ahammer

et al. (2020), who look at indoor basketball and ice hockey events in the US. They find that these events

led to around 380 more Covid-19 cases and 16 more deaths per one million people in the counties the

events took place in.

Our study differs to this previous literature by examining how mass outdoor events outside the US

contributed to the spread of virus. The most closely linked study is that of Fischer (2021), who looks

at the second Covid-19 wave in Germany, and the football matches that took place in the summer in

Germany with limited attendance. He finds that these matches had a small effect on Covid-19 cases, of

less than 1 case per 100,000. Thus, it provides evidence on how mass outdoor events can spread Covid-

19. Our findings are particularly important from a public policy perspective, as football represents a

significant mass outdoor pastime across much of Europe and indeed the world, and patterns associated

with attendance at football matches differ significantly from attendance at North American sports. In

particular, in Europe it is much more common for fans to travel to watch their team playing away from

home.

3 Data

Our dataset comes from a range of sources. We collect data on Covid-19 cases and deaths from the

Office for National Statistics.2 Figures 1–3 plot these series, and document the extent to which Covid-19

spread across England in March and April 2020. We identify 313 distinct geographic areas of England.3

In Figure 1 the cumulative numbers of cases in each area of England are plotted for March and April.

There is considerable variation across areas, with many having well below 100 cases per 100,000 people

at the end of April, a mass of areas with up to 400 cases per 100,000, and one area, Barrow-in-Furness,

recording around 800 cases per 100,000.

2https://www.ons.gov.uk
3These areas are local authority council areas and are the smallest areas that can be consistently defined across the

country and for which disaggregated demographic information is available. They are centred around population masses
and the average area has a population of almost 170,000 (see Table 4 for more detail).
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Figure 2: Distribution of Covid-19 deaths per 100,000 people in all areas across England.

In Figures 2 and 3, the distribution of Covid-19 deaths and excess deaths4 per 100,000 people is

plotted for March in black and April in red. For Covid-19 deaths (Figure 2), the distribution is tightly

centred between 5 and 10 deaths per 100,000 people in March, and there is much more variance in April

where it is centred around 40 deaths per 100,000 people. For excess deaths (Figure 3), the difference in

distributions is not as stark, but it moves significantly to the right in April where it is centred around

130 deaths per 100,000 people.

Our football data are matches in the 2019–2020 season of English football.5 We include all of the top

eight levels of the English football league system. Thus the matches cover the English Premier League

(288 matches), the top division in England, all the way down to seven sub-regional leagues that constitute

the eighth tier. Between these we have the English Football League (tiers 2 to 4, 1284 matches), the

National League (tier 5, 452 matches), National League North and South (tier 6, 733 matches), four

regional leagues covering the North, Midlands, South and East of England (tier 7, 1392 matches), and

the seven sub-regional leagues below them (tier 8, 1956 matches). In addition, we include matches in

the two major knock-out English cup competitions (the FA Cup and the League Cup).6 Finally, we also

include matches from the two European competitions that English teams competed in (the Champions

League and the Europa League), collected from worldfootball.net. 7 Football in the top four tiers was

4I.e. the additional number of deaths relative to the same month over the previous five years.
5From www.footballwebpages.co.uk.
6These matches consist of 888 FA Cup matches that took place before the Covid-19 suspension, with 56 taking place

in January, six in February and eight in March 2020 and 121 League Cup matches, of which four took place in January (2
two-match semi-finals), and one in March, the final at Wembley Stadium in London.

7There were 15 Champions League, and 14 Europa League matches, of which four were in late February and one was
in March.
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Figure 3: Distribution of excess deaths per 100,000 people in all areas across England.

suspended on March 13 and in the remainder of the lower leagues the following week. As such, the final

matches were on March 14. Table 3 provides further information on when the matches in our sample

took place. Importantly, note that 909 matches were in February and 340 in March. Therefore, fans were

still attending matches as the number of Covid cases and deaths started to grow rapidly. Furthermore,

the matches in our sample took place across most parts of England. Of the 313 geographic areas of

England that we consider, 247 had a team present. Ninety three of these have more than one football

club across the top eight levels of English football.

Aug 2019 Sep 2019 Oct 2019 Nov 2019 Dec 2019 Jan 2020 Feb 2020 Mar 2020
Premier League (tier 1) 38 32 30 36 63 41 36 12

Championship (tier 2) 72 36 59 59 73 51 81 13
League One (tier 3) 64 51 50 34 56 56 72 17
League Two (tier 4) 72 60 56 35 58 72 71 16

National League (tier 5) 96 70 57 57 47 51 47 27
NL North and South (tier 6) 174 87 51 79 91 110 96 45

Tier 7 239 137 181 169 151 239 201 75
Tier 8 279 223 170 284 237 347 294 122

FA Cup 389 263 87 62 17 56 6 8
League Cup 84 17 8 0 4 4 0 4

Champions League 0 1 5 5 1 0 2 1
Europa League 2 2 2 3 2 0 3 0

Total 1509 979 756 823 800 1027 909 340

Table 1: Breakdown of matches by competition/tier, and month.

Table 3 shows that in the 2019–2020 season up until the suspension due to Covid-19, the average
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attendance in England’s top tier was 39,320 and in the second tier it was almost 20,000. As low down as

the sixth tier, average attendances were still around 1,000 people. For all of the matches in our sample

we added information on the capacities of the stadia collected from footballgroundmap.com. Figure 4

then plots the distribution of the percentage of stadia filled at matches during the season. The bulk

of matches are played in stadia less than 20% full, but there is also a concentration of matches with

capacity above 90%, coinciding generally with Premier League matches where on average 96.8% of a

stadium’s capacity was filled (Table 3).8 Given the geographic dispersion of teams, 39 of the areas we

consider have regular matches with stadia more than 80% full.

Statistic N Mean St. Dev. Min Pctl(25) Pctl(75) Max

Premier League (tier 1)

Attendance 288 39,320 16,121 10,020 27,074 53,325 73,737
Proportion of capacity filled 288 0.968 0.038 0.808 0.956 0.993 1.060

Championship (tier 2)

Attendance 444 18,577 6,369 8,965 12,999 22,627 36,514
Proportion of capacity filled 444 0.715 0.171 0.357 0.587 0.854 1.002

League One (tier 3)

Attendance 400 8,753 6,391 1,816 4,882 9,346 33,821
Proportion of capacity filled 400 0.538 0.178 0.156 0.423 0.644 1.014

League Two (tier 4)

Attendance 440 4,690 2,797 1,389 3,025 5,146 17,668
Proportion of capacity filled 440 0.451 0.144 0.155 0.348 0.548 0.928

National League (tier 5)

Attendance 451 2,175 1,275 407 1,248 2,893 9,090
Proportion of capacity filled 451 0.316 0.137 0.090 0.218 0.381 1.053

National League North (tier 6)

Attendance 360 1,076 680 160 574 1,356 4,019
Proportion of capacity filled 360 0.227 0.130 0.040 0.135 0.313 0.753

National League South (tier 6)

Attendance 350 870 532 185 481 1,046 3,132
Proportion of capacity filled 350 0.248 0.165 0.074 0.131 0.307 1.044

Tier 7

Attendance 1,387 392 301 60 211 462 3,274
Proportion of capacity filled 1,387 0.133 0.117 0.019 0.065 0.153 1.704

Tier 8

Attendance 1,403 215 127 31 118 288 1,189
Proportion of capacity filled 1,403 0.095 0.069 0.006 0.050 0.122 0.796

Table 2: Stadium attendance statistics for English football in the 2019–2020 season.

8Of the 427 matches with capacity at or above 90%, 272 are in the Premier League, 82 are in the Championship, and
57 are in cup competitions.
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Figure 4: The distribution of the percentage of a stadium full in matches during the 2019–2020 season
in all competitions covered in our dataset (6,612 matches).
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For the top tier games fans are typically packed tightly together in the stadium. However, whilst

for lower tiers capacity utilisation falls (e.g. down to 45% by the fourth tier), upon arrival fans will

often be filtered in and out of the stadium through the same turnstiles and usually congregate in groups,

often for the purpose of singing and shouting in support of their team. These are activities known to

assist in the spreading of an airborne virus. Fans also congregate in pubs and bars before and after

matches and in the stadia on concourses behind stands to consume refreshments and visit bathrooms.

As such, even sparsely attended stadia may provide an environment in which a virus can easily spread.

Another key characteristic of these football matches is the sizeable presence of ‘away’ fans (around 10%

of the fans attending a game) who travel, often significant distances, to watch their team play at their

opposition’s stadium. These fans are usually sectioned off in a separate part of the ground, but often

travel on the same public transport and access the same pubs and bars as home fans. Consequently,

an important part of our analysis will be to consider whether capacity utilisation in stadia affects the

spread of Covid-19. Also, whether a match taking place affects the spread of the virus in the area the

away fans have travelled from as well as in the area where the match takes.

4 Methodology

To examine whether attendance at football matches spread the Covid-19 virus, we estimate a number

of models of the form:

yit = αi + βfootballit−1 + γXi + εi. (1)

where a measure of the spread of the virus in area i by time t, yit, is a function of football taking place

in area i during time period t− 1, a set of other variables Xi capturing the demographics of area i and

an error term, εi.

Although there is a time element to (1), it is a cross section regression for each measure of the spread

of the virus, and each measure of footballing activity. We consider the spread of the virus by a particular

point in time, t, and examine the extent to which they are explained by standard controls and by the

presence of football matches in a preceding time period. The test of the hypothesis that football matches

acted to spread the virus is then whether β > 0.

It is understood that the length of time from transmission of Covid-19 to it presenting itself is around

two weeks (Lauer et al., 2020). Furthermore, Covid-19 can remain symptomless in many people (Bai

et al., 2020), and as such, if somebody caught Covid-19 at a football match in February or early March,

it is possible they may have passed the virus to others whilst unaware, and the spread of the virus could

be significantly larger as a result of the football match. Subsequently, cases may become more severe and

result in a death. As such, we consider the impact of matches taking place in February on the spread of

the virus in March and matches in March on its spread in April.

We consider three measures of the spread of the virus, yit:

1. The cumulative number of Covid-19 cases in the area per 100,000 people (Cases).

2. The number of Covid-19 deaths in the area in a month per 100,000 people (Deaths).

3. The excess death rate (see footnote 4) in the area in a month per 100,000 people (Excessdeaths).

The inclusion of excess deaths is important since the Covid-19 testing procedure may be imperfect and

indeed many people were not tested.
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For footballit−1 we then consider a range of measures of football taking place in an area during time

period t − 1. Our first measure, Number of matches (No), is a count of the total number of matches

taking place in the area during the time period, Nit−1. Second, if we denote the attendance at match j

taking place in area i during time period t−1 as Ajit−1. We then include the Total attendance at matches

(Att) which is the sum of attendances across all matches in an area in a time period:
∑Nit−1

j=1 Ajit−1.

Finally, we also consider the capacity utilisation in each match. Denote Cjit−1 as the stadium capacity

for match j in area i during time period t − 1. We then create a series of indicator variables, Djit−1

where Djit−1 = 1 if Ajit−1/Cjit−1 ≥ k, where 0 < k ≤ 1, and 0 otherwise. Thus, Djit−1 = 1 if the

match had capacity utilisation equal or greater than some threshold k. We then include the count of

the number of matches in area i during time period t− 1 with capacity utilisation of k or above:

Nit−1∑
j=1

Djit−1 (2)

and the count of the number of matches with capacity utilisation below the threshold k:

Nit−1 −
Nit−1∑
j=1

Djit−1 (3)

Finally, because the measures in (2) and (3) give a discrete representation of capacity utilisation across

football matches in an area, we also consider:

1

Nit−1

Nit−1∑
j=1

(
Ajit−1

Cjit−1

)2

≡ Sit−1. (4)

This provides a continuous measure of capacity (Cap) that weighs more heavily the matches that were

close to capacity and is bounded between 0 and 1.

Our controls included in Xi consist of the population density, the median age, the proportion of the

local population between 16 and 64, the proportion of the local population that is categorised as being

of an ethnic minority, the average income level of an area, and the number of Football League clubs (i.e.

top four tier) in an area.9

In Table 4 we present summary statistics for our data. The top panel describes the Covid cases and

deaths measures (as shown in in Figures 1–3) measures, the middle panel the control variables, and the

bottom panel a range of the football measures.

We consider the impact of matches taking place in an area on Covid-19 cases and deaths in that

area. In addition, we also examine whether the spread of the virus in an area is affected when teams

from the area play away from home. We denote these as matches involving the area. Therefore, when

Bournemouth visited Liverpool for a match on March 7th, we consider the impact of this match on the

spread of the virus in Bournemouth, as well as in Liverpool. Table 4 reports the number of matches

involving areas, as well as the number of matches in areas.

5 Results

9All demographic variables are from the Office for National Statistics.
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Statistic N Mean St. Dev. Min Pctl(25) Pctl(75) Max

Cumulative lab confirmed cases rate March 14 (per 100,000 people) 313 2.292 4.257 0 0 3 35
Cumulative lab confirmed cases rate April 30 (per 100,000 people) 313 188.388 108.122 0.000 126.300 247.900 795.400
March Covid-19 death rate (per 100,000 people) 313 8.018 8.937 0.000 2.800 9.500 47.100
April Covid-19 death rate (per 100,000 people) 313 51.840 26.600 0.000 32.900 66.600 150.700
March excess death rate (per 100,000 people) 313 90.486 16.199 59.200 78.500 99.700 146.300
April excess death rate (per 100,000 people) 313 138.280 35.299 51.900 113.600 161.700 239.900
Population (000s) 313 168.028 114.323 7.375 97.277 206.125 1,073.045
Population Density (people per square km) 313 1,816.553 2,664.425 25 229 2,423 16,427
Median Age 313 42.230 5.099 29 38 46 54
Working age 16–64 313 61.524 3.730 53 59 63 75
Proportion White English/Welsh/Scottish/Northern Irish 313 83.962 16.604 17 81 95 98
Income (GBP) 313 20,285.120 5,802.567 12,232 17,225 21,927 62,600
Number of Football Clubs 313 1.220 1.003 0 1 2 7
Number of League Football Clubs 313 0.284 0.524 0 0 1 3
Number of March matches in area 313 1.058 1.213 0 0 2 8
Number of March matches involving area 313 1.070 1.188 0 0 2 9
Number of Feb matches in area 313 2.834 2.467 0 1 4 16
Number of Feb matches involving area 313 2.818 2.607 0 1 4 22
Total attendance at March matches in area 313 4.144 13.271 0.000 0.000 1.430 116.071
Total attendance at March matches involving area 313 5.217 25.923 0.000 0.000 1.310 407.166
Number of March matches in area with 90% full stadia 313 0.061 0.276 0 0 0 2
Number of March matches involving area with 90% full stadia 313 0.073 0.398 0 0 0 5
Number of March matches in area with 80% full stadia 313 0.077 0.311 0 0 0 2
Number of March matches involving area with 80% full stadia 313 0.089 0.458 0 0 0 6
Number of March matches in area with 70% full stadia 313 0.102 0.370 0 0 0 2
Number of March matches involving area with 70% full stadia 313 0.118 0.489 0 0 0 6
Number of March matches in area with 50% full stadia 313 0.169 0.474 0 0 0 3
Number of March matches involving area with 50% full stadia 313 0.182 0.611 0 0 0 7

Table 3: Summary Statistics

5.1 Impact of March matches on Covid-19 cases and deaths in April

Table 4 presents the impact of our first measure of football, the number of matches in an area, on

Covid-19 cases and deaths in April, absent any other control variables. Normally 247 of our areas would

regularly have football taking place within them. However, the pseudo-randomised fixture calendar

and the curtailed number of fixture dates meant that in March only 187 of these areas had matches

taking place. Thus, there was random variation in the potential for matches to spread the virus across

otherwise similar (especially once the controls are introduced) areas. The table shows that the number

of matches taking place in an area did have at least a weakly significant positive effect on the spread

of the virus. Each match contributed around 8 additional cases per 100,000 people. Furthermore, this

effect is more significant for excess deaths, each match contributing around 4 additional excess deaths.

Table 5 presents the same regressions as Table 4, but using our second measure of football, the total

attendance at football matches (in thousands). The coefficients on total attendance are always highly

significant, suggesting that the number of people attending these matches may have increased the spread

of Covid-19.

Next, we report the same effects of football matches (Table 6) and total attendance (Table 7) once

the controls outlined in Section 4 are added. Some of these controls are highly significant. In particular,

as previously known, Covid-19 deaths were higher in lower income and less white British/Northern Irish

areas. In addition, perhaps surprisingly, the spread of the virus appears lower in areas with an older

population. This may be due to higher transmission of the virus in workplaces and schools in areas

where a larger proportion of the population frequented these. An area’s population density generally

also appears to have no significant effect on the spread of the virus. Finally, the number of league clubs

in the area has no significant effect on the spread of the virus. Regarding our key variables of interest,

now matches and attendance have no significant effect on Covid cases, although both coefficients remain

12



Dependent variable:

Cases Deaths Excess deaths

(1) (2) (3)

Constant 179.744∗∗∗ 49.640∗∗∗ 134.224∗∗∗

(8.085) (1.988) (2.628)

Number of matches 8.175 2.080∗ 3.835∗∗

(5.023) (1.235) (1.632)

Observations 313 313 313
R2 0.008 0.009 0.017

Adjusted R2 0.005 0.006 0.014
Residual Std. Error (df = 311) 107.837 26.523 35.046

F Statistic (df = 1; 311) 2.649 2.835∗ 5.521∗∗

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

Table 4: Regression results from regression Covid-19 cases and deaths, and excess deaths, in April 2020,
on the number of football matches taking place in a local area in March 2020.

Dependent variable:

Cases Deaths Excess deaths

(1) (2) (3)

Constant 183.115∗∗∗ 49.404∗∗∗ 135.066∗∗∗

(6.360) (1.518) (2.015)

Total attendance at matches (’000s) 1.218∗∗∗ 0.563∗∗∗ 0.742∗∗∗

(0.452) (0.108) (0.143)

(0.456) (0.109) (0.144)

Observations 313 313 313
R2 0.023 0.080 0.080

Adjusted R2 0.020 0.078 0.077
Residual Std. Error (df = 311) 107.053 25.549 33.921

F Statistic (df = 1; 311) 7.262∗∗∗ 27.211∗∗∗ 26.868∗∗∗

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

Table 5: Regression results from regression Covid-19 cases and deaths, and excess deaths, in April 2020,
on the total attedance at football matches taking place in a local area in March 2020.
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positive. However, the number of matches now has a more significant positive effect on deaths and

excess deaths, contributing 2 and 3 deaths per 100,000 people, respectively. Finally, note that the total

attendance at these matches is generally no longer significant once the controls are added. This suggests

that it is not simply the case that the more people that attend each match, the higher the spread of

the virus. We consider this further in the next section where we consider the capacity utilisation in the

stadia in which the matches took place.

Before doing so, let us summarise our key finding so far. The headline result from Tables 4–7 is that

an additional match taking place in an area in March resulted in an additional 2 to 3 Covid-19 deaths

in April per 100,000 people in that area.

5.2 Does capacity utilisation affect Covid-19 transmission?

Next we analyse whether or not the transmission of Covid-19 through matches taking place in March

was affected by how full the stadia were. Figure 5 gives a graphical summary of our results from running

a range of variants of (1) for Covid cases and deaths. 10

Each point on a plot comes from a different regression equation with each solid dot an estimate of

the β coefficient from (1) and the solid bars representing the associated 95% confident interval. Vertical

dashed lines link the coefficient estimates to their confidence limits. First, to the left of the dashed line

we plot the continuous capacity measure in (4) and for comparison also include the coefficients on the

attendance and number of matches (as reported in Tables 4–7). Then, to the right of the dashed line we

look at the different thresholds (k) of capacity utilisation for each match, from 10% up to 90%. Here,

the black dots represent a regression coefficient for matches with capacity utilisation equal to or above

the threshold (2) and red dots represent matches with capacity utilisation lower than the threshold (3).

The top row of Figure 5, without controls, suggests that matches closer to capacity are consistent

with more cases and deaths in an area. The capacity measure, being bounded on the unit interval, has

the largest coefficient. In addition, the counts of matches with capacity utilisation above the threshold

show that each match with attendance greater than or equal to 90% of capacity is consistent with more

cases and deaths than each match with attendance greater than or equal to 10% of capacity. The effect

is around 50 additional cases and between 20 and 30 additional deaths per 100,000 people, for each extra

match with attendance above 60% of capacity. The red dots indicate that the effect of matches below

each threshold is smaller, yet close to being significant, and as such, still non-trivial.

Moving to the bottom row of plots, these are with the control variables (as in Tables 6 and 7) added.

The notable change here is that matches with attendances below the thresholds (3) are consistently

larger, relative to without controls, while the matches above thresholds (2) tend to be more varied

and less distinguishable from the below ones. Because in our sample the mean capacity utilisation in

a match was around 15% (Table 4), the matches below thresholds have smaller confidence bands and

hence, to some extent, this renders these more reliable indicators. For deaths and excess deaths, these

matches are significant from less than 20–30% capacity utilisation and upwards and consistently result

in between 2 and 3 additional deaths per match. For deaths and excess deaths, the effect of above

threshold matches peaks in terms of significance and magnitude at 30% capacity utilisation. Matches

with above 30% utilisation are consistent with between 4 and 5 additional deaths per 100,000 people,

whereas this falls to 2 or 3 additional deaths for matches below 30%. Matches with capacity utilisation

10For the detailed regression results for these and the results summarised in section 5.3 see our online appendix at
https://www.dropbox.com/s/8vqno3eudyqj86n/covid-online-app.pdf?dl=0.
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Dependent variable:

Cases Deaths Excess deaths

(1) (2) (3)

Constant 395.129∗∗∗ 164.551∗∗∗ 314.009∗∗∗

(82.000) (15.042) (20.914)

Number of matches 5.864 1.817∗∗ 2.657∗∗

(4.866) (0.893) (1.241)

Population Density (ppl/km2) 0.004 0.001∗∗ 0.001
(0.004) (0.001) (0.001)

Prop. White British/Northern Irish −0.401 −0.797∗∗∗ −0.770∗∗∗

(0.673) (0.123) (0.172)

Income −0.001 −0.001∗∗∗ −0.002∗∗∗

(0.001) (0.0002) (0.0003)

Median Age −4.063∗∗ −0.863∗∗∗ −1.940∗∗∗

(1.807) (0.331) (0.461)

Number of League Clubs 12.194 0.522 3.337
(12.884) (2.363) (3.286)

Observations 313 313 313
R2 0.127 0.515 0.467

Adjusted R2 0.110 0.505 0.457
Residual Std. Error (df = 306) 102.000 18.711 26.015

F Statistic (df = 6; 306) 7.428∗∗∗ 54.096∗∗∗ 44.739∗∗∗

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

Table 6: Results from regressions of the number of Covid-19 cases and deaths, and excess deaths, in
April 2020 in a local area, on the number of football matches in that local area in March 2020, controlling
for characteristics of local areas.
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Dependent variable:

Cases Deaths Excess deaths

(1) (2) (3)

Constant 410.732∗∗∗ 171.423∗∗∗ 323.005∗∗∗

(81.579) (14.979) (20.878)

Total attendance at matches (’000s) 0.017 0.145 0.140
(0.541) (0.099) (0.138)

Population Density (ppl/km2) 0.004 0.001 0.001
(0.004) (0.001) (0.001)

Prop. White British/Northern Irish −0.367 −0.798∗∗∗ −0.766∗∗∗

(0.676) (0.124) (0.173)

Income −0.001 −0.001∗∗∗ −0.002∗∗∗

(0.001) (0.0002) (0.0003)

Median Age −4.364∗∗ −0.976∗∗∗ −2.095∗∗∗

(1.795) (0.330) (0.459)

Number of League Clubs 13.509 −1.005 2.102
(14.882) (2.732) (3.808)

Observations 313 313 313
R2 0.123 0.512 0.461

Adjusted R2 0.106 0.502 0.451
Residual Std. Error (df = 306) 102.242 18.772 26.166

F Statistic (df = 6; 306) 7.153∗∗∗ 53.410∗∗∗ 43.640∗∗∗

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

Table 7: Results from regressions of the number of Covid-19 cases and deaths, and excess deaths, in
April 2020 in a local area, on the total attendance at football matches in that local area in March 2020,
controlling for characteristics of local areas.
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above this threshold also have a significant effect on the number of Covid cases and are consistent with

up to 20 additional cases per 100,000 people.

Overall, these results suggest that there is no straight forward relationship between capacity utilisa-

tion at matches and the spread of the virus. Certainly, the earlier effects of matches identified do not

seem to be confined to matches where the stadia are close to full capacity.

5.3 Extensions

So far we have considered the impact of matches taking place in an area in March on Covid cases and

death rates in that area in April. Next, we first consider whether the area from which away fans travelled

to the game is also affected. Second, we consider whether there is also evidence that matches in February

contributed to the spread of the virus. Tables 8–10 present the effect of matches on Covid cases, deaths

and excess deaths respectively, without any controls being added. For comparison, as considered earlier,

the March (home) columns provide the impact in April of March matches on the area the where the

match took place. Then, the March (away) results replicate this analysis but now considering the impact

on cases and deaths on the area the visiting fans have travelled from. Finally, the Feb (home) and Feb

(away) columns report the results for the impact of February matches on March cases and deaths rates

in the area the match took place and the area the visiting fans travelled from.

17



F
ig

u
re

5:
S

u
m

m
ar

y
of

re
gr

es
si

on
re

su
lt

s
of

fo
o
tb

a
ll

m
a
tc

h
a
ct

iv
it

y
o
n

th
e

sp
re

a
d

o
f

th
e

v
ir

u
s

in
th

e
fi

rs
t

h
a
lf

o
f

2
0
2
0

in
E

n
g
la

n
d

.
E

a
ch

co
lu

m
n

of
p

lo
ts

re
la

te
s

to
on

e
of

ou
r

m
ea

su
re

s
of

th
e

sp
re

a
d

(C
ov

id
-1

9
ca

se
s,

C
ov

id
-1

9
d

ea
th

s,
a
n

d
ex

ce
ss

d
ea

th
s)

,
th

e
to

p
ro

w
is

w
it

h
o
u

t
a
n
y

co
n
tr

o
l

va
ri

ab
le

s,
an

d
th

e
b

ot
to

m
ro

w
ad

d
s

co
n
tr

ol
va

ri
a
b

le
s.

S
o
li

d
d

o
ts

a
re

re
g
re

ss
io

n
co

effi
ci

en
ts

o
n

th
e

fo
o
tb

a
ll

in
g

m
ea

su
re

,
a
n

d
ci

rc
le

s
a
re

th
e

u
p

p
er

an
d

lo
w

er
co

n
fi

d
en

ce
in

te
rv

al
s

(9
0%

si
g
n

ifi
ca

n
ce

le
ve

l)
.

18



Overall, these results show that the effects are generally smaller for February matches relative to

March. In addition, they suggest that matches may also help to spread the virus to the area the away

supporters have travelled from.

March (home) March (away) Feb (home) Feb (away)
No. matches (coef) 8.17 10.33 6.09 5.56

No. matches (p-value) 0.10 0.04 0.01 0.02
Attendance (coef) 1.22 0.38 0.75 0.67

Attendance (p-value) 0.01 0.11 0.00 0.00
Cap. measure (coef) 65.64 32.32 24.46 28.46

Cap. measure (p-value) 0.00 0.02 0.00 0.00
% of matches >=90% capacity (coef) 59.60 25.97 15.87 31.45

% of matches >=90% capacity (p-value) 0.01 0.09 0.11 0.00
% of matches <90% capacity (coef) 5.18 8.68 5.21 4.26

% of matches <90% capacity (p-value) 0.31 0.12 0.04 0.07
% of matches >=50% capacity (coef) 41.19 20.19 16.42 15.10

% of matches >=50% capacity (p-value) 0.00 0.04 0.00 0.00
% of matches <50% capacity (coef) 1.66 6.13 2.14 2.71

% of matches <50% capacity (p-value) 0.75 0.29 0.42 0.28

Table 8: Effect of football matches on Covid-19 case rates, without adding controls

March (home) March (away) Feb (home) Feb (away)
No. matches (coef) 2.08 3.78 1.82 1.47

No. matches (p-value) 0.09 0.00 0.00 0.01
Attendance (coef) 0.56 0.18 0.30 0.30

Attendance (p-value) 0.00 0.00 0.00 0.00
Cap. measure (coef) 20.21 13.75 9.60 10.38

Cap. measure (p-value) 0.00 0.00 0.00 0.00
% of matches >=90% capacity (coef) 23.84 11.47 11.02 14.36

% of matches >=90% capacity (p-value) 0.00 0.00 0.00 0.00
% of matches <90% capacity (coef) 0.86 2.91 1.15 0.85

% of matches <90% capacity (p-value) 0.49 0.03 0.06 0.15
% of matches >=50% capacity (coef) 12.17 8.77 5.81 6.05

% of matches >=50% capacity (p-value) 0.00 0.00 0.00 0.00
% of matches <50% capacity (coef) 0.13 1.76 0.37 0.24

% of matches <50% capacity (p-value) 0.92 0.22 0.57 0.69

Table 9: Effect of football matches on Covid-19 death rates, without adding controls

The results in Tables 11–13 are then with the controls added. These coefficients correspond to the

lower row of plots in Figure 5.

There are now few significant effects on the number of Covid cases. However, for death and excess

death rates, the number of matches in both February and March has a significant positive effect on

death and excess death rates in both the area the match takes place and the area the visiting fans have

travelled from. Matches in March add 2–3 deaths and matches in February around one death per 100,000

people in each area.11 Furthermore, for matches in March, the effect of a match on deaths appears to be

11Additional results (available on request) show that the effect is similarly significant for matches with less than 90%,
and less than 50% of capacity utilisation.
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March (home) March (away) Feb (home) Feb (away)
No. matches (coef) 3.84 4.96 2.85 2.59

No. matches (p-value) 0.02 0.00 0.00 0.00
Attendance (coef) 0.74 0.27 0.43 0.47

Attendance (p-value) 0.00 0.00 0.00 0.00
Cap. measure (coef) 29.20 20.10 14.56 16.46

Cap. measure (p-value) 0.00 0.00 0.00 0.00
% of matches >=90% capacity (coef) 29.34 17.62 16.03 21.14

% of matches >=90% capacity (p-value) 0.00 0.00 0.00 0.00
% of matches <90% capacity (coef) 2.36 3.49 1.88 1.68

% of matches <90% capacity (p-value) 0.16 0.05 0.02 0.03
% of matches >=50% capacity (coef) 18.51 12.94 8.60 9.89

% of matches >=50% capacity (p-value) 0.00 0.00 0.00 0.00
% of matches <50% capacity (coef) 0.92 1.81 0.73 0.60

% of matches <50% capacity (p-value) 0.59 0.34 0.40 0.46

Table 10: Effect of football matches on excess death rates, without adding controls

March (home) March (away) Feb (home) Feb (away)
No. matches (coef) 5.86 6.88 2.84 3.21

No. matches (p-value) 0.23 0.17 0.28 0.19
Attendance (coef) 0.02 -0.12 0.13 -0.33

Attendance (p-value) 0.98 0.65 0.69 0.35
Cap. measure (coef) 26.29 -4.29 -5.69 4.46

Cap. measure (p-value) 0.24 0.79 0.64 0.76
% of matches >=90% capacity (coef) 19.50 -5.53 -14.81 -2.19

% of matches >=90% capacity (p-value) 0.41 0.74 0.18 0.87
% of matches <90% capacity (coef) 5.12 8.30 3.43 3.10

% of matches <90% capacity (p-value) 0.30 0.12 0.18 0.19
% of matches >=50% capacity (coef) 12.99 -6.16 -0.07 -11.15

% of matches >=50% capacity (p-value) 0.40 0.60 0.99 0.27
% of matches <50% capacity (coef) 4.85 10.01 2.76 3.68

% of matches <50% capacity (p-value) 0.34 0.07 0.28 0.12

Table 11: Effect of football matches on Covid-19 case rates, adding controls

larger on the area the visiting fans have travelled from than on the area in which the match takes place.

Overall, therefore, there is some evidence matches were contributing to the spread of the virus before

March and that the effect of matches was not just confined to the area in which the match took place.

This is consistent with Fischer (2021) who found that a ban on fans travelling to matches in Germany

restricted the spread of Covid-19 during the country’s second wave.

6 Conclusions

In this paper, we study the potential impact of mass outdoor events on the spread of a virus in the

UK. We utilise local area level data on Covid-19 cases, deaths and excess deaths, alongside demographic

variables to explain the prevalence of the virus in these. We then consider the extent to which football

matches, of which there are usually around 200 per week across England, contributed to the spread of

the virus in the first half of 2020.
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March (home) March (away) Feb (home) Feb (away)
No. matches (coef) 1.82 2.61 0.90 0.89

No. matches (p-value) 0.04 0.00 0.06 0.05
Attendance (coef) 0.14 -0.01 0.09 0.01

Attendance (p-value) 0.15 0.90 0.12 0.86
Cap. measure (coef) 2.50 0.67 -1.42 1.85

Cap. measure (p-value) 0.54 0.82 0.52 0.48
% of matches >=90% capacity (coef) 6.33 -0.73 -0.89 1.99

% of matches >=90% capacity (p-value) 0.15 0.81 0.66 0.42
% of matches <90% capacity (coef) 1.57 3.01 0.89 0.78

% of matches <90% capacity (p-value) 0.08 0.00 0.06 0.08
% of matches >=50% capacity (coef) 0.03 0.04 -0.70 -1.30

% of matches >=50% capacity (p-value) 0.99 0.99 0.63 0.48
% of matches <50% capacity (coef) 1.94 3.26 0.95 0.92

% of matches <50% capacity (p-value) 0.04 0.00 0.04 0.04

Table 12: Effect of football matches on Covid-19 death rates, adding controls

March (home) March (away) Feb (home) Feb (away)
No. matches (coef) 2.66 2.50 1.10 1.36

No. matches (p-value) 0.03 0.05 0.10 0.03
Attendance (coef) 0.14 -0.03 0.11 0.06

Attendance (p-value) 0.31 0.68 0.19 0.51
Cap. measure (coef) 2.86 -0.94 -0.43 4.65

Cap. measure (p-value) 0.62 0.82 0.89 0.21
% of matches >=90% capacity (coef) 7.33 -1.46 0.15 3.78

% of matches >=90% capacity (p-value) 0.23 0.73 0.96 0.27
% of matches <90% capacity (coef) 2.38 2.96 1.02 1.17

% of matches <90% capacity (p-value) 0.06 0.03 0.12 0.06
% of matches >=50% capacity (coef) -0.05 -1.43 -0.61 -0.07

% of matches >=50% capacity (p-value) 0.99 0.64 0.76 0.98
% of matches <50% capacity (coef) 2.84 3.45 1.13 1.30

% of matches <50% capacity (p-value) 0.03 0.02 0.09 0.03

Table 13: Effect of football matches on excess death rates, adding controls

We find prima facie evidence that football matches were consistent with increased cases and deaths

during April 2020. Once we control for a range of other factors believed to help explain the spread of

the virus, we find small but significant effects remain of football match activity in an area on measures

of Covid deaths. We find that an additional match taking place in an area in March increased Covid-19

deaths in that area by 2-3 per 100,000 people in April. Furthermore, attendance at matches can have

this effect even when the stadia in which the matches take place are far from full. In addition, we find

that the effect wasn’t constrained to matches in March, with there also being evidence of some effect

from matches in February. The effect of matches also was not constrained to the area in which the

match took place. Instead, it appears that supporters travelling to watch their team play away from

home contributed to the spread of the virus in the area they travelled from.

Overall, our analysis suggests that there should be caution in allowing fans to attend matches. This

is despite the economic impact playing football behind closed doors has on clubs, particularly those

outside the top tier who are far less cushioned by television income. Our findings suggest that the

21



standard way in which fans congregate to attend matches can facilitate the spread of the virus, even if

capacity utilisation in the stadium is low. Despite this, it is important to remember that the matches in

our sample took place at a time when in England social distancing was not at all widespread. However,

Reade and Singleton (2020) suggest that public information on the spread of Covid-19 had very little

effect on fan attendance at mass events and Reade et al. (2020) provides evidence to suggest that fans

attending football matches in Belarus did not spontaneously self-distance as the virus spread.

Our results are consistent with the spread of the virus being exacerbated by fans congregating together

both outside and inside the stadia, even when matches are sparsely attended. Changes in fan behaviour

going forward can help to alleviate these routes of transmission. Certainly, fans will need to act in a more

cautious manner in future whilst attending matches. There is also scope for the layout and design of

stadia to change in order to lessen the likelihood of groups of people gathering closely together (Larsson

et al. (2020) considers such factors from a fire safety perspective).Fans have now been allowed to return,

unrestricted, to footballing venues around the country after a range of pilot events, including the UEFA

European Championships international tournament. Our results suggest that such events may still act

as super spreader events, especially in the light of more transmissible Covid variants such as the Delta

variant. It will be important to re-run this analysis using the matches taking place with fans in order

to examine the effectiveness of the vaccine, in particular on the tranmissibility of the virus.
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