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FIFA World Cup and climate change: correlation is not causation
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Sports analytics is defined as the process that
identifies and acquires knowledge and insight
about players and teams’ performances. To do so,
analysts use a wide variety of data sources coming
from matches and individual players’ performances
(O’Donoghue & Holmes 20{)4; Jayal, McRobert,
Oatley & O’Donoghue, 2018). Nowadays, detailed
data from different nature including technical skills,
individual physiological performances, team forma-
tions, or injuries are analysed on a daily basis by the
analytics departments belonging to sports clubs and
professional franchises. Even private companies like
STATS or OPTA generate important revenues offe-
ring their movement tracking values and advanced
metrics to media and fans. In the emerging field of
Sports Analytics, as in many others, analysts must be
aware of spurious correlations. These can come up
due to the size (not nature) of data, a common-causal
variable or just due to chance. For this reason, we
always must keep in mind the lessons of the statis-
tician Stephen John Senn and his sharp quote on the
matter: “Statistics is not just about merely warning
that correlation is not causation. Sometimes correla-
tion isn’t even correlation”. Thus, we will explain an
example of how climate change can be affecting, or
not, on the FIFA World Cup performance statistics.

The impact of the FIFA World Cup

Every four years, since 1930, the world focuses its
attention on the FIFA World Cup. A football com-
petition in which men’s national teams from around
the world compete for the trophy in a tournament
during a period of about a month. As a mega-sport
event, the FIFA World Cup not only has a poten-
tial impact of diverse nature in the host country but
also on the winner’s team country. Different stu-
dies have been conducted to analyse the economic
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impact of the FIFA World Cup in the past. Nicolau &
Sharma (2018) explored the impact of tourism in the
winning FIFA World Cup country between the years
1998 and 2010. Ramdas & van Gaalen (2015) analysed
the impact of the hosting announcement from the
FIFA on the host country stock markets between the
period 1994 and 2010. Allmers & Maennig (2009)
assessed the short- and long-term economic impact of
the FIFA world cup editions of 1998 and 2006 on the
hosting country.

Aside from the economic effects, to our knowledge,
a wide assessment of the environmental impact on
such mega-sport events has not been yet conducted.
In this framework, the Intergovernmental Panel on
Climate Change (IPCC), the leading international
body for the assessment of climate change, conclu-
ded in its fifth assessment report (Pachuari et al.,
2014) stating that human activities over the past 50
%/ears have significantly warmed the planet. However,

igh-performance players and teams have been regu-
larly studied without considering the potential impact
of the environmental factors on their technical and
tactical performance.

The impact of climate change on the FIFA World
Cup historical performances

We correlated the FIFA World Cup performance
statistics for the number of penalty shoot-outs at
the round of 16 and the total number of hat-tricks
(Wikipedia 2018, Jul. 18) with the temperature ano-
maly (change in global surface temperature relative
to 1951-1980 average temperature) and minimum
arctic sea ice (measured in million square km based
on satellite observations) as climate change indica-
tors (NASA 2018, Jul. 18) from 1986 up to 2018,
considering that climate reports in FIFA World Cups
are only available since the late *80s.
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Num. penalty shoot-out at round of 16

Total num. hat-tricks

Figure 1 shows how the number of penalty shoot-
outs at the round of 16 is strongly positively corre-
lated with the land temperature anomaly (r = 0.82)
and negatively with the minimum Arctic sea ice
(r = -0.74). Thus, an increase in land temperature
and a consequent decrease of the minimum Arctic
sea ice lead to an increase in the number of penalty
shoot-outs at the round of 16. Conversely, the total
number of hat-tricks is negatively correlated with
the land tem]h)erature anomaly (r =-0.55) and posi-
tively with the minimum Arctic sea ice (r = 0.44).
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Here, an increase of land temperature and a conse-
quent decrease of the minimum Arctic sea ice lead
to a decrease in the total number hat-tricks scored
in the World Cup.

However, similar correlations have been obser-
ved between other World Cup performances and
climatic indicators. For example, the total num-
ber of own goals is also positively correlated with
the sea level (r = 0.75), contributing to increasin
evidence that climate change is correlated wit
the World Cup competitive performance.
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Figure 1. Scatter plots between selected FIFA World Cup performance statistics and climate change indicators.
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These examﬁles show the potential impact of climate
change on the players’ performance in a mega-sport
event. Initially, climate change seems to worsen
players’ performance and consequently, that fact is
reflected in the match-related statistics of the FIFA
World Cup. Climate change can directly affect hu-
man health by varying exposure to non-optimal out-
door temperature. In the case of footballers, several
studies have demonstrated impaired high-intensi
running (Mohr, Nybo, Grantham & Racinais, 201%
or a reduced num.{)er of S]I)rints (Nassis, Brito, Dvo-
rak, Chalabi & Racinais, 2015), to set a few examples,
when professional players suffer from heat stress.
From the initial edition of the World Cup in 1930,
an increased number of national teams have acces-
sed the tournament, with more matches played, more
stadiums built and more people than ever attending
the championship. More teams are also expected for
the 2022 edition. All this unstoppable growth implies
not only more games and players participating, but
also more visitors attending the forthcoming cham-
pionships who could also be affected by the increase
n te_maerature, with the consequent impact on the
public health system of the organiser country. The-
refore, it would be appropriate for the organizing
committee to consider the adoption of appropriate
preventive measures for the effects of high tempe-
ratures (Matzarakis & Frohlich, 2015). A similar re-
commendation has already been issued by Kamaku
Wada, Smith, Endo & Fukushima (2017) to prevent
heat effects for the foreseeable hot climate in the
Tokyo 2020 Summer Olympic Games.

Conclusion

It is well known that performance indicators such as
total shots, shots on target or ball possession have great
discriminatory power in favour of successful teams
in the World Cup (Castellano, Casamichana & Lago,
2012; Liu, Gomez, Lago-Pefias & Sampaio, 2015;
Rumpfet, Silva, Hertzog, Farooq & Nassis, 2017).
However, actual performance-related indicators often
are in contradiction with non-related variables leading
to spurious correlations and misleading interpreta-
tions. Correlation simply describes the strength of a li-
near relationship between two variables. The increase
in the value of one variable, such as land temperature
anomaly, may be followed by the increase in the value
of a second one, such as the number of penalty shoot-
outs at the round of 16. The simplicity of a correlation
coefficient hides the considerabﬂ: complexity in inter-
preting its causal meaning.

The most common error is to fall into an ecological
fallacy when a conclusion about individuals is rea-
ched based on group-level data (Robinson 1950).
In our case, we have calculated the correlation co-
efficient at the aggregate level (each World Cup
edition since 1986) and then mistakenly used that
value to reach a conclusion about the individual
performance-level, but data at the individual level
was unknown. Ecological correlations have been
displayed in a big number of examples of non-sense
quantitative studies (Vigen 2015), like per capita con-
sumption of mozzarella cheese and civil engineering
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doctorates awarded in the US (1=0.96). To avoid
misinterpretations, researchers must carefully
check the causal framework of their research,
using measures such as formalized counterfac-
tual reasoning aided by directed acyclic graphs
(Vandenbroucke, Broadbent & Pearce, 2016).

Disclaimer

This editorial is not intended to disprove the va-
lue of sports science or environmental epidemio-
logy research. It pretends to be only an example
of how studies based on unsubstantiated theory,
jointly with arbitrarily collected data and refe-
rences, can generate and support coincidental
statistical associations leading to apparent scien-
tific endorsements. Associations and spurious
correlations between phenomena do not mean
they are causally related. This scientific com-
mentary only tries to remind about the impor-
tance of research methodology in education and
statistical thinking to maintain rigour in sports
sciences and performance analysis. In the end,
it is just a humorous case study for education in
sports analytics.
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